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Introduction

TB/SQL isthe dataretrieval, manipulation and definition language for the relational data base system Transbase.
TB/SQL isan SQL implementation compatible to the ISO/DIS standard 9075 with additionally functional exten-

sions which make the SQL language more powerful and easier to use.

Thismanual isintended for users who already have abasic knowledge of SQL. Heavy use of examplesismadein
order to clarify syntactic or semantic questions. All examples refer to a Sample Database outlined in the appendix

of this manual.

Xi



1. General Concepts

1.1. Syntax Notation

Thevertical line| separates alternatives.
Brackets[ ] aredelimitersfor an optional part.

Braces{ } group several items together, e.g. to form complex aternatives. They are functionally equivalent to
the standard braces () asused in arithmetic expressions.

Anédlipsis. . . indicatesthat the preceding item may be repeated arbitrarily often.
All non-terminal symbols start with an uppercase letter followed by lowercase |etters.

All terminal symbols are represented by themselves without syntactic markups. All terminal symbols consisting
of uppercase letters only denote keywords. These are supposed to be case-insensitive and thus be used in SQL in
any possible mix of uppercase and lowercase |etters.

[1] [
[2] ]

[
]

1.2. Separators

In a TB/SQL-statement, keywords, identifiers and literals must be separated from each other by at |east one sep-
arator. As in many programming languages, possible separators in TB/SQL are the space character (blank), the
tab character and the newline character.

In all other places separators are permitted but not needed.

1.3. Keywords

TB/SQL keywords are listed in the catalog table syskeyword of each database. Names that can be interpreted as
keywords need to be denoted as delimited identifiers.

3 Keywords ar e case-insensitive.

All keywords shown in the following example are valid.
SELECT from wHer E

1.4. Identifiers

Syntax:
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[3] Identifier : : = Simpleldentifier | Delimitedl dentifier

[4] Simpleldentifier : : = <sequence of ASCII characters[a-z,A-Z, ,0-9] with first character
in[azA-Z]>

[5] Delimitedldentifier : : = "Character..." | [Character...]

[6] Character : : = <each printable character except double quote>

Explanation:

Identifiers serve to embed the references to database objects (users, tables, views etc.) into SQL statements. The
names of these objects may be composed of more than one parts. In this case the identifiers specifying the name
parts are combined with some syntactic glue (see e.g. Tableldentifier).

Each identifier unambiguously denotesacertain name, but the mapping from theidentifier to the name may depend
on the case-insensitive setting of the database.

» A Simpleldentifier is a sequence of letters (a-z, A-Z, ) and digits (0-9), where the first character is aletter.
It denotes aname
* asis, if the database is 'case sensitive'. So the mapping simply is the identity transformation.
« mapped to uppercase letters if the database is 'case insensitive'.

» A Delimitedidentifier isany sequence of printable characterswith therestriction that thefinal delimiter character
needs to occur in pairs inside the Delimitedldentifier.

The transformation to aname simply removes the delimiting characters and reduces the pairwise occurrences of
thefinal delimiter to single occurrences. No case transformation is performed regardl ess of the database settings.

Identifiers that could be interpreted as keywords need to be denoted as Delimitedl dentifiers.

Example 1.1. Valid I dentifiers

suppliers
Suppno
xyz_abc
ql

q23p
"Bxy"
"sel ect"

Example 1.2. Invalid | dentifiers

5xy

sel ect
SeLecT
Xy

?X
"as"df"

1.4.1. User Schemas

A user schemais acontainer for a set of database objects.
These objects are
» Domains

* Sequences
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» Tables
e Congtraints
* Indices
e Triggers
* Views
* Functions and Procedures
Only user names are valid schema names. These are stored in table sysuser of the data dictionary.

Each database object belongs to exactly one schema and can be identified by the schema name and the objects
name. The object's name needs to be unique only within the schema and the object category it belongs to.

Constraints, indices, and triggers belong to the same schema as the table they belong to.

If no schemaisgiven, the default schemaof the databaseis used (either PUBLI C(default) or USER) with PUBLI C
configured as fallback. The keyword USER represents the name of the current user.

The default schema of the database is set at database creation time and cannot be changed afterwards. By one of
the ALTER SESSION statements, the default schema can be changed temporarily for a connection.

Whether auser is alowed to access a specific object only depends on the privileges of the user on the appropriate
object.

A table can be moved from one schemato another by the ALTER TABLE ... RENAME TO ... statement.
All related indices, triggers and constraints are also moved to the new schema.

The data dictionary belongs to the schema PUBLI C.

1.4.2. Names and ldentifiers

Throughout this manual the following definitions are used:

DataspaceName:  refersto the dataspace name denoted by the corresponding Dataspacel dentifier.
[7] Dataspacel dentifier : : = Identifier

UserName:  refersto the user name denoted by the corresponding Userldentifier.

SchemaName:  refers to the schema name denoted by the corresponding Schemal dentifier.

[8] Userldentifier : : = Identifier | PUBLIC | USER
[9] Schemaldentifier : : = Userldentifier

DomainName:  refersto the domain name denoted by the corresponding Domainldentifier.
[10] Domainldentifier : : = [ Schemaldentifier . ] Identifier

SequenceName:  refersto the sequence name denoted by the corresponding Sequencel dentifier.
[11] Sequencel dentifier : : = [ Schemaldentifier . ] Identifier

TableName:  refersto the table name denoted by the corresponding Tablel dentifier.
[12] Tableldentifier : : =[ Schemaldentifier . ] Identifier
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ViewName:  refersto the view name denoted by the corresponding Viewldentifier.
[13] Viewldentifier : : =[ Schemaldentifier . ] Identifier

IndexName:  refersto the index name denoted by the corresponding IndexIdentifier.
[14] Indexldentifier : : =[ Schemaldentifier . ] Identifier

TriggerName:  refersto the trigger name denoted by the corresponding Triggerldentifier.
[15] Triggerldentifier : : = [ Schemaldentifier . ] Identifier

FieldName:  refersto the field name denoted by the corresponding Fieldldentifier.
[16] Fieldldentifier : : = Identifier

ConstraintName:  refersto the constraint name denoted by the corresponding Constraintldentifier.
[17] Constraintldentifier : : = Identifier

CorrelationName:  refersto the correlation name denoted by the corresponding Correlationl dentifier.
[18] Correlationldentifier : : = Identifier

1.5. Data Types

A DataType specifies the type of afield or the target type for atype conversion.

Syntax:
[19] DataType: : = TINYINT | SMALLINT | INTEGER | BIGINT |
NUMERIC [(Precision [,Scal€])] |
DECIMAL [(Precision [,Scale])] |
FLOAT | DOUBLE | REAL |
VARCHAR [(Precision)] | CHAR [(Precision)] |
VARCHAR(*) | CHAR(*) | STRING |
BINCHAR [(Precision)] | BINCHAR (*) |
BITS (Precision) | BITS (*) |
BITS2 (Precision) | BITS2 (*) |
BOOL |
DATETIME Range | DATE | TIME | TIMESTAMP |
TIMESPAN Range |
INTERVAL Startix2[ TO EndIx2] |
BLOB |CLOB
[20] Precision : : = IntegerLitera
[21] Scale: : = IntegerLiteral
[22] Range: : =[ Rangelx1[ : Rangelx1] ]
[1] [:=]
[2] 1::=]
[23] Rangelx1:: =YY |MO|DD |HH|MI|SS|MS
[24] StartIx2: : = Rangelx2 [ Precision ]
[25] EndIx2: : = Rangelx2 [ Precision ]
[26] Rangelx2: : = YEAR|MONTH | DAY |HOUR | MINUTE | SECOND
Explanation:

Each field of atable has a data type which is defined at creation time of the table. Constant values (Literals) also
have a data type which is derived by the syntax and the value of the Literal.
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e TINYINT, SMALLINT, INTEGER, BIGINT, NUMERIC, DECIMAL, FLOAT, DOUBLE arecalled the arith-
metic types. DECIMAL isasynonym for NUMERIC.

Precisionin NUMERIC isthe maximum total number of digits. Scaleisthe number of digits behind the decimal
point.

If Scalein NUMERICisomitted, itisequivalentto 0. If Precisionin NUMERIC isomitted it isequivalent to 30.
* CHAR, CHAR(p), CHAR(*), VARCHAR(p) and VARCHAR(*) are called the character types.

CHAR isequivalent to CHAR(1). Values of type VARCHAR(p) are variable length character sequences of at
most p characters. Vaues of type CHAR(p) are fixed sized character sequences of length p bytes. Values of
type [VAR]CHAR(*) are variable length character sequences.

No character can be the binary O character. In their internal representation, VARCHAR and CHAR values are
ended with abinary 0 character.

Please note that the total record size may additionally restrict these values in length when they are to be stored
in the database. (see also Constants and Szes [system.xhtml#system_constants_and_limits] in the Transbase
System Guide [system.xhtml]).

Please note that in the internal representation ASCII characters take exactly one byte, non-ASCI| characters
may take up to 6 bytes depending on their internal encoding which is based on the UTF8 format.

« BINCHAR, BINCHAR(p), BINCHAR(*) are called binary types.

BINCHAR is equivalent to BINCHAR(1). Values of type BINCHAR(p) are fixed sized byte sequences of
length p bytes. Values of type BINCHAR(*) are variable length byte sequences. In their internal representation,
BINCHAR values have alength field.

* BITS(p), BITS2(p), BITS(*), BITS2(*) are fixed sized or variable sized bit sequences, resp. The maximum
value of p (number of bits) is 31968 for both variants.

Their internal representation resembles BINCHAR whose length is rounded up to the next multiple of 8 bits.
BITS2 is more space economic than BITS because it uses a 2-byte length field in contrast to 4-byte in BITS.
BITS possibly will allow a higher range in future versions.

See The Datatypes BITS(p) and BITS(*).

» BOOL iscaled the logical type. Its values are TRUE and FALSE. The ordering of logical valuesis: FALSE
islessthan TRUE.

» DATETIME,DATE,TIME,TIMESTAMP and TIMESPAN,INTERVAL are called the time types. They are
used to describe pointsin time or time distances, resp. Their semanticsisdescribed in detail in a separate chapter
The Data Types Datetime and Timespan.

» BLOB isthetypefor binary large objects. The typeis described in a separate chapter within this manual.
» The CLOB (character large object) datatype is used for character data.

The following table provides a short summary of data types and ranges.

Table 1.1. Transbase Datatypes and Ranges

Datatype Description Range

TINYINT 1-byte integer [-128:127]

SMALLINT 2-byte integer [ -32768 : 32767 ]

INTEGER 4-byte integer [ -2147483648 : 2147483647 |

BIGINT 8-byte integer [ -9223372036854775808
9223372036854775807 |
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Datatype

Description

Range

NUMERIC(p,S)

exact numeric with fixed precision and scale

precision: 1 <= p <= 30, scale: -128 <=s<
127

NUMBER, NU- | numeric values with varying precision and|precision; 1 <= p <= 30, scale; -128 <=s<
MERIC(*,*) scale 127
FLOAT 4-byte floating point range of |EEE float
DOUBLE 8-byte floating point range of IEEE double
CHAR(p) character sequence of length p bytesininter- |1 <= p <= MAXSTRINGSIZE

nal encoding
VARCHAR(p) character sequence of maximum lengthp |1 <= p <= MAXSTRINGSIZE
CHAR(*), VAR-|variable length character sequence
CHARC(*), STRING
BINCHAR(p) byte sequence of fixed length p 1 <=p<=MAXSTRINGSIZE
BINCHAR(*) variable length byte sequence length between 0 and MAXSTRINGSIZE
BITS(p), BITS2(p) |bits sequence of fixed length p 1<=p<=32736
BITS(*), BITS2(*) |variable length bits sequence length between 1 and 32736
BOOL truth value TRUE, FALSE

DATETIME[ub:Ib]

point in time (see sgl_datetime)

ublbin{YY,MO,DD,HH,MI,SSMS}

DATE

DATETIME[YY:DD]

TIME DATETIME[HH:SS]

TIMESTAMP DATETIME[YY:MS]

TIMESPAN[ub:Ib] |time distance (see sgl_timespan) ub,lbin{YY,MO} or {DD,HH,MI,SSMS}
INTERVAL time distance see sgl_timespan

BLOB binary large object seesqgl_blob

CLOB character large object see sgl_clob

The maximum length of a character sequence as a field inside a record may be restricted by the necessity that a
record must alwaysfit into a storage block. The blocksize is a database specific parameter chosen at creation time
(see Administration Guide [admin.xhtml]). Whenever character sequences are needed which arelonger than these
limits permit, the data type CLOB must be used.

1.5.1. Type

Compatibility

Whenever values serve as operands for an operation, their types must be compatible. The compatibility rules are

asfollows:

* All arithmetic types are compatible among each other.

and Timespan.

All binary types are compatible among each other.
All character types are compatible among each other.

Thelogical type is compatible with itself.

The compatibilities of timetypesamong each other and with other typesisdescribed in The Data Types Datetime

Arithmetic data types are ordered according to the following type hierarchy:
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Table 1.2. Arithmetic Data Types

DOUBLE Highest Arithmetic Type
FLOAT
NUMERIC
BIGINT
INTEGER

SMALLINT
TINYINT Lowest Arithmetic Type

If values of different arithmetic types are involved in an operation, they are implicitly converted to the highest
type among them before the operation is performed. Upward conversion within arithmetic types never causes loss
of significant digits, but note that values converted to FLOAT or DOUBLE are not always exactly representable.

Character data types are ordered according to the following type hierarchy:

Table 1.3. Character Data Types

CHAR Highest Character Type

VARCHAR Lowest Character Type

If two values of type VARCHAR or CHAR with different length are compared, then the shorter string is padded
with the space character ' ' up to the length of the longer string.

If two character types are processed in operations UNION, INTERSECTION and DIFF then the following rules
apply for determinig the result type: One participating CHAR(*) yields CHAR(*). 2 input types of CHAR or
VARCHAR with precisions p1 and p2 yield output precision p = maximum(pl,p2). If at least one of them is
VARCHAR - then VARCHAR(p) is the result type else CHAR(p).

For operations on type BITS see The Datatypes BITS(p) and BITS(*).

1.5.2. Type Exceptions and Overflow

A type exception is the event that a value fails to be in the range of a requested type. The following operations
may cause a type exception:

1. Arithmetic computation on values (addition, subtraction etc.)

2. Insertion or Update of records.

3. Explicit casting of avaueto adifferent type (CAST-operator).
In each of these operations, the requested type is defined as follows.

In case (1) - arithmetic computation - the type of the result value is requested to be the same as that of the input
operands.

The expression
1000000 * 2

islegal, because the input type is INTEGER and the result is still in the range of INTEGER.

The expression
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1000000 * 1000000
leads to atype exception because the result is no morein the range of INTEGER.

To avoid this, it would be sufficent to cast one (or both) input operands to a higher ranged type e.g. NU-
MERIC(30,0) or BIGINT

1000000 CAST BIG NT * 1000000

or to write one operand as aNUMERIC constant

1000000.0 * 1000000

In case (2) - Insertion or Update of records - the requested types are those of the corresponding fields of the target
table.

With atable T with afield f of type TINYINT, the following statement would cause atype exception:

INSERT INTO T (f) VALUES (200)

In case (3) - explicit casting - the requested type is the explicitly specified type in the CAST-operator.

The expressions
100 CAST SMALLINT -- legal
"hel l o' CAST CHAR(10) -- legal

arelega (the latter example pads the string with 5 blanks at the end).

The expressions

200 CAST TINYINT -- illegal
"hell o' CAST CHAR(3) -- illegal
132. 64 CAST NUMERI C(4,2) -- illegal

areillegal, since they cannot be converted into the requested types because of overflow.

1.5.3. CASTing Types from and to CHAR

As described in Type Compatibility, there are several groups of types, namely arithmetic, character, logical and
time types and the BL OB type. All types within one group are compatible among each other.

Additionally, with the exception of type BLOB, there is the possihility to convert values of each type to the type
CHAR(*) and (VAR)CHAR(p). Thisis done by the CAST operator.

1.5.3.1. CASTing to CHAR

Themain usage of casting to CHAR isto make string operations (e.g. the LIKE operator or the string concatenation
operator '||') available to other types.

For example, assume that field 'birthday' of type DATETIME(YY:DD) isin table person. The following pattern
search ispossible:

SELECT * FROM person
WHERE bi rt hday CAST CHAR(*) LIKE '%d9%49%19%

As another example, assume that field 'price’ of type NUMERIC(6,2) is in table 'article’. The following query
extracts all articles with prices ending in .99:
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SELECT * FROM article
VWHERE price CAST CHAR(*) LIKE '% 99’

Asafurther example, assumethat fields'partnol’ and 'partno2' of type INTEGER areintable'parts. Thefollowing
guery constructs a composed partno of type CHAR(*) with a'/' in the middle

SELECT partnol CAST CHAR(*) + '/' + partno2 CAST CHAR(*)
FROM parts WHERE . ..

1.5.3.2. Casting from CHAR

Field values of type CHAR(*) or (VAR)CHAR(p) can be cast to any type (except BLOB) provided that the source
value holds avalid literal representation of avalue of the target type.

For example, assumethat in atablet afield f with type CHAR(*) or VARCHAR(p) contains values of the shape
XXX where xxxx is a4-digit number. After CASTing to INTEGER one can perform arithmetic calculations with
the values.

SELECT f CAST INTEGER + 1 ,
FROMt WHERE ...

Note that an error occursif the source valueis not avalid literal of the target type.

1.5.3.3. Implicit CASTing of CHAR to Arithmetic Types

Transbase tries to support implicit type conversions wherever it may make sense and be helpful for existing appli-
cations. CHAR literals or CHAR field values combined with arithmetic types trigger an implicit CAST operation
to the specific arithmetic type. This operation succeeds if the character value is alegal literal representation of
an arithmetic value. The following example combines an arithmetic field with a CHAR value which isimplicitly
CAST to anumber:

SELECT ' 123" + t.ari, ...
FROM t WHERE . ..

1.6. Literals

Literals are denote constant values of a certain type.

Syntax:

[27] Literal : : = IntegerLiteral | NumericLiteral | RealLitera |
StringLiteral |
BinaryLiteral | BitsLiteral | BoolLiteral |
DatetimeL iteral | TimespanLiteral |
DirectoryLiteral | FileLiteral

Explanation:

All Literals are defined in the following paragraphs. The data types DATETIME and TIMESPAN are explained
in detail in Datetime and Timespan .
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1.6.1. Directory/File Literal

A FileLiteral denotes afilename and a directory literal denotes a directory name.

It may be a simple name or include a relative or absolute path. The exact syntax of a path may depend on the
platform.

Syntax:
[28] FileLiteral : : = StringLitera |

<any sequence of alphanumeric characters>
[29] DirectoryLitera : : = FileLiteral

An IntegerLiteral isanon-empty sequence of digits. Notethat, by definition, an IntegerLiteral isapositive number
without a sign. A negative number is obtained by applying the unary minus operator to an IntegerLiteral (see
section on Expressions below). Therefore, a separator is permitted between an unary minus and an IntegerLiteral,
whereas no separators are permitted within the sequence of digits.

Each IntegerLiteral hasadatatypewhichiseither INTEGER, BIGINT or NUMERIC with scale 0. Thedatatypeis
derived by thevalue of the IntegerLiteral: if the valueisinside the range of INTEGER then thetypeis INTEGER.
If the INTEGER range is not sufficient and the value is inside the range of BIGINT then the type is BIGINT else
the type is NUMERIC(p,0) where p is the number of digits of the literal.

5 -- | NTEGER
33000 -- | NTEGER

- 33000 -- | NTEGER
1234567890123 -- BIGNT
12345678901234567890123 -- NUMERI C(23, 0)

1.6.2. IntegerLiteral

An IntegerLitera isthe representation of a constant number without fractional part.

Syntax:
[30] IntegerLiteral : : = 0| {1..9}[{0..9}]...

An IntegerLiteral isanon-empty sequence of digits. Notethat, by definition, an IntegerLiteral isapositive number
without a sign. A negative number is obtained by applying the unary minus operator to an IntegerLiteral (see
section on Expressions below). Therefore, a separator is permitted between an unary minus and an IntegerLiteral,
whereas no separators are permitted within the sequence of digits.

Each IntegerLiteral hasadatatypewhichiseither INTEGER, BIGINT or NUMERIC with scale 0. Thedatatypeis
derived by the value of the IntegerLiteral: if the valueisinside the range of INTEGER then thetypeis INTEGER.
If the INTEGER range is not sufficient and the value is inside the range of BIGINT then thetypeis BIGINT else
the type is NUMERIC(p,0) where p is the number of digits of the literal.

5 -- | NTEGER
33000 -- | NTEGER

- 33000 -- | NTEGER
1234567890123 -- BIGNT
12345678901234567890123 -- NUMERI C(23, 0)

10
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1.6.3. NumericlLiteral

A NumericLiteral is the representation of a constant number with fractional part.

Syntax:
[31] NumericLiteral : : = IntegerLiteral . [ IntegerLiteral ] | . IntegerLiteral

A NumericLiteral either is an IntegerLiteral followed by a decimal point or is an IntegerLiteral followed by a
decimal point and another IntegerLiteral or isan IntegerLiteral preceded by adecimal point. NumericLiteral again
is a positive number, by definition.

The data type of aNumericLiteral isNUMERIC(p,s) where p is the total number of digits (without leading O'siin
the non fractional part) and sisthe number of digits behind the decimal point.

13. -~ NUMERI C( 2, 0)
56.013  -- NUMERI C(5, 3)
0.001  -- NUMERI (3, 3)
.001  -- NUMERI C(3, 3)

The last two representations are equivalent.

1.6.4. ReallLiteral

A RedlLiteral isthe representation of a constant number with mantissa and exponent.

Syntax:

[32] RealLiteral : : = {IntegerLiteral|NumericLiteral} {e|E}[+]-]IntegerLitera

A RedlLitera isan IntegerLiteral or aNumericLiteral, followed by '€ or 'E', followed by an optional minusor plus
sign followed by another IntegerLiteral. A RealLiteral again is a positive number, by definition.

Each RealLiteral has a data type which is FLOAT or DOUBLE. The data type is derived by the value of the
RealLiteral (see table datatypes).

5.13el10 -- FLOAT
5. 13e+10 -- FLOAT
0. 31415e1 -- FLOAT
314. 15E-2 -- FLOAT
314e-2 -- FLOAT
- 314e-2 -- FLOAT
1. 2e52 -- DOUBLE

Note that no separators are allowed within RealLiteral, but are allowed between an eventual unary minus and a
RealLiteral. The next example shows incorrect RealLiterals:

11
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3.14 e4 -- illegal
3.98E -4 -- illegal
3.98e- 4 -- illegal

1.6.5. StringLiteral

A StringLiteral isthe representation of a constant string.

Syntax:

[33] StringLiteral : : = CharacterLiteral | UnicodeLiteral | USER

[34] CharacterLiteral : : = <sequence of characters enclosed in single quotes>
[35] UnicodeL iteral : : = <0u followed by sequence of hexadecimal characters>
Explanation:

The datatype of a StringLiteral is CHAR(p) where p is the size of the UTF-8 coded equivalent.

A CharacterLitera is a (possibly empty) sequence of characters in single quotes. If a single quote is needed as
character, it must be written twice, as shown in the examples.

A Unicodel iteral is Ou followed by a number of hexadecimal characters, four per each Unicode character. The
keyword USER denotes the name of the current user.

' xyz' -- CHAR(3)
"string with a single quote '' inside' -- CHAR(35)
"single quote "'’ -- CHAR(14)
v -- CHAR(0)
0u006D00f cO06E -- CHAR(4)
ouf ef f -- CHAR(3)
OuFC -- illegal
OuO0FC -- CHAR(2)

1.6.6. BinaryLiteral

[36] BinaryLitera : : = 0x[{0..9a..f}{0..9a..f}]...

Explanation: A BinaryLiteral is Ox followed by a (possibly empty) even number of 0, 1..9, a.f, A..F. The data
type of aBinaryLiteral is BINCHAR(p) where p* 2 is the number of hexadecimal characters.

0xA0B1C2 - - BI NCHAR( 3)
0xA0B -- illegal

1.6.7. BitsLiteral

[37] BitsLiteral : : =0b[ 0] 1]...

12
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see also The TB/SQL Datatypes BITS(p) and BITS*)

1.6.8. BoolLiteral

A BoolLiteral isthe representation of a constant boolean value.
Syntax:
[38] BoolLiterd : : = FALSE | TRUE

Boolean values are ordered: FALSE isless than TRUE.

1.6.9. DATETIME Literal

A DatetimeL.iteral isthe representation of a constant DATETIME value.

Syntax:

[39] DatetimeLiteral : : = DATETIME [ RangeSpec ] ( DatetimeValue) |
Datel iteral | TimeLiteral | TimestampLiteral

[40Q] RangeSpec : : = [ RangeQual [ : RangeQual |1 |

[41] RangeQual : : =YY |MO | DD |HH |MI | SS|MS

[42] DatetimeValue: : = <asubstring of avalue in the format yy-mm-dd hh:mi:ss.ms
as appropriate for the specified range>

[43] Dateliteral : : = DATE StringLitera

[44] Timeliteral : : = TIME StringLiteral

[45] TimestampLiteral : : = TIMESTAMP StringLiteral

1.6.10. TIMESPAN Literal

A TimespanLiteral isthe representation of a constant TIMESPAN value.

Syntax:
[46] TimespanLiteral : : =[ -] TIMESPAN [ RangeSpec | ( DatetimeValue) | IntervalLiteral
[47] IntervalLiteral : : = <avaluein the format INTERVAL value range TO range >
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2. Data Definition Language

The DataDefinition Language (DDL) portion of TB/SQL servesto create, delete or modify database objectsase.g.
tables, views and indexes, to grant or revoke user privileges and to install users and passwords. In the following
each DDL statementsis explained in its own section.

2.1. Dataspaces

2.1.1. CreateDataspaceStatement

Serves to create a user dataspace in the database.

Syntax:
[48] CreateDataspaceStatement : : = CREATE DATASPACE Dataspacel dentifier
[ DATAFILE IN DirectoryLiteral ]
[ SIZE SizeSpec]
[ AUTOEXTEND SizeSpec]
[ MAXSIZE SizeSpec ]
[49] SizeSpec: : = IntegerLiteral { MB |GB }

Explanation: The CreateDataspaceStatement creates a user defined dataspace with the given name.

Initially the dataspace consists of one file with the specified size which is created in the specified directory which
must exist. If no directory isspecified, thefileiscreated in the"disks" directory inside the database home directory.

The creation of each table optionally may be specified with a user dataspace name. All pages of the table as well
as the pages of its BLOB container and of all secondary are allocated in the files belonging to this dataspace.

If a dataspace runs out of space, another file may be added with the ALTER DATASPACE statement. If the
AUTOEXTEND option has been specified, a full dataspace is automatically extended by another file with the
specified size.

With the MAXSIZE specification the size of the dataspace is limited to the specified size, irrespective whether
AUTOEXTEND has been specified or not.

At creation time of a database exactly one dataspace with name dspace0 exists. All system catalogue tables are
stored in dspaceQ. Furthermore, all tables without explicit DATASPACE clause are also stored there.

Creation of a dataspace is always committed even if the corresponding transaction is aborted.

CREATE DATASPACE dspacel DATAFILE I N /usr/dbusr/dspacel SIZE 100 MB
CREATE DATASPACE dspace2 Sl ZE 100MB AUTOEXTEND 50MB MAXSI ZE 800MB

CREATE TABLE T DATASPACE dspacel (t0 INTEGER, t1 CHAR(*))

2.1.2. AlterDataspaceStatement

Serves to alter a dataspace.
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Syntax:

[50] AlterDataspaceStatement : : = ALTER DATASPACE Dataspacel dentifier
{ AddFileSpec | StateSpec... }

[51] StateSpec : : = OnlineSpec | AutoextendSpec | MaxsizeSpec

[52] AddFileSpec: : = ADD DATAFILE [ LOBCONTAINER ] [ IN DirectoryLitera ]
SIZE SizeSpec

[53] OnlineSpec: : = ONLINE | OFFLINE

[54] AutoextendSpec : : = AUTOEXTEND { SizeSpec | OFF }

[55] MaxsizeSpec : : = MAXSIZE { SizeSpec | OFF }

[49] SizeSpec: : = IntegerLiteral { MB | GB }

Explanation:

The AlterDataspaceStatement is used to alter the properties of a dataspace.
A dataspace may be set offline and reset to online.

A further file may be added to an existing dataspace. If no directory name is specified, the new fileis placed into
the same directory as specified in the corresponding CREATE DATASPACE statement. If LOBCONTAINER is
specified then the file is dedicated for BLOBs and CLOBS, i.e. no other data than BLOBs and CLOBS are ever
stored into that datafile.

The AUTOEXTEND property of the dataspace may be included, or changed or dropped.

For a MAXSIZE property of the dataspace, there is the restriction that a new MAXSIZE can only be set if there
was aready aMAXSIZE property, and the'new value'must not be smaller than the existing. The OFF specification
drops acurrently existing MAXSIZE limit.

2 Caution
Alter of adataspace is always committed even if the corresponding transaction is aborted.

ALTER DATASPACE dspacel ADD DATAFI LE SI ZE 100MB

ALTER DATASPACE dspace2 ADD DATAFI LE I N /dbs/dbO/ di skfiles SIZE 100MB
ALTER DATASPACE dspace3 OFFLI NE

ALTER DATASPACE dspace4 ONLI NE AUTCEXTEND 50nmb MAXSI ZE OFF

2.2. Users and Schemas

User accounts serve two purposes in Transbase datatabases.

» Each user accout constitutes a corresponding schena that can hold different database objects like e.g. tables,
views or sequences. Objects in this schema can be identified by a combination of the schema name and the
object's name within this schema. Therefore it makes sense to define user accounts that cannot be used aslogins
just to define separate name spaces for groups of database objects.

* Asloginsthey provide accessto the database. Thekind of available accessis defined by the user classassociated
with each user. Access to database objects now owned by this user is further limited by the rights granted to
this user on particular database objects.

Table2.1. User Classes

Userclass L ev-| Description
el
DBA 3 |All rights. The user can create or remove other user accounts and create database objects
and change the definition of database objects regardless of being the owner. The user can
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Userclass Lev-|Description

also access any database object and change its contents regardless of the privileges on that
object.

RESOURCE 2 | The user can create database objects and change the definition and contents of own data-
base objects. The user can also grant and revoke privileges that control access to these
objects.

ACCESS 1 |The user can access arbitrary database objects according to the privileges granted. The
user cannot create or change the definition of own database objects. Such objects may,
however, exist as the user may have had a higher userclass before.

NO ACCESS |0 |Theuser cannot login to the database.

2.2.1. Create User Statement

Servesto install anew user. The user gets user class ACCESS.

Syntax:
[56] CreateUserStatement : : = CREATE USER Userldentifier

Explanation: If the specified user is not yet installed then the statement installs the user and sets its userclass to
ACCESS.

CREATE USER jim

Installs the user jim with userclass ACCESS. The operation fails if the user jim already exists regardless of his
userclass.

Privileges: The current user must have userclass DBA.

2.2.2. Drop User Statement

Servesto remove a user from the list of database users.

Syntax:
[57] DropUserStatement : : = DROP USER Userldentifier [CASCADE]

Explanation: Removes the specified user from the list of usersin this database.

DROP USER jim
DROP USER charly CASCADE

» If CASCADE is specified, all database objects owned by the user are also deleted. (domain information used
by other tablesis expanded likein DROP DOMAIN .. CASCADE).

All objectsin the user's schema are del eted, too.

» If CASCADE is not specified, al tables and domains owned by the user remain existent and their ownership
istransferred to tbadmin.

The operation fails if the schema of this user is not empty.
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Privileges: The current user must have userclass DBA.

2.2.3. GrantUserclassStatement

Servesto install anew user or to raise the userclass of an installed user.

Syntax:
[58] GrantUserclassStatement : : = GRANT Userclass TO Userldentifier
[59] Userclass: : = ACCESS | RESOURCE | DBA

Explanation: If the specified user is not yet installed then the statement installs the user and sets its userclass to
the specified one.

If the specified user is aready installed then the statement raises its userclass to the specified one. In this case the
specified userclass must be of higher level than the user's current userclass.

GRANT RESOURCE TO charly
GRANT ACCESS TO jim

The userclass of auser definesthe permission to login to the database and to create objects (tables, views, indexes).
The special userclass DBA serves to grant the privileges of a superuser who has al rights.

Privileges: The current user must have userclass DBA.

2.2.4. RevokeUserclassStatement

Serves to lower the userclass of an installed user or to disable a user from login.

Syntax:

[60] RevokeUserclassStatement : : = REVOKE ACCESS FROM Userldentifier |
REVOKE RESOURCE FROM Userldentifier |
REVOKE DBA FROM Userldentifier

Explanation: The specified user must be an installed user with a userclass which is not lower than the specified
one. The statement lowers the userclass of the user to the level immediately below the specified userclass.

REVOKE RESOURCE FROM charly -- now has usercl ass ACCESS
REVOKE ACCESS FROM jim -- now has usercl ass NO ACCESS

In particular, when userclass ACCESS is revoked the user cannot login to the database anymore.

Privileges: The current user must have userclass DBA.

2.2.5. AlterPasswordStatement

Servesto ingtall or change a password.

Syntax:
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[61] AlterPasswordStatement : : = ALTER PASSWORD FROM Oldpassword TO Newpassword
[62] Oldpassword : : = StringL.iteral
[63] Newpassword : : = StringLiteral

Explanation: Oldpassword must match the password of the current user. The password is changed to Newpass-
word.

After installing a user the password is initialized to the empty string.

ALTER PASSWORD FROM '' TO ' xyz'
ALTER PASSWORD FROM ' xyz' TO 'ach’

2.2.6. GrantPrivilegeStatement

Servesto transfer privilegesto other users.

Syntax:

[64] GrantPrivilegeStatement : : = GRANT Privileges ON Tableldentifier TO UserList [WITH
GRANT OPTION]

[65] Privileges: : = ALL [ PRIVILEGES] |
Privilege [, Privilege]

[66] Privilege: : = SELECT | INSERT | DELETE |
UPDATE[ (FieldList) ]

[67] UserList: : = Userldentifier [, Userldentifier]

[8] Userldentifier : : = Identifier | PUBLIC | USER

Explanation: The specified privileges on the table are granted to the specified user.

If theWITH GRANT OPTION is specified, the privileges are grantable, i.e. the users get the right to further grant
the privileges, otherwise not.

The table may be a base table or aview.

The variant ALL isequivaent to a PrivilegeList where all four Privileges are specified and where all FieldNames
of the table are specified in the UPDATE- privilege.

A missing FieldList is equivalent to one with all fields of the table.

If PUBLIC is specified then the privileges are granted to all users (new users also inherit these privileges).

@ Note
A privilege can be granted both to a specific user and to PUBLIC at the same time. To effectively
remove the privilege from the user, both grantings must be revoked.

@ Tip
UpdatePrivileges can be granted on field level whereas SEL ECT-privileges cannot. To achieve that
effect, however, it is sufficient to create an appropriate view and to grant SELECT-privilege onit.

Privileges: The current user must have userclass DBA or must have all specified privileges with the right to grant
them.

GRANT SELECT, UPDATE (price, qonorder)
ON quotations TO jimjohn
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GRANT SELECT ON suppliers
TO nmary W TH GRANT OPTI ON

2.2.7. RevokePrivilegeStatement

Serves to revoke privileges which have been granted to other users.

Syntax:
[68] RevokePrivilegeStatement : : = REVOKE Privileges ON Tableldentifier FROM UserList
[65] Privileges: : = ALL [ PRIVILEGES] |
Privilege [, Privilege]
[66] Privilege: : = SELECT | INSERT | DELETE |
UPDATE[ (FieldList) ]
[67] UserList: : = Userldentifier [, Userldentifier]
[8] Userldentifier : : = Identifier | PUBLIC | USER

Explanation: If the current user is owner of the table, then the specified privileges are removed from the user such
that none of the privileges are | eft for the user.

If the current user is not owner of the table, then the privilege instances granted by the current user are removed
from the specified users. If some identical privileges had been additionally granted by other users, they remain
in effect (see Example).

If a SELECT privilege is revoked then al views which depend on the specified table and are not owned by the
current user are dropped. If an INSERT or UPDATE or DELETE privilegeisrevoked then all viewswhich depend
on the specified table and are not owned by the current user and are updatable are dropped.

@ Note
It is not an error to REVOKE privileges from a user which had not been granted to the user. This
case issimply treated as an operation with no effect. This enables an error-free REVOKING for the
user without keeping track of the granting history.

Example 2.1. Granting and Revoking Select Privileges
User jim:

CREATE TABLE jintable ...
GRANT SELECT ON jintable TO mary, anne W TH GRANT OPTI ON

User mary:

GRANT SELECT ON jintable TO john

User anne:

GRANT SELECT ON jintable TO john

If owner jim then says:

REVOKE SELECT ON jintabl e FROM j ohn
then john looses SELECT-privilege on jimtable

If, however, anne or mary (but not both) say:

REVOKE SELECT ON jintabl e FROM j ohn
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then john still has SELECT-privilege on jimtable.

2.3. Domains

2.3.1. CreateDomainStatement

Serves to create a domain in the database. A domain is a named type, optionally with default value and integrity
constraints.

Domains can be used in CreateTableStatements (for type specifications of fields) and as target type in CAST
expressions.

Syntax:

[69] CreateDomainStatement : : = CREATE DOMAIN Domainldentifier [ AS ]| DataType [ DE-
FAULT Expression] [ DomainConstraint ] ...

[7Q] DomainConstraint : : =[ CONSTRAINT Constraintldentifier |

CHECK ( SearchCondition )

Explanation: The CreateDomai nStatement creates adomain with the specified domain name and with the specified
DataType.

If aDEFAULT specification is given then the created domain has the specified value asits default value else the
domain has no default value. See the CreateTableStatement for the default mechanism of fields.

The default expression must not contain any subqueries or field references.

If DomainConstraints are specified then all values of the specified domains are subject to the specified search
conditions, e.g. if arecord isinserted or updated in atable and afield of the table is defined on adomain, then the
field value is checked against all domain constraints specified on the domain.

The search condition in DomainConstraint must not contain any subqueries or field references. The keyword
VALUE isused to describe domain valuesin the search conditions.

For the check to be performed, the formal variable VALUE in the search condition is consistently replaced by
thefield value. The integrity condition isviolated, if and only if the expression NOT (SearchCondition) evaluates
to TRUE.

@ Note
The definition of check constraints is such that NULL values pass the check in most simple cases.
For all examples above, aNULL valueyieldsthe result "unknown" for the search condition, thusthe
negation NOT(..) also yields unknown (and thus the constraint is not violated ).

To achievethat aNULL valueviolates an integrity constraint, the constraint must be formulated like

CHECK ( VALUE |'S NOT NULL AND ... )

Whenever adomain constraint is violated, Transbase i ssues an error message which containsthe Const r ai nt -
Nane. This may be an internally generated name if no Const r ai nt Narre was specified for the constraint. Itis
therefore recommended to specify explicit constraint names.

Example:
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CREATE DOMAI N percentage AS NUMERI C(5, 2)
CONSTRAI NT rangel00 CHECK (VALUE BETWEEN O AND 100)

The current user becomes owner of the domain.
Privileges: The user must have userclass DBA or RESOURCE.

Catalog Tables:  For each domain, at least one entry into the table sysdomain is made. This entry also contains
aDomainConstraint if specified. For each further specified DomainConstraint, one additional entry is made.

2.3.2. AlterDomainStatement

Servesto alter adomain in the database, i.e. to set or drop a default, to add or remove Check Constraints.

Syntax:
[71] AlterDomainStatement : : = ALTER DOMAIN Domainldentifier AlterDomainSpec
[72] AlterDomainSpec: : = SET DEFAULT Expression | DROP DEFAULT |

ADD DomainConstraint |
DROP CONSTRAINT Constraintldentifier

Explanation: Note that no field values in the database are changed by any of these statements.
e SET DEFAULT setsthe default of the domain to the specified value.

» DROP DEFAULT drops the default value of the domain.

e« ADD Donmi nConst rai nt adds the specified domain constraint to the domain. All table fields based on
the domain are checked whether they fulfill the new constraint and the statement is rejected if there are any
violations against the new constraint.

» DROP CONSTRAI NT Constraintldentifier dropsthe specified domain constraint from the domain.

Privileges: The user must be owner of the domain.

ALTER DOVAI N Supplierl D SET DEFAULT -1

ALTER DOVAI N Supplierl D DROP DEFAULT

ALTER DOMAI N Uni t Pri ce DROP CONSTRAI NT pricel00

ALTER DOVAI N Uni t Pri ce ADD CONSTRAI NT price200
CHECK (VALUE between 0 AND 200)

2.3.3. DropDomainStatement

Serves to remove a domain from the database.

Syntax:
[73] DropDomainStatement : : = DROP DOMAIN Domainldentifier DropBehaviour
[74] DropBehaviour : : = RESTRICT | CASCADE

Explanation: The statement removes the specified domain from the database.

If RESTRICT is specified, the statement is rejected if any field of an existing table is based on the domain or if
the domainisused in a CAST expression of any view definition.
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If CASCADE is specified, the domain is removed also in the cases where the RESTRICT variant would fail. For
all table fields based on the domain, the domain constraints (if any) are integrated astable constraintsinto the table
definitions. The domain default (if any) is integrated as field default unless the field has been specified with an
explicit DEFAULT value at table definition time.

@ Note
The semanticsof aDROP ... CASCADE issuch that theintegrity constraints defined viathe domain
(if any) effectively are not lost.

Privileges: The user must be owner of the domain.

DROP DOVAI N Suppl i er | D CASCADE

2.4. Sequences

2.4.1. CreateSequenceStatement

Creates a sequence.

Syntax:

[75] CreateSequenceStatement : : = CREATE SEQUENCE Sequencel dentifier [ DataspaceSpec]
[ StartSpec] [ IncrSpec] [ MaxSpec] [ CYCLE]

[88] DataspaceSpec : : = DATASPACE Dataspacel dentifier

[76] StartSpec : : = START [WITH] IntegerLiteral]

[77] IncrSpec: : = INCREMENT [BY] IntegerLiteral]

[78] MaxSpec: : = MAXVALUE IntegerLiteral]

Explanation: Creates a sequence with the specified name. A sequence is an object which can be used to generate
increasing numbers of type Bigint. These numbers are unique even if generated by concurrent transactions. Also
no lock conflicts arise due to the use of sequences.

For a sequence S, there are 2 operations available namely S.nextval and S.currval.

The first S.nextval operation delivers the value specified in StartSpec or 1 as default. Each S.nextval increases
the value of S by the value specified in IncrSpec or 1 as default. If a MaxSpec has been given and the nextval
operation would generate a value beyond the maximal value then either an error is generated or (if CYCLE has
been specified) the startvalue again is delivered as next value. S.nextval also is permitted as default specification
for afield of atable.

The S.currval operation is only alowed if there has been a S.nextval operation within the same transaction and
again delivers the last value delivered by S.nextval. S.currval does not increase the current value of S.

Privileges: To create a sequence, the current user must have userclass DBA or RESOURCE.
For nextval the user must have UPDATE privilege on the sequence.
For currval the user must have SELECT privilege on the sequence.

Privileges on sequences are granted and revoked like those on tables.

CREATE SEQUENCE S START 1 | NCREMENT 2
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2.4.2. DropSequenceStatement

Drops a sequence.
Syntax:
[79] DropSequenceStatement : : = DROP SEQUENCE Sequencel dentifier

Explanation: Drops the sequence with the specified name.

Privileges: The current user must be owner of the sequence.

DROP SEQUENCE S

2.5. CreateTableStatement

Serves to create atable in the database.

Syntax:
[80] CreateTableStatement : : = StdTableStatement |
FlatTableStatement |
FileTableStatement
[81] StdTableStatement : : = CREATE TABLE [IF NOT EXISTS] Tableldentifier
[ 1kSpec] [ DataspaceSpec ] [ InmemorySpec |
(TableElem [, TableElem] ...)
[ KeySpec]
[82] FlatTableStatement : : = CREATE FLAT [FtSizeSpec]
TABLE [IF NOT EXISTS] Tableldentifier
[ IkSpec]
(TableElem [, TableElem]...)
[83] FtSizeSpec: : = (IntegerLiteral [ KB |[MB])
[84] FileTableStatement : : = CREATE
FILE ( FileLiteral [CodePageSpec] [NullSpec] [DelimSpec] )
TABLE [IF NOT EXISTS] Tableldentifier
( FieldDefinition [ , FieldDefinition]...)
[85] CodePageSpec : : = CODEPAGE [1S] CodePage
[[WITH |WITHOUT ] PROLOGUE] ]
[86] CodePage: : = UTF8 | UCS|UCS2 | UCH |
UCS2LE | UCS2BE | UCSALE | UCSHABE
[87] IkSpec: : ={ WITH | WITHOUT } IKACCESS
[88] DataspaceSpec : : = DATASPACE Dataspacel dentifier
[89] InmemorySpec: : = INMEMORY [ PRELOAD | NONE ]
[90] TableElem : : = FieldDefinition | TableConstraintDefinition
[91] FieldDefinition : : = Fieldldentifier DataTypeSpec
[ DefaultClause | AUTO_INCREMENT ]
[ FieldConstraintDefinition ]...
[92] DataTypeSpec : : = DataType | Domainldentifier
[93] DefaultClause: : = DEFAULT Expression
[94] KeySpec : : = StdKeySpec | HCK eySpec
[95] StdKeySpec: : = KEY ISFieldList
[96] HCKeySpec: : = HCKEY [ NOT UNIQUE ] ISFieldList
[97] PrimaryKeySpec : : = StdPrimaryK eySpec | HCPrimaryK ey Spec
[98] StdPrimaryKeySpec : : = PRIMARY KEY ( FieldList)
[99] HCPrimaryKeySpec: : = PRIMARY HCKEY [ NOT UNIQUE] ( FieldList)
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[100] FieldList: : = Fieldidentifier [ , Fieldldentifier ]...

Explanation: The CreateTableStatement creates a table with the given Tabl eNane.

The StdTableStatement creates atable as a B-tree. Therefore its datais stored clustered (sorted) along its primary
key specification. Thisallowsefficient lookup of dataviathe primary key. On the other hand, insertionsinto sorted
data are complex and therefore costly.

The FlatTableStatement creates a table without primary key and without clustering. In contrast to standard tables,
datais stored in input order. This allow faster datainsertion as datais aways appended. Viaits SizeSpec the table
can be restricted to occupy no more than a certain maximum of space. If this maximum is exceeded, the oldest
datawill automatically be replaced. Thus Flat Tables[system.xhtml#Fl atTables] areideally suited for datastaging
during bulk load processes, as temporary storage and for logging facilities.

The FileTableStatement allows spool files or other compatible file formats to be integrated into the database
schemaas virtual tables. These FILE tables offer read-only accessto those files via SQL commands. They can be
used throughout SQL SELECT statements like any other base table. The table definition supplies a mapping of
columnsin the external file to column names and Transbase datatypes. No key specifications are allowed on aFile
table. The creation of secondary indexes is not possible. For details on the optional parameters CodePageSpec,
NullSpec and DelimSpec please consult the Spool TableStatement. FILE tables are primary designed as an ad-
vanced instrument for bulk loading data into Transbase and applying arbitrary SQL transformations at the same
time.

An error isreturned if atable with the same name already existsunlessthel F NOT EXI STS option is specified.
In the latter case no action is performed and no error is returned.

The IkSpec adjusts whether to create a table with or without internal key (1K) access path. IKs are used as row
identifier, e.g. for referencing records in the base table after accessing secondary indexes. This IK access path
requires additional space of 6 to 8 bytes per record. Alternatively Transbase can use the primary key access path.
In this case the base tabl€'s primary key is stored in all index records for referencing the base table. Depending on
how extensive the primary key is, Transhase will automatically decide at table creation time whether to create a
table WITH or W THOUT | KACCESS. This guarantees optimal space efficiency. If the primary key occupies no
more that the IK, then the table is created WITHOUT IKACCESS Else an IK access path is added by default.

The InmemorySpec allows to specify that atable residesin the main memory cache of the database and will never
be swapped out. Specification of NONE is the default (can be used in the AlterTableStatement to reset Inmemory
property of thetable). If the PREL OAD option ischosen, thetableisloaded completely at boottime, elseit appears
in the cache one by one on a database page basis as it is accessed (the accessed pages then remaining in the
cache). The InmemorySpec refersto thetableitself and all its secondary indexes, but not on LOB objects possibly
belonging to the table. The Inmemory property of atable can be changed with the AlterTableStatement.

Secondary indexes can also be created on Flat Tables [system.xhtml#FlatTables]. As these tables do not have a
primary key, secondary indexes are only possible on Flat Tables [system.xhtml#Fl atTables] WMITH IKACCESS.
Typically such secondary indexes are added once the load process is complete, so load performance is not com-
promised by secondary index maintenance.

It is always possible to override this default mechanism of 1kSpec by adding WITH or WITHOUT IKACCESSto
the create table statement.

Each FieldDefinition specifies afield of the table. The ordering of fieldsis relevant for the *-notation in SELECT
* FROM ...

TableConstraintDefinition and FieldConstraintDefinition are explained in the subsequent chapters.
The CreateTableStatement creates a table with the given Tabl eNane.

If the key specification is omitted, the combination of al fields (except BLOB and CLOB fields)implicitly isthe
key. No column of type BLOB or CLOB is allowed to be part of an explicitly specified key.
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UnlessaNOT UNIQUE specification is given, insert and update operations which produce records with the same
values on all key fields are regjected.

The"KEY IS.." specification creates a table with a compound B-tree index.

The "HCKEY IS .." specification creates a table with a HyperCube index. Key fields of a HyperCube table are
restricted to exact arithmetic types (BIGINT, INTEGER, SMALLINT, TINYINT, NUMERIC). If NOT UNIQUE
is specified, then also duplicates on the key combination are allowed. NOT UNIQUE, however, is restricted to
HyperCube tables. On each HyperCube key field aNOT NULL constraint and a CheckConstraint must exist.

@ Note
If there exists one field (or one or more field combinations) which is known to be unique in the
table, it is strongly recommended to explicitly specify it as key of the table. One advantage is that
uniquenessis guaranteed; another advantage is much better performancein update operations (which
normally do not change key values).

The current user becomes owner of the table and gets SELECT-privilege, INSERT-privilege, DELETE-privilege
on the table and UPDATE-privilege on al fields of the table. All privileges are grantable.

Privileges: The user must have userclass DBA or RESOURCE.

CREATE TABLE quot ati ons

( suppno | NTEGER DEFAULT -1 NOT NULL,
partno | NTEGER DEFAULT -1 NOT NULL,
price NUMERI C (6,2) DEFAULT O NOT NULL,
delivery_time | NTEGER
qonor der NUMERI C (4)

KEY | S suppno, partno
CREATE TABLE geopoi nts

( info I NTEGER NOT NULL,

| ongi tude NUMVERI C( 10, 7) NOT NULL
CHECK( | ongi t ude BETWEEN - 180 AND 180),

| atitude NUMERI C(9,7) NOT NULL

CHECK(| at i t ude BETWEEN - 90 AND 90)

)
HCKEY | S | ongitude, |atitude

2.5.1. Defaults

Each field has a (explicitly specified or implicit) default value which istaken asinput valueif afield valueis not
explicitly specifiedinan INSERT statement (or by an INSERT viaaview). If aDEFAULT clauseis specified with
an expression evaluating to d, then d is the (explicitly specified) default value for that field, otherwise, if the field
isbased on adomain with explicit default value d, then d isthe default value, otherwise NUL L isthe default value.

Inthe DEFAULT Expression, neither field references nor subqueries are allowed.

2.5.2. AUTO_INCREMENT Fields

An AUTO_INCREMENT field servesto generate unique key values. At most one AUTO_INCREMENT field is
allowed in atable. Its data type must be one of TINYINT, SMALLINT, INTEGER, BIGINT.

An AUTO_INCREMENT field always must be specified either as the (single) PRIMARY KEY field or as the
lowest weighted component of a compound primary key.
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CREATE TABLE T
( Id Bl G NT AUTO_| NCREMENT,
Propl  VARCHAR(*),
Prop2  VARCHAR(*),
PRI MARY KEY (I d)
)

Intable T, Id is the only key field. For each INSERT statement which does not assign a value for 1d but uses a
fieldlist (Propl,Prop2), aunique value for the field Id automatically is generated. VValue generation starts with the
value 1. See below how the assigned value can be transferred to the application.

AnAUTO_INCREMENT field may beexplicitly assigned avalue, too. For example, if thefirst INSERT statement
for table T isthe following:

I NSERT | NTO T VALUES(10, 'Fool', 'Foo2')

then the next generated value would be 11. Automatic value generation always takes the maximum value so far
plus one. At definition time of the table,a start value for the automatic numbering may be specified:

CREATE TABLE person

( FirstNane VARCHAR( *) NOT NULL,
SecondName  VARCHAR( *) NOT NULL,
Id | NTEGER AUTO_| NCREMENT=10,

Bi rt hday Dat e,

PRI MARY KEY (FirstNane, SecondNane, |d)
)

Here, Idisused to generate unique key combinationsamong identical pairsof FirstName, SecondName. In contrast
to the usage of as SEQUENCE, the AUTO_INCREMENT fields starts numbering each set of identical pairs
beginning with the specified number (default is number 1). Whenever arecord is inserted with a pair of names
which aready exists, the numbering is done with 1 + maximum of numbers for that pair.

Asin the example above, an explicit numbering again is allowed as long as no key collision is produced.

Notethat an AUTO_INCREMENT field may overflow which resultsin an error. So the datatype should be chosen
appropriately.

2.5.2.1. Processing implicitly assigned AUTO_INCREMENT values

There are 2 ways for the application to get the implicitly assigned value of an AUTO_INCREMENT field. The
RETURNING clause is useful in these cases to see the value which has been assigned.

INSERT INTO T (Propl, Prop2) VALUES( ' Fool', 'Foo2') RETURNI N& I d)

An dternative is the function LAST_| NSERT_| D() . Used as an expression in the SELECT list of a query, it
delivers the most recently implicitly assigned valueto an AUTO_INCREMENT field.

2.5.3. TableConstraintDefinition FieldConstraintDefini-
tion

Overview syntax for specification of integrity constraints in a CreateTableStatement.

Syntax:
[101] TableConstraintDefinition : : = [ CONSTRAINT Constraintldentifier | TableConstraint
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[102] FieldConstraintDefinition : : = [ CONSTRAINT Constraintldentifier ] FieldConstraint

[103] TableConstraint : : = PrimaryKeySpec | CheckConstraint | ForeignKey

[104] CheckConstraint : : = CHECK (SearchCondition )

[105] ForeignKey : : = FOREIGN KEY (FieldList ) ReferencesDef

[106] ReferencesDef : : = REFERENCES Tableldentifier [ ( FieldList) ] [ ON DELETE Ac-
tion] [ ON UPDATE Action]

[107] Action: : = NO ACTION | CASCADE | SET DEFAULT | SET NULL

[108] FieldConstraint : : = NOT NULL | PRIMARY KEY | CheckConstraint | ReferencesDef

Explanation: Explanations are given in the subsequent sections.

The construct FieldConstraint is subsumed by the more general TableConstraint. In certain special cases, the
syntactic variant FieldConstraint allows amore compact notation for a TableConstraint. There are no performance
differences with the 2 notations.

3 Note
All constraints are effectively checked after execution of each SQL query.

2.5.4. PrimaryKey

Specify the main key for atable.

Syntax:

[108] FieldConstraint : : = NOT NULL | PRIMARY KEY | CheckConstraint | ReferencesDef
[103] TableConstraint : : = PrimaryKeySpec | CheckConstraint | ForeignKey

[97] PrimaryKeySpec : : = StdPrimaryK eySpec | HCPrimaryK eySpec

[98] StdPrimaryKeySpec : : = PRIMARY KEY (FieldList)

[99] HCPrimaryKeySpec : : = PRIMARY HCKEY [ NOT UNIQUE] ( FieldList)

[94] KeySpec: : = StdKeySpec | HCK eySpec

[95] StdKeySpec: : = KEY ISFieldList

[96] HCKeySpec: : = HCKEY [ NOT UNIQUE ] ISFieldList

Explanation: Only one PrimaryKey specification is allowed per table definition.

If no PrimaryKey is specified, al fields except BLOB or CLOB fields form the primary key in the order of
specification.

The SQL-2 formulation PRIMARY KEY (f1, f2, ..,fn) isequivalent to the alternative (Transhase proprietary) formu-
lation KEY ISf1,f2,..,fn (see below for an example). The SQL-2 formulation PRIMARY HCKEY [NOT UNIQUE]
(f1, f2, ..,fn) is equivalent to the alternative (Transhase proprietary) formulation HCKEY [NOT UNIQUE] IS
f1,f2,..,fn

For the semantics of the key specification see CreateTableStatement . See also the Performance Guide for more
details.

The following two examples are equivalent. The first is the official SQL-2 notation supported by Transbase, the
second is an alternative notation also supported by Transhase (note that the formulations exclude each other):

CREATE TABLE quotations

( suppno | NTEGER,
partno I NTEGER,
price NUMERI C( 9, 2),

delivery_time | NTEGER,
PRI MARY KEY  ('suppno, partno)
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CREATE TABLE quotations

suppno I NTEGER,

pp
partno I NTEGER,
price NUMERI C( 9, 2),

delivery_time | NTEGER
) KEY IS suppno, partno

Thefollowing two examples show alternative formulations of primary key viaa TableConstraint and a FieldCon-
straint - thisis possible if and only if one single field constitutes the primary key:

CREATE TABLE suppliers
( suppno | NTEGER,
name CHAR(*),
address CHAR(*),
PRI MARY KEY( suppno)

)
CREATE TABLE suppliers
( suppno | NTEGER PRI MARY KEY,

name CHAR(*),
address CHAR(*)

2.5.5. CheckConstraint

Specify a CheckConstraint for atable.

Syntax:
[104] CheckConstraint : : = CHECK (SearchCondition )

Explanation: The SearchCondition specifies an integrity condition which must be fulfilled for al records of the
table.

In detail, for al records of the table which are inserted or updated an error is reported if the condition NOT
(SearchCondition) evaluatesto TRUE.

If the CheckConstraint is specified with an explicit Const r ai nt Narnre, an integrity violation message concern-
ing this CheckConstraint reports this name, otherwise an implicitly generated name is reported. For the sake of
easy error analysis, it is thus recommended to specify explicit and self-explanatory constraint names.

CREATE TABLE quotations

suppno I NTEGER,

pp
partno | NTEGER,
price NUMERI C( 9, 2),

delivery_time | NTEGER
CONSTRAI NT pricel00 CHECK (price < 100)

)

CREATE TABLE quotations

suppno I NTEGER,

pp
partno I NTEGER,
price NUMERI C( 9, 2),

delivery_time | NTEGER

CONSTRAI NT price_deliv

CHECK (price < 20 OR delivery_tinme < 3)
)

In the first example, only one field isinvolved. Therefore it can also be formulated using the syntactic variation
FieldConstraint:

CREATE TABLE quotations
( suppno | NTEGER,
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partno I NTEGER,

price NUMERI C( 9, 2)

CONSTRAI NT pricel00 CHECK (price < 100),
delivery_time | NTEGER

)

Note that in a FieldConstraint, there is no comma between the field definition and the constraint definition.
Catalog Tables: One entry into thetable sysconst r ai nt ismade for each check constraint.

Null values: The definition of integrity violation is such that NULL values passthe test in most cases.
In the example above, the constraint "pricel00" is not violated by arecord with aNULL
value on price, because the SearchCondition evaluates to unknown (thus the negation
NOT(..) aso evaluates to unknown but not to TRUE).

To make NULL values fail the test, one must explicitly formulate the CheckConstraint
like: CHECK (price ISNOT NULL AND ...).

To specify that the value must not be null the shorthand notation NOT NULL can be used
in the field definition, but then it is not part of the specified constraint:

CREATE TABLE quotations

( suppno I NTEGER,
partno I NTEGER,
price NUMERI C(9, 2) NOT NULL

CONSTRAI NT pricel00 CHECK (price < 100),
delivery_time | NTEGER

2.5.6. ForeignKey

Specify a Referential Constraint between 2 tables.

Syntax:

[105] ForeignKey : : = FOREIGN KEY (FieldList ) ReferencesDef

[106] ReferencesDef : : = REFERENCES Tableldentifier [ ( FieldList) ] [ ON DELETE Ac-
tion] [ ON UPDATE Action]

[107] Action: : = NOACTION | CASCADE | SET DEFAULT | SET NULL

Explanation: A referential constraint between 2 tablesis specified.

With respect to the constraint, the table containing the fields of the foreign key is called the referencing table,
the table which is mentioned after REFERENCES is called the referenced table. Analogoudly, the fields in the
FOREIGN KEY clause and the (explicit or implicit) fields in the REFERENCES clause are called referencing
fields and referenced fields, resp. The referencing and referenced fields must have same number and identical

types.

If nofield namelist is specified in the REFERENCES clause, then the primary key combination of the referenced
table constitutes the referenced fields. The referenced fields either must constitute the primary key or must have
aUNIQUE INDEX.

Thereferentia constraint is as follows:

For each record in the referencing table whose referencing fields do not have any NULL value, there must be one
record in the referenced table with identical field values on the corresponding referenced fields.

Let RG and RD the referencing table and the referenced table, resp., i.e. RG references RD.
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The following statements potentially violate areferential constraint:

1. INSERT, SPOOL, UPDATE, in RG

2. DELETE, UPDATE in RD.

A referential constraint can be specified to trigger compensating actions.

Specification of NO ACTION effectively is the absence of atriggered action.

If CASCADE is specified:

A deletion of record t in RD triggersthe deletion of al matching recordsin the RG (thus maintaining the referential
constraint). An update of areferenced field in RD triggers the corresponding update of all referencing fields in
RG to the same value (thus maintaining the referential constraint).

If SET NULL or SET DEFAULT is specified:

A deletion of record t in RD triggers the update of the referencing fields of all matching recordsin RG to NULL

or their DEFAULT value. Thefirst case always maintains the referential constraint, the second case only if there
isamatching DEFAULT valuerecord in RD. An update is handled analogously.

CREATE TABLE quotations

( suppno | NTEGER,
partno | NTEGER,
price NUMERI C( 9, 2),

delivery_time | NTEGER

CONSTRAI NT quot r ef supp
FOREI GN KEY (suppno) REFERENCES suppl i er s(suppno)
ON DELETE SET NULL,

CONSTRAI NT quot refpart
FOREI GN KEY (partno) REFERENCES i nventory(partno)
ON DELETE CASCADE,

In this (single field reference) example, also the syntactic shorthand variant of FieldConstraint can be used as
shown below:

CREATE TABLE quotations
( suppno I NTEGER
CONSTRAI NT quot r ef supp
REFERENCES suppl i er s(suppno)
ON DELETE SET NULL,
partno | NTEGER
CONSTRAI NT quot ref part
REFERENCES i nvent or y( part no)
ON DELETE CASCADE,
price NUMERI C( 9, 2),
delivery_time | NTEGER

Catalog Tables: For a referential constraint with a n-ary field combination, n records are inserted into
sysrefconstraint.
Performance: DELETE and UPDATE operations on referenced tables which require the referential

check on thereferencing table are slow if the referencing table does not have a secondary
index (or the primary key) on the referencing fields.

INSERTs and UPDATEs on referencing fields requiring the referential check on the ref-
erenced table are fast because by definition thereis aindex on the referenced fields.
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@ Note
Likeall constraints, referential constraintsare effectively checked after execution of each SQL query.
In general, it istherefore not possible to insert records into tables in arbitrary order if there exists a
referential constraint between them.

2.6. AlterTableStatement

Servesto alter fields of atable and to add or remove table constraints.
Syntax:
[109] AlterTableStatement : : = AlterTableConstraint |
AlterTableChangeField | AlterTableRenameField |

AlterTableFields | AlterTableRename |
AlterTableMove | AlterTablelnmemory

Privileges: The user must be owner of the table.

2.6.1. AlterTableConstraint

Serves to add or remove a table constraint.

Syntax:

[110] AlterTableConstraint : : = ALTER TABLE Tableldentifier ConstraintAction

[117] CongtraintAction: : = ADD TableConstraintDefinition | DROP CONSTRAINT Con-
straintldentifier

Explanation:

In the TableConstraintDefinition all except the redefinition of PRIMARY KEY is allowed on this position.

The ADDition of atable constraint isrejected if the values in the database do not fulfill the constraint.
ALTER TABLE quotati ons DROP CONSTRAI NT quotref part

ALTER TABLE inventory ADD CONSTRAINT gqonh
CHECK (quonhand/ 10*10 = quonhand)

ALTER TABLE quotations ADD CONSTRAINT quotrefpart
FOREI GN KEY (partno) REFERENCES parts2
ON DELETE CASCADE

2.6.2. AlterTableChangeField

Servesto alter athe default specifiation of afield in atable.

Syntax:
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[112] AlterTableChangeField: : = ALTER TABLE Tableldentifier ALTER [COLUMN] Fieldldenti-
fier DefaultAction

[113] DefaultAction : : = SET DEFAULT Expression | DROP DEFAULT

Explanation:

SET DEFAULT specifies adefault value for the field.

DROP DEFAULT removes the default value from the field. If the datatype of the field is defined by a domain,
the domain's default specification becomes effective. In thiscase SET DEFAULT NULL and DROP DEFAULT
are not equivalent.

Both statements do not change field values in the database.

ALTER TABLE quotations ALTER price SET DEFAULT 100.0
ALTER TABLE quotations ALTER delivery_time DROP DEFAULT

2.6.3. AlterTableRenameField

Serves to rename afield of atable.

Syntax:
[114] AlterTableRenameField : : = ALTER TABLE Tableldentifier
RENAME COLUMN Fieldidentifier TO Fieldldentifier

changes the name of afield of atable. The RENAME operation failsin case of a hame conflict.

ALTER TABLE quotations RENAME COLUMWN price TO prize

2.6.4. AlterTableFields

Serves to add, modify or drop one or more fields.

Syntax:

[115] AlterTableFields: : = ALTER TABLE Tableldentifier
AlterTableElem [ , AlterTableElem] ...

[116] AlterTableElem: : = ADD FieldDefinition [ PositionClause] |
MODIFY FieldDefinition [ PositionClause] |
DROP Fieldidentifier

[117] PositionClause: : = [ FIRST | AFTER Fieldldentifier |

[91] FieldDefinition : : = Fieldldentifier DataTypeSpec
[ DefaultClause | AUTO_INCREMENT ]
[ FieldConstraintDefinition]...

Explanation:

Each AlterTableElem specifies a modification on the given table.

« ADD Fi el dDefinition PositionC ause addsanew fieldandinitializesit withtheexplicitly specified
or implicit default value. When no PositionClause is given the field is placed as the last field of the table.
Otherwise the field will be inserted at the specified position.
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« MODI FY Fi el dDefinition PositionCd ause changesthe datatype of the field to the specified type.
Already existing data will be converted due to this modification. Note that not all data types are compatible
among each other. This operation also changes the position of the field within a table.

« DROP Fieldldentifier deletesafield of the table. A field cannot be dropped, if one of the following
holds:

e Thefield ispart of the primary key.
e Thefield ispart of asecondary index.
« Thefield isused within a constraint.

ALTER TABLE quotations
ADD comrent CHAR(*) DEFAULT '' FIRST,
MODI FY delivery_time DOUBLE AFTER conment,
DROP qonor der

2.6.5. AlterTableRename

Serves to rename atable.

Syntax:
[118] AlterTableRename: : = ALTER TABLE Tableldentifier
RENAME TO Tableldentifier

changes the name of atable. The RENAME operation failsin case of a name conflict.

ALTER TABLE geopoints RENAME TO coordi nat es

2.6.6. AlterTableMove

Serves to reorganize atable.

Syntax:

[119] AlterTableMove: : = ALTER TABLE Tableldentifier MOVE [ TO] MoveTarget
[120] MoveTarget : : = BLOCK BlockNo | DATASPACE Dataspacel dentifier
[121] BlockNo: : = IntegerLiteral

[7] Dataspacel dentifier : : = Identifier

Explanation: The logical page ordering of segments (tables, indices or lobcontainers) can be reorganized by this
statement. The lower bound and upper bound address of the reorganized segment are specified either by BlockNo
and the maximal database size or by the size of the target dataspace.

All indices of thetable, the lobcontainer (if the table contains one or morelob fields) and thetableitself are moved.

This statement is only allowed on Transbase Standard Databases.

ALTER TABLE quot ati ons MOVE TO DATASPACE dspace2;

ALTER TABLE quot ati ons MOVE BLOCK 50000;
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2.6.7. AlterTablelnmemory

Serves to change the inmemory property of atable together with its indexes

Syntax:
[122] AlterTablelnmemory : : = ALTER TABLE Tableldentifier InmemorySpec

The same InmemorySpec applies asin the CreateT ableStatement

ALTER TABLE T2 | NMEMORY PRELCAD
ALTER TABLE T3 | NVEMORY NONE --drops any i nmenory property

2.7. DropTableStatement

Servesto drop atable in the database.

Syntax:
[123] DropTableStatement : : = DROP TABLE [IF EXISTS] Tableldentifier

Explanation: The specified table, all indexes and all triggers defined on that table are dropped. All views which
aredirectly or transitively based on the specified table are al so dropped. Error isreturned if the table does not exis
unlessthe IF EXISTS option is specified.

Privileges: The current user must have userclass DBA or must be owner of the table.

DROP TABLE quot ati ons

2.8. CreatelndexStatement

Serves to create an index, fulltext index or a bitmap index on atable.

Syntax:

[124] Createl ndexStatement : : = StandardlndexStatement |
HyperCubel ndexStatement |
FulltextIndexStatement |
Bitmapl ndexStatement

2.8.1. StandardIndexStatement

Serves to create a standard index on atable.

Syntax:
[125] StandardindexStatement : : = CREATE [UNIQUE] INDEX IndexIdentifier
ON Tableldentifier (IndexElemList)
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[ KEY ISKeyList]

[126] IndexElemList : : = Expression [, Expression]...
[127] KeyList: : = FieldList

Explanation: Anindex with the specified name is created on the specified fields or expressions resp. of the spec-
ified table.

In most cases, indexes are built on one or several basic fields of a table. This means that the Expressions are
simplefield names.

It is possible to specify an Expression instead of a field name. All Expressions must be resolvable against the
specified base table. Such an index can be efficiently used for query processing if all or aprefix of the Expressions
appear in the search condition of a query.

If "CREATE UNIQUE .." is specified then then all records are required to be unique in theindex. Insert and update
operations which would result in at least two records with the same values on the specified element combination
are rejected. See a'so the special section on UNIQUE and KEY IS

Indexes have no effect on query results except for possibly different performance (depending on the query type)
and possibly different sort orders of query results (if no ORDER BY -clause is specified in the query).

Indexes on views are not allowed.

BLOB and CLOB fields can only be indexed by fulltext indexes .

@ Note
It isunwiseto create astandard B-tree index on the highest weighted key fields becausein Transbase
an unnamed (multi field) index exists on the key fields anyway.

Privileges: The current user must have userclass DBA or must have userclass RESOURCE and be owner of the
table.

CREATE | NDEX quot _pa_pr
ON quotati ons (partno, price)

Example for efficient usage:

SELECT partno, price fromquotati ons WHERE partno = 221

CREATE | NDEX suppl i ers_phonetic
ON suppliers (soundex(nane), suppno)

Example for efficient usage:

SELECT * from suppliers where soundex(nanme) = soundex('Stewart')

2.8.1.1. UNIQUE and KEY IS specification of an Index

Assume a base table T(k,t1,t2,t3) where field k is key field.
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Assume anindex Tx on T on fields (t1,t2).

Although the (t1,t2) combination is not declared to be key in T, you might want to specify a constraint that the
value pairs are unique.

There are 2 different waysto achieve this. One way isto specify the UNIQUE clause for Tx at creation time. The
aternativeisto usethe KEY IS clause.

CREATE UNI QUE | NDEX Tx on T(t1,t2)
or by using the KEY IS cl ause:
CREATE | NDEX Tx on T(t1,t2) KEY IS t1,t2

The KEY IS clauseis useful if one more field (t3) should be part of the index but the uniqueness property should
remain as sharp as before and not be weakened to the triple.

CREATE I NDEX Tx on T(t1,t2,t3) KEY IS t1,t2

This construction is also useful for example for efficiently supporting the following kind of query:

SELECT t3 FROM T WHERE t1 = <const> and t2 = <const>

The index key on (t1,t2) supports the efficient processing of the search condition, and the integration of field t3
into the index directly supports the delivery of t3 without accessing the base table T.

2.8.2. HyperCubelndexStatement

Serves to create a Hypercube index on atable.

Syntax:
[128] HyperCubel ndexStatement : : = CREATE INDEX IndexIdentifier
ON Tableldentifier (FieldList)
HCKeySpec
[100] FieldList : : = Fieldldentifier [ , Fieldldentifier ]...
[96] HCKeySpec: : = HCKEY [ NOT UNIQUE ] ISFieldList
[127] KeyList: : = FieldList

Explanation: Anindex with the specified nameis created on the specified fields of the specified table. There must
not be an index with the same name on any table in the database.

A HyperCubetreeis specified instead of a standard compound B-tree. A HyperCube tree should have no fields as
part of key whichtypically are not searched for - therefore fields and keys can be specified separately. The specified
keys are UNIQUE by default unless the "NOT UNIQUE" clause is specified. All fields used as HyperCube key
fields must be NOT NULL and must have arange check constraint.

Asfar asthe processing of search predicatesis concerned, HyperCubeindex behaveslike a HyperCube base table.
See the Performance Guide [perform.xhtml] for details.

Privileges: The current user must have userclass DBA or must have userclass RESOURCE and be owner of the
table.

36


perform.xhtml
perform.xhtml

Data Definition Language

CREATE | NDEX quot _pa_pr
ON quotations (partno, price) HCKEY | S partno, price

Example for efficient usage:

SELECT partno, price from quotations
WHERE partno between 1000 and 2000 and
price between 200 and 300

The index supports the evaluation of the interval restriction on both fields which are not efficiently supported by
astandard B-Tree index.

2.8.3. FulltextindexStatement

Serves to create a fulltext index on aVARCHAR, CHAR, BLOB or CLOB field of atable.

Syntax:

[129] FulltextindexStatement : : = CREATE [POSITIONAL] FULLTEXT INDEX Index|dentifier
[FulltextSpec] ON Tableldentifier (Fieldldentifier)
[ScratchAreq)

[130] FulltextSpec: : =[ WITH SOUNDEX ] [ { Wordlist) | Stopwords} ]
[Charmap] [Delimiters]

[131] Wordlist : : = WORDLIST FROM Tableldentifier

[132] Stopwords: : = STOPWORDS FROM Tableldentifier

[133] Charmap : : = CHARMAP FROM Tableldentifier

[134] Delimiters: : = DELIMITERS FROM Tableldentifier |
DELIMITERS NONALPHANUM

[135] ScratchArea: : = SCRATCH IntegerLiteral MB

Explanation: All explanations are given in the separate chapter on Fulltext Indexes .

2.8.4. BitmapIndexStatement

Serves to create a bitmap index on a BOOL, TINYINT, SVIALLINT or INTEGER field of atable.

Syntax:
[136] BitmaplndexStatement : : = CREATE BITMAP INDEX IndexIdentifier
ON Tableldentifier (Fieldidentifier)

Explanation: A bitmap index with the specified name is created on the specified field of the specified table.

Bitmap indexes are preferably used for non-selective columns having few different values (e.g. classifications).
Bitmap indexes are innately very space efficient. With their additional compression in average they occupy less
than one bit per index row. A bitmap index can be created on any base table (B-Tree or Flat) having a single
INTEGER field as primary key or an IKACCESS path.

Bitmap processing allows inexpensive calculation of logical combinations (AND/ OR/ NOT) of restrictions on
multiple non-sel ective fields using bitmap intersection and unification.

There must not be an index with the same name on any table in the database. There must not be an index on the
same field of the table.
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2.9. DropindexStatement

Serves to drop an index.

Syntax:

[137] DroplndexStatement : : = DROP INDEX [IF EXISTS] Index|dentifier

Explanation: The specified index is dropped. Error is returned if the index does not exis unless the IF EXISTS
option is specified.

Privileges. The current user must have userclass DBA or must be owner of the table on which the index has been
created.

DROP | NDEX quot _pa_pr

2.10. Triggers

2.10.1. CreateTriggerStatement

Servesto create atrigger on atable.

Syntax:
[138] CreateTriggerStatement : : = CREATE TRIGGER Triggerldentifier
TriggerActionTime TriggerEvent
ON Tableldentifier
[ REFERENCING OldNewAliasList ] TriggeredAction
[139] TriggerActionTime: : = BEFORE | AFTER
[140Q] TriggerEvent : : = INSERT | DELETE | UPDATE [ OF FieldList ]
[100] FieldList: : = Fieldldentifier [ , Fieldldentifier ]...
[141] OldNewAliasList: : = OldNewAlias[ OldNewAlias]
[142] OldNewAlias: : = OLD [ ROW ] [ AS] Correlationldentifier |
NEW [ ROW ] [ AS] Correlationldentifier
[143] TriggeredAction: : =[ FOR EACH { ROW | STATEMENT } ]
[ WHEN ( SearchCondition ) ]
TriggerSQL Statement
[144] TriggerSQL Statement : : = DML orCall Statement |
BEGIN ATOMIC DMLorCall Statement
[; DMLorCallStatement ]... END
[145] DMLorCallStatement : : = InsertStatement |
UpdateStatement |
DeleteStatement |
Call Statement
Explanation:

A trigger is a user defined sequence of SQL modification statements or CallStatements which is automatically
executed when a INSERT, UPDATE or DELETE statement is executed. The specification of atrigger contains
atriggername, a triggerevent on atable (e.g. INSERT ON quotations) which specifies when the trigger is to be
fired, a detailed trigger action time (BEFORE or AFTER) which specifies whether the trigger has to fired before
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or after the insert action. Furthermore, atrigger has to specified to be either arow trigger (FOR EACH ROW, i.e.
to befired once for each processed record ) or astatement trigger (FOR EACH STATEMENT, i.e. to befired only
once for the complete modification statement). The default is FOR EACH STATEMENT.

For a row trigger, the specified actions may refer to the actually processed record values. The syntax
NEW.fieldname is the value of fieldname of the inserted record or the (possibly changed) value of fieldname for
an record being updated. The syntax OLD.fieldname is the value of fieldname of a deleted record or the original
field value for an record being updated.

The firing of a row trigger may be restricted along a condition (SearchCondition) which also may refer to the
NEW or OLD field values of the record currently processed.

The keywords NEW and OLD may be overridden by a OldNewAliasList.
When atrigger isfired it runs under the privileges of the creator of the trigger.

If more than one trigger qualifies at the same TriggerActionTime, the order of execution is defined by ascending
creation date.

UPDATEs and DELETEs on atable T which has triggers and also is the target of areferential constraint require
special consideration. Referential actions (called reference triggers here) may occur if the reference constraint is
specified with CASCADE, SET NULL or SET DEFAULT.

Triggers are performed in the following order:

(1) Before-StatenentTriggers
(2) Before-Row Triggers

(3) Reference Triggers

(4) After-Row Triggers

(5) After-Statement Triggers

Note that the firing of a trigger may cause the firing of subsequent triggers. It is recommended to use triggers
moderately to keep the complexity of nested actions small. In particular, it is strongly discouraged to construct a
set of triggerswhich lead to the effect that amodification of atable T firesatrigger which transitively firesanother
trigger which also triesto modify table T. This may cause endless loops or nonpredictable effects.

Privileges: The current user must have userclass DBA or RESOURCE and becomes the owner of the trigger.
Additionally, the current user must have SELECT privilege on the table on which the trigger is created.

CREATE TRI GGER quot ati ons_upd
BEFORE UPDATE OF price ON quotations
FOR EACH ROW
VWHEN (NEW price > COLD.price )
I NSERT | NTO | ogquot at i onspri ce
VALUES ( NEW suppno, NEW par t no, NEW pri ce- OLD. pri ce)

CREATE TRI GGER quot ations_ins
BEFORE | NSERT ON quot ati ons
FOR EACH ROW
CALL Procl nsQuot ( NEW suppno, NEW par t no, NEW pri ce)

2.10.2. DropTriggerStatement

Servesto drop atrigger.
Syntax:
[146] DropTriggerStatement : : = DROP TRIGGER Triggerldentifier

Explanation: The specified trigger isdropped. Note that the trigger also isdropped if the tableisdropped on which
the trigger is defined.
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Privileges: The current user must have userclass DBA or must be owner of the trigger.

DROP TRI GGER quot at i ons_upd

2.11. Views

2.11.1. CreateViewStatement

Serves to create a view in the database.

Syntax:
[147] CreateViewStatement : : = CREATE [OR REPLACE] VIEW Viewldentifier
[ (FieldList) ]
AS SelectStatement [ WITH CHECK OPTION ]
[100] FieldList: : = Fieldldentifier [ , Fieldldentifier ]...

Explanation: The CreateViewStatement creates aview with the specified ViewName and FieldName(s). An error
is returned if a view with the same name exists unless the REPLACE option is specified. In the latter case the
existing view is silently dropped before the new view is created.

An n-ary view must be defined by a SelectStatement which delivers n-ary records.

If nofieldlist is specified then the derived names of the SelectStatment implicitly form thefield list. If an element
of the SELECT list has no derived name (expression) then an error is returned. Note that by use of the AS clause,
each SELECT element can explicitly be given aname.

The rows in a view are not stored in the database, but only the view definition. Queries on views are simply
evaluated as if the view definition were incorporated into the query.

The created view is updatable if the SelectStatement is updatable. If the WITH CHECK OPTION is specified,
the view must be updatable.

Insert, Update, Delete are only allowed on updatable views.

If the WITH CHECK OPTION is specified for aview v, then Insert and Update operations are rejected whenever
any inserted or updated record does not fulfill the SearchCondition of the defining SelectStatement of v or any
other view on which v is transitively based.

A view can be used in any SelectStatement like atable. Especially, existing views can be used for the definition
of aview.

Indexes on views are not allowed.

The current user becomes owner of the view. If the view is not updatable, the user only gets a non-grantable
SEL ECT-privilege on the view, otherwise the user gets the same view privileges on the view as those on the (one
and only) table or view which occursin the defining SelectStatement.

A view may aso contain one ore more RemoteTableNames. When evaluating remote views, the privileges of the
view owner apply for accessing remote tables. However, the current user must have at least ACCESS privilege
for the remote database. If an updatable remote view is is specified as the target of an UPDATE or DELETE
operation, all subqueries (if any) must specify tables residing on the same database. However, if the target table
islocal, any tables (remote or local) may be specified in subqueries.
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Privileges: Thecurrent user must have userclassDBA or RESOURCE and must havethe privilegesfor thedefining
SelectSatement.

A non-updatable view:

CREATE VIEWtotal price (supplier, part, total)
AS

SELECT nane, description, price * qonorder
FROM suppl i ers, quotations, inventory

WHERE suppl i ers. suppno = quot ati ons. suppno

AND i nventory. partno = quotations. partno
AND gonorder > 0

2.11.2. DropViewStatement

Servesto drop aview in the database.

Syntax:

[148] DropViewStatement : : = DROP VIEW [IF EXISTS] Viewldentifier
Explanation: The specified view is dropped.

All views which are directly or transitively based on the specified view are also dropped. Error is returned if the
view does not exist unless the IF EXISTS option is specified.

Privileges: The current user must have userclass DBA or must be owner of the view.

DROP VI EWtotal price
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The Data Modification Language (DML) portion of TB/SQL serves to extract data records from tables or views
(SelectStatement), to delete records (DeleteStatement), to insert records (InsertStatement) and to update records
(UpdateStatement). The following paragraphs describe the syntax of the DML botton up, i.e. the language de-
scription starts with basic units from which more complex units can be built finally leading to the four kinds of
statements mentioned above.

3.1. FieldReference

The construct FieldReference is used to refer to a specific field of a specific table.

Syntax:

[149] FieldReference: : = [ FieldQualifier . ] Fieldldentifier

[150] FieldQualifier : : = Tableldentifier | Viewldentifier | Correlationl dentifier
[12] Tableldentifier : : =[ Schemaldentifier . | Identifier

[13] Viewldentifier : : =[ Schemaldentifier . ] Identifier

[18] Correlationldentifier : : = Identifier

[16] Fieldidentifier : : = Identifier

Explanation:

The Fieldldentifier denotes the name of a field of a table. The CorrelationName is a shorthand notation for a
tableintroduced in the FROM-clause of a SelectStatement. See SelectExpression and Rules of Resol ution for more
details.

The following examples show the usage of Field in a SelectStatement. The last example explains the use of Cor-
relationName in QualifiedField.

SELECT suppno FROM suppliers
SELECT suppliers. suppno FROM suppliers

SELECT s. suppno FROM suppliers s

3.2. User

The keyword USER serves to refer to the name of the current user.

It can be used as a Schemal dentifier and as a StringL.iteral. Its value in a statement is the login name of the user
who runs the statement. The type of the valueis STRING.

SELECT suppno FROM suppliers
VWHERE nanme = USER

SELECT tnane FROM systabl e, sysuser
WHERE schena userid
AND user nane USER
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3.3. Expression

An Expression is the most general construct to cal cul ate non-boolean values.

Syntax:

[151] Expression : : = [Unary] Primary [ Binary [Unary] Primary ]...
[152] Unary::=+|-|BITNOT

[153] Binary: : =+|-|* |/ | BITAND | BITOR | StrConcat
[154] StrConcat : : = ||

Explanation: For Primaries of arithmetic types all operators are legal and have the usual arithmetic meaning.
Additionally, the binary '+' is also defined for character types and then has the meaning of text concatenation.

Some of these operators are also defined for The Data Types Datetime and Timespan.

The operator precedences for arithmetic types are as usual: Unary operators bind strongest. BITAND / BITOR
bind stronger than **' and '/* which in turn bind stronger than binary '+ and '-'.

The operator || denotes concatenation of string values and is an alternative for + for strings, see example below.

Associativity isfrom left to right, as usual. See Precedence of Operators for acomplete list of precedences.

@ Note
Computation of an Expression may lead to a type exception if the result value exceeds the range
of the corresponding type. See Type Exceptions and Overflow [sql_type exceptions]. See also Null

Values.

- 5.0
-5.0

price * -1.02
"TB/SQL' + ' ' + 'Language'
'"Dear' + title + nanme
"Dear' || title || name
+ 1.1*(5+6*7)

Inall but thelast example, the constituting Primariesare Fields or Literals. In the last example, the second Primary
isitself an Expression in parentheses.

For the operands BITOR and BITAND see The TB/SQL Datatypes BITSp) and BITS*).

3.4. Primary, CAST Operator

A Primary isthe building unit for Expressions.

Syntax:
[155] Primary : : = SimplePrimary | CastPrimary
[156] CastPrimary : : = SimplePrimary CAST DataTypeSpec |

CAST ( SimplePrimary AS DataTypeSpec)

Explanation: The functional notation CAST(...) is the official SQL standard syntax, the postfix notation is the
traditional Transbase syntax.
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A CAST operator serves to adapt the result of a SimplePrimary to a desired data type. The specified data type
must be compatible with the result type of the SimplePrimary (but see also CASTING to/from CHAR).

If the CAST operator is used on NUMERIC, FLOAT or DOUBLE valuesto map them into BIGINT, INTEGER,
SMALLINT or TINYINT values, truncation occurs. See the example below how to round values instead.

The function TO_CHAR( <expr >) isequivalent to CAST( <expr> as CHAR(*)).

A Caution

CASTing produces a type exception when the value exceeds the range of the target type.

name CAST CHAR(30)
price CAST | NTEGER -- truncation
(price + 0.5) CAST INTEGER -- rounding

3.5. SimplePrimary

A SimplePrimary is the building unit for CastPrimaries or Expressions.

Syntax:

[157] SimplePrimary : : = Literal | User |
FieldReference |
Parameter |
PSM_Primary |
( Expression) |
( SubTableExpression) |
Mathematical StdFunction |
SetFunction |
WindowFunction |
Conditional Expression |
TimeExpression |
SizeExpression |
L obExpression |
StringFunction |
SignFunction |
ResultcountExpression |
SequenceExpression |
ODBC_FunctionCall |
FunctionCall |
LastInsertldFunc |
LastUpdateFunc |
CrowdStatusFunc |
ReplicationStatusFunc

[158] Parameter : : = # IntegerLiteral ( DataType) |

Colon Simpleldentifier |

Questionmark

?

[159] Colon: :
[160] Questionmark : :

Explanation:

A PSM_Primary is allowed only inside a PSM_Block. Please refer to the section on PSM Blocks for further
explanations.
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Parameter isthe means to specify a parameter for astored query in an application program. The notations without
data type specification can be used wherever the type of the parameter can be deduced from its context (e.g. Field
= ?). Thiscan be enforced by a CAST operation on the parameter.

A SimplePrimary can be a parenthesized Expression which simply models that an Expression in parentheses is
evaluated first.

If aSubTableExpression isused asa SimplePrimary, itsresult must not exceed one value (i.e. asingle record with
asinglefield), otherwise an error occurs at runtime. If itsresult isempty, it istreated as a null value.

price

0.5

(price + 0.5)
( SELECT suppno FROM suppliers WHERE nane = 'TAS')

3.5.1. MathematicalStdFunction

A set of predefined mathematical functions

Syntax:

[161] Mathematical StdFunction : : = TrigonometricFunction | PiFunction | ExpLogFunction | PowLog-
Function | SgrtFunction | FloorFunction | Ceil Function | SignFunc-
tion | WidthBucketFunction

[162] TrigonometricFunction: : ={ SIN | COS | TAN | SINH | COSH | TANH | ASIN | ACOS |
ATAN } ( Expression)

[163] PiFunction: : = PI()

[164] ExpLogFunction: : ={ EXP|LOG10|LN}

( Expression)

[165] PowL ogFunction: : = { POWER | LOG} ( Expression, Expression)

[166] SgrtFunction : : = SQRT ( Expression )

[167] FloorFunction : : = FLOOR ( Expression)

[168] CeilFunction : : = CEIL ( Expression)

[169] SignFunction: : = SIGN ( Expression)

[170] WidthBucketFunction : : = WIDTH_BUCKET ( Expression , Expression , Expression , Ex-
pression )

Explanation:

Any NULL vaued argument produces a NULL result.

The arguments of all functions must be of numerical type.

SIN(X), COS(x), TAN(X) compute the sine, cosine and tangent of X, resp.

SINH(x), COSH(x), TANH(xX) compute the hyberbolic sine, hyberbolic cosine and hyberbolic tangent of x, resp.
ASIN(x), ACOS(x), ATAN(x) compute the inverse of sine, cosine and tangent of x, resp.

For ASIN, ACOS, an argument outside the range of -1 to +1 leads to error.

PI() delivers an approximation of the number PI.

EXP(x) computes the value of the exponential function of x.

LN(x), LOG10(x) compute the value of the natural logarithm and the base 10 logaritm of x, resp.

POWER(x,y) delivers the value of x raised to the power of y.
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LOG(x,y) delivers the logarithm of y to the base of x.
SQRT(x) delivers the sgare root of of x.

FLOOR(x) computes the largest integer value less or equal to x. CEIL(x) computes the smallest integer value
greater or equal X. The result type corresponds to the argument type, in case of input type NUMERIC(p,s) the
result type has scale 0.

Function SIGN computes the sign of a numerical expression. It returns -1 for negaive values, +1 for positive
values, else 0.

WIDTH_BUCKET(x, Iwb, upb, count) is useful for calculating histograms. "count” divides the range between
"lwb" anf "upb" in "count" parts with identical size ("buckets"). Buckets are numbered from 1 to count. The
function delivers O if x isless than Iwb, (count+1) if x islarger than upb, else the number of the bucket where x
liesin (left bucket border included, right bucket border excluded). If "lwb" is greater than "upb", then the range
from upd to lwb is the base for bucket definition, but rhe bucket numbering increases from right to left (also the
inclusion/exclusion of bucket endpointsis swapped).

W DTH_BUCKET(-1, 0, 10, 5) delivers O

W DTH_BUCKET(2.1, 0, 10, 5) delivers 2

W DTH_BUCKET( 8, 0, 10, 5) delivers 5

W DTH_BUCKET(11, 0, 10, 5) delivers 6

W DTH_BUCKET(10, 0, 10, 5) delivers 6 (right endpoint of bucket 5 not included)
W DTH_BUCKET(10, 10, 0, 5) delivers 1 (inverse, right end point now included)
W DTH_BUCKET(2.1, 10, 0, 5) delivers 4 (inverse)

3.5.2. SetFunction

A SetFunction computes one value from a set of input values or input records.

Syntax:

[171] SetFunction : : = COUNT ( * ) | DistinctFunction | AllFunction

[172] DistinctFunction: : ={ COUNT | SUM |AVG |[MAX | MIN } ( DISTINCT Expression)

[173] AllFunction: : ={ SUM | AVG | MAX | MIN | VAR_POP | VAR_SAMP | VAR |
STDDEV_POP | STDDEV_SAMP | STDDEV } ( [ALL] Expres-
sion)

Explanation:

SetFunctions are typically used in the SELECT-clause or HAVING-clause of a SelectExpression.
COUNT (*) deliversthe cardinality of the set of input records.

For all other forms of a SetFunction, the input isthe set of values which results from application of the Expression
to the input records. If a DistinctFunction is specified, al duplicate values are removed before the SetFunction is
applied. Functions COUNT, SUM, AV G, MAX, MIN computethe cardinality, the sum, the average, the maximum
and the minimum value of the input value set, resp.

Functions COUNT, MIN and MAX are applicable to all datatypes.

Functions AVG and SUM are applicable to arithmetic types and to TIMESPAN.

The result type of COUNT is BIGINT. The result type of AVG on arithmetic types is DOUBLE. For all other
cases the result type is the same as the type of the input values. Of course, the CAST operator can be used to
force explicit type adaptation.
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SetFunctions except COUNT ignore null values in their input. If the input set is empty, COUNT delivers O, all
others deliver the null value.

@ Note
Function SUM and AVG may lead to atype exception if the sum of the input values exceeds the
range of the result type. See Type Exceptions and Overflow [sgl_type exceptions].

The functions with suffix _POP and _ SAMP calculate variance and standard deviation of an input set X1, .. ,XN.
They convert arithmetic input to DOUBLE and deliver DOUBLE.

Let XM be the mean value of Xi.

Let XDS be SUM(Xi - XM) POW 2, i.e. the sum of squared distances between Xi and XM (over al Xi).
Function VAR_POP delivers XDS/ N .

Functions VAR and VAR_SAMP deliver XDS/ (N-1) . If N islessthan 2, the function returns NULL.
Function STDDEV_POP delivers sgrt(VAR_POP).

Functions STDDEV and STDDEV_SAMP deliver sgrt(VAR_SAMP).

Examples:

* How many distinct parts are ordered?

SELECT COUNT (DI STI NCT partno)
FROM quot ati ons WHERE gonorder > 0

» How many parts are delivered by those suppliers who deliver more than 2 parts?

SELECT suppno, COUNT (*) FROM quot ations
GROUP BY suppno HAVI NG COUNT (*) > 2

» What isthe average order for each part?

SELECT partno, AVE qonorder)
FROM quot ati ons GROUP BY partno

3.5.3. WindowFunction

While SetFunctions aggregate a set of input rowsinto one result row, a WindowFunction cal cul ates one result row
for every input row. Here the aggregates are calculated over a set of rows in the vicinity of the current input row.

Syntax:

[174] WindowFunction : : = WindowAggregate ( ExpressionList)
OVER ([PartitionClause] [OrderByClause] [WindowClause])

[175] WindowAggregate: : ={ SUM | AVG | COUNT | MIN | MAX | RANK | DENSE_RANK
| VAR POP | VAR SAMP | VAR | STDDEV_POP |
STDDEV_SAMP | STDDEV }

[176] PartitionClause: : = PARTITION BY { ( ExpressionList) | ExpressionList }

[177] OrderByClause: : = ORDER BY { ( ExpressionList) | ExpressionList }

[178] WindowClause: : = { ROWS | RANGE}

{ PrecedingClause |

BETWEEN L owerboundClause AND UpperboundClause }
[179] PrecedingClause: : = UNBOUNDED PRECEDING |

VaueExpression PRECEDING |
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CURRENT ROW

[180] LowerboundClause : : = UNBOUNDED PRECEDING |
ValueExpression { PRECEDING | FOLLOWING } |
CURRENT ROW

[181] UpperboundClause : : = UNBOUNDED FOLLOWING |
ValueExpression { PRECEDING | FOLLOWING } |
CURRENT ROW

[182] ValueExpression : : = <alogical or physical offset>

Explanation: WindowFunction are useful for calculating rankings and running totals or moving averages. They
are typicaly used in the SELECT clause of a SelectExpression. They operate on a query result set, i.e. after
FROM, WHERE, GROUP BY and HAVING clauses are evaluated. First this result is partitioned according to
the PartitionClause. Then each partition is processed row by row, so every row will become the current row once.
The aggregate for the current row is calculated OVER a set of rows (window) in this partition, as defined by the
WindowClause.

OVER() distinguishes a WindowFunction from a SetFunction.

ROWS specifies that the windows is defined between absolute boundary offsets. If ROWS is specified, there are
no restrictions to the following OrderByClause and it is completely optional. Windows boundaries refer to row
positions relative to the current row.

If the limits of a ROWS window are BETWEEN CURRENT ROW AND 5 FOLLOWING, then the current row
and the five following rows are within the window. Therefore this ROWS window contains at most 6 rows.

RANGE specifies that the window is defined between relative boundary offsets. If RANGE is specified with a
ValueExpression boundary, the OrderByClause is mandatory and must contain exactly one expression. These
ValueExpression windows boundaries refer to the one field used in the OrderByClause.

If the limits of a RANGE window are BETWEEN CURRENT ROW AND 5 FOLLOWING, then the window
contains all rows whose sort field is

(2) equal or larger than the sort expression of the current row and
(2) equal or smaller than the sort expression of the current row + 5.
Therefore this RANGE window can contain any number of rows.

ValueExpressionisalogical or physical offset. For aROWS window it must be a positive INTEGER constant or
an expression that evaluatesto a positive INTEGER value. For aRANGE window it must be a positive constant or
expression of arithmetic type or of type TIMESPAN/INTERVAL. If ValueExpression FOLLOWING is the start
point, then the end point must be VaueExpression FOLLOWING. If VaueExpression PRECEDING is the end
point, then the start point must be ValueExpression PRECEDING.

Defaults:

If the PartitionClause is missing, the defaultsis PARTITION BY NULL, i.e. no partitioning is applied.

If the OrderByClause is missing the WindowClause defaults to RANGE BETWEEN UNBOUNDED PRE-
CEDING AND UNBOUNDED FOLLOWING.

If the OrderByClause is present the WindowClause defaults to RANGE BETWEEN UNBOUNDED PRE-
CEDING AND CURRENT ROW. For RANK and DENSE_RANK the OrderByClause is mandatory.

OVER() is equivalent to OVER(PARTITION BY NULL RANGE BETWEEN UNBOUNDED PRECEDING
AND UNBOUNDED FOLLOWING). Thisis aso equivalent to a standard SetFunction without GROUP BY .
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3.5.4. StringFunction

StringFunctions accept character expressions (strings) as input and compute integers or strings. NULL isreturned
when one of the operandsis NULL.

Syntax:

[183] StringFunction : : = PositionFunction |
InstrFunction |
LengthFunction |
UpperFunction |
LowerFunction |
TrimFunction |
SubstringFunction |
ReplaceFunction |
ReplicateFunction |
TocharFunction

The concatenation of stringsis denoted using the infix operators'+' or '||' (see Expression ).

3.5.4.1. PositionFunction

The POSITION function searches a string inside another string and computes the position of its first occurrence
if any.

Syntax:

[184] PositionFunction : : = POSITION ( Search IN SourceExpr )
[185] Search: : = Expression

[186] SourceExpr : : = Expression

Explanation: Source may be of type CLOB, VARCHAR, CHAR. Search must be CHAR or VARCHAR. Result-
typeis INTEGER.

If Search isthe empty string, the function returns 1.

In general, the function checks whether Search occurs as substring in Source: if not it returns O else the position
of the first occurrence (positions start with 1).

The search is made case sensitive. No wildcard mechanism is supported.

POSI TION ( "ssi' IN'Mssissippi' ) --> 3
POSITION ( "'mis' IN'Mssissippi' ) --> 0

3.5.4.2. InstrFunction

The INSTR function searches a string inside another string. It provides a superset of the functionality of
POSITION.

Syntax:
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[187] InstrFunction : : = INSTR ( Source, Search [, Startpos, Occurrence] )
[185] Search: : = Expression
[340] Source: : = VALUES (Vauelist) |
TABLE (( VaueList) [, (ValueList) ]...) |
TableExpression |
DEFAULT VALUES
[239] Startpos: : = Expression
[188] Occurrence: : = Expression

Explanation: Source may be of type CLOB, VARCHAR, CHAR. Search must be CHAR, VARCHAR or BIN-
CHAR. Startpos and Occur must be arithmetic expressions of type INTEGER. Resulttypeis INTEGER.

Default values for Startpos and Occurrence are 1.
Let s be the value of Startpos and o be the value of Occurrence.

In general, the function searches the string "Search" in "Source" starting the search on the s-th character of
"Source" (for s>= 1). If 0 > 1 then the o-th occurrence of "Search” is searched.

If s <= -1 then the search is made backwards starting with the |g|-th character counted relative to the end of
"Source".

The search is made case sensitive. No wildcard mechanism is supported. The function returns O if the search is
unsuccessful else the position of the detected substring.

INSTR (' M ssissippi','ssi ) --> 3
INSTR (' M ssissippi','ssi, 4) --> 6
INSTR (' M ssissippi',"'ssi, -1) --> 6
INSTR ("M ssissippi',"ssi, -1, 2 ) --> 3

3.5.4.3. LengthFunction

The CHARACTER_LENGTH function computes the length of a CHAR, VARCHAR or CLOB value in charac-
ters.

Syntax:

[189] LengthFunction: : = CHARACTER _LENGTH ( Source)

[340] Source: : = VALUES (Valuelist) |
TABLE (( VauelList) [, (ValueList) ]...) |
TableExpression |
DEFAULT VALUES

Explanation: Note that the function delivers number of characters, not number of bytes. For counting bytes use
the operator SIZE.

3.5.4.4. UpperFunction, LowerFunction

The UPPER and LOWER function maps uppercase letters to lowercase letters and vice versa. Syntax:

Syntax:
[190] LowerFunction: : = LOWER ( Source)
[191] UpperFunction : : = UPPER ( Source)
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[340] Source: : = VALUES (Vauelist) |
TABLE (( ValueList) [, (ValueList) ]...) |
TableExpression |
DEFAULT VALUES

Explanation: Source may be of type CLOB, VARCHAR, CHAR. Resulttype is same as Sourcetype.

Thefunction UPPER (LOWER) replacesall lowercase (uppercase) letters by corresponding uppercase (lowercase)
letters and leaves all other characters unchanged.

Which characters are mapped to their lowercase (uppercase) equivalent, is determined by the Locale setting of the
database. All ASCII characters (a..z and A..Z) are dways mapped. When e.g. the Locale setting of the database
is a German one, German Umlaut characters are mapped.

UPPER ( 'Line:24' ) --> 'LINE 24

3.5.4.5. TrimFunction

TheTRIM function eliminatesin astring leading and/or trailing characters belonging to a specifiable character set.

Syntax:

[192] TrimFunction: : = TRIM ([ [ Trimspec] [ Trimset ] FROM ] Source) |
LTRIM ( Source[, Trimset]) |
RTRIM ( Source[, Trimset])

[193] Trimspec: : = LEADING | TRAILING | BOTH

[194] Trimset : : = Expression

[340] Source: : = VALUES (ValuelList) |
TABLE (( VauelList) [, (ValueList) ]...) |
TableExpression |
DEFAULT VALUES

Explanation: Source must be CLOB, CHAR or VARCHAR. Trimset must be CHAR or BINCHAR. Resulttype
is same as Sourcetype.

FROM must be specified if and only if at least one of Trimset or Trimspec is specified.
If Trimspec is not specified, BOTH isimplicit.
If Trimset is not specified, a string consisting of one ' ' (blank) isimplicit.

Depending on whether LEADING, TRAILING, BOTH is specified, the TRIM function deliversastring which is
made from Source by eliminating al leading characters (trailing characters, leading and trailing characters, resp.)
which are in Trimspec.

Error occurs if Trimset is the empty string.
LTRIM(Source, Trimset) equals TRIM(LEADING Trimset FROM Source).

RTRIM(Source, Trimset) equals TRIM(TRAILING Trimset FROM Source).

TRIM (' Smith ") --> 'Smth'
TRIM( ' ' FROM' Smith ") --> 'Smth
TRIM( BOTH' ' FROM' Smith ") --> 'Smith'
TRIM ( LEADING' ' FROM' Smith ") --> 'Snith
TRIM ( "ijon" FROM'j oi nexpression' ) --> 'express'
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3.5.4.6. SubstringFunction

The SUBSTRING function extracts a substring from a string value.

Syntax:

[195] SubstringFunction : : = SUBSTRING ( Source FROM Startpos[ FOR Length]) |
SUBSTR ( Source, Startpos|[, Length])

[340] Source: : = VALUES ( VaueList) |
TABLE ( ( ValueList) [, (VaueList) ]...) |
TableExpression |
DEFAULT VALUES

[239] Startpos: : = Expression

[240] Length: : = Expression

Explanation: Source must be CHAR, VARCHAR or CLOB. Startpos and Length must be arithmetic. Resulttype
is same as Sourcetype.

The function constructs a string which results from Source by extracting L ength letters beginning with the one on
position Startpos. If Length is not specified or is larger than the length of the substring starting at Startpos, the
complete substring starting at Startpos constitutes the result.

If Startposisless equal zero then Length (if specified) is set to Length + Startpos and Startposissetto 1.
Error occursif Length is specified and less than zero.
If Startposis larger than the length of Source, the result isthe empty string.

SUBSTR( Sour ce, St art pos, Lengt h) isequivalent to SUBSTRI NG Sour ce FROM St art pos FOR
Lengt h)

SUBSTRI NG ( 'j oi nexpression' FROM 5 ) --> 'expression'

SUBSTRI NG ( 'j oi nexpression' FROM5 FOR 7) --> "express'

SUBSTRI NG ( 'j oi nexpression' FROM 5 FOR 50) --> 'expression'
SUBSTRI NG ( 'joi nexpression' FROM -2 FOR 6) --> 'join'

3.5.4.7. ReplaceFunction

The REPLACE function replaces substrings or charactersin a string.

Syntax:
[196] ReplaceFunction : : = REPLACE ( Subsl BY Subs2 IN Source[ , Subsspec])
[197] Subsspec : : = WORDS | CHARS
[198] Subsl : : = Expression
[199] Subs2 : : = Expression
[340] Source: : = VALUES ( Valuelist) |
TABLE ((VauelList) [, (ValuelList) ]...) |
TableExpression |
DEFAULT VALUES

Explanation: Source must be CLOB, CHAR or VARCHAR. Subsl, Subs2 must be CHAR or BINCHAR. Result-
type is same as Sourcetype.

The function constructs from Source aresult string by substituting certain substringsin Source.

If Subsspec is not defined or defined as WORDS, then all occurrences of Subsl are replaced by Subs2 (after
substitution, the inserted string Subs2 is not further checked for substitution).
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If Subsspec is defined as CHARS, then Subsl and Subs2 must have same length and each character in Source
which isequal to the i-th character in Subsl for somei isreplaced by the i-th character of Subs2.

Subsl must have length greater equal to 1.

REPLACE ( 'iss' BY "' IN'Mssissippi' ) -->"'"Mppi'
REPLACE ( 'act' BY "it' IN'transaction' ) -->"transition'
REPLACE ( 'TA" BY 'ta' IN 'TransAction' , CHARS ) --> 'transaction'

3.5.4.8. ReplicateFunction

The REPLICATE function replicates a string a specified number of times.

Syntax:

[200] ReplicateFunction : : = REPLICATE ( Source, Times)

[340] Source: : = VALUES ( Valuelist) |
TABLE ((VauelList) [, (ValuelList) ]...) |
TableExpression |
DEFAULT VALUES

[201] Times: : = Expression

Explanation: Source must be CLOB,CHAR or VARCHAR. Times must be arithmetic. Resulttype is same as
Sourcetype.

The function constructs aresult string by concatenating Sourcet timeswheret isthe value of Times. Error occurs
if tislessthan zero.

REPLI CATE ( "a" , 3) --> 'aaa'

3.5.4.9. SoundexFunction

The SoundexFunction generates a phonetic representation of its input string. 2 strings that sound similar should
be mapped to the same representation by this function.

The output type of Soundex is not VARCHAR(4) asin severa implementations but grows with the length of the
input, thusis VARCHAR(*).

Syntax:
[202] SoundexFunction : : = SOUNDEX ( Expression)

Notethat it is possibleto build aphonetic secondary index onto afield of atable (see CREATE INDEX statement ).

SCUNDEX("' Stewart') = SOUNDEX(' Stuart') evaluatesto TRUE

3.5.5. TocharFunction

The Tocharfunction is a shorthand notation for a CAST operator to STRING.

Syntax:
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[203] TocharFunction : : = TO_CHAR ( Expression)

Explanation: TO_CHAR( expr) isequivalentto CAST ( expr AS STRING ).

3.5.6. ResultcountExpression

Numbers result records of a select query.

Syntax:

[204] ResultcountExpression : : = RESULTCOUNT

The keyword RESULTCOUNT is an expression which successively evaluatesto 1, 2, 3and soon. If itisused in

the SELECT list of the outermost SELECT block, it will perform a numbering of the result records of the query.

The usage of RESULTCOUNT is also allowed in more than one block (for example in a UNION of blocks) and
also in nested blocks, but the effect then is not deterministic.

If a query contains several parallel blocks combined with UNION or similar set operators, then a numbering of
the result records is achieved by surrounding it with: SELECT RESULTCOUNT, * FROM ( <ori gi nal

query> ).
SELECT RESULTCOUNT, suppno, partno FROM quotati ons

3.5.7. SequenceExpression

Performs anextval or currval operation on a sequence.

Syntax:
[205] SequenceExpression : : = Sequenceldentifier . NEXTVAL |
Sequencel dentifier . CURRVAL

Explanation: See CreateSequenceStatement.

I NSERT | NTO T VALUES('S. NEXTVAL, 13, 100);

3.5.8. ConditionalExpression

Conditional Expressions compute one of several values depending on one or several conditions. They are intro-
duced by keywords IF, CASE, DECODE, COALESCE, NVL, NULLIF.

Syntax:

[206] Conditional Expression : : = IfExpression |
CaseExpression |
DecodeExpression |
CoalesceExpression |

NvIExpression |
NullifExpression
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3.5.8.1. IfExpression

The IfExpression is the simplest Conditional Expression. It computes one of 2 values depending on one condition.

Syntax:
[207] IfExpression : : = IF SearchCondition THEN Expression EL SE Expression Fl

Explanation: The result value of the IfExpression is determined by the SearchCondition: if the SearchCondition
evaluatesto TRUE then the value of the Expression in the THEN-part is delivered el se the value of the Expression
in the EL SE-part.

The data types of the two Expressions must be compatible. If the types differ then the result is adapted to the
higher level type.

SELECT suppno, partno, price *
I F suppno = 54 THEN 1.1 ELSE 1 F
FROM quot ati ons

SELECT suppno, partno
price * | F suppno = 54
THEN 1.1
ELSE
I F suppno = 57 THEN 1.2 ELSE 1 F
F
FROM quot at i ons

3.5.8.2. CaseExpression

The CaseExpression is the most general ConditionalExpression. It comes in the variants simple CASE and
searched CASE.

Syntax:

[208] CaseExpression : : = SearchedCaseExpression |
SimpleCaseExpression

[209] SearchedCaseExpression: : = CASE
SearchedWhenClause [ SearchedWhenClause]...
[ ELSE Expression ]
END

[210] SearchedWhenClause: : = WHEN SearchCondition THEN Expression

[217] SimpleCaseExpression : : = CASE CaseOperand
SimpleWhenClause [ SimpleWhenClause]...
[ ELSE Expression ]
END

[212] SimpleWhenClause : : = WHEN WhenOperand THEN Result

[213] CaseOperand : : = Result

[214] Result : : = Expression

[215] WhenOperand : : = Expression

Explanation:

The SearchedCaseExpression successively evaluates the SearchConditions of its SearchedWhenClauses and de-
liversthe value of the Expression in the THEN clause of the first SearchedWhenClause whose condition evaluates

55



Data Manipulation Language

to TRUE. If no condition evaluates to TRUE then the value of the Expression in the ELSE clause is delivered
if it existselse NULL.

The SimpleCaseExpression successively compares the CaseOperand to the WhenOperand of its SimpleWhen-
Clauses and delivers the value of the Expression in the THEN clause of the first matching SimpleWhenClause.

It is equivalent to a SearchedCaseExpression with multiple SearchConditions of the form <CaseQper and> =
<WhenQper and> wherethe WhenOperand of thei-th SearchCondition istaken from thei-th SimpleWhenClause
and the THEN clauses and EL SE clause (if existent) are identical.

For both variants, al Result expressionsinthe THEN clauses aswell asthe Result of the EL SE clause (if existent)
must be type compatible. The result type of the CaseExpression isthe highest level type of all participating result
EeXpressions.

For the SimpleCaseExpression, the types of the CaseOperand and all WhenOperands must be type compatible.

UPDATE quot at i ons
SET price = price * CASE

WHEN price > 25 THEN 1.5
WHEN price > 19.5 THEN 1.4
WHEN price > 5 THEN 1.3
WHEN price > 1 THEN 1.2
ELSE 1.1

END

SELECT suppno, partno, price * CASE
WHEN suppno = 54 THEN 1.1

WHEN suppno 57 THEN 1.2
ELSE 1
END

FROM quot at i ons

SELECT suppno, partno, price * CASE suppno
WHEN 54 THEN 1.1
WHEN 57 THEN 1.2
ELSE 1
END
FROM quot ati ons

3.5.8.3. DecodeExpression

The DecodeExpression is an alternative way to denote a CaseExpression of variant SimpleCaseExpression.

Syntax:

[216] DecodeExpression : : = DECODE ( CompareExpr , MapTerm [ , MapTerm ]... [ , Defaul-
tExpr])

[217] MapTerm : : = WhenExpr , ThenExpr

[218] CompareExpr : : = Expression

[219] WhenExpr : : = Expression

[220] ThenExpr : : = Expression

[221] DefaultExpr : : = Expression

Explanation: The CompareExpr is successively compared with the WhenExprs of the MapTerms. If the compar-
ison matches then the corresponding ThenExpr is delivered as result. If none of the comparisons matches then
DefaultExpr is delivered as result if specified otherwise the Null value. All expressions must be type compatible.
Theresult typeis the highest level type of all participating expressions.

SELECT suppno, partno, price *
DECODE (suppno, 54, 1.1, 57, 1.2, 1)
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FROM quot ati ons

3.5.8.4. CoalesceExpression, NvIExpression, NullifExpression

COALESCE and NVL are shorthand notations for a CASE or |F which maps an Expression from the NULL value
to adefined value. The NULLIF isashorthand notation for a CA SE or | F which maps an expression from adefined
valuetothe NULL vaue.

Syntax:

[222] CoalesceExpression : : = COALESCE ( ExpressionList)
[223] NvIExpression: : = NVL ( Expression , Expression )
[224] NullifExpression : : = NULLIF ( Expression, Expression )
Explanation:

All involved expressions must be of compatible types. The result type is the highest level type of the result ex-
pressions.

COALESCE delivers the first expression which does not evaluate to NULL if there exists such an expression
otherwise NULL. Thusit is equivaent to an expression of the form:
CASE

WHEN x1 |S NOT NULL THEN x1

WHEN x2 |S NOT NULL THEN x2

ELSE NULL
END

Note that with COALESCE, each involved expression is denoted only once in contrast to an equivalent CASE or
IF construction. Therefore, in general, the COALESCE runs faster.

NVL is equivalent to COALESCE but restricted to 2 arguments.

NULLIF delivers NULL if the comparisons of both Expressions evaluates to TRUE else it delivers the value of
the first Expression. Thusit is equivalent to an expression of the form:

IF x1 = x2 THEN NULL ELSE x1 FI

NULLIFingenera runsfaster than an equivalent CASE or | F construction becausethefirst expression iseval uated
only once. It is most often used to map an explicitly maintained non-NULL default value of afield back to its
NULL semantics when used for computation.

3.5.9. TimeExpression

A TimeExpression is an expression which is based on value of type DATETIME or TIMESPAN

Syntax:

[225] TimeExpression: : = [ Selector OF ] { Constructor | TimePrimary }

[226] Selector: : = DAY | WEEKDAY | WEEK | ISOWEEK | QUARTER|YY |[MO
|DD |HH |MI | SS|MS

[227] Constructor : : = CONSTRUCT Timetype ( ConstituentList)

[228] Timetype: : ={ DATETIME | TIMESPAN } [ RangeSpec ]

57



Data Manipulation Language

[229] ConstituentList : : = Constituent [, Constituent ]...
[230] Constituent : : = Expression | SubTableExpression
[231] TimePrimary : : = DatetimeLiteral |
TimespanLiteral |
FieldReference |
Parameter |
CURRENTDATE | SYSDATE |
( Expression) |
( SubTableExpression) |
SetFunction |
TruncFunction |
Conditional Expression
[232] TruncFunction: : = TRUNC ( Expression)

Explanation: For all semantics see The Data Types Datetime and Timespan.

Note that a selector as well as a constructor binds more strongly than a CAST operator (see also Precedence of
Operators).

DATETI ME[ YY: MS] (1989-6-8 12: 30: 21. 032)
CURRENTDATE

HH OF CURRENTDATE

WEEKDAY OF CURRENTDATE

CONSTRUCT Tl MESPAN( : year, : nont h, : day)

3.5.10. SizeExpression

TheSIZE[ OF] Operator computesthe size (length) of aCHAR, CLOB, BINCHAR or BLOB Expression in bytes.
For the number of characters use the CHARACTER _LENGTH function.

Syntax:
[233] SizeExpression: : = SIZE[ OF] Literd |
SIZE [ OF ] FieldReference |
SIZE [ OF | Parameter |
SIZE[ OF ] ( Expression) |
SIZE[ OF ] ( SubTableExpression) |
SIZE [ OF ] SetFunction |
SIZE [ OF ] Conditional Expression |
SIZE [ OF ] LobExpression

Explanation: The resulting type of the argument of the SIZE operator must be CHAR(*), (VAR)CHAR(p), BIN-
CHAR(*), BINCHAR(p), BITS(*), BITS(p), BLOB or CLOB. The resulting type of the operator is INTEGER.

If the argument of the operator is the NULL value, then the operator delivers NULL. Otherwise the operator
delivers avalue that denotes the size (in bytes, for BITS in bits) of its argument. If the argument is CHAR(*) or
(VAR)CHAR(p) then the trailing \O is not counted. If the argument is BINCHAR(*) or BINCHAR(p) then the
length field is not counted. If the argument is BLOB then the number of bytes that the BLOB object occupies
is delivered. If the argument is CLOB then the number of bytes (not characters) that the CLOB object occupies
is delivered.

Note also the strong binding of the SIZE operator (see Precedence of Operators).

SI ZE OF ' abc’ -->3
SI ZE OF 0x0a0bO0c -->3
SI ZE OF bl --> length of the BLOB col um bl
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SI ZE OF bl SUBRANGE (1, 10) --> 10 if bl is at least 10 |ong.

3.5.11. LobExpression

A LobExpression deliversa L OB vaue or apart of aLOB value.

Syntax:

[234] LobExpression : : = BlobExpression | ClobExpression

[235] BlobExpression: : = FieldReference | SUBRANGE ( Lwb , Upb) ]

[236] ClobExpression : : = FieldReference[ SUBRANGE (Lwb, Upb) ] |
SUBSTRING ( FieldReference FROM Startpos [ FOR Length]) |
SUBSTR ( FieldReference, Startpos|[ , Length]) |

[237] Lwb: : = Expression

[238] Upb: : = Expression

[239] Startpos: : = Expression

[240] Length: : = Expression

3.5.11.1. BlobExpression

A BlobExpression delivers a BLOB value or a subrange of aBLOB value.

The field must be of type BLOB, Lwb and Upb must be of type TINYINT, SMALLINT, INTEGER or BIGINT.
The resulting value of Lwb and Upb must not be less or equal 0.

If SUBRANGE is not specified, then the resulting value isthe BLOB object of the denoted FieldReference. If one
of FieldReference, Lwb or Upb isthe NULL valuethen theresulting value is also the NULL value. Otherwise the
BLOB aobject restricted to the indicated range is delivered.

The smallest valid Lwb is 1. If Upb is greater than (SIZE OF Field) then it is equivalent to (SIZE OF Field).
If the value of Upb isless than the value of Lwb then a BLOB object of length O is delivered.

Let bl aBLOB object of length 100:

bl SUBRANGE (1, 1) --> first byte of bl as BLOB
bl SUBRANGE (1,SIZE bl) --> bl as it is
bl SUBRANGE (50, 40) --> enpty BLOB obj ect

3.5.11.2. ClobExpression

Thefield must be of type CLOB, Lwb, Upb,Startpos and Length must be of type TINYINT, SMALLINT, INTE-
GER or BIGINT.

If SUBRANGE, SUBSTRING or SUBSTR is not specified, then the resulting value is the CLOB object of the
denoted FieldReference.

The SUBSTRING or SUBSTR function extracts Length characters beginning with the one on position Startpos
and the SUBRANGE function extracts (Upb-Lwb) bytes beginning at position Lwb. The smallest valid Lwb and
Startposis 1. If the value of Upb isless than the value of Lwb then a CLOB object of length O is delivered.
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3.5.12. ODBC_FunctionCall

Syntax:

[241] ODBC_FunctionCall : : = LCBr FN Functionldentifier ( Expression ) RCBr
[242] Functionldentifier : : = Identifier

[243] LCBr: : ={

[244] RCBr:: =}

Explanation: By the ODBC function call syntax, an embedding of the ODBC functionsis provided to the Transhase
SQL syntax.

3.5.13. UserDefinedFunctionCall

Syntax:

[245] FunctionCall : : = Functionldentifier ( ExpressionList)
[242] Functionldentifier : : = Identifier

[264] ExpressionList : : = Expression [, Expression)]...

Explanation: A UserDefinedFunction (written as function returning one value) can be called at any place in the
SQL statement where one value is accepted as result. Parameters of the function may be Expressions delivering
one value (including dynamic parameters "? supplied by the application at runtime).

SELECT sqrt(field)

FROM T
WHERE field > 0

3.5.14. LastInsertldFunc

Syntax:
[246] LastinsertldFunc: : = LAST_INSERT_ID()

Explanation: LAST_INSERT _ID() deliversthe value of atable's AUTO_INCREMENT field which has been most
recently assigned avalue viaan INSERT statement which did not explicitly assign avaueto it.

SELECT LAST_I NSERT_I X) |,
FROM T
VHERE . . .

Refer to the section AUTO_INCREMENT Fields[AUTO_INCREMENT _Fields] for a more elaborated example.

3.5.15. LastUpdateFunc

The LastUpdFunc deliversdate and time of the most recently committed update operation performed on the current
database. This point in time may be delivered in local time (default) or in UTC.

Syntax:
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[247] LastUpdateFunc: : = LAST_UPDATE( [ LastUpdOptions[ SECOND ] ])
[ @ Connectionldentifier ]

[248] LastUpdOptions: : = UTC | LOCALTIME

[317] Connectionldentifier : : = Identifier < containing a ConnectionString >

[320] ConnectionString : : = [s3:]//[ Host ]/<Dbname>[?OptionList] |
file://DirectoryLiteral[?0ptionList] |
<Dbname>[ @Host]

Explanation:

Without any parameter or with the option LOCALTIME, the time of the last update is delivered as avalue of type
DATETIME[YY:MS] inside the local timezone.

The option UTC transforms the result to aUTC time.

For each of the 2 variants, the optional parameter SECOND delivers the time value as Epoch value in type Bigint
(seconds elapsed since (1970-1-1 00:00:00) UTC ). Thisformat discards the millisecond value.

With the optional Connectionldentifier the function addresses a remote database.

LAST_UPDATE() --> DATETI ME[ YY: M5] : npst recent update in |ocal tinmezone
LAST_UPDATE( UTC) --> DATETI ME[ YY: M5] : npst recent update as UTC tine
LAST_UPDATE(UTC SECOND) --> Bigint: npost recent update in era

3.5.16. CrowdStatusFunc

The CrowdStatusFunc delivers the current status of the crowd service.
Syntax:

[249] CrowdStatusFunc ; : = CROWD_STATUS ()
Explanation:

The function returns either ACTIVE or INACTIVE.

ACTIVE means that the database is currently connected to the crowd.

INACTIVE means that there is no active connection between the database and the crowd.

SELECT CROAD_STATUS()

3.5.17. ReplicationStatusFunc

The ReplicationStatusFunc delivers the current status of a replication update process.
Syntax:

[250] ReplicationStatusFunc : : = REPLICATION_STATUS ()
Explanation:

The function returns either ACTIVE or INACTIVE.
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ACTIVE means that the replicais currently connected to the original database.

INACTIVE means that there is no active connection between the replica and the original database.

SELECT REPLI CATI ON_STATUS()

3.5.18. SearchCondition

SearchConditions form the WHERE-clause and the HAVING-clause of a SelectExpression and return a boolean
value for each record and group, resp. They aso appear in Conditional Expressions to choose one of two Expres-
sions.

Syntax:
[251] SearchCondition : : = [NOT] Predicate [ Boolop [NOT] Predicate]... |
[252] Boolop: : =AND |OR

Explanation: The precedence of operators is: 'NOT' before 'AND' before 'OR' (see Precedence of Operators).
Additional parentheses may be used as usually to override precedence rules (see Predicate ).

(suppno = 54 OR suppno = 57) AND qonorder > 0

NOT ((suppno <> 54 AND suppno <> 57) OR qonorder <= 0)

If no null values are involved, these two SearchConditions are equivalent.

3.5.19. HierarchicalCondition

In addition to the SearchCondition in the WHERE clause hierarchical data can be queried using Hierarchical Con-
ditions.

Syntax:
[253] HierarchicalCondition: : = [START WITH SearchCondition]
CONNECT BY [NOCY CLE] ConnectByCondition
[254] ConnectByCondition : : = <Predicate using Hierarchical Expression>
[255] HierarchicaExpression: : = LEVEL |
CONNECT_BY_ISCYCLE|
CONNECT_BY_ISLEAF |
PRIOR Expression |
CONNECT_BY_ROOT Expression |
SYS CONNECT _BY_PATH (Expression, StringLiteral)
Explanation:

START WITH defines the set of root rows for a hierarchical query. It isformulated as an SearchCondition with-
out Hierarchical Expressions. If this optional clause is omitted every row the set defined by the FROM clause is
considered as root row.

CONNECT BY defines the relationship between the rows of a hierarchy. References to a prior or root rows or
other hierarchical relations can be phrased using Hierarchical Expressions. NOCY CLE controls the behaviour if a
cycle in the hierarchical datais encountered. Usually, if acyclein hierarchical datais found, then thiswill result
in an error, since otherwise the query would produce an infinite loop of records. If NOCY CLE is specified cycles
areignored, i.e. the algorithm will not follow a path that leads to arecord that has already been printed.
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Hierarchical Expressions can be used like FieldReferences throughout the current and outer query blocks, except
inthe START WITH clause.

LEVEL stands for the hierarchy level of the current row, i.e. aroot node is on LEVEL 1, its successors are on
LEVEL 2 and so on.

CONNECT_BY_ISCYCLE and CONNECT_BY _ISLEAF return integer values. Here avalue of 1 indicates that
the current row is the beginning of acyclein ahierarchy or aleaf in the hierarchy, resp.

PRIOR and CONNECT_BY_ROQT are unary operators that indicate that Expression refers to FieldReferences
from the prior or root row.

SYS CONNECT _BY_PATH isabuilt-in function that calculates the path from the root row to the current row
by concatenating the results of Expression for every visited predecessor, separating each with StringLiteral.

Please consider the following hierarchical data sample and queries.

Figure 3.1. Hierarchical data and graph

id parent_id

N OO~ W|N| P
N[NNI IDN

SELECT id, parent_id, LEVEL "level",

CONNECT_BY_| SLEAF i sl eaf, CONNECT_BY_| SCYCLE i scyl e,
SYS_CONNECT_BY_PATH(id,'/"') path

FROM hi er ar chy

WHERE | evel < 4

START WTH id = 1

CONNECT BY NOCYCLE parent_id = PRROR id

id parent_id level isleaf iscylce path
1 2 1 0 0 1

2 1 2 0 1 11/2

3 2 3 1 0 11/2/3
4 2 3 1 0 11/2/4

At each point in time of the depth-first search, there exists a"current row". At the beginning, one of the root rows
satisfying the START WITH condition is chosen as "current row". In thisexampleit isthe row withid 1. Tofind
the next row, the ConnectByCondition is evaluated whereby the PRIOR expressions are those which refer to the
current row (thus representing defined and constant value for the actual search) and the remaining expressions
are treated like in a standard search. In the example, given the row id 1 as the current row, the search condition
"parent_id = PRIOR id" effectively is "parent_id = 1" as PRIOR id evaluates to 1 in the current row. The first
result record of this search then becomes the new "current row" and the algorithm proceeds depth-first down the
hierarchy until no more successors are found. If a search on one level delivers more than one result record, the
remaining records successively become the "current row" after the recursive searches have finished.
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Theresult indicatesthat acycle beginsinrow 2 sinceit leads back to theroot row. Thisisalso why the NOCY CLE
option isrequired. Rows 3 and 4 are leaf rows.

SELECT id, parent_id, level "level",
SYS CONNECT BY PATH(id,'/') path

FROM hi er ar chy

START WTH id > 4

CONNECT BY NOCYCLE parent_id = PRROR id

id parent_id level path
5 6 1 /5

6 5 2 /5/6
6 5 1 16

5 6 2 16/5
7 7 1 7

Here query rows5, 6, and 7 satisfy the START WITH condition. The query result is equivalent to aunion of three
queries with each of these rows successively acting as root rows.

3.6. Predicate

Predicates are the building units for SearchConditions.
Syntax:
[256] Predicate : : = ( SearchCondition ) | ComparisonPredicate | BetweenPredicate |

LikePredicate | MatchesPredicate | ExistsPredicate | Quantified-
Predicate | NullPredicate | FulltextPredicate

3.6.1. ComparisonPredicate

A ComparisonPredicate compares two values or two sets of records or checks one value/record to be in a set of
values/records.

Syntax:
[257] ComparisonPredicate : : = ValueCompPredicate | SetCompPredicate | InPredicate

3.6.2. ValueCompPredicate

A ValueCompPredicate compares two values.

Syntax:
[258] VaueCompPredicate : : = Expression VaCompOp Expression
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[259] VaCompOp: : =<|<=|=|<>|>|>=

Explanation: The meaning of the operators are:

< less than

<= less than or equal to

= equal

<> not equal

> greater than

>= greater than or equal to

The data types of the Expressions must be compatible. If TableExpressions are used, they must deliver a single
value.

The comparison operators are defined for all data types.

If two character sequences (strings) with different length are compared, then the shorter string is padded with the
space character ' ' up to the length of the longer string.

For the following examples of correct VaueCompPredicates, assume that q is a correlation name for the table
quotations.

suppno < 54
price * qgonorder < 100.50

g.price >

( SELECT AVG (price)
FROM quot ati ons

WHERE partno = . partno)

(SELECT MAX(price) - M N(price)
FROM quot at i ons

WHERE partno = . partno)

>

(SELECT AVG (price)
FROM quot at i ons
VWHERE partno = qg.partno) * 0.5

The last example would be a suitable SearchCondition to find out partnos from records g in quotation with a big
variance in price offerings.

3.6.3. SetCompPredicate

A SetCompPredicate compares two sets of records.

Syntax:
[260] SetCompPredicate : : = ( SubTableExpression ) SetCompOp ( SubTableExpression )
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[261] SetCompOp : : = [NOT] SUBSET [OF] | = | <>

Explanation: Let g1 and g2 be the two SubTableExpressions and s1 and s2 their result sets of records, resp. ql
and g2 must be compatible, i.e. their result sets must have the same arity n (n > 0) and each pair of types of the
corresponding fields must be type compatible (see Data Types). Two n-ary records t1 and t2 match if they have
the same values on corresponding fields. g1 SUBSET g2 yields TRUE if for each record t1 from Result of g1 there
isamatching record t2 in Result set of g2.

The following notations are equivalent:

gl NOT SUBSET @2
NOT (gl SUBSET q2)

Parentheses can be omitted, see Precedence of Operators gl = g2 yields TRUE if sl and s2 are identical, i.e. for
each record t1 in sl there is a matching record t2 in s2 and vice versa.

The following notations are equivalent:

ql <> g2
NOT ql=qg2

3 Note
Duplicate records in any of sl or s2 do not contribute to the result, i.e. sets are treated in the mathe-
matical sensein all set comparison operators.

List all supplier numberswho deliver (at |east) the same parts and price offerings as supplier 54

SELECT DI STI NCT suppno

FROM quot ations q

WHERE
(SELECT partno, price
FROM quot at i ons
VWHERE suppno = 54)

SUBSET

(SELECT partno, price
FROM quot at i ons
VWHERE suppno = . suppno)

3.6.4. InPredicate

TheInPredicate checksif an explicitly specified record isin aset of records or checksif avalueisin aset of values.

Syntax:

[262] InPredicate: : = ValuelnPredicate | Recordl nPredicate

[263] VauelnPredicate : : = Expression [NOT] IN { (ExpressionList) | (SubTableExpression) }
[264] ExpressionList : : = Expression [, Expression)]...

[265] RecordinPredicate: : = Record [NOT] IN (SubTableExpression)

[266] Record : : = ( ExpressionList)

Explanation: A ValuelnPredicate checks a value against a set of values. If an ExpressionList is specified, the
predicate yields TRUE if the value of the left hand Expression is equal to one of the values of the ExpressionList.
If a SubTableExpression is specified it must deliver unary records which then are interpreted as a set of values
like above.

A RecordInPredicate checks arecord against aset of records. It yields TRUE if theleft hand record matches one of
the result records of the SubTableExpression. Compatibility rules for Record and TableExpression are analogous
to those of SetCompPredicate.
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@ Note
Thenotationx NOT I N yisequivalenttoNOT x IN y

SELECT *
FROM suppliers
WHERE suppno I N (54, 61, 64)

SELECT * FROM suppliers
WHERE suppno IN
( SELECT suppno
FROM quot at i ons)

List suppliers who deliver at |east one part for the same price as supplier 57

SELECT DI STI NCT suppno FROM quot ati ons
WHERE (partno, price) IN

( SELECT partno, price

FROM quot ati ons

WHERE suppno = 57)

3.6.5. BetweenPredicate

The BetweenPredicate tests a value against an interval of two values. Each of the two interval boundaries can be
specified asinclusive or exclusive.

Syntax:

[267] BetweenPredicate : : = Expression [NOT]
BETWEEN Expression [ BetweenQualifier ]
AND Expression [ BetweenQualifier ]

[268] BetweenQualifier : : = INCLUSIVE | EXCLUSIVE

Explanation: If a BetweenQuadlifier is omitted it is equivalent to INCLUSIVE. The notation el BETWEEN €2
AND €3 therefore is equivalent to e1>=e2 AND el <=€3. The notation e1 BETWEEN e2 EXCLUSVE AND
€3 is equivalent to e1>e2 AND el<=e3. The notation el NOT BETWEEN €2 AND €3 is equivalent to NOT (el
BETWEEN e2 AND €3)

price BETWEEN 0.10 AND 0. 30

g. pri ce NOT BETVEEN

(SELECT MAX (price) FROM quotations

WHERE partno = g.partno) * 0.8 EXCLUSIVE
AND

(SELECT M N (price) FROM quotations

WHERE partno = g.partno) * 1.2 EXCLUSIVE

3.6.6. LikePredicate

The LikePredicate tests a string value against a pattern.

Syntax:
[269] LikePredicate: : = Expression [NOT] LIKE Sensspec
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Pattern [ ESCAPE EscapeChar ]

[270] Sensspec: : = SENSITIVE | INSENSITIVE
[271] Pattern : : = Expression
[272] EscapeChar : : = Expression

Explanation: All specified Expressions must be of character type. The type of EscapeChar must be CHAR (1),
i.e. a character string of byte length 1. EscapeChar is restricted to be a single character with Unicode value less
than 128 (whose byte length is 1).

Note that all Expressions including the Pattern need not be constants but may also be calculated at runtime.

The result of Pattern is interpreted as a search pattern for strings where two special characters have the meaning
of wild cards:

* The percent sign % matches any string of zero or more characters
» Theunderscore sign _ matches any single character

If EscapeChar is specified (let its value be c¢) then all occurrences of wild card characters in Pattern which are
preceeded by a ¢ are not interpreted as wild card characters but as characters in their original meaning and the
EscapeChar cis not interpreted as part of the pattern in these occurences.

If Sensspec is not specified or is specified with SENSITIVE then the search pattern is interpreted case sensitive,
otherwise the search is performed case insensitive.

Theinsensitive character comparison depends on the Local e setting of the database.

The notations are equivalent:

s NOT LIKE p ESCAPE c
NOT (s LIKE p ESCAPE c)

description LIKE 'B%
description LIKE INSENSITIVE '%r'
description LIKE ' %% ESCAPE '#'

The first example yields TRUE for values in description which begin with 'B', the second analogously for all
values which end with 'r' or 'R' and have at |east 2 characters. Thethird exampleyields TRUE for all valueswhich
end with the percent sign.

3 Note

If nowildcard isused in the pattern, e.g. description LIKE 'xyZ then this expression isnot equivalent
to description = 'xyZ because the string comparison ignores trailing blanks whereas the LIKE oper-
ator is sensitive with respect to trailing blanks.

3.6.7. MatchesPredicate, Regular Pattern Matcher

The MatchesPredicate tests a string value against a pattern denoted as a regular expression.

Syntax:

[273] MatchesPredicate : : = Expression [NOT] MATCHES Sensspec
RegPattern [ ESCAPE EscapeChar |

[270] Sensspec: : = SENSITIVE | INSENSITIVE

[274] RegPattern : : = Expression

[272] EscapeChar : : = Expression
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Explanation: All specified Expressions must be of character type. The type of EscapeChar must be CHAR (1),
i.e. astring of byte length 1.

EscapeChar is restricted to be a single character with Unicode value less than 128 (whose byte length is 1).

Theresult of RegPatternisinterpreted asaregular expression. Regular expressions are composed of charactersand
metacharacters. Metacharacters serve as operands for constructing regular expressions. The following characters
are metacharacters: () {}[1*.,?+-|

Inall following examples, the patterns and values are written in StringL iteral notation (i.e. with surrounding single
guotes).

Characters and Character Classes:

Patterns may be composed of charactersand character classes. A character in apattern matchesitself. For example,
the pattern 'xyz' is matched by the value 'xyz' and nothing else (in case sensitive mode). A character classis either
adot sign ('.") or a construct in square brackets []. The dot sign is matched by any character. For example, the
pattern 'x.z' is matched by values 'xaz', 'xbz', etc. A character classin [] is matched by any character listed in[].
Thelist is either a sequence of single characters likein [agx], or it is a character range like [a-Z] as a shorthand
notation for all characters between a and z (in machine code), or it is a combination of both. For example, [ad-
gmn] is matched by any of the characters a, d, g, f, g, m, n. Note that blanks would be interpreted as matchable
characters, sodon't write[ab] or [ ab] if youmean [ab]. Itisan error to specify character rangeslike[c-a] where
the machine code of the upperbound character isless than that of the first character.

Alternatives:

The| sign separates alternativesin apattern. For exampl e, the pattern abc|yzis matched by abc aswell asby yz The
implicit character concatenation binds stronger than the alternative sign, so to match either abcz or abyz one has
to specify the pattern ab(c|y)z (of course also abczjabyz would work). Note also that character classes are nothing
else but a shorthand notation for otherwise possibly lengthy alternatives, so ab[cy] zis equivalent to ab(c|y)z, too.

Repetition factors:

When an asterisk * occursin a pattern, then zero or arbitray many occurrences of the preceding pattern element
must occur in the value to match. For example, the pattern abc* is matched by ab, abc, abce etc. All repetition
factor operands bind most strongly, so the pattern (abc)* must be specified to match abc, abcabc, etc. The'+' sign
means one or more occurrences of the preceding pattern element, so x+ isidentical to xx*. The'? sign means zero
or one occurrences. At least n but maximal m occurrences of a pattern element x can be specified by the notation
x{n,m} where n and m must be integer constants. For example ag{ 1,3}z is matched by agz, aggz, agggz.

Precedence of operands:

Three levels of precedence are given, namely the repetition factors which bind stronger than concatenation which
binds stronger than the aternative. To overrule the precedence of operators, round precedence brackets can be
used as shown in the above examples.

69



Data Manipulation Language

Escaping the metacharacters:

Whenever a metacharacter is to stand for itself (i.e. is not wanted in its meta meaning) it must be escaped. If
EscapeChar isspecified (let itsvalue be ¢) then all occurrences of metacharactersin the pattern which are preceeded
by the specified character are not interpreted as metacharacters but as charactersin their origina meaning and the
escape character is not interpreted as part of the pattern in these occurences. For example, in the expression value
MATCHES'\|\?' ESCAPE '\' the value |? matches and any other value does not.

If the escape character isneeded asnormal character, it must be written twice (normally one can avoid thissituation
by choosing another escape character).

If Sensspec is not specified or is specified with SENSITIVE then the search pattern is interpreted case sensitive,
otherwisethe search is performed caseinsensitive. For example, the expression sMATCHESINSENS TIVE 'ab.*Z
isequivalent to s MATCHES SENSITIVE '(a]A)(b|B).* (7 2)'

Note that in case of INSENSITIVE, the ranges in character classes are somewhat restricted, i.e. if one of the
charactersis alowercase (uppercase) character then the other must also be alowercase (uppercase) character. For
example, the ranges [b-G] or [ B-g] are erroneous.

The notations are equivalent:

s NOT MATCHES p ESCAPE c
NOT (s MATCHES p ESCAPE c)

@ Note
The MatchesPredicate is more powerful than the LikePredicate which, however, is supported for
compatibility. A pattern in a LikePredicate can be transformed to a regular patterns by substituting
each non-escaped %by . * and each non-escaped _ by . .

3.6.8. ExistsPredicate

The ExistsPredicate tests the result of a SubTableExpression on emptyness.

Syntax:
[275] ExistsPredicate: : = EXISTS ( SubTableExpression )

Explanation: The predicate evaluates to TRUE if the result of the SubTableExpression is not empty.

Which suppliers supply at least 1 part:

SELECT suppno, nane FROM suppliers s
VWHERE EXI STS

( SELECT *

FROM quot ati ons

WHERE suppno = S. suppno)

3.6.9. QuantifiedPredicate

A QuantifiedPredicate compares one value against a set of values.
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Syntax:

[276] QuantifiedPredicate : : = Expression VaCompOp Quantifier ( SubTableExpression )
[259] VaCompOp: : =<|<=|=|<>|>|>=

[277] Quantifier : : = ALL | ANY | SOME

Explanation: The SubTableExpression must deliver unary records (i.e. a set of values) whose type is compatible
with that of Expression.

If ALL is specified, the predicate is TRUE if the specified comparison is true for al values delivered by the
SubTableExpression or if the SubTableExpression delivers no value.

If ANY or SOME is specified, the predicate is TRUE if the TableExpression delivers at least one value for which
the specified comparison is TRUE. Note that ANY and SOME have precisely the same meaning.

List suppliers and parts for which there is no cheaper offering

SELECT suppno, partno FROM quotations g
WHERE price <= ALL

( SELECT price

FROM quot ati ons

WHERE partno = . partno)

List all other suppliers
SELECT suppno, partno FROM quotations
WHERE price > ANY

( SELECT price

FROM quot at i ons
WHERE partno = . partno)

3.6.10. NullPredicate

A Null-Predicate checks the result of an Expression against the null value.

Syntax:

[278] NullPredicate : : = Expression IS[NOT] NULL |
Expression = NULL |
Expression <> NULL

The following notations are equivalent:

Expression |'S NULL
Expressi on = NULL

The following notations are equivalent, too:

Expression IS NOT NULL
NOT (Expression |'S NULL)
Expression <> NULL

For the semantics of the NullPredicate see Null Values.

3.6.11. FulltextPredicate

On fulltext-indexed fields search expressions of type FulltextPredicate can be issued.
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Syntax:
[279] FulltextPredicate: : = Fieldldentifier CONTAINS[ SOUNDEX ] ( FulltextTerm)
[280] FulltextTerm: : = FulltextFactor [ OR FulltextFactor ]
[281] FulltextFactor : : = FulltextPhrase [ Andnot FulltextPhrase ]
[282] Andnot: : = AND | NOT
[283] FulltextPhrase: : = ( FulltextTerm) |
Atom [ [ DistSpec] Atom]...
[284] Atom : : = SingleVaueAtom | MultiVaueAtom
[285] SingleVaueAtom : : = StringLiteral | Parameter | FtExpression
[286] MultiValueAtom: : = ANY ( TableExpression )
[287] DistSpec: : =[ [ MinBetween , ] MaxBetween |
[288] MinBetween : : = <Expression of type Integer>
[289] MaxBetween : : = <Expression of type Integer>
[290] FtExpression : : = <Expression without FieldReference to same block>
[1] [c:=]
(2] 1::=]
[158] Parameter : : = # IntegerLiteral ( DataType) |
Colon Simpleldentifier |
Questionmark
[33] StringLitera : : = CharacterLiteral | UnicodeLiteral | USER

Explanation: All explanations are given in Fulltextlndexes .

3.7. Null Values

A record may have undefined values (null values) as field-values (if the corresponding CreateT ableStatement of
the table allowsiit).

A special constant NUL L isprovided totest aresult of Expressionsagainst the null valueinside a SearchCondition.

price = NULL
price <> NULL

The first expression delivers TRUE if the field price is null-valued, it delivers FALSE if the field price has a
known value.

If anull-valued field participatesin an arithmetic operation (+, -, *, /), the result is again null-valued.

If anull-valued Expression participates in a VaueCompPredicate, the result of the VaueCompPredicate is UN-
KNOWN.

The evaluation rules for boolean operators are given in tablesnot , or , and .

Table3.1. NOT operator

NOT TRUE FALSE UNKNOWN
FALSE TRUE UNKNOWN

Table 3.2. OR operator

OR TRUE FALSE UNKNOWN
TRUE TRUE TRUE TRUE
FALSE TRUE FALSE UNKNOWN
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OR TRUE FALSE UNKNOWN
UNKNOWN TRUE UNKNOWN UNKNOWN

Table 3.3. AND operator

AND TRUE FALSE UNKNOWN
TRUE TRUE FALSE UNKNOWN
FALSE FALSE FALSE FALSE

UNKNOWN UNKNOWN FALSE UNKNOWN

If the result of a SearchCondition is UNKNOWN, it isequivalent to FALSE.

Assume that a field named price is null-valued for a specific record, the following SearchConditions effectively
evaluate asfollows:

price < 10.0 -- FALSE
price >= 10.0 -- FALSE
price = null -- TRUE

Further rulesfor Null-values:
» SetFunctionsignore null-valuesin their input.

» Asfar as grouping and duplicate elimination (DISTINCT) is concerned all null-valued fields form one group
and are considered equal, resp.

* Inthe ORDER BY clause, all NULL values are sorted before any other value.

3.8. SelectExpression (QueryBlock)

A SelectExpression derives records from tables in the database. QueryBlock is a synonym for SelectExpression.

Syntax:

[291] SelectExpression : : = SelectClause /
[ FromClause * 6%/
[ WhereClause ] * 1%/
[ UngroupClause ] * 2%/
[ GroupClause ] * 3%/
[ HavingClause ] * 4%/
[ FirstClause] ] * 5%/

[292] SelectClause: : = SELECT [ ALL | DISTINCT ] SelectList

[293] FromClause: : = FROM TableReference [, TableReference]...

[294] WhereClause: : = [ WHERE SearchCondition ]
[ Hierarchical Condition ]

[295] UngroupClause : : = UNGROUP BY FieldReference

[296] GroupClause: : =[ GROUPBY Expression [, Expression]... ]

[297] HavingClause: : = [ HAVING SearchCondition ]

[298] SelectList: : = SelectElem [, SelectElem]...

[299] SelectElem: : = Expression [ AS Fieldidentifier] |
[Correlationldentifier .] *

[300] FirstClause: : = FIRST ( CountSpec [ SortSpec] )

[301] CountSpec: : =[ StartNum TO ] EndNum

[302] StartNum : : = IntegerL.iteral
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[303] EndNum ; : = IntegerLiteral
[334] SortSpec: : = ORDER BY ALL |
ORDER BY SortElem [, SortElem]...

Explanation: Each TableReference must identify an existing table or view in the database.

Each specified Cor r el at i onNane must beuniquewithinall Tabl eNanesand Cor r el at i onNanesof that
FROM clause.

All specified Expressions in the GROUP-BY -clause must have a resolution in the given QueryBlock (see Rules
of Resolution ).

Each TableReference exports a set of field names (see TableReference). These names can be used in the defining
QueryBlock to reference fields of the result records of the FROM clause.

The QueryBlock also exportsaset of field names: thei-th field of the block exportsname "f" if itisafield reference
with fieldname "f" or "q.f" or if it is specified with an "AS f" clause, otherwise thei-th field is "unnnamed".

Theresult of a QueryBlock is defined by conceptually performing the following steps:
1. The Cartesian product of the results from the TableReferences in the FROM-clause is constructed.
2. a Alljoinsdefined by the SearchCondition of the WHERE-clause are performed.

b. TheHierarchicalCondition is processed. A depth-first search is carried out starting with one of the root
rows that satisfies the START WITH predicate. For this root row the first child rows satisfying the
CONNECT BY condition is selected. Then the hierarchical search will proceed down through the gen-
erations of child rows until no more matching rows are found.

€. The SearchCondition of the WHERE-clause is applied to all records resulting from the previous steps.
The result of (2) isthe set of records which satisfy the SearchCondition and Hierarchical Condition. In
addition then the result is sorted in depth-first order with respect to the Hierarchical Condition, if any.

3. The GROUP-BY -clause partitions the result of (2) into groups of records. All records with the same values
on the specified Expressions form one group. Thus, the number of groupsis equal to the number of different
value combinations on the specified Fields. If aGROUP-BY -clauseis specified the following conditions must
hold: Asterisk (*) isnot permitted in the SELECT-clause. Each Expression in the SELECT-clause and in the
HAVING-clause which refersto the given QueryBlock (i.e. whose resolution block isthe given QueryBlock,
see Rules of Resolution ) either must be an identical grouping Expression or must be inside a SetFunction
whose resolution block is the given QueryBlock.

4. The SearchCondition of the HAVING-clause is applied to each group. The result of (4) is the set of groups
which satisfy the SearchCondition. If no GROUP-BY -clause is specified, the whole set of records from the
previously executed step forms one group.

5. Result records according to the SEL ECT-clause are constructed. If neither GROUP-by nor HAVING is spec-
ified, each record from the previously executed step contributes to one result record and each SetFunction
which has alocal resolution refers to al input records of (5). If GROUP-BY and/or HAVING is specified,
each group contributesto one result record and each local SetFunction iscomputed separately for each group.

6. If DISTINCT is specified, duplicate records are removed from the result of (5). By default or if ALL is
specified, duplicate records are not removed.

7. If aFirstClauseis specified, only asubset of the result recordsisdelivered. These are the recordswith ordinal
numbersfrom"StartNum" to "EndNum”. If StartNumisnot specified it defaultsto 1. A SortSpecismandatory
if the FirstClause is not in the outermost query block.

The asterisk notations in the SelectList are shorthand notations for alist of field names. The pure * stands for a
list of al field names exported by all TableReferences of the FROM-clause in their origina order. The notation
Identifier.* standsfor alist of al field names of the TableReference with Cor r el at i onNane or Tabl eNane
Identifier. The asterisk notations can be freely mixed among each other and other Expressions.
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Updatability:

A SelectExpression is updatableif all following conditions hold:

* No GROUP BY-clause and no HAVING-clause is specified.

No DISTINCT is specified in the SELECT-clause.

The SELECT-clause consists of * or each Expression in the ExpressionList only consists of a FieldReference
(i.e. no operators, no SetFunction) and each Fi el dNane only occurs once.

The WHERE-clause does not contain a subquery.

The FROM-clause only contains one single TableReference and this TableReference is updatable.

@ Note
The UngroupClause is a very special operator only used in conjunction with the type BITS(*). Itis
explained in The Datatypes BITSp) and BITS(*).

Which parts are delivered by more than 1 supplier?

SELECT partno, COUNT (*)
FROM quot ati ons

GROUP BY partno

HAVI NG COUNT (*) > 1

What is the average number of suppliersfor a part?

SELECT AVG(cnt) FROM
( SELECT COUNT (*) AS cnt
FROM quot ati ons
GROUP BY partno)
To introduce afield name cnt for the unnnamed field COUNT( *) thisis specified as aFieldldentifier.

Which suppliers deliver part 221 (all suppliers and part information delivered):

SELECT * FROM quotations g, suppliers s
WHERE . suppno = s.suppno AND g.partno = 221

Which suppliers deliver part 221 (Only suppliers information delivered)

SELECT DI STINCT s.* FROM quotations q, suppliers s
WHERE . suppno = s.suppno AND g.partno = 221

3.9. TableExpression, SubTableExpression

A TableExpression and SubTableExpression construct UNIONs, INTERSECTions and set DIFFerences from the
result sets of TableReferences.

SubTableExpression is a dightly restricted form of TableExpression (is made up of SubTableReferences instead
of TableReferences).

Syntax:
[304] TableExpression: : = TableTerm [ UnidiffSpec TableTerm ]
[305] SubTableExpression : : = SubTableTerm [ Unidiff Spec SubTableTerm |
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[306] TableTerm : : = TableReference [ IntersectSpec TableReference |

[307] SubTableTerm: : = SubTableReference [ IntersectSpec SubTableReference |
[308] UnidiffSpec: : = UnidiffOp [ CorrespondingSpec ]

[309] UnidiffOp: : = UNION [ALL] | DIFF | EXCEPT

[310] IntersectSpec : : = INTERSECT [ CorrespondingSpec |

[311] CorrespondingSpec : : = CORRESPONDING [ BY ( FieldList) ]

Explanation: UNION computes the set theoretical union of both input sets. If ALL is specified then duplicate
records are retained otherwise they are removed. DIFF and INTERSECT compute the set theoretical difference
and intersection, resp. Duplicate records are removed.

EXCEPT is asynonym for DIFF.

Note that according to the grammar rules, INTERSECT binds stronger than UNION and DIFF. Associativity is
from left to right (see also Precedence of Operators).

* Theexpression
A setop CORRESPONDING BY (C1, ., Cn) B

where setop is one of the set operatorsis equivalent to

(SELECT C1, .., Cn FROM A) setop (SELECT C1, .., Cn FROM B)
e The expression
A set op CORRESPONDI NG B

isequivaent to
A setop CORRESPONDI NG BY (C1,..,Cn) B

where C1, ..., Cn are the fields with common names in A and B in the order of A. If A and B have no fields
in common, an error is returned.

The result types of DIFF are those of the left operand. With UNION and INTERSECT, the type adaption rules
(see Data Types and Type Compatibility ) are applied to determine the result types.

DIFF preserves the naming of its left operand, i.e. if thei-th field of the left operand of DIFF is named 'xyz' (or is
unnamed), then thei-th field of the result of DIFF is aso named 'xyz' (is unnamed, resp.).

Thei-th result field of a UNION or INTERSECT with operands A and B is unnamed if the i-th field of either A
or B isunnamed or if their names differ, otherwise it is named and has the common input name as name.

Updatability:

A TableExpression is updatable if no UNION, INTERSECT, DIFF is specified and if the underlying TableRef-
erenceis updatable.

CorrelationNames:

A TableExpression exports no Cor r el at i onNane if one of the set operators UNION, INTERSECT, DIFF is
specified, otherwise it exportsthe Cor r el at i onNane of the constituting TableReference.
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SELECT * FROM quot ati ons
UNI ON CORRESPONDI NG BY (suppno)
SELECT * FROM suppliers

3.10. TableReference, SubTableReference

A TableReference or SubTableReference is the constituent of the FROM clause and of UNION / INTERSEC-
TION / DIFF expressions (TableExpressions).

Syntax:

[312] TableReference: : = [ TABLE] TableSpec [ [AS] Alias] |
FUNCTION TableFunction |
SelectExpression |
( TableExpression) [ [AS] Alias] |
JoinedTable |
FULLTEXT <SpecialFulltextTable> |
FlatFileReference |
CrowdExpression

[313] SubTableReference: : = SelectExpression | ( SubTableExpression )

[314] TableSpec : : = Local TableSpec | RemoteT ableSpec

[315] LocalTableSpec: : = Tableldentifier

[316] RemoteTableSpec : : = Tableldentifier @ Connectionldentifier ]

[317] Connectionldentifier : : = Identifier < containing a ConnectionString >

[318] Alias: : =[ Correlationldentifier ] [ ( FieldList) ]

[100] FieldList : : = Fieldldentifier [ , Fieldldentifier ]...

[319] TableFunction : : = Functionldentifier ( ExpressionList)

[264] ExpressionList : : = Expression [, Expression)]...

[320] ConnectionString : : = [sd:]//[ Host ]/<Dbname>[?OptionList] |
file://DirectoryLiteral[?0ptionList] |
<Dbname>[@Host]

[321] Host : : = <Hostname>[:<Portnumber>]

[322] OptionList : : = Option[& Option]...

[323] Option: : = <Key>=<Vaue>

Explanation:

TableReference and SubTableReference are the building blocks for TableExpression and SubTableExpression.

@ Note
TableExpression constitutes the top query block and subqueriesin FROM clause, SubTableExpres-
sion constitutes subqueriesin SELECT, WHERE, HAVING clause.

@ Tip
If aTableExpression TE is needed on a place where only a SubTableExpression is allowed, then the
equivaent expression ( SELECT * FROM (TE)) can be used. As can be seen from the grammar, this
isa SubTableReference and thus also a SubTableExpression.

If Aliasis specified with aFieldList, the exported field names are defined by the specified Fieldldentifiers. The
number of FieldNames specified must be equal to the arity of Tabl eNane or TableExpression, resp.

If no FieldList is specified, the exported field names are derived from the underlying syntactic construct (e.g.
TableSpec exports the field names of the fields of the specified table).
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Updatability:

A TableReference is updatable if one of the following holds:
» A TableSpec T is specified and T is a basetable or an updatable view.
» An updatable SelectExpression is specified.

» An updatable (TableExpression) is specified.

CorrelationNames:

see TableReferences, CorrelationNames and Scopes .

RemoteTableName:

Host names are always treated case insensitive.

Database names are always treated case sensitive.

2 I mportant

The identifiers in the remote Tableldentifiers, Viewldentifiers or Identifiers of other user-defined
database objects are mapped to names according to the local case-sensitivity settings.

When afield SomeThi ng in atable Tabl e is referenced from a case insensitive database, then the field and

table must be identified in the SQL statement like this:

SELECT "SonmeThi ng" FROM "Tabl e" @b@ost

When afield SOVETHI NGin atable TABLE is referenced from a case sensitive database, then the field and table

must be identified in the SQL statement like this:

SELECT SOVETHI NG FROM " TABLE" @b @ost

2 I mportant

The current user requires the necessary access privileges on the remote database using the same

credentials on the remote database as for the local database.

Examples:

In the following example, an diasis used for each of the TableReferences, the first consisting of a Cor r el a-

t i onNan®e only, the second with afield list.

SELECT gq.partno, supp.sno, supp.addr, supp.nane
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FROM quot ati ons g, suppliers supp (sno, namne, addr)
WHERE . suppno = supp. sno

The following example needs an Alias for its subquery to reference its result field - it works with or without a
CorrelationName. Both solutions are shown:

SELECT AVG (g.cnt) FROM
(SELECT COUNT (*)
FROM quot ati ons
GROUP BY partno) q (cnt)

SELECT AVGE cnt) FROM
(SELECT COUNT (*)
FROM quot ati ons
GROUP BY partno) (cnt)

The following example is a distributed join using a remote database otherdb@servers.

SELECT q. partno, supp.sno
FROM quot ati ons g, suppliers@therdb@erver5 supp
WHERE . suppno = supp. sno

3.11. FlatFileReference - direct processing of
text files

A FlatFileReference enables to use aflat text file as abase table in a SELECT statement. The text file must bein
standard SPOOL format, i.e. the field values must be separated by tabs.

Syntax:

[324] FlatFileReference: : = ( FileLiteral ) [ Correlationldentifier ]
( Fieldspec [, Fieldspec]...)

[325] Fieldspec: : = Fieldldentifier DataType

Explanation:

Note that the name of the file holding the data must be enclosed in single quotes.

Each datafield in thefile must be specified by an arbitrary name and by its datatype. The syntax of the datavalues
in the file must correspond to that of the SPOOL statement. The tabulator character is used to separate data val ues.

Example:

Given afile Per sons in directory / usr / x/ dat a which stores some lines each consisting of two character
strings and a number, the file may be processed like this:

SELECT * FROM
( '"/usr/x/datal/ Persons') (firstname CHAR(*), secondnanme CHAR(*), info NUMBER)
WHERE info > 100
ORDER BY secondnane
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3.12. CrowdExpression

A CrowdExpression is used to distribute a subquery to a set of connected databases. The fields of the retrieved
result records may be treated like any other basetable fields.

Transbase Crowd Queries [crowd.xhtml# ntroduction] describes the concept and common use cases of crowd
gueries.

Syntax:
[326] CrowdExpression : : = CROWD ( Crowdldentifier [, Crowdldentifier]...)
[ RETURN AFTER] IntegerLiteral SECONDS
[ OR IntegerLitera MEMBERS]
( CrowdSubquery ) Correlationldentifier ( CrowdFieldspecList) |
LastCrowdErrors
[327] Crowdldentifier : : = Identifier
[328] CrowdSubquery : : = SelectExpression
[329] CrowdFieldspecList : : = Fieldspec [, Fieldspec]...
[325] Fieldspec : : = Fieldldentifier DataType

3.12.1. Crowd Queries

Example:

The actual date and time of all databases, which are connected to crowd "my_crowd", is collected by thefollowing
query:

SELECT h.c, h.crowd_nenbers
FROM CROND (ny_crowd) RETURN AFTER 3 SECONDS
(SELECT currentdate) h (c datetime[yy:ss])

Explanation:

A CrowdSubquery is distributed to all databases whose crowd name matches the Crowdldentifier. The query is
sent to all memberswho are already connected and to all those who still go online during the given time window.
Databases specify the crowd master, to which they connect to, through the database property crowd _master in
the catalog table sysdatabase. The crowd identifier is set by the connection string property crowd in the former
database property. Note that this crowd identifier can be named arbitrarily.

ALTER DATABASE SET CROAD_MASTER='//1 ocal host: 2024/ cr owd_nast er ?cr owd=my_cr owd' ;
ALTER DATABASE SET CROAD_CONNECT=t r ue;

In the example above a database connects to crowd master "crowd_master” on the localhost with port 2024 and
the crowd identifier is"my_crowd".

Thefirst result record will be delivered after the time window has expired or, if specified, after the desired number
of crowd members have returned a complete result. If the time window expires without a member delivering a
complete result, an empty result set is delivered as the overall result.

Note that the subquery CrowdSubquery is not beeing compiled on this level. So it can be considered as a black
box. But the compiler needs to know, how the result records ook like. Therefore the user has to specify each data
field by an arbitrary name and by its datatype (CrowdFieldspecList).

Each CrowdExpression has an additional (hidden) field crowd members in its result records, which delivers the
total amount of connected databases, which returned a compl ete result.
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3.12.2. Crowd Errors

Example:

The following query deliversall errors of the previously executed crowd query:

SELECT crowd_nenber, crowd_| evel, crowd_errorcode, crowd_errortext FROM Last CrowdErrors;
Explanation:

Records of the expression LastCrowdErrors contain four fields: crowd_member, crowd level, crowd_errorcode,
crowd_errortext.

crowd _member isthe UUID of database, which caused the error.

crowd_level isthe nested level wherethe error occurred. Level zero corresponds to the database, where the crowd
guery was executed, level one corrresponds to its members and so on.

crowd_errorcode contains the Transbase error code and crowd_errortext is the corresponding error message.

3.13. JoinedTable (Survey)

A JoinedTable combines tables with an explicit join operator.

Syntax:
[330] JoinedTable: : = TableReference CROSS JOIN TableReference |

TableReference UNION JOIN TableReference |

TableReference NATURAL [ Jointype] JOIN TableReference |

TableReference [ Jointype] JOIN TableReference [ Joinpred] |

(JoinedTable)

[331] Jointype: : = INNER | /

{ LEFT |RIGHT | FULL } [ OUTER] * de-
fault
join
type *//
* OUT-
ER
has
no
ef-
fect */

[332] Joinpred : : = ON SearchCondition |

USING (FieldList)

Explanation:

CROSS JOIN is a syntactic variant for Cartesian product, i.e. the following expressions are semantically equiv-
dent:

A CRCSS JON B
SELECT * FROM A, B

The expression A UNION JOIN B (where A hasafields and B has b fields) is semantically equivalent to :
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SELECT A.*, NULL, NULL, ... -- b NULLs
FROM A

UNI ON

SELECT NULL, NULL, ..., B.* -- a NULLs
FROM B

The result table has a+b fields and each record either has thefirst aor thelast b fieldsall NULL.
The other join variants are described in the following chapters.
CorrelationNames:

A JoinedTable exports the Cor r el at i onNanes of both participating TableReferences - i.e. none, one or both
CorrelationNames.

SELECT A *, B.*
FROM A UNION JO N B.

3.13.1. INNER JOIN with ON/USING Clause

Explanation:

» Case (1), ON Clause specified: Let searchcond be the search condition. The expression
A [INNER] JO N B ON searchcond
semantically is equivalent to

SELECT * FROM A, B WHERE sear chcond

» Case(2), USING Clause specified: If the USING Clause is specified then let C1,~...,~Cn denote the FieldList.
All Ci's must be fields of both A and B. The expression

A [INNER] JON B USING (C1, ... ,Cn)

semantically is equivalent to

SELECT A.C1, A C2, ... , ACn,

<other A fields> <other B fields>
FROM A, B
WHERE A . Cl1=B.Cl AND ... AND A Cn=B.Cn

Each of the result fields Ci appears only once in the result table (i.e. the number of result fields isatb-n).
The result fields C1, ..., Cn have no CorrelationNames (even if the congtituting TableReferences A and B
export CorrelationNames, say "a"' and "b"). Thus, in the surrounding SelectExpression, C1, ..., Cn can only be
referenced by their unqualified name. The remaining fields of A and B have CorrelationNames "a" and "b" of A
and B (if they exist). Notethat also a.* and b.* refer to theremaining fieldsin their original order without any Ci.
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3.13.2. JoinedTable with NATURAL

Explanation: The expression
A NATURAL [INNER] JON B

is equivalent to

A [INNER] JON B USING (CL,..Cn)

where C1, ..., Cn are the fields (in the order of A) which are common to A and B.
If no fields are common, the expression degeneratesto A UNION JOIN B.
The following statements all deliver the same resullt:

1.
SELECT gq.partno, g.suppno, q.price, q.delivery_tine,
g. gonorder, i.description, i.qonhand
FROM quotations g, inventory i
VWHERE q. partno= i.partno

SELECT gq.partno, g.suppno, q.price, q.delivery_tine,
g. gonorder, i.description, i.qgonhand

FROM quotations g JON inventory i

ON g. partno= i.partno

SELECT partno, qg.*, i.*
FROM quotations g JON inventory i USING (partno)

SELECT partno, qg.*, i.*
FROM quotations g NATURAL JON inventory i

Note the meaning of g.* and i.* in the context of USING and NATURAL. Note also that suppno and partno are
oppositeto their original order in quotations.

3.13.3. JoinedTable with OUTER JOIN

Explanation:
We discuss the join variants

» Case (1), ON Clause specified: Assume the expressionsLJ, RJ, FJ, 1Jas:

LJ A LEFT JOIN B ON searchcond
RJ A RIGHT JOIN B ON searchcond
FJ A FULL JOIN B ON searchcond
1J A INNER JOIN B ON searchcond
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Let innerjoin denote the result of 1J. Then the result sets of LJ, RJ, FJ are defined as:

Result LJ innerjoin UNION ALL leftouter
Result RJ innerjoin UNION ALL rightouter
Result FJ innerjoin UNION ALL fullouter

where leftouter |, rightouter, fullouter are defined as follows:

« leftouter the set of all recordsafrom A which do not participate in innerjoin, extended to the right with NULL
values up to the arity of innerjoin.

« rightouter set of al records b from B which do not participate in the set innerjoin, extended to the left with
NULL values up to the arity of innerjoin.

« fullouter leftouter UNION ALL rightouter.
» Case(2), USING Clause specified:
Let JU denote the join expression

Alrf JONB USING (CL, ... ,Cn)

wherelrf isone of LEFT, RIGHT, FULL.

L et searchcond be the following search condition:

A C1=B.ClL AND ... AND A Cn=B.Cn

Then the result of JU is defined to be equivalent to:

SELECT COALESCE(A.Cl1,B.Cl1), ..., COALESCE(A Cn,B.Cn),
<other fields of A>, <other fields of B>

FROM A Irf JO N B ON searchcond

The USING variant works like the ON variant except that the specified common fields appear only oncein the
result (always the not-NULL part of the field if any appears). Note that the COALESCEd fields do not have a
Cor r el at i onName and that the CorrelationNames exported by A and B do not include the COALESCEd
fields.

» Case(3), NATURAL specified: Let NJ denote the expression:
A NATURAL Irf JON B

wherelrf isone of LEFT, RIGHT, FULL.

NJisequivaent to
Alrf JONB ON (CL, ..., Cn)

where C1, ..., Cn are al fields with identical namesin A and B (in the order as they appear in A).

For all following examples, we assume excerpts S and Q from suppliers and quotations as shown in tables Sand
Q below.

Example Data:

» Excerpt from Table S

suppno name
51 DEFECTO PARTS
52 VESUVIUS|INC
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suppno name

53 ATLANTIS CO.
» Excerpt from Table Q

suppno partno

50 221

51 221

53 222

53 232
Examples:

e SELECT * FROM S LEFT JON Q ON S.suppno = Q suppno

S.suppno S.name Q.suppno Q.partno
51 DEFECTO PARTS 51 221
52 VESUVIUSINC NULL NULL
53 ATLANTISCO 53 222
53 ATLANTISCO 53 232
e SELECT * FROMS RIGHT JA N Q ON S. suppno = Q suppno
S.suppno S.name Q.suppno Q.partno
NULL NULL 50 221
51 DEFECTO PARTS 51 221
53 ATLANTISCO 53 222
53 ATLANTISCO 53 232
e SELECT * FROM S FULL JO N Q ON S. suppno = Q suppno
S.suppno S.name Q.suppno Q.partno
NULL NULL 50 221
51 DEFECTO PARTS 51 221
52 VESUVIUSINC NULL NULL
53 ATLANTISCO 53 222
53 ATLANTISCO 53 232
e SELECT * FROM' S LEFT JO N Q USI NG (suppno)
suppno S.name Q.partno
51 DEFECTO PARTS 221
52 VESUVIUSINC NULL
53 ATLANTISCO 222
53 ATLANTISCO 232

85




Data Manipulation Language

Note that the first result field can only be referenced by the unqualified name suppno.

e SELECT * FROM S NATURAL FULL JON Q

suppno S.name Q.partno
50 NULL 221

51 DEFECTO PARTS 221

52 VESUVIUSINC NULL
53 ATLANTISCO 222

53 ATLANTISCO 232

Note that the first result field can only be referenced by the unqualified name suppno.

3.14. Scope of TableReferences and Correla-
tionNames

CorrelationNames may be used in qualified field references - they are of the form q.field where q is a Correla-
tionName.

A TableReference which constitutes a FROM clause operand exports a CorrelationName in the following cases:
« If the TableReference specifies an Alias, thenthe Cor r el at i onNane specified in the Alias is exported.

« If the TableReferenceisaTabl eNane without aspecified Alias, thenaCor r el at i onNane whichisiden-
tical to the Tabl eNane implicitly is exported.

« If the TableReferenceis a JoinedTable then the CorrelationName(s) exported by JoinedTable are exported (see
JoinedTable).

The Scope of the Cor r el at i onNan® is the SelectExpression that immediately contains the TableReference.
However, excluded are SelectExpressions which are nested in the containing one and definea Cor r el at i on-
Nare with the same name.

In the following example, TableReferences "quotations” and "suppliers s* export CorrelationNames "quotations"

and"s', resp.:

SELECT quotations.*, s.nane
FROM quot ati ons, suppliers s
WHERE quot ati ons. suppno = s. suppho

In the following example, the JoinedTable exports CorrelationNames "q" and "s":

SELECT s. nane, q.price
FROM quot ations g JO N suppliers s ON g.suppno = s.suppno

In the following example, the JoinedTable also exports CorrelationNames "q" and s, but the common result field
"suppno™ has no CorrelationName and g.* and s.* do not include the field "suppno”:

SELECT suppno, s.*, q.*
FROM quotations g NATURAL JO N suppliers s
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3.15. SelectStatement

The SelectStatement is the top level construct of TB/SQL to retrieve records.

Syntax:
[333] SelectStatement : : = [ WithClause ] TableExpression
[ { SortSpec | FOR UPDATE} ]
[334] SortSpec: : = ORDER BY ALL |
ORDER BY SortElem [, SortElem]...
[335] SortElem : : ={ Fieldldentifier | IntegerLiteral } [ ASC | DESC]

Explanation: The WithClause is explained in the next section.

The ORDER-BY -clause sorts the result records of the TableExpression. If more than one SortElem is specified,
amulti-field sort is performed with the first SortElem being the highest sort weight etc.

If aSortElemisgivenviaan IntegerLiteral i, it referstothei-th result field of the TableExpression. Field numbering
starts at 1. Otherwise there must be an identically named result field of the TableExpression and the SortElem
refersto that field. The next example below shows two equivalent sort specifications.

By default the sort order is ascending unless explicitly descending order is required (‘'DESC).

@ Note
A SelectStatement is updatable if no ORDER BY-clause is specified and if the TableExpression
itself is updatable (see TableExpression ).

2 Caution
Thereis no predictable ordering of result records, if no order-by-clause is specified.

A SelectStatement iscalled a SELECT FOR UPDATE query if the FOR UPDATE is specified. It is necessary if
and only if a subsequent UPDPOS or DEL POS statement (Update- or Delete-Positioned) is intended against the
guery. In case of aFOR UPDATE, the SelectStatement must be updatable.

Privileges. The current user must have SELECT privilege on each table (base table or view) specified in any
FROM-clause of any QueryBlock which occursin the SelectStatement.

Locks: All tables and views referenced in the SelectStatement are automatically read locked.

If the FOR UPDATE is given, the (single) table in the outermost QueryBlock is update locked.

SELECT partno, price FROM quotations ORDER BY partno
SELECT partno, price FROM quotations ORDER BY 1

SELECT * FROM quot ati ons FOR UPDATE

3.16. WithClause

The WithClause defines temporary tables being used by the subsequent SelectExpression.

Syntax:
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[333] SelectStatement : : = [ WithClause ] TableExpression
[ { SortSpec | FOR UPDATE} ]
[336] WithClause: : = WITH WithElement [, WithElement]...
[337] WithElement : : = Tableldentifier [ ( FieldList) ] AS (TableExpression)
[100] FieldList: : = Fieldldentifier [ , Fieldldentifier ]...
Explanation:

Each WithElement creates a (temporary) table with the specified table name. The main TableExpression in the
SelectStatment can refer to al tables defined by the WithElements, and each WithElement may refer inside the
defining TableExpressions to the preceding WithElements. The field names of the temporary tables are exported
either by an explicit FieldList or by the field names of the SELECT lists or (in case of expressions) via Aliases
introduced viathe keyword AS.

WithElements are processed and stored in the order of writing. After the evaluation of the main TableExpression
of the SelectStatement the temporary tables are del eted.

The WithClause is useful if a subexpression is used more than once in a complex query.

W TH

WE1 as (SELECT r1+r2 AS wel 1, rO FROM R WHERE r0 > 0),
WE2 as (SELECT s1+s2 AS we2_1, sO FROM S WHERE sO > 0)
SELECT MAX(wel 1) FROM VE1

UNI ON ALL

SELECT we2_1 FROM WE1 , WE2 WHERE r0 = sO

In this exanple, the definition of WELl is useful, but the
definition of WE2 is not.

W TH

WE1 (wl,w2) as (SELECT r1+r2 , rO FROM R WHERE r0 > 0)
SELECT MAX(wl) FROM VEL

UNI ON ALL

SELECT w2 FROM VE1

In this exanple, the field nanes of WELl are exported via an explicit
FieldLi st in WEL.

3.17. InsertStatement

The InsertStatement inserts one or several constant records or a computed set of recordsinto atable or updatable
view. Optionally, for each inserted record aresult record is returned.

Syntax:

[338] InsertStatement : : = INSERT [ OrClause ] INTO TableSpec [ ( FieldList )] Source [
ReturningClause ]

[339] OrClause: : = OR{ IGNORE | REPLACE | UPDATE }

[314] TableSpec : : = Local TableSpec | RemoteT ableSpec

[100] FieldList : : = Fieldldentifier [ , Fieldldentifier ]...

[340] Source: : = VALUES (Valuelist) |
TABLE (( VaueList) [, (ValueList) ]...) |
TableExpression |
DEFAULT VALUES

[341] Valuelist: : = Expression [, Expression]...)

[342] ReturningClause: : = RETURNING ( ExpressionList)
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Explanation: The table specified by TableSpec must be updatable (i.e. a base table or an updatable view.
All fields in the specified FieldList must be unique and must be fields of the specified table.

If no FieldList is specified then thereisan implicitly specified FieldList with al fields of the specified tablein the
order of the corresponding CreateT ableStatement or CreateViewStatement, resp.

The number of Expressionsin aValuelist or the number of fields of the result of the TableExpression must match
the number of fieldsin the FieldList and the corresponding types must be compatible.

Each Valuelist or each result record of the TableExpression, resp., represents a record which isinserted into the
table.

If DEFAULT VALUES: s specified, then arecord consisting of the default value of each field isinserted.

3.17.1. Insertion with Fieldlist and DEFAULT Values

For each record t to be inserted, thei-th Fi el dNane in the FieldList specifies to which table field the i-th field
of t is assigned. For al fields of the table which are not specified in the FieldList and are not specified with
AUTO_INCREMENT, the DEFAULT value of thefield isinserted. If the field has no specified DEFAULT value
but is defined on adomain with a DEFAULT value, then that DEFAULT vaue is used, otherwise the null value
isinserted as ageneral fallback.

3.17.2. Insertion on AUTO_INCREMENT Fields

AUTO_INCREMENT fields can be considered as fields with a special DEFAULT mechanism. Unless they are
explicitly specified, an automatic value generation is done such that the resulting key is unique. Details are de-
scribed in section AUTO _INCREMENT _Fields.

3.17.3. Insertion on Views

If the specified table is a view, then insertion is effectively made into the underlying base table and all fields of
the base table which are not in the view are filled up with their DEFAULT values.

For aview v wherethe WITH CHECK OPTION is specified theinsertion of arecordt failsif t does not fulfill the
SearchCondition of the view definition of v or any other view on which v is based.

The InsertStatement returns an error if a type exception occurs (see Type Exceptions and Overflow
[sal_type exceptions]) or if a NULL constraint is violated. The InsertStatement fails if a key constraint or a
UNIQUE constraint (defined by a CREATE UNI QUE | NDEX . . . ) would be violated.

3.17.4. Handling of Key Collisions

A key collision is the event that one or several records of the Source have key values that already are present in
the target table.
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The 4 variants of the InsertStatement behave differently w.r.t. key collisions: The InsertlntoStatement returns an
error on akey collision and no record is inserted.

The other 3 variants never return error. All records which do not conflict on the key are inserted and conflicting
records are handled as follows:

The InsertlgnoreStatement ignores conflicting source records.

The InsertReplaceStatement replaces the record in the target by the conflicting record of the Source (one might
think that the record in the target is deleted before the source record is inserted).

The InsertUpdateStatement replaces those fields of the target record which are specified in the FieldList with the
corresponding values of the source records. Other field values of the target record remain unchanged.

Note that InsertReplaceStatement and I nsertUpdateStatement work identically if no FieldList is specified.

In case of a FieldList, InsertReplaceStatement fills non specified fields with their default value, whereas I nser-
tUpdateStatement leaves non specified fields unchanged.

3.17.5. Insertion with ReturningClause

If a ReturningClause is specified then the InsertStatement behaves like a scroll cursor on a SELECT statement.
For each inserted record, a result record is delivered which is constructed according to the expressions in the
clause. The expressions may refer to the field names of the target table, even if some of them do not appear in
the FieldList of the INSERT statement. The arity of the ReturningClause is independent from the arity of the
target table. Typically, the ReturningClause serves to catch field values of those fields whose values are assigned
automatically via a default mechanism (sequence or auto_increment specification).

The RETURNING clause might also contain subqueries, but in case of adistributed INSERT, the table references
of the RETURNING clause must be against the same database as the target table reference.

The current user must have INSERT privilege on the specified table.

If a TableExpression is specified, the user must additionally have the corresponding SELECT-privileges asif the
TableExpression were run as a SelectStatement (see SelectStatement ).

Locks: The table referenced by TableSpec is update locked automatically.

I NSERT | NTO suppliers VALUES (80, 'TAS , 'Minich")

| NSERT | NTO suppl i ers (nane, suppno) VALUES
("Smith & Co', (SELECT MAX (suppno)+l FROM suppliers) )

I NSERT | NTO suppliers TABLE

( (81,'xy',"ab"),
(82,"yz',"'bc")

)

I NSERT | NTO suppl i er s@t herdb@erver5 (nane, suppno)
VALUES ('Smith & Co',
(SELECT MAX (suppno)+1 FROM
suppl i er s@t herdb@erver5) )

I NSERT | NTO suppliers SELECT * FROM suppliers2

Assume atable T with an INTEGER field "key" which should get its values from a sequence S (i.e. "key" has
been specified with a DEFAULT S.nextva):

I NSERT | NTO T(t0,t1) VALUES (123 ,'asd') RETURNI NG key)

The RETURNING clause makes the value assigned to the key field available for further processing.
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Assume that table suppliers contains the record (80, 'TAS, 'Munich’):

I NSERT | NTO suppliers VALUES (80, 'TAS2', 'Berlin');
-- returns error;

I NSERT OR | GNORE | NTO suppliers VALUES (80, 'TAS2', 'Berlin');
-- returns no error but has no effect;

I NSERT OR REPLACE | NTO suppliers (suppno, address) VALUES (80,'Berlin');
-- replaces record (80,' TAS ,'Munich'") by (80, NULL, " Berlin');

I NSERT OR UPDATE | NTO suppliers (suppno, address) VALUES (80, 'Berlin');
-- replaces record (80,' TAS ,"'Munich') by (80, '"TAS, 'Berlin');

3.18. DeleteStatement

The DeleteStatement del etes records from a table or an updatable view.

Syntax:

[343] DeleteStatement : : = DELETE FROM TableSpec [ Correlationldentifier ]| [ WHERE
SearchCondition ]

[314] TableSpec : : = Local TableSpec | RemoteT ableSpec

Explanation: The table specified by Tabl eNane must be updatable (i.e. a base table or an updatable view).
All records from the specified table which satisfy the SearchCondition are del eted.
If the SearchCondition is omitted, all records from the specified table are deleted.

If records are deleted from an updatable view, the deletion is made on the underlying base table.

@ Note
It isalowed to refer to the table to be modified in a subquery of the DeleteStatement (in the Search-
Condition). See the examples below and also General Rule for Update .

Deletion of many records may be slow if secondary indexes exist. However, deletion of al records in a table
(WHERE clause is omitted) is very fast.

Privileges: The current user must have DELETE-privilege on the specified table.

If TableExpressions occur in the SearchCondition, the user must additionally have the corresponding SELECT-
privileges as if the TableExpressions were run as Sel ectStatements (see SelectSatement ).

Locks: The table referenced by Tabl eNane is update locked automatically.

If aremote table is specified as the target of the DELETE operation, all subqueries (if any) must specify tables
residing on the same database. However, if the target table islocal, any tables (remote or local) may be specified
in subqueries.

DELETE FROM quot ati ons

DELETE FROM suppliers
WHERE suppno = 70

DELETE FROM suppliers
WHERE suppno =
( SELECT MAX (suppno)
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FROM suppl i er s@t her db@er ver5)
DELETE FROM suppl i ers@t herdb@erver5 s
WHERE NOT EXI STS

( SELECT *

FROM quot ati ons@t her db@erver5
WHERE suppno = S. suppno)

See also General Rule for Updates.

3.19. UpdateStatement

The UpdateStatement updates a set of records in atable or an updatable view.

Syntax:

[344] UpdateStatement : : = UPDATE TableSpec [ Correlationldentifier |
SET AssignList
[ WHERE { SearchCondition | CURRENT } ]

[314] TableSpec : : = Local TableSpec | RemoteTableSpec

[345] AssignList: : = Assignment [, Assignment ]...

[346] Assignment : : = Fieldldentifier = Expression

Explanation:

The effect of the UpdateStatement is that all records of the specified table which fulfill the SearchCondition are
updated. If no SearchCondition is specified then all records of the table are updated.

For each record to be updated the fields on the left hand sides of the Assignments are updated to the value of the
corresponding Expression on the right hand side. Unspecified fields remain unchanged.

If the specified table is a view then the update is effectively made on the underlying base table and all fields of
the base table which are not in the view remain unchanged.

For aview v where the WITH CHECK OPTION is specified the update of a record t fails if the updated record
would not fulfill the SearchCondition of the view definition of v or any other view on which v is based.

The UpdateStatement failsif aNULL-Constraint or akey constraint or a UNIQUE constraint (defined by a CRE-
ATE UNIQUE INDEX ...) would be violated or if atype exception occurs (see Type Exceptions and Overflow

[sal_type_exceptions]).
The specification of CURRENT isonly allowed at the programming interface level for an UPDPOSccall.

@ Note
It is allowed to update primary key fields, but this runs considerably slower than update of non-key
fields only.

@ Note
Itisallowedtorefer tothetableto beupdatedin asubquery of the UpdateStatement (inthe AssignList
or SearchCondition). See the example and also General Rule for Update .

Privileges:

The current user must have UPDATE-privilege on all fields specified on the left hand sides of the Assignments.
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If there are TableExpressions on the right hand side of the Assignments or in the SearchCondition, the user addi-
tionally must have corresponding SELECT-privileges as if the TableExpressions were run as SelectStatements
(see SelectSatement ).

Locks:
Thetable referenced by Tabl eNane is update locked automatically.

If aremote table is specified as the target of the UPDATE operation, all subqueries (if any) must specify tables
residing on the same database. However, if the target table islocal, any tables (remote or local) may be specified
in subqueries.

UPDATE quot at i ons
SET price = price * 1.1, delivery_time = 10
WHERE suppno = 53 AND partno = 222

UPDATE quot at i ons@t herdb@erver5 q
SET price = price * 1.1
VWHERE price =
(SELECT M N (price)
FROM quot at i ons @t her db@er ver5
WHERE suppno = . suppno)

3.20. UpdateFromStatement

The UpdateFromStatement updates a target table from an existing or computed source table.

Syntax:
[347] UpdateFromStatement : : = UPDATE TargetTable[ Correlationldentifier ]
[ WITHOUT DELETE ] FROM SourceExpression
[348] TargetTable: : = Tableldentifier
[349] SourceExpression : : = TableExpression
Explanation:

The target table must not be a view. Field number and field types of SourceExpression and TargetTable must be
compatible.

If the WITHOUT DELETE option is not specified then the UpdateFromStatement updates the target table such
that the records are identical to those of the source.

If the WITHOUT DELETE option is specified, the UpdateFromStatement merges target and source: each record
from source whose field values on target's key positions do not exist in target isinserted. Each record from source
whose field values on target's key position match arecord in target replaces this matching record.

With the WITHOUT DELETE option, the UpdateFromStatement thusis a specia case of the MergeStatement.

2 Caution
All triggers and referential constraints on the target table are ignored for this statement. Secondary
indexes are maintained.

Privileges: The current user must have INSERT, UPDATE and DELETE privileges on the target table.

Locks: The table referenced by Tabl eNane is update locked automatically.
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UPDATE quot ati ons FROM quot ati ons_new
UPDATE quot ati ons W THOUT DELETE FROM addquot @ enot edb@ enot ehost

3.21. MergeStatement

The MergeStatement serves as a combination of the InsertStatement with the UpdateStatement. It combines the
effects of both these statements within asingle one.

Syntax:

[350] MergeStatement : : = MERGE INTO TargetTable USING SourceExpression ON ( Join-
Predicate ) MatchClause NonMatchClause

[348] TargetTable: : = Tableldentifier

[349] SourceExpression : : = TableExpression

[351] JoinPredicate : : = SearchCondition

[352] MatchClause: : = WHEN MATCHED THEN UPDATE SET AssignList

[353] NonMatchClause: : = WHEN NOT MATCHED THEN INSERT [ ( FieldList) ] VAL-
UESValuelist

[341] Valuelist: : = Expression [, Expression]...)

Explanation:

The table specified by TargetTable must be updatable, SourceExpression must be an expression delivering a set
of records. The JoinPredicate refers to fields of TargetTable and SourceExpression.

The merge process can be seen as aloop executed on the SourceExression S. For each record of S there must be
either no record or exactly one record in TargetTable which matches. In the first case, the NonMatchClause is
executed which inserts fields of the current record of Sinto the TargetTable. In the second case, the MatchClause
is executed to update fields of the matching record in TargetTable as specified in the AssignList.

Privileges: The current user must have INSERT and UPDATE privilege on TargetTable.

Locks: The TargetTable is update locked automatically.

MERGE | NTO suppliers tar
USI NG ( SELECT * FROM newsuppliers) src
ON (tar.suppno = src.suppno)
VWHEN MATCHED THEN UPDATE SET tar.address = src. address
WHEN NOT MATCHED THEN | NSERT VALUES (suppno, nane, address)

3.22. General Rule for Updates

The semantics of all modification operations (INSERT, UPDATE, DELETE) is that of a deferred update, i.e.
conceptually the modification is performed in two phases:

1. Compute the whole modification information (records to be inserted, records to be changed and their valuesto
replace existing records, recordsto be deleted, resp.). In this phase the table to be modified remains unchanged.

2. Execute the modification.

This principle allowsto specify the modification referring to the old state of the table and defines the modification
as an atomic step.
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3.23. Rules of Resolution

For the semantics of nested QueryBlocksiit is necessary that any FieldReference and any SetFunction can be re-
solved against exactly one QueryBlock. This block isthen called the resolution block of the Field or the SetFunc-

tion, resp.

3.23.1. Resolution of Fields

An unqualified Field fld (see FieldReference ) has as its resolution block the innermost surrounding QueryBlock
g whose FROM-clause contains a TableReference which exports afield named fld. If there is more than one such
TableReference in g, the resolution fails and an error is returned.

A qualified Field r.fld has as its resolution block the innermost surrounding QueryBlock g whose FROM-clause
containsa Tabl eNane or Cor r el ati onNane r. If the corresponding TableReference does not export afield
named fld, the resolution fails and an error is returned.

3.23.2. Resolution of SetFunctions

In most cases, the resolution block of a SetFunction is the innermost surrounding QueryBlock.

SELECT partno

FROM quot ati ons

GROUP BY partno

HAVI NG
MAX(price) - MN(price)
>
AVE price) * 0.5

The resolution of all three SetFunctions is the only (and innermost) QueryBlock. Thus, they are computed for
each group of parts.

In general, the resolution of count(*) is always the innermost surrounding QueryBlock; for al other forms of
SetFunctions, the resolution block is the innermost resolving QueryBlock over all fields inside the SetFunction.

SELECT partno

FROM quot ations ql

GROUP BY partno

HAVI NG
(SELECT COUNT(*) FROM quotations g2
WHERE 2. partno = gl. partno AND
g2.price = MN (qgl.price))
> 1

Here, COUNT(*) refers to the inner QueryBlock whereas MIN(ql.price) refers to the outer QueryBlock and thus
computes as the minimum price over the current group of parts.

Arbitrary (single-valued) Expressions are alowed as arguments of SetFunctions. It is even alowed to nest Set-
Functions as long as the resolution block of the inner SetFunction surrounds the resolution block of the outer
SetFunction.
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For each SetFunction s with resolution block g, s must not appear in the WHERE-clause of g.
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4. Persistent Stored Methods

The PSM extensions enhance Transbase SQL with procedura language elements as described in the SQL/PSM
Standard.

As we only alow Functions and Procedures to be stored persistently in the database we call these extensions
'Persistent Stored Methods' as opposed to 'Persistent Stored Modules' used in the SQL Standard.

These extensions can be used inside PSM blocks and thus in persistent procedures and functions defined using
these PSM blocks.

PSM Blocks, however, can not only appear as defining bodies of functions and procedures but can be supplied as

single SQL statements. In this case the entire PSM block is processed as a single SQL statement.
[354] PSM_MethodDeclaration : : = PSM_ CreateFunction | PSM_CreateProcedure

4.1. Functions

4.1.1. CREATE FUNCTION Statement

The CREATE FUNCTION Statement is used to define functions that are stored in the database and can be incor-
porated in arbitrary SQL statements where an expression of the specified function return typeis permitted.

Functions are defined by their identifiers only. Polymophic function definitions are not supported in this version.

The creator of the function becomes its owner regardless of the schemait belongsto. Only the owner hastheright
to manipulate or drop the function.

[355] PSM_CreateFunction: : = CREATE FUNCTION Funcldentifier FuncDeclaration

[356] Funcldentifier : : = Identifier

[357] FuncDeclaration : : = ( [FuncParameterList] ) RETURNS DataTypeSpec
ASPSM_Block

[358] FuncParameterList : : = FuncParameter [ , FuncParameterList]

[359] FuncParameter : : = Simpleldentifier DataTypeSpec

The actual function definition consists of afunction signature and adefining body that is essentially a PSM block.
The signature is defined by a - possibly empty - list of parameters of arbitrary TB/SQL types and a return type.
All parameters are input parameters.

The following example defines a function that computes the nth Fibonacci number in the schema mat h which
needs to be available.

create function math.fib(n integer) returns bigint as
DEcl ar e
sum bigint :
sunD bigint :
suml bigint :
cnt integer :
begi n
if n=0 then return O;
elsif n =1 then return 1;
end if;
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while cnt < n
| oop
sum : = sunD + sunt;
sunD : = sumn;
sunl : = sum
cnt :=cnt + 1;
end | oop;
return sum
end;

4.1.2. DROP FUNCTION Statement

This statement drops a persistent PSM function.

The user must be the owner of the function or have USERCLASS DBA.
[360] PSM_DropFunctionStatement : : = DROP FUNCTION Identifier

drop function fib;

4.2. Procedures

4.2.1. CREATE PROCEDURE Statement

[361] PSM_CreateProcedure: : = CREATE PROCEDURE |dentifier ProcDeclaration
[362] ProcDeclaration: : = ([ ProcParameterList])

ASPSM_Block
[363] ProcParameterList : : = ProcParameter [ , ProcParameterList]
[364] ProcParameter : : = [ INOUT_Spec ] Simpleldentifier DataTypeSpec]
[365] INOUT_Spec: : =IN |OUT | INOUT

The following procedure records the timestamp of the last update for each user. It could be used in triggers for
some tables.

create procedure tbadm n.|astupdate(out |ast tinestanp) as

decl are

ts datetine := currentdate;

begi n
update tbadm n. |l astupdate set latest = ts, count = count+1l where |ogin = user;
update tbadm n. |l astupdate set latest = ts, count = count+1l where login = "all’

end;

4.2.2. DROP PROCEDURE Statement

This statement drops a persistent PSM procedure.
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[366] PSM_DropProcedureStatement : : = DROP PROCEDURE Identifier

The following example drops the procedure| ast Updat es.

drop procedure | astUpdate;

4.3. Usage Privileges

Persistent stored methods belong to the creator who has the exclusive right to manipulate and use these objects.
Theright to use these methods can be granted to other usersor to PUBLIC, i.e. to any user present or created later.

4.3.1. GRANT USAGE Statement

grant usage on procedure | astUpdate to public;

[367] GrantUsageStatement : : = GRANT USAGE ON
{ FUNCTION | PROCEDURE } Identifier
TO UserList [ WITH GRANT OPTION |

4.3.2. REVOKE USAGE Statement

revoke usage on procedure | astUpdate from public;

[368] RevokeUsageStatement : : = REVOKE USAGE
ON { FUNCTION | PROCEDURE } Identifier
FROM UserList

4.4. PSM Block Statements

## outputx into "psnoutput.txt"”
## trace into "pnstrace. txt"
<< testblock >>
decl are

a string := "Hello world!";
begi n

outputx( a );
end

[369] PSM_Block_Statement: : = [ PSM_Directives]
PSM_Block
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4.4.1. PSM blocks and Transactions

In the context of transaction handling PSM blocks are considered to be single SQL statements. Therefore transac-
tion control is only possible outside PSM blocks and PSM methods.

In autocommit transactions SQL statements executed in PSM blocks are not committed separately - as one might
expect. The entire PSM block is treated as a single SQL statement that is committed or rolled back in total. So
thisis also the case for nested PSM blocks.
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5. PSM Blocks

PSM blocks are not only the main parts of persistent stored methods. PSM block statements can also be submitted
as SQL statements in any Transbase frontend or application program.
[370] PSM_Block: : =[ PSM_Label ]
[ DECLARE PSM Declaration... ]
BEGIN
PSM_Statement...
PSM_ExceptionClause...
END ;
[371] PSM Label : : = << PSM_Identifier >>

PSM_Directives are covered in the section on Debugging and Tracing.

Thus SQL statements with procedural elements as e.g. conditional statements or loops can also be submitted on
the fly or even be constructed dynamically.

BEGI N
| F EXI STS ( SELECT ...)
THEN
UPDATE . .
ELSE
| NSERT ...
END | F;
END;

5.1. PSM Declarations

[372] PSM Declaration : : = PSM_L ocalMethodDeclaration |
PSM_TypeDeclaration |
PSM_VariableDeclaration |
PSM_CursorDeclaration

[377] PSM_VariableDeclaration: : = PSM_Variable PSM_DataTypeSpec

[ ;= Expression] ;
[373] PSM_CursorDeclaration: : = PSM_Identifier CURSOR FOR SelectStatement ;
DECLARE

x0 | NTEGER : = 20+3;
y0 DATE : = currentdate;

z0 VARCHAR(*) := 'hu';

Cl CURSOR FOR SELECT tnane, colno FROM systabl e WHERE col no = xO0;
BEG N
END

5.1.1. Local Method Declarations

Local method declarationsarevalid only insidethe PSM block they are declaredin. They areidentified by asimple
name as e.g. variables. Apart from that there is no difference between persistent and local methods.
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[374] PSM_LocaMethodDeclaration : : = PSM_Local FunctionDeclaration
PSM_Local ProcedureDeclaration

5.1.1.1. Local Function Declarations

[375] PSM_LocaFunctionDeclaration: : = FUNCTION PSM_Identifier FuncDeclaration

[357] FuncDeclaration : : = ( [FuncParameterList] ) RETURNS DataTypeSpec
ASPSM_Block

[358] FuncParameterList : : = FuncParameter [ , FuncParameterList]

[359] FuncParameter : : = Simpleldentifier DataTypeSpec

decl are

nums integer[]

function sumarray(arr integer[]) returns bigint
decl are
ssum bigint := 0;
begi n
FORii IN1 .. UPB(arr)
| oop
if null<>arr[ii] then
ssum:= ssum+ arr[ii];
end if;
end | oop;
return ssum
end;
begi n
end

5.1.1.2. Local Procedure Declarations

[376] PSM_L ocalProcedureDeclaration : : = PROCEDURE PSM _Identifier ProcDeclaration

[362] ProcDeclaration : : = ([ ProcParameterList] )
ASPSM_Block
[363] ProcParameterList : : = ProcParameter [ , ProcParameterList]
[364] ProcParameter : : =[ INOUT_Spec ] Simpleldentifier DataTypeSpec]
[365] INOUT_Spec: : =IN|OUT | INOUT

5.1.2. PSM Variables

PSM data types are the types that parameter and variables inside PSM blocks can assume. In addition to the
standard TB/SQL types these can also be arrays of asingle type or records with mixed type components.

Variables are introduced in the DECLARE section of a PSM_Block. Transbase supports different kinds of vari-
ables:

1. Smple Variables: They can assume any TB/SQL type.

2. Arrays. They represent arrays of arbitrary TB/SQL types. Their length can be fixed or dynamic.
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3. Records: They represent records of mixed TB/SQL types. Record variables refer to a preceding record type
definition defining the number, names and types of their components.

4. Cursor Variables. They represent the results of select queries that can be used to process these results on a
record by record base.

The initial value of simple variables or the components of arrays or records is never undefined. If they are not
initialised explicity theinitial value is always the SQL NULL value.

5.1.2.1. Simple Variables

DECLARE
s string;
d date := currentdate;
n integer := 17;

BEG N
-- variabl e assignnments:
n:=1
s :="'Hellol";

n :
n :
S !

sqr(17);
n*n;
"Nowis ' || currentdate cast string;

S
END

sel ect min(tnanme) from systable;

The right side of a variable assignment can be any expression that yields a value that this variable can hold. The
result of the expression need not match the type of the variable exactly. It is only necessary that the result can be
converted implicitly into the variabl€'s type.

[377] PSM_VariableDeclaration: : = PSM_Variable PSM_DataTypeSpec
[ ;= Expression];

[378] PSM_Variable: : = PSM_Identifier

[398] PSM_Identifier : : = Simpleldentifier

[379] PSM_DataTypeSpec : : = DataTypeSpec |

PSM_Array TypeSpec |
PSM_RecordTypeSpec |

[380] PSM_Assignment : : = PSM_ldentifier := Expression ;

Variables are ssimply referenced by their identifiers.

5.1.2.1.1. Predefined Variables

Name Type Description
FOUND bool t rue if arecord is available after the last FETCH statement.

f al se when there are no more records.
ROWCOUNT bigint  |number of records processed after INSERT or UPDATE or DELETE statement
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Name Type Description
SQLSTATE string | The SQLSTATE as defined in the SQL standard after the last statement
PROCESSING_LINEinteger |last row of source code executed

5.1.2.2. PSM Arrays

PSM arrays can either be defined with afixed length specified in the type declaration or as dynamic arrays without
fixed size.

DECLARE
-- definition of array vari abl es:
asl string[7]; -- fixed length
as2 string[]; -- dynanmic length

-- definition of record type vari abl es:

TYPE RecPV is RECORD ( pos integer; val bigint := 17; );
pio p:=(0 0);

pilp:=(1 1);

pi 2 p;

-- definition of cursor variables:
cl CURSOR FOR SELECT usernane as "schema", tnanme as "tabl e" FROM systable, sysuser WHERE "schema" = userid;

BEG N
END

In both cases the function UPB(<PSM array>) yields the upper bound of the supplied array.
Array indexes start with 1 and end with length.

Dynamic arrays are extended implicitly when a component beyond the upper bound is written.

Read access to components beyond the upper bound always yields NULL as a result. The upper bound is not
increased.

Read access to components not initialized also yields NULL.

[381] PSM_ArrayTypeSpec : : = DataTypeSpec [ [ Expression] ]
[1] [::
(2] 1::=]

5.1.2.3. PSM Records

DECLARE

-- definition of record type vari abl es:

TYPE RecPV is RECORD ( pos integer, val bigint );
piop:=(0 0);

pilp:=(1 1);

pi 2 p;

BEG N

END
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[382] PSM_TypeDeclaration: : = TYPE PSM_Identifier [ ISRECORD ]

( PSM_RecComponent [ , PSM_RecComponent]... )
[383] PSM_RecComponent : : = PSM_ldentifier { DataTypeSpec | PSM_RecordTypeSpec }
[384] PSM_RecordTypeSpec: : = PSM_Identifier

5.1.3. PSM cursors

5.1.3.1. Declarations

DECLARE

-- definition of cursor variables:
cl CURSOR FOR SELECT usernane as "schemm", tname as "table" FROM systable, sysuser WHERE "schemm" = userid;

BEG N
END

[373] PSM_CursorDeclaration: : = PSM_Identifier CURSOR FOR SelectStatement ;

5.1.3.2. Cursor Statements

[385] PSM_Cursor_Statement : : = PSM_OPEN_ Statement | PSM_FETCH_Statement |
PSM_CLOSE_Statement

[386] PSM_OPEN_Statement : : = OPEN [ CURSOR ] PSM_ Identifier ;

[387] PSM_FETCH_Statement : : = FETCH [ CURSOR ] PSM_lIdentifier INTO PSM_Identifier [ ,
PSM_Identifier ]... ;

[388] PSM_CLOSE_Statement : : = CLOSE [ CURSOR ] PSM _Identifier ;

The PSM_OPEN_ Statement executes the SelectStatement specified in the declaration of the cursor.

With subsequent PSM_FETCH_Statements the rows in the cursor are processed. Each call of a
PSM_FETCH_Statement advances the cursor to the next row. When no more rows are available the prededfined
variable FOUND becomes false. This variable should always be checked before the result variables used in the
PSM_FETCH_Statement are accessed.

The PSM_CLOSE_Statement closes the cursor and frees all resources bound by it. PSM blocks should be struc-
tured in such away that cursors are always closed.

DECLARE
sO STRING : = '";
i0 I NTEGER : = 0;
Cl CURSOR FOR SELECT tnane, col no FROM systabl e order by col no desc;

BEG N
OPEN CURSOR C1;
FETCH C1 | NTO sO, i0; -- Automatic Type Adaptions
I F FOUND THEN -- Predefined variabl e becones FALSE when no nore rows avail abl e
processRecord(zO0, y0);
ELSE
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CLCSE C1;
END | F;
END

Alternative using PSM Records:

DECLARE
TYPE recSl IS RECORD ( sO STRING i0 INTEGER );
Cur Rec recSl;
Cl CURSOR FOR SELECT tnane, col no FROM systabl e order by col no desc;
BEG N
OPEN CURSOR C1;
FETCH Cl | NTO Cur Rec; -- Automatic Type Adaptions
| F FOUND THEN -- Predefined variabl e beconmes FALSE when no nore rows avail abl e
processRecord( Cur Rec. sO, CurRec.i0);
ELSE
CLCSE C1;
END | F;
END

5.2. PSM Statements

This sections describes all the statements that can appear in a PSM block

[389] PSM_Statement : : = PSM_Block |
SQL Statement |
PSM_Assignment |
PSM_IF_Statement | PSM_CASE_Statement |
PSM_LOOP_Statement |
PSM_CONTINUE_Statement | PSM_EXIT_Statement |
PSM_FuncRETURN_Statement | PSM_ProcRETURN_ Statement
I
PSM_Cursor_Statement |
PSM_EXECUTE_Statement

[390] PSM_FuncRETURN_Statement : : = RETURN Expression ;

[391]] PSM_ProcRETURN_Statement : : = RETURN ;

PSM_FuncRETURN_ Statements can only appear inside function declarations.
PSM_ProcRETURN_Statements can only appear inside procedure declarations.
PSM_CONTINUE_Statements and PSM_EXIT_Statements can only appear inside PSM_L OOP_Statements.
PSM_Blocks can be nested.

A SQL Statement is an arbitrary SQL statement from the DDL or DML section.

5.2.1. SQL Statements

PSM_Blocks contain arbitrary SQL statements as described in the sectionson DDL or DML statements. The only
significant difference is that Expressions in these statements can contain a number of additional SimplePrimary
elements that we compiled into PSM_Primary category for clarity.

Additionally some special statements may appear that are allowed inside PSM_Blocks only. So SQL Statement
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[392] SQL Statement : : = <any SQL statement from DDL or DML Section>

[393] PSM_Primary : : = PSM_Parameter |
PSM_Variable |
PSM_CursorField |
PSM_ArrayField |
PSM_RecordField |

[394] PSM_Parameter : : = PSM_ldentifier

[395] PSM_CursorField: : = PSM_ldentifier . Identifier

[396] PSM_ArrayField: : = PSM_Identifier [ Expression ]

[397] PSM_RecordField: : = PSM_Identifier . PSM_Identifier

[398] PSM _Identifier : : = Simpleldentifier

5.2.2. IF Statements

[399] PSM_|F_Statement : : = IF Condition THEN PSM_ Statement...
[ ELSIF Condition THEN PSM_Statement... ]...
[ ELSE PSM_ Statement... |
END IF;

[400] Condition : : = SearchCondition

IF x0 < 4 THEN
x0 := x0 + 2
ELSIF x0 < 10 THEN
x0 :=x0 + 1
ELSE
x0 :=x0/ 2
END | F;

5.2.3. CASE Statements

[401] PSM_CASE_Statement : : = CASE [ WHEN Condition THEN PSM_Statement... ]... ELSE
PSM_Statement...
END CASE;

CASE

VWHEN x0 < 4 THEN
x0 :=x0 + 2
WHEN x0 < 10 THEN
x0 :=x0 + 1

ELSE
x0 :=x0/ 2
END CASE

5.2.4. LOOP Statements

The general LOOP statement provides the most flexible iteration of the statements provided in the LOOP body.
[402] PSM_LOOP_Statement: : =[ PSM_Labd ]
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[ PSM_WHILE_Clause|PSM_FOR_Clause|PSM_Cursor_Clause
]

PSM_BasicLoop
[403] PSM_BasicLoop: : = LOOP
PSM_Statement...
END LOOP;
[404] PSM_CONTINUE_Statement : : = CONTINUE [ WHEN Condition ]
[405] PSM_EXIT_Statement: : = EXIT [ PSM_Label Reference ][ WHEN Condition ]
[406] PSM_Label Reference: : = PSM_Identifier

A PSM_CONTINUE_Statement causes the subsequent statements in the loop body to be skipped when the spec-
ified expression in the WHEN clause evaluatesto t r ue or no such clause is present. Processing continues with
the next iteration of the statementsin theloop body unless a preceding WHILE of FOR clause terminates the loop.

An PSM_EXIT_Statement causes the loop to be abandoned immediately when the specified expression in the
WHEN clause evaluatestot r ue or no such clauseis present. Processing continues with the next PSM _Statement
after the loop if present.

CONTINUE and EXIT statements may appear inside loop statements only.

5.2.4.1. Basic LOOP Statement

The most simple LOOP statement consists of the basic loop only without preceding clauses controlling the repe-
titionsin the loop body.

Termination of the loop is achieved with PSM_EXIT_Statements only. The user needs to take care that the loop
isterminated in any case.

[403] PSM_BasicLoop: : = LOOP
PSM_ Statement...
END LOOP;
decl are
x0 integer :=0
N integer :=1
begi n
| oop

exit when N > 10
x0 := x0 + N
N =N+ 2
end | oop; --> x0 = 25
end

5.2.4.2. Conditional LOOP Statement

When aWHILE clause is present then these statements are executed as long as the specified condition evaluates
to TRUE at the beginning of each iteration or an PSM_EXIT_Statement terminates the loop.

[407] PSM_WHILE Clause: : = [ WHILE Condition
[403] PSM_BasicLoop: : = LOOP
PSM _Statement...
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END LOOP;

decl are
x0 integer :=1
begi n
while N <= 10 -- variable N=1,3,5,7,9
| oop
x0 := x0 + N
N =N+ 2
end | oop; --> x0 = 25
end

This exampleis completely equivalent to the preceding example with the PSM_IF_Statement

5.2.4.3. Counted LOOP Statements

The FOR statement is loop statement with a PSM_Identifier. The statements in the loop body are executed with
different values of the implicitly defined loop variable.

[408] PSM_FOR_Clause: : = FOR PSM_ldentifier IN Start .. End
[BY Step]

[403] PSM_BasicLoop: : = LOOP
PSM_Statement...
END LOOP;

[409] Start : : = Expression

[410] End: : = Expression

[411] Step : : = Expression

Theloop variableis defined implicitly and may not be declared beforehand. It assumes the values specified by the
Start, End and the optional Step expression that defaultsto 1 if not present.

The statements in the loop body are executed once for each instance of the loop variable. In the first iteration
the loop variable assumes the Start value. Before each following operation it isincremented by Step. Theloopis
executed until the loop variable has passed the End value.

decl are
x0 integer :=0
begi n
for Nin1 .. 10 by 2 -- variable N=1,3,5,7,9
| oop
x0 := x0 + N
end | oop
S -->x0 =25
end

In the above example the loop variable N does not exactly reach the end value 10 but the loop is terminated when
it becomes bigger than the end value.

5.2.4.4. Cursor LOOP Statements

Cursor loop statements provide a convenient and simple way to process the results of select statementsin arow
by row fashion.
[412] PSM_Cursor_Clause: : = FOR PSM_Identifier IN SelectStatement
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The cursor variable is declared implicitly in this statement and need not be declared in the declare section of the
surrounding PSM block. The fields in the result record being processed are referenced simply by qualifying the
field name with the cursor name.

The PSM statements are executed for each record in turn. No explicit cursor commands are allowed or necessary.

for C2 in (SELECT * from "systable" where col no > z0)

| oop
c2colno : = C2.col no; -- <cursor>. <col um>
c2tname : = C2.tnane;

end | oop;

5.2.5. Execute Statements

Execute Statements provide the ability to execute dynamically created SQL statements. So thisisthe most flexible
way to create and execute statements that completely depend on the data gathered at the point of execution.
[413] PSM_EXECUTE_Statement : : = EXECUTE Expression ;

The specified Expression must evaluate to a correct SQL statement in the runtime context of the
PSM_EXECUTE_Statement.

PSM blocks can aso contain DDL statements. The following sequence of statements, however, does not work
because thetable T is not defined when the PSM block is compiled.

create table T (...);
insert into T (...) values (...);

In order to avoid this problem the insert statement is evaluated in a completely dynamic way.

create table T (...);
EXECUTE 'insert into T (...) values (...)";

By putting the table creation in an EXECUTE statement tables can be created in a completely data driven manner.

DECLARE

tname string;
BEG N

tnane := ...

EXECUTE 'create table ' || tname || ...);

EXECUTE 'insert into "' || tname || (...) values (...)";
END;

5.3. Exception Clauses

Exception clauses enable the PSM program to handle certain runtime exceptions or all such exceptions that may
occur during the evaluation of a PSM block.
[414] PSM_ExceptionClause: : = EXCEPTION

[ WHEN Condition THEN PSM_Statement... ]...

110



PSM Blocks

BEG N
insert into xy values (....)
EXCEPTI ON
WHEN SQLSTATE = 23505
THEN insert into xy_rejected values( currentdate, ... )
END;

5.4. Debugging and Tracing

In order to provide some debugging capabilities to the application developer PSM blocks can be equipped with
some directives to write debug and trace output to specified files.

[415] PSM_Directives: : = [ PSM_Directive]...

[416] PSM_Directive: : ={ PSM_Output_Directive | PSM_Trace Directive}...

The output directives can not be altered dynamically inside PSM blocks. Therefore they areintended for devel op-
ment purposes only and should not appear in production code.

5.4.1. Debug Output

In order to debug PSM methods and PSM blocks the values of variables can be written to a PSM output file. The
actual values of the variables specified in the output statments are written to the specified file.

[417] PSM_Output_Directive: : =## OUTPUTX INTO FileLiteral

[418] PSM_ OutputStatement : : = outputx( PSM_Identifier [ , PSM_Identifier ]...)

The PSM_Output_Directive specifies the file the output is written to.

Currently only variables can be written to the PSM output file.

5.4.2. Trace Qutput

Trace ouput protocols the statements executed inside a PSM block in the specified file.
[419] PSM_Trace Directive: : = ##TRACE INTO FileLitera

The PSM_Trace Directive specifiesthe file the PSM trace output is written to.
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6. Load and Unload Statements

In addition to the TB/SQL language, the Transbase Publishing System (formerly called Transbase CD) offers
language constructs to control the data transfer from Retrieval Databases to the disk cache and to unload the disk

cache.

These constructs are called Load Statements [tbed.xhtml#ch_Switch_Load_Statements] and Unload Satements
[tbcd.xhtml#ch_Unload Statement].

They are only relevant and valid in Retrieval Databases and are explained in the Transbase Publishing Guide
[tbed.xhtml].
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7. Alter Session statements

ALTER SESSION Statements serve to configure runtime parameters of a Transbase session. They are not subject
to the transaction concept; i.e. they can be issued inside or outside a transaction.

They are entered in interactive applications or used in application programs like any other SQL statement.

The effect of a ALTER SESSION statement is restricted to the session, i.e. the connection which issuesit.

7.1. Sort Buffer Size

This statement servesto configure the size of the main memory buffer for sorting operations (relevant for ORDER
BY, GROUP BY, sort mergejoins etc.). The configuration comes into effect at the start of the next transaction.

Syntax:
[420] AlterSessionSortbufferStmt : : = ALTER SESSION SET SORT_BUFFER_KB = Size
[421] Size: : = IntegerLiteral

Explanation: Size is the desired size of the sortercache in KB. Big sizes favour the computing time for sorter
operations but need more resources.

The default size of the buffer is 2048 KB.
Note that the feasibility of sorter operations does not depend on the size of the buffer.

Note that the reconfiguration of the sortercache is deferred until the start of the next transaction. For the sake of
clarity, it is thus recommended to issue that statement outside of a transaction.

7.2. Multithreading Mode

This statement sets the Transbase query optimizer to one of several possible levels of parallel query execution.
This setting is valid throughout the current session.

Syntax:

[422] AlterSessionMultithreadStmt : : = ALTER SESSION SET QUERY_THREADING = Querythread-
Config

[423] QuerythreadConfig : : = OFF | MEDIUM | HIGH

Explanation:

In mode MEDIUM or HIGH, each suitable query is processed by several threadswhich runin parallel. The execu-
tion time may decrease considerably. Thismight be at the expense of other processes running on the same machine.

Without any AlterSessionMultithreadStmt or with mode OFF, queries are processed with the corresponding
threading mode defined by the creation of the database.

Without multithreading Transbase guarantees that datais always processed and returned in the same deterministic
sort order, even if no ORDER BY is specified. The SQL specification does not demand any reproducible sort order
if no ORDER BY is used. With querythreading switched to MEDIUM or HIGH it is likely that data is returned
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in different orders. Thus a query will return the same result but possibly in different order if no ORDER BY is
specified. Only the specification of an ORDER BY guarantees a deterministic result sort order.

Setting Transbase for maximum parallalism:

ALTER SESSI ON SET QUERY_THREADI NG = HI GH

7.3. Integer Division Mode

This statement specifies the processing of an arithmetic division of two INTEGER values.
According to the SQL standard, an INTEGER division deliversINTEGER again, i.e. thefractional part isomitted.

With the following statement, the result of integer division can be defined to be aNUMERIC which also contains
the fractional part. With its counterpart, one can return to the standard behaviour.

Syntax:
[424] AlterSessionintdivStmt : : = ALTER SESSION SET INTEGER_DIVISION =
{ NUMERIC | STANDARD }

7.4. Lock Mode

This statement specifies afixed lock granularity or the default locking strategy of Transbase. These statements do
not lock objects but influence the lock granularity of the automatic locking of Transbase.

Syntax:
[425] AlterSessionLockmodeStmt : : = ALTER SESSION SET LOCK_MODE = Lockgran
[426] Lockgran: : = PAGES| TABLES | MIXED

Explanation: If PAGES is specified, all subsequent locks are on page basis.

If TABLES is specified, all subsequent locks are on table basis. In this mode, at most one lock is set for atable
including al its secondary indexes and its LOBs.

If MIXED is specified, the locking strategy is chosen implicitly by the system which also is the defaullt.

@ Note
These statements do not lock any objects. Carefully distinguish the SET LOCKMODE statements
from the LOCK and UNLOCK statements which set TABLE locks on random tables.

7.5. Evaluation Plans

This statement enables and disables the generation of evaluation plans.
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Syntax:
[427] AlterSessionPlansStmt : : = ALTER SESSION SET EVALUATION_PLANS =
{ COUNTERS | TIMES | OFF }

Explanation: If PLANSare enabled atextual query execution plan (QEP) isgenerated when aquery isrun. The QEP
is stored in the scratch directory of the database but also can be retrieved into the application via the appropriate
API call.

If mode COUNTERSIs enabled, each operator of the QEP contains the number of records processed by that part.

If mode TIMES is enabled, each operator of the QEP additionally contains the elapsed time of processing the
operator.

Switching to the mode OFF ends the QEP generation.

@ Note
Tracing the execution times via mode TIMES may cause a significant overhead in the query's total
elapsed time. The times denoted in the produced QEP are adjusted to compensate this additional
overhead.

7.6. Schema Default

This statement serves to change the default schema of the database for the current connection.

Syntax:

[428] AlterSessionSchemaStmt : : = ALTER SESSION SET SCHEMA_DEFAULT = Schemal dentifier
[9] Schemaldentifier : : = Userldentifier

[8] Userldentifier : : = Identifier | PUBLIC | USER

Explanation: If an object is specified without schemainformation, the default schema of the databaseisused. This
ALTER SESSION statement can change the default setting temporarily for a connection.

7.7. SQL Dialect

This statement serves to adapt the SQL to the dialect of ODBC or MySQL.

The only difference that we are currently aware of is that single quotes in string literals are escaped using a
backslash character in MySQL dialect.

In the Transbase dialect they are escaped by doubling them as specified in the SQL standard.

[ Transbase]
"I't'"'s cold outside!

[MsQ]

"I't\'s cold outside!

Syntax:
[429] AlterSessionSetDialectStmt : : = ALTER SESSION SET DIALECT = SqlDialect
[430] SqiDialect: : = MYSQL | TRANSBASE
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Explanation: The default dialect of a sessionis TRANSBASE
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8. Lock Statements

Transbase locks database objects (i.e. pages or tables or views) automatically. If, however, explicit control of
locking is needed, Transbase allows to lock and unlock objects explicitly with table locks.

Two statements, namely a L ockStatement and an UnlockStatement, are provided for that purpose.

Carefully distinguish the LOCK and UNLOCK statements which set TABLE locks on random tables from the
ALTER SESSON SET LOCKMODE statement which influences the lock granularity for automatic locking by
Transbase.

8.1. LockStatement

Servesto explicitly lock tables and views.

Syntax:

[431] LockStatement : : = LOCK LockSpec [, LockSpec]...
[432] LockSpec: : = LockObject LockMode

[433] LockObject : : = Tableldentifier | Viewldentifier
[434] LockMode: : = READ | UPDATE | EXCLUSIVE

Explanation: For each LockSpec, the specified lock is set on the specified object. If aview is specified, the lock
is effectively set on the underlying base table(s).

For the semantics of locks see Transbase System Guide [system.xhtml].

Privileges: The current user needs SEL ECT-privilege on the specified objects. System tables (the data dictionary)
cannot be locked explicitly.

LOCK suppliers READ, quotations UPDATE

8.2. UnlockStatement

Serves to remove a READ lock.

Syntax:
[435] UnlockStatement : : = UNLOCK LockObject
[433] LockObject : : = Tableldentifier | Viewldentifier

Explanation: The specified object is unlocked, i.e. implicitly set or explicitly requested locks are removed.

Error occurs if the object is not locked or if the object is update locked, i.e. an InsertStatement, UpdateStatement,
DeleteStatement or an explicit LockStatement with UPDATE or EXCLUSIVE mode has been issued within in
the transaction.

117


system.xhtml
system.xhtml

9. The Data Types Datetime and
Timespan

9.1. Principles of Datetime

The data type DATETIME is used to describe absolute or periodic points in time with a certain precision. A
datetime value is composed of one or more components. For example, the birthday of a person consists of ayear,
amonth and a day and is an absolute point in time with a certain precision. If the hour and minute of the birth is
added, then the absolute point in time is described with a higher precision. Examples for periodic pointsin time
are the 24-th of December, the birthday of a person without the year indication, or 12:00:00 (twelve o'clock).

9.1.1. RangeSpec

The occupied components of a datetime value constitute its range. The components have symbolic names. All
names occur in 2 equivalent variants which come from the original Transbase notation and from the evolving SQL
standard. An overview is given in the following table.

Notation Meaning Allowed Values
YY year 1- 32767

MO month 1-12

DD day 1-31

HH hour 0-23

MI minute 0-59

SS second 0-59

MS millisecond 0-999

TherangeindicesMS, ..., YY are ordered. MSisthe smallest, YY isthe highest range index. An explicit range
speciswritten as[ub:lb] where ub isthe upperbound range and Ib isthe lowerbound range. For example[YY:DD]
isavalid range spec. [DD:YY] isaninvalid range spec.

Upperbound and lowerbound range may be identical, i.e. of the form [ab:ab]. A datetime value with such arange
has a single component only. The corresponding range spec can be abbreviated to the form [ab].

9.1.2. SQL Compatible Subtypes

The SQL standard defines the following subtypes which also are supported by Transbase:

Table9.1. SQL Typesfor Datetime

SQL Type

Transbase Equivalent

DATE

DATETIME[YY:DD]
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SQL Type Transbase Equivalent
TIME DATETIME[HH:SS|
TIMESTAMP DATETIME[YY:MS]

For each case, the notations are equivalent.

Note that there are types that can be defined in Transbase but have no equivalent SQL standard formu-
lation. DATETIME[MO:DD] describes yearly periodic datetimes based on day granularity, e.g. birthdays.
DATETIME[HH:MI] describes daily periodic datetimes based on minute granularity, e.g. time tables for public
traffic.

9.1.3. DatetimeL.iteral

DatetimeL iteral defines the syntax for a constant value inside the SQL query text or inside a host variable of
type char[]. Transbase supports avariety of literal notations, namely a native Datetime literal representation with
maximal flexibility, the SQL standard representation and a notation compatible with the ODBC standard. All
3 variants are sufficiently explained by the following examples. A fourth variant is supported in a Transbase
spoolfile.

Table9.2. Variantsof Timestamp Literals

Variant Notation

Native TB DATETIME[YY:MS](2002-12-24 17:35:10.025)
DATETIME(2002-12-24 17:35:10.025)

SQL TIMESTAMP '2002-12-24 17:35:10.025'

ODBC { ts'2002-12-24 17:35:10.025' }

Spoolfile only '2002-12-24 17:35:10.025'

 |In contrast to the colon separators in the time part the dot separator between SS and M S has the meaning of
afractiona point.

 All variants except ODBC are aso supported in a spoolfile if enclosed in single quotes. Thereby the quotesin
the SQL variant has to be escaped by a backslash.

» Asagenera rule, inthe native Transbase notation, the range specification [upb:lwb] can be omitted if upbisY'Y.

Table9.3. Variants of Date Literals

Variant Notation

Native TB DATETIME[YY:DD](2002-12-24)
Native TB DATETIME(2002-12-24)

SQL DATE '2002-12-24'

ODBC { d'2002-12-24'}

Spoolfile only '2002-12-24'

Table9.4. Variantsof TimeLiterals

Variant Notation
Native TB DATETIME[HH:SS](17:35:10)
SQL TIME '17:35:10'
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Variant Notation
ODBC {1'17:35:10'}
Spoolfile only '17:35:10'

Thereare literalswhich are only representable in native Transbase notation, because SQL (aswell as ODBC) only
supports subtypes of the most flexible DATETIME type. See the following examples:

The 24-th of December:

DATETI ME[ MO DD] ( 12- 24)

Twelve o'clock:

DATETI ME[ HH] (12)

Note the following rulesillustrated by the examples above:
» Therange spec can be omitted if and only if the upperbound rangeis Y.

* If upperbound and lowerbound range are identical, the range spec can be abbreviated to the form [Y X].

9.1.4. Valid Datetime Values

Independent of the notation syntax, some datetime values are not accepted as legal values:

Transbase assumes that the Julian calendar is to be applied from Saturday dat eti ne(1-1-1) to Thurs-
day dat eti ne(1582- 10- 04) . The Gregorian calendar is applied from the following day Friday dat e-
ti nme(1582-10-15) until Sunday dat eti me(32767-12- 31) . Each year starts at dat et i me[ MO DD
(1-1) andendsatdat eti me[ MO DD] (12- 31).

Only datetimes are accepted that might be legal values according to this premise.
» If MO and DD areinsidetherange, then the DD value must not exceed the highest existing day of theMO value.

« If YY and DD are inside the range then leap year rules of the Julian/Gregorian time periods specified above
apply.

DATET! ME[ MO: DD] ( 4- 31) -- Illegal: no date with such conponents exists
DATET! ME[ MO: DD] ( 2- 29) -- Legal: there are dates with such conponents
DATETI ME( 1988- 2- 29) -- Legal: | eap year

DATETI ME( 1900- 2- 29) -- Illegal: no | eap year

DATETI ME( 1582- 10- 14) -- Illegal: 1582 was a rather short year anyway

9.1.5. Creating a Table with Datetimes

The type specifier for a datetime field of atable in a CreateTableStatement consists of the keyword DATETIME
followed by a RangeSpec.

CREATE TABLE nyfriends

( name CHAR(*),
bi rt hday DATETI ME [YY: DD], -- alternative syntax: DATE
firstmet DATETI ME [ YY: HH] -- no alternative
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)

This table would be appropriate to describe persons with their name and birthday and the time when met first or
talked to first.

Note that although all datetime valuesin thetable are exactly of the specified format, it is possibleto insert records
with datetime fields of a different precision. Implicit conversions (CAST operators) then apply as described in
the following chapters.

9.1.6. The CURRENTDATE/SYSDATE Operator

An operator CURRENTDATE is provided which delivers the actual date and time. SY SDATE is a synonym for
CURRENTDATE. Theresult typeisDATETIME[YY:MS] or TIMESTAMP but note that the effective precision
may beless ( e.g. [ YY:SS) depending on the system clock of the underlying machine. Inthe latter case, it istried,
however, to set the MSfield in such away that even severa successive calls of CURRENTDATE do not deliver
the same date (see also below).

The operator CURRENTDATE may be used wherever a datetime literal can be used.
CURRENTDATE may aso appear asvauein aspool file.

When used in a statement the CURRENTDATE operator is evaluated only once and its resulting value remains
the same during the whole execution of the statement.

Aslong as a cursor is open, any interleaving cursor sees the same CURRENTDATE result as the already open
cursor. In other words, a consistent view of the CURRENTDATE is provided for interleaving queries inside an
application. In al other situations (non interleaving queries), it istried to eval uate successive calls of CURRENT-
DATE such that different results are delivered (see above).

9.1.7. Casting Datetimes

A datetime value can be cast to a different range. A cast operation can be performed explicitly by the CAST
operator or implicitly occurs before an operation with the datetime value is performed (see Type Exceptions and
Overflow).

In an explicit CAST operation, the syntax of the type specifier is the same as the one used in a CreateTableSate-
ment .

CURRENTDATE CAST DATETI ME[ YY: DD] -- current vear/nonth/day
CURRENTDATE CAST DATE -- equivalent to above
CURRENTDATE CAST DATETI ME[ YY: M -- current vear and nonth
CURRENTDATE CAST DATETI ME[ HH: SS] -- current hour/ m nut e/ second
CURRENTDATE CAST TI ME -- equivalent to above

In the sequel, the range boundaries of the value to be cast are called the upperbound source range and the lower-
bound source range. The range boundaries of the target range are called the upperbound target range and the
lowerbound target range.

The rules to construct the result datetime value from the given one are as follows:

» DTC1: All components having a range index smaller than the source lowerbound range are set to the smallest
possible value (0 for MS, SS, M1, HH and 1 for DD, MO, YY).

« DTC2: All components having arangeindex higher than the source upperbound range are set to the correspond-
ing components of CURRENTDATE.
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» DTC3: Theother components(i.e. having rangeindex between sourcelowerbound index and source upperbound
index) are set as specified by the source datetime fields.

Examples:

- Assuming that the CURRENTDATE is DATETI ME [ YY: MS] (1989-6-8...):
DATETI ME [HH] (12) CAST DATETI ME [ YY: MS] --> DATETIME [YY: MS] (1989-6-8 12:0:0.0)
DATETI ME [ YY: MJ (1989-6) CAST DATETIME [MO DD --> DATETIME [ MO DD (6-1)

DD is set to the smallest possible value, namely 1.

9.1.8. TRUNC Function

The TRUNC function is a shortcut to cast a datetime value to the type DATE, i.e. DATETIME[YY:DD]

TRUNC ( DATETI ME [YY: MS] (1989-6-8 12:0:0.0) )
yields

DATETI ME [ YY: DD] (1989- 6- 8)

9.1.9. Comparison and Ordering of Datetimes

Datetime values are totally ordered. A datetime d1 is greater than d2 if d1 islater in time than d2.

The SQL operators<=, <, = etc. asused for arithmetic types are also used for comparison of datetimes.

If datetimes values with different ranges are compared, they are implicitly cast to their common range before the
comparison is performed. The common range is defined by the maximum of both upperbound and the minimum
of both lowerbound ranges. Note, however, special rules for CURRENTDATE as described below!

Thus, it is possible that one or both datetime values are implicitly cast according to the casting rules described
in the preceding chapter.

The DATETIME comparison

DATETI ME[ YY: M ] (1989-6-8 12:30] = DATETI ME[ YY: DD] ( 1989- 6- 8)

yields FAL SE, because the second operand isimplicitly cast to the value DATETIME[ YY:MI] (1989-6-8 00:00)

The comparison

DATETI ME[ MO DD] ( 6-8) = DATETI ME[ YY: DD] ( 2000- 6- 8)

will yield TRUE in the year 2000 and FALSE in other years.

To retrieve al persons who have been met since February this year:

SELECT * FROM Per sons
WHERE t al ked >= DATETI ME [ MJ (2)

Toretrieve all persons whose sign of the zodiac is Gemini:
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SELECT * FROM Per sons

WHERE bi rt hday CAST DATETI ME [ MO DD]
BETWEEN DATETI ME [ MO DD] (5-21)

AND DATETI ME [ MO DD] (6-20)

Note that the CAST operator applied to birthday is necessary to restrict the common range to [MO:DD]. If the
explicit CAST were omitted, the common range would be[Y'Y :DD] and the constant comparison operatorswould
be extended by the current year so that the query would not hit any person.

Toretrieve all persons ordered by their age (i.e. ordered by their birthday descendingly):

SELECT * FROM Per sons
ORDER BY birthday DESC

An exception of the type adaption rule is made for the CURRENTDATE operator. In comparisons ( =, <>, <,
<=,>,>=)the CURRENTDATE vaueisautomatically adapted to the range of the comparison operand. In most
situations thisis useful and avoids explicit CAST operations.

SELECT * FROM Per sons
WHERE t al ked CAST DATETI ME[ YY: DD] = CURRENTDATE

Thisexample retrieves all records whose field value "talked" matches the current day (year, month, day). Without
thetypeadaption rulefor CURRENTDATE, onewould also haveto cast CURRENTDATE ontherange[Y Y:DD].

9.2. Principles of Timespan and Interval

The datatype TIMESPAN (and INTERVAL, asa SQL conformant variant) is used to describe distances between
absolute or periodic points in time with a certain precision. Examples for TIMESPAN values are the result times
of a sports event (measured in hour, minutes, seconds and/or milliseconds), the average life time of a material or
product or the age of a person.

9.2.1. Transbase Notation for Type TIMESPAN

The concepts of components, range and range indices are similar to the type DATETIME. Thefollowing example
shows the strong syntactic analogies between DATETIME and TIMESPAN. However, the semantics are clearly
different:

e DATETIME[HH:MI] : suitable for points in time which are periodic on adaily basis (for example taking off
timefor aflight).

* TIMESPAN[HH:MI] : suitable for describing time intervals on a minute precision for example duration of a
flight.

The following important rule applies:
* Therange of a TIMESPAN must not span the MO-DD border.

This means that the ranges of all TIMESPAN types must either be inside [YY:MO] or inside [DD:MS]. For
example, the following type definitions are illegal:
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« TIMESPAN[YY:DD] -- illegal
« TIMESPAN[MO:HH] -- illegal

The reason is that the number of daysis not the same for all months. So the arithmetic rules for timespan calcu-
lations would be compromised.

The set of allowed values on the components are al so different from DATETIME. Obviously, the day component
of aTIMESPAN value may have the value O whereas a DATETIME value containing a day component shows a
value>= 1. Thelega valuesin a TIMESPAN are shown in table timespan .

9.2.2. INTERVAL Notation for TIMESPAN

The SQL standard notation uses keyword INTERVAL (opposed to TIMESPAN) and different range identifiers

with adifferent syntactic encapsulation. The following examples show the notation in contrast to the TIMESPAN
notation.

SQL standard notation Transbase notation
INTERVAL YEAR TIMESPAN[YY]
INTERVAL YEAR(4) TOMONTH TIMESPAN[YY:MQ]
INTERVAL DAY TIMESPAN[DD]
INTERVAL DAY (5) TIMESPAN[DD]
INTERVAL HOUR TO SECOND TIMESPAN[HH:SS]
INTERVAL HOUR TO SECOND(3) TIMESPAN[HH:M ]
INTERVAL SECOND(3) TIMESPAN[SS]
INTERVAL SECOND(5,3) TIMESPAN[SSMS]

If SQL notation is used, then the type is internally mapped to the corresponding TIMESPAN type. Thereby the
optional precision on the start range isignored.

If the end range is SECOND, then a precision indicates a fractional part so the end range effectiveley becomes
milliseconds (MS).

If SECOND is start range (thereby automatically also end range) then a simple precision like (3) isignored like
in all start ranges - especially this precision does not specifiy afractional part so the mapping isto SS.

If SECOND is start range (thereby automatically also end range) then a specification of afractional part must be
given as (m,n) asit isdone in the last example.

9.2.3. Ranges of TIMESPAN Components

On the upperbound range of a TIMESPAN value, always values from 0 through MAXLONG are allowed.

On all components different from the upperbound components only those values are alowed which are below a
unity of the next higher component. The allowed values are shown in the table.

By theserules, it is possible for example to express atime distance of 3 days, 1 hour and 5 minutes as 73 hours, 5
minutesi.e. asa TIMESPAN[HH:MI]. However, itisillegal to expressit as 72 hours and 65 minutes.
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Table 9.5. Ranges of Timespan Components

Transbase Notation SQL Standard Notation Allowed values if not upperbound
range

YY YEAR 0- MAXLONG

MO MONTH 0-11

DD DAY 0- MAXLONG

HH HOUR 0-23

Ml MINUTE 0-59

SS SECOND 0-59

MS - 0-999

9.2.4. TimespanLiteral

There are 2 variants for TIMESPAN literals which correspond to the 2 variants of TIMESPAN type definition
(TIMESPAN and INTERVAL). The following table shows examples in both notations.

Table9.6. Timespan Literalsin Transbase and SQL Notation

SQL standard notation Transbase notation
INTERVAL '2-6 YEAR TO MONTH TIMESPAN[YY:MQ](2-6)
INTERVAL '2:12:35' HOUR TO SECOND TIMESPAN[HH:SS]|(2:12:35)
INTERVAL '212' DAY TO HOUR TIMESPAN[DD:HH](2 12)
INTERVAL -'1' YEAR - TIMESPAN[YY](1)
INTERVAL -'4.5' SECOND - TIMESPAN[SS:M S](4.500)

Note that negative TIMESPANS are reasonable (e.g. as the result of a subtraction of a DATETIME value from a
smaller DATETIME value). In SQL syntax, literals with a negative value incorporate the '-' sign within the literal

syntax whereas in Transbase native notation the - sign is written (as a separate token) in front of the TIMESPAN

token. See also chapter Sgn_of _timespans Sign of Timespans.

9.2.5. Sign of Timespans

A timespan value is positive or zero or negative. It is zero if all components of its range are zero. A negative
timespan may result from a computation (see the following chapters) or can aso be explicitly represented as a
timespan literal prefixed with an unary *-' (in terms of the TB/SQL grammar thisis an Expression).

The following literal denotes a negative timespan of 3 hours and 29 minutes.

- TIMESPAN [HH: M ] (3:29) -- Transbase notation
INTERVAL -'3:29" HOUR TO MNUTE -- SQ standard syntax

@ Note
Itisillegal to attach a'-' sign to any component of atimespan literal.
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9.2.6. Creating a Table containing Timespans

Thetype specifier for atimespan field of atablein a CreateTableStatement consistsof a TIMESPAN type specifier
either in Transbase native syntax or in SQL standard syntax.

CREATE TABLE Mar at hon
( name CHAR(*)

tine TI MESPAN [ HH: MS] -- or | NTERVAL HOUR TO SECOND( 3)
)

Note that although all timespan valuesin thetable are exactly of the specified format, it is possibleto insert records
with timespan fields of a different precision. Implicit conversions (CAST operators) then apply as described in
the following chapters.

9.2.7. Casting Timespans

Similarily to datetimes, a timespan value can be explicitly or implicitly cast to atarget range. Timespan casting,
however, has a complete different semantics than datetime casting (recall Chapter Datetime Casting). A timespan
cast transfers a value into another unit by keeping the order of magnitude of its value unchanged - however aloss
of precision or overflow may occur.

The following rules and restrictions apply:
» TSC1: Thetarget range must be valid, i.e. it must not span the MO-DD border.

e TSC2: The target range must be compatible with the source range, i.e. both ranges must be on the same side
of the MO-DD border.

» TSC3: If thelowerbound target rangeis greater than the lowerbound source range then aloss of precision occurs.
e TSC4: If the upperbound target range is smaller than the upperbound source range then the component on the

upperbound target range is computed as the accumulation of al higher ranged components. This may lead to
overflow.

Examples:

TI MESPAN] DD] ( 90) CAST TI MESPAN[ MO DD] --x violates TSCL

TI MESPAN] DD] ( 90) CAST Tl MRSPAN] MO --x violates TSC2

TI MESPAN] MJ ( 63) CAST TI MESPAN YY: MJ --> TI MESPAN] YY: MJ (5-3) -- exact conversion
TI MESPAN YY: MJ ( 5- 3) CAST Tl MESPAN] MO --> TI MESPAN MJ ( 63) -- exact conversion
TI MESPAN SS] ( 3666) CAST TI MESPANfHH: M] --> TIMESPANfHH: M ] (1:1) -- loss of precision
TI MESPAN DD: M ] (3 12:59) CAST TI MESPAN HH| -> TI MESPAN HH] ( 84) -- loss of precision
TI MESPAN] DD] ( 365) CAST Tl MESPAN] MS] -x overflow on MS conponent

9.2.8. Comparison and Ordering of Timespans

TIMESPAN values are totally ordered and can be compared, sorted etc. like DATETIME values. If their ranges
differ, they are cast implicitly to an appropriate range.

TIMESPAN [M](69) = TI MESPAN [ HH] (1) -- false

126



The Data Types Date-
time and Timespan

TIMESPAN [M] (69) = TIMESPAN [HH M] (1:9) -- true

9.2.9. Scalar Operations on Timespan

A timespan value can be multiplied by a scalar and divided by a scalar. The result is again atimespan vaue with
the same range as the input timespan value. The scalar can be any arithmetic value but it is cast to type INTEGER
before the operation is performed.

Multiplication:

The semantics of multiplication is that all components of the timespan are multiplied and the resulting value
is normed according to the rules of valid timespans. Overflow occurs if the upperbound range value exceeds
MAXLONG.

TIMESPAN [M : SS] (30:10) * 10 --> TIMESPAN [M:SS] (301:40)
TI MESPAN [DD: MS] (1 6:50:07.643) * 4 TI MESPAN [ DD: MS] (5 3:20: 30.572)
TIMESPAN [ M : SS| (214748365:10) * 10 --> Overflow
TIMESPAN [ M : SS| (214748365: 10)

CAST TIMESPAN [HH: SS] * 10 --> TIMESPAN [HH: SS] (35791394: 11: 40)
TIMESPAN [ M : SS| (214748365: 10)

CAST TIMESPAN [DD: SS] * 10 --> TIMESPAN [HH: SS] (1491308 02: 11: 40)

\%

Division:

The semantics of division is as follows: first the timespan value is cast to its lowerbound range (a virtual cast
which never yields overflow!), then the division is performed as an INTEGER division and then the result is cast
back toits original range.

TIMESPAN [YY] (1) / 2 --> TIMESPAN [YY] (0)
TIMESPAN [YY: MO (1-5) / 2 --> TIMESPAN [YY: MJ (O-8)
TI MESPAN [DD: MS] (5 3:20:30.572) / 4 --> TIMESPAN [DD: MS] (1 6:50: 7. 643)

9.2.10. Addition and Substraction of Timespans

Two timespans with compatible ranges (see Rule TSC2 in Casting Timespans) can be added or substracted.

Theresult is atimespan value whose range is the common range of the input values. The common rangeis again
defined by the maximum of both upperbounds and the minimum of both lowerbounds. The input values are cast
to their common range before the operation is performed.

TI MESPAN [DD] (1000) + TIMESPAN [DD] (2000) --> TIMESPAN [DD] (3000)

TI MESPAN [YY] (1) + TIMESPAN [MJ (25) --> TIMESPAN [YY: MJ (3-1)
TI MESPAN [YY] (1) - TIMESPAN [MJ (27) --> -TIMESPAN [YY: M) (1-3)

To retrieve the time difference between the winner and the looser of the Marathon as well as the average time:

SELECT MAX(tinme) - MN(tinme), AVGEtine)
FROM Mar at hon
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9.3. Mixed Operations

9.3.1. Datetime + Timespan, Datetime - Timespan

If atimespan is added to or substracted from a datetime, the result is again a datetime. The range of the result is
the common range of the two input operands as defined above.

DATETI ME [ YY: DD] (1989-6-26) + TI MESPAN [DD] (30) --> DATETI ME [YY: DD] (1989- 7-26)

DATETI ME [HH: M ] (12:28) - TIMESPAN [SS] (600) --> DATETI ME [ HH: SS] (12: 18: 00)
DATETI ME [ YY: MJ (1989-2) + TIMESPAN [DD:M] (3 20:10) --> DATETIME [YY:M] (1989-2-4 20:10)

If the upperbound range of the input datetime value isless than Y'Y, then the datetime is always cast to [YY:Ib]
before the operation is performed (Ib is the lowerbound range of the datetime).

DATETI ME [ MO DD] (2-28) + TIMESPAN [HH (24) --> DATETIME [ MO HH (2-29 0)
if runinaleap year; in other yearsit yields
DATETI ME [ MO DD] (2-28) + TIMESPAN [HH (24) --> DATETIME [MO DD (3-1 0)

When the range of the input timespan is on the left side of the MO-DD border Transbase requires the range of the
input datetime to be completely on the left side of the MO-DD border, too. The reason is to avoid the semantic
ambiguities that migth arise in some cases.

DATETI ME [YY: DD] (1992-2-29) + TIMESPAN [YY] (1) --> Invalid
DATETI ME [ YY: MO (1992-2) + TIMESPAN [YY] (1) --> DATETIME [YY: MJ (1993-2)

9.3.2. Datetime - Datetime

When two datetimes are subtracted from each other the result is a timespan.

DATETI ME [ YY: MJ (1989-3) - DATETIME [YY: MJ (1980-4) --> TIMESPAN [YY: M) (8-11)
Theresult of a datetime subtraction may, of course, also be negative.

Except to one case (see below) the range of the result is again the common range of the two input values. If the
input ranges are different the two input values are cast to their common range before the operation is performed.

DATETIME [HH M] (12:35) - DATETIME [HH (14) --> TIMESPAN [HH M] (1:25)

One dlight complication arises when the range of the resulting timespan would span the MO-DD border and thus
would beinvalid. In this case, the upperbound of the result rangeis always DD.

DATETI ME [ YY: DD] (1989-6-26) - DATETIME [YY: DD] (1953-6-8) --> TIMESPAN [DD] (13167)

9.4. The DAY Operator

The DAY operator isapplicable to Datetime and delivers the corresponding day of the year asan INTEGER value
between 1 and 366.
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DAY OF DATETI ME (2000-12-31)

yields 366.

9.5. The WEEKDAY Operator

The WEEKDAY operator is applicable to Datetime and delivers the corresponding weekday as an INTEGER
value between 0 and 6, where 0 means Sunday, 1 means Monday etc.

WEEKDAY COF DATETI ME (2000-1-1)

yields 6 (meaning Saturday).

To retrieve all persons who have been met on a Sunday

SELECT * FROM Per sons
WHERE WEEKDAY OF tal ked = 0

9.6. The WEEK Operator

The WEEK operator isapplicableto Datetime and deliversthe corresponding week asan INTEGER val ue between
1 to 54, according to the following rules:

» On every Sunday begins a new week.
e Thefirst week of ayear begins on January 1st - regardless of its weekday.

Consequently, the first and last week of a year may contain less than 7 days. A leap year ending on a Sunday
has 54 weeks.

WEEK OF DATETI ME (2000- 12- 31)

yields 54.

9.7. The ISOWEEK Operator

The ISOWEEK operator is applicable to Datetime and delivers the corresponding isoweek as an INTEGER value
between 1 to 53, according to the following rules of 1SO 8601 / DIN 1355:

» Each week begins on a Monday and ends on a Sunday.

» Thefirst week of ayear contains at least four days of the same year.
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Consequently, there are no fragmented weeks, i.e. each week contains exactly 7 days. The 29th, 30th, and 31st
of December may belong to the first week of the following year. The 1st, 2nd, and 3rd of January may belong
to the last week for the previous year.

| SOAEEK OF DATETI ME (2000- 1- 1)

yields 52, as that Saturday belongs to the 52th week of 1999.

9.8. The QUARTER Operator

The QUARTER operator is applicable to Datetime and delivers the corresponding quarter of the year as an IN-
TEGER value between 1 and 4.

QUARTER OF DATETI ME (2000-12-31)

yields 4.

9.9. Selector Operators on Datetimes and
Timespans

A selector operator extracts a single component from a datetime or timespan value converted into the type IN-
TEGER. A selector operation consists of one of the keywords YY, MO, DD, HH, MI, SS, MS, followed by an
expression of type DATETIME or TIMESPAN.

Error occursif the selector is not inside the range of the value.

Note that selecting a component semantically is not the same as casting to the range of the selector as shown by
the examples:

M5 OF TI MESPAN [ SS: MS] (2.032)

yields 32.

TI MESPAN [ SS: MS] (2.032) CAST TI MESPAN [ MB]
yields
TI MESPAN [ MS] (2032)

Note that the selector operator simply extracts one component without regarding the semantics of DATETIME
or TIMESPAN. However, the selector operators (as well as the CONSTRUCT operator, see below) are useful
because they provide for a bridge between DATETIME/TIMESPAN and the basic arithmetic types of SQL. For
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exampl e an application program can retrieve the components of datetime or timespan values into integer program
variables for further arithmetic processing.

9.10. Constructor Operator for Datetimes and
Timespans

The constructor operator (CONSTRUCT) isinverse to the selector operators. It constructs a datetime or timespan
value from alist of arithmetic expressions. Syntactically it consists of the keyword CONSTRUCT followed by
a syntax which is similar to that of a datetime or timespan literal. However, the components can be arithmetic
expressions and are separated by commata. The arithmetic expressions are automatically cast to INTEGER before
the CONSTRUCT operator is performed. Let el, €2, €3 be arithmetic expressions in the following examples.

CONSTRUCT DATETI ME [ YY: DD] (1986, 10, 6)

isequivalent to

DATETI ME [ YY: DD] (1986- 10-6)

CONSTRUCT DATETI ME [ MO HH] (el, 2, e3)

If omitted the range is assumed to start with YY. The following literal therefore denotes arange of [YY:MQO].

CONSTRUCT Tl MESPAN (el, e2)

Note that if all values are constants, the CONSTRUCT operator isin no way superior to an equivalent datetime
or litera representation which is also better readable.

CONSTRUCT is appropriate to build datetime and timespan values from components which are evaluated at
runtime. For example, it is very useful for application programs which insert records with datetime or timespan
values built up at runtime.

In an application program, the following SQL command would be suitableto insert arecord into the Personstable:

I NSERT | NTO Per sons( nane, bi rt hday)
VALUES (:name, CONSTRUCT DATETI ME(:year, :nonth, :day) );

The constructor and selector operators together allow to perform every manipulation on datetime and timespan
values and also to override the built-in semantics. This may be necessary only occasionally as shown below.

Assume that in the table Persons several values for birthdays have been inserted (falsely) without the century of
the year (e.g. 53-6-8 instead of 1953-6-8). The following statement would correct all such entries:

UPDATE Per sons

SET birthday = CONSTRUCT DATETI ME
(YY OF birthday + 1900,
MO OF bi rthday,
DD OF birthday)

WHERE YY OF birthday < 100
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In effect, the above statement does not express a semantically reasonable operation on datetimes but a correction
of wrong datetime values. Note that this correction cannot be performed by adding a timespan value TIMESPAN
[Y'Y] (1900) because of the subtle semantics of the addition of timespans to datetimes.
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The TB SQL datatype BITS(p) and BITS(*) represent bits vectors with fixed or variable size.

10.1. Purpose of Bits Vectors

Bits vectors are suited to represent certain 1-to-many relationshipsin avery compact manner.

Example 10.1. Construction of BITS Vectors

Assume a table Tl with a field FK of arbitrary type and a key field FI of type INTEGER or SMALLINT or

TINYINT.

FK FI(INTEGER)
a 1

a 4

a 7

a 8

b 3

b 10

b 11

A representation using bitvectorsyieldsthefollowing table TB with fields FK and FB where FB isof type BITS(*):

FK FB (BITS(*))
a 0010010011
b 0b00100000011

The used notation here is that of bitsliterals (0-1 sequence starting with Ob).

10.2. Creation of Tables with type BITS

The notation in aDDL Statement is analogous to that of CHAR.

Creation of atable T with avariable sized BITS field:

CREATE TABLE T

FK | NTEGER
FB BI TS(*),

Creation of atable with afixed sized BITSfield:

CREATE TABLE relb
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k | NTEGER,
b BI TS(512),

The number p in BITS(p) isthe number of bitsthat avalue or afield of that type may hold. The maximum number
of pis MAXSTRINGSIZE*8-4 , where MAXSTRINGSIZE depends on the pagesize. A value of type BITS(p)
or BITS(*) semantically is a series of 0 or 1-bits. The bit positions are numbered and the leftmost position has
the number 1.

10.3. Compatibility of BINCHAR and BITS

The types BINCHAR and BITS are compatible among each other. They form a hierarchy BINCHAR, BITS in
increasing order (i.e. BITSisthe higher of the 2 types).

Analogously to the arithmetic types, the value of the lower level type is automatically cast to the higher level
type when an operation requires a higher level type input or when two values of different types are compared
or combined.

10.4. BITS and BINCHAR Literals

A BITS literal isasequence of the digits 0 and 1 prefixed by Ob.

0b0101 -- Type is BITS(4)
0b111100001 -- Type is BITS(9)

Inside the 0-1-sequence a positive repetition factor can be used as a shorthand notation for a series of equal bits:

0b0(4)1(5)0
is a shorthand notation for
0b0000111110

A repetition factor isalntegerLitera in round brackets.

No computed expression is allowed here. With alittle bit care, also BINCHAR literals can be used for constants
of type BITS, because BINCHAR isimplicitly cast to BITS where needed. Note however that the values are not
identical, e.g. the SIZE operator delivers different results.

Oxaf 08 -- is a BINCHAR literal
0b1010111100001000 -- is a BITS literal

They are not identical because
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SI ZE OF Oxaf 08 -- delivers 2
S| ZE OF 0b1010111100001000 -- delivers 16

The following expression, however, isidentical to the above BITS literal.

Oxaf 08 CAST BI TS(*)

A further shorthand notation is given by a dynamic bits constructor MAKEBIT ( see below).

@ Note
When a BINCHAR value (e.g. a Literal) of type BINCHAR(p) is used as input for an operation
which requiresthetype BITS, it is automatically cast to the type BITS(p* 8).

10.5. Spool Format for BINCHAR and BITS

The spool format as produced by Transbase is the BinaryL iteral representation. The accepted format for spooling
fromfileto tablesisBITS Literal aswell asBINCHAR Literal.

10.6. Operations for Type BITS

In the following paragraphs, the notations bexpr and iexpr are used. bexpr denotes a value of type BITS(p) or
BITS(*). iexpr denotes a value of type TINYINT/SMALLINT/INTEGER. Both notations stand for constants as
well asfor computed expressions, e.g. subqueries.

10.6.1. Bitcomplement Operator BITNOT

Syntax:

Bl TNOT bexpr

Explanation: Computes the bitwise complement of its operand. The result type is the same as the input type.

Bl TNOT 0b001101 --> 0b110010

10.6.2. Binary Operators BITAND , BITOR

Syntax:
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bexpr1l Bl TAND bexpr 2
bexprl BI TOR bexpr2

Explanation: BITAND computes the bitwise AND, BITOR the bitwise OR of its operands. The shorter of the
two input operands is implicitly filled with 0-bits up to the length of the longer input operands. If one of bexpri
is type BITS(*) then the result type is aso BITS(*) else the result type is BITS(p) where p is the maximum of
the input type lengths.

0b1100 Bl TAND 0b0101 --> 0b0100
0b1100 BI TOR 0b0101 --> 0b1101

10.6.3. Comparison Operators

All comparison operators (< ,<=,=,<>,> ,>=) as known for the other Transbase types are also defined
for BITS. Length adaption is done asfor BITAND and BITOR. A BITS value bl is greater than aBITS value b2
if thefirst differring bitis1inbland 0in bO.

10.6.4. Dynamic Construction of BITS with MAKEBIT

Syntax:

MAKEBI T ( iexprl, [ , iexpr2] )

Explanation: If both iexprl and iexpr2 are specified: iexprl and iexpr2 describe a range of bit positions. Both
expressions must deliver exactly onevaluewhichisavalid bit position (>= 1). MAKEBIT constructs abitsvalue
which has 0-bits from position 1 to iexpr1-1 and has 1-bits from position iexprl to iexpr2.

If only iexprl is specified: iexprl describes one bit position or (in case of a subquery) a set of bit positions.
MAKEBIT constructs a bits value which has 1-bits exactly on those positions described by iexprl.

Theresult typeis BITS(*).

MAKEBIT ( 3, 7)) --> 0b0011111

MAKEBI T ( SELECT ... ) --> 0b00101001
- assum ng the subquery delivers
- values 3, 5, 8

10.6.5. Counting Bits with COUNTBIT

Syntax:
COUNTBI T ( bexpr )

Explanation: Returns number of 1-bitsin bexpr, i.e. anon-negative INTEGER.
COUNTBI T ( 0b01011 ) --> 3
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10.6.6. Searching Bits with FINDBIT

Syntax:

FINDBI T ( bexpr [ , iexpr ] )

Explanation: If iexpr is not specified it is equivalent to 1. If iexpr is greater or equal to 1, FINDBIT returns the
position of the iexpr-th 1-bit in bexpr if it exists else 0. If iexpr is0, FINDBIT returns the position of the last 1-
bit in bexpr if there exists one else 0.

Theresult typeis INTEGER.

FINDBI T ( Ob001011 , 1) -> 3
FINDBI T ( 0b001011 , 2 ) -> 5
FINDBI T ( 0b001011 , 4 ) -> 0
FINDBI T ( 0b001011 , 0 ) -> 6

10.6.7. Subranges and Single Bits with SUBRANGE

Syntax:

bexpr SUBRANGE ( iexprl [ , iexpr2] )

Explanation: If iexpr2 is specified then SUBRANGE constructs from bexpr a bits value which consists of the bits
from position iexprl until position iexpr2 (inclusive). If iexpr2 exceeds the highest bit position of bexpr then O-
bits are implicitly taken.

If iexpr2 is not specified then SUBRANGE returns the iexprl-th bit from bexpr asaINTEGER value (O or 1).
In all casesiexpri must be valid bit positions > 0).

Theresult typeis BITS(*) if iexpr2 is specified else INTEGER.

0b00111011 SUBRANGE (4, 6) -> 0b110 (BITS(*))
0b00111011 SUBRANGE (6, 10) -> 0b01100  (BITS(*))
0b00111011 SUBRANGE (2) ->0 (1 NTEGER)
0b00111011 SUBRANGE ( 3) > 1 (1 NTEGER)

10.7. Transformation between Bits and Inte-
ger Sets

Two operations are defined which serve to transform 1-n relationships into a compact bits representation and
vice versa. Assume again the sample tables Tl and TB given in Purpose of Bits Vectors. The following picture
illustrates how the tables can be transformed into each other by an extension of the GROUP BY operator and a
complementary UNGROUP BY operator. The operators are explained in detail in the following sections.
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FK FIINTEGER)

a 1

a 4

a 7

a 8

b 3

b 10

b 11

FK FB (BITS(*))
0b10010011

b 0b00100000011

10.7.1. Compression into Bits with the SUM function

The set function SUM, originally defined for arithmetic values, is extended for the type BITS(p) and BITS(*). For
arithmetic values, SUM calculates the arithmetic sum over al input values. Applied to BITS values, SUM yields
the BITOR value over al input values where a start value of 0b0 is assumed.

In combination witha GROUP BY operator and MAKEBIT operator, the table T1 can be transformed to the table
TB (see Purpose of Bits Vectors):

SELECT FK , SUM ( MAKEBIT ( FI ) )
FROM Rl
GROUP BY FK

Also the notation OR instead of SUM islegal here.

10.7.2. Expanding BITS into Record Sets with UN-
GROUP

Given atable of the shape of TB (i.e. with at least one field of type BITS(p) or BITS(*), one can expand each
record into a set of records where the BITSfield isreplaced by an INTEGER field.

An UNGROUP operator is defined which can be applied to afield of type BITS(p) or BITS(*).

The following statement constructs table Tl from table TB (see Purpose of Bits Vectors):

SELECT * FROM RB
UNGROUP BY FB

The UNGROUP BY operator can be applied to exactly one field and this field must be of type BITS.

For completeness, the full syntax of a SelectExpression (QueryBlock) is:
[291] SelectExpression : : = SelectClause /
[ FromClause * 6%/
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[295]

UngroupClause: :

[ WhereClause ]
[ UngroupClause ]
[ GroupClause ]
[ HavingClause ]
[ FirstClause] ]
= UNGROUPBY FieldReference

* 1%/
* 2%
* 3%/
* 4%
* 5%/

The numbers at the left margin show the order in which the clauses are applied. It shows that the UngroupClause
takes the result of the WhereClause as input: it constructs from each input record t a set of records where the
BITS value of t at position Fi el dName is replaced by INTEGER values representing those bit positions of t

which are set to 1.
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This chapter gives an overview of LOBs (BLOBs and CLOBS) in Transhase. Described are the DDL statements
and SQL language extensions.

11.1. The Data Type BLOB (Binary Large Ob-
ject)

11.1.1. Inherent Properties of BLOBs

BLOB isadatatypefor fields of tables. Arbitrary many fields of atable can be declared with type BLOB. BLOBs
arevariable sized.

11.1.1.1. Overview of operations

Transbase does not interpret the contents of a BLOB. Each field of type BLOB either contains the NULL value
or aBLOB object. The only operations on BLOBs are creation, insertion, update of aBLOB, testing aBLOB on
being the NULL value, extracting a BLOB via the field name in the SELECT clause, extracting a subrange of a
BLOB (i.e. an adjacent byte range of a BLOB), and extracting the size of aBLOB.

11.1.1.2. Size of BLOBs

BLOB fields are variable sized. The size of a BLOB object is restricted to the positive byte range of a 4-byte
integer (231 Bytes) minus some per-page-overhead of about 1%. The sum of sizes of all BLOBs of one table is
restricted to 2*2 Bytes (about 4 Terabytes) minus some overhead of about 1.5 %.

11.1.2. BLOBs and the Data Definition Language

The keyword BLOB describes the data type of a BLOB field in the CreateTableStatement.

CREATE TABLE GRAPHI K
(
GRAPHI K_NAME  CHAR( 20),
GRAPHI K_TYP | NTEGER
| MAGE BLOB

)
KEY | S GRAPHI K_NAME
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A BLOB field can be declared NOT NULL. No secondary index can be built on aBLOB field.

11.1.3. BLOBs and the Data Manipulation Language

11.1.3.1. BLOBs in SELECT Queries

A SELECT Query that contains result fields of type BLOB prepares the database server to deliver the BLOB
objects, however, it requires an extra call to fetch the BLOBS contents.

BLOB fields can appear in the ExprList of the SELECT clause of a QueryBlock, either explicitly or via the *'
notation.

No operators (except the subrange operator and the SIZE OF operator, see below) are allowed on BLOB fields.

SELECT GRAPHI K_NAME, | MAGE
FROM GRAPHI K

With the SUBRANGE operator (n,m) where n and m are positive integers, apart of aBLOB can beretrieved. The
following example retrieves the first 100 bytes of all image fields:

SELECT GRAPHI K_NAME, | MAGE SUBRANGE (1, 100)
FROM GRAPHI K

With the SIZE OF operator, one can retrieve the size in bytes of a BLOB field. SIZE OF delivers NULL if the
field isNULL. The following example retrieves the sizes of all BLOB objects in the sampletable.

SELECT GRAPHI K_NAME, SIZE OF | MAGE
FROM GRAPHI K
WHERE | MAGE IS NOT NULL

A BLOB field can appear in the SearchCondition of the WHERE clause only inside aNull Predicate. It isimportant
tonotethat the DISTINCT clauseinthe ExprList of aSELECT clause does not eliminate ‘identical' BLOB objects.
This means that any two BLOB objects are considered different in the database even if their contents actualy are
identical. Analogously, the GROUP BY operator if applied BLOB objects forms one GROUP for every BLOB
object.

BL OB objects have no meaningful order for the user. It is not an error to apply the ORDER BY clause to BLOB
fields but the ordering refersto internal BLOB addresses and thus the result is of no use in the user's view.

11.1.3.2. BLOBs in INSERT Queries

BLOB values can be specified as binary literalsin insert queries, but usually they are specified as parameters of
prepared insert queries.
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11.1.3.3. Spooling BLOBs

The SPOOLing of tables with BLOB objects is described in Chapter 'Spooling Lob Objects within the Section
"The Data Spooler'.

11.2. The Data Type CLOB (Character Large
Object)

CLOBs are used for storing large character data.

11.2.1. Inherent Properties of CLOBs

CLOB islike BLOB avariable sized datatypefor fields of tables. Arbitrary many fields of atable can be declared
with type CLOB.

11.2.1.1. Overview of operations

Each field of type CLOB either contains the NULL value or a CLOB object. The only operations on CLOBs are
creation, insertion, update of a CLOB, testing a CLOB on being the NULL value, extracting a CLOB viathe field
namein the SELECT clause, extracting a subrange of a CLOB (i.e. an adjacent byte range of a CLOB), extracting
asubstring of a CLOB and extracting the size (number of characters) of a CLOB.

11.2.1.2. Size of CLOBs

CLOB fields are variable sized. The size (in bytes) of a CLOB object is restricted to the positive byte range of a
4-byte integer (231 Bytes) minus some per-page-overhead of about 1%. Thus the maximum number of characters
of aCL OB dependes on the size of the UTF8-encoded text. The sum of sizesof all LOBs of onetableis restricted
to 2*2 Bytes (about 4 Terabytes) minus some overhead of about 1.5 %.

11.2.2. CLOBs and the Data Definition Language

The keyword CLOB describes the data type of a CLOB field in the CreateTableStatement.

CREATE TABLE BOOK

(
BOOK_TI TLE  CHAR( 100),
BOOK_CONTENT CLOB
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KEY |'S BOOK_TI TLE

A CLOB field can be declared NOT NULL. No secondary indexes except a fulltext index can be built on aCLOB
field.

11.2.3. CLOBs and the Data Manipulation Language

11.2.3.1. CLOBs in SELECT Queries

A SELECT Query that containsresult fields of type CLOB causesthe database server to deliver the CLOB objects,
but an extra call per CLOB is needed to fetch the contents.

CLOB fields can appear in the ExprList of the SELECT clause of a QueryBlock, either explicitly or via the **'
notation.

The following operators are dlowed on CLOBS: SUBRANGE, SUBSTRING, SIZE OF,
CHARACTER_LENGTH and TO_CHAR (which is equivalent to a CAST VARCHAR(*)).

SELECT BOOK_TI TLE, BOOK_CONTENT CAST VARCHAR(*)
FROM BOOK

Note that without the CAST VARCHAR(n) operation (or the TO_CHAR function) the result type would still
be CLOB and not a representation as a printable string. This is necessary to enable the insertion of a (possibly
modified) CLOB object into another CLOB field of atable.

With the SUBRANGE operator (n,m) where n and m are positive integers, apart of aCLOB can beretrieved. The
SUBSTRING functionisequivalent. Thefollowing examplesretrieve thefirst 100 bytes of all book _content fields:

SELECT BOOK_TI TLE, BOOK_CONTENT SUBRANGE (1, 100) CAST VARCHAR(*)
FROM BOCOK

SELECT BOOK_TI TLE, TO CHAR ( SUBSTRI NG( BOOK_CONTENT FROM 1 FOR 100) )
FROM BOOK

With the CHARACTER_LENGTH operator, one can retrieve the size in characters of a CLOB field. The two
operators deliver NULL if thefieldisNULL.

11.2.3.2. CLOBs in INSERT Queries

CLOB values can be specified as string literals in insert queries, but usually they are specified as parameters of
prepared insert queries.

I NSERT | NTO BOOK VALUES ('title of book','content of book')
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11.2.3.3. Spooling CLOBs

The SPOOLing of tables with CLOB objects is described in Chapter 'Spooling Lob Objects within the Section
"The Data Spooler'.
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12. Fulltext Indexes

Transbase fulltext search is supported on fields of type CLOB, CHAR(p), CHAR(*), VARCHAR(p) and VAR-
CHARC(*).

12.1. FulltextindexStatement

A FulltextIndexStatement is provided which creates a fulltext index on one field.

Syntax:

[129] FulltextindexStatement : : = CREATE [POSITIONAL] FULLTEXT INDEX Index|dentifier
[FulltextSpec] ON Tableldentifier (Fieldldentifier)
[ScratchArea)

[130] FulltextSpec: : = [ WITH SOUNDEX ] [ { Wordlist) | Stopwords} ]
[Charmap] [Delimiters]

[131] Wordlist : : = WORDLIST FROM Tableldentifier

[132] Stopwords : : = STOPWORDS FROM Tableldentifier

[133] Charmap : : = CHARMAP FROM Tableldentifier

[134] Delimiters: : = DELIMITERS FROM Tableldentifier |
DELIMITERS NONALPHANUM

[135] ScratchArea: : = SCRATCH IntegerLiteral MB

Explanation: A fulltext index is the prerequisite for fulltext search on the specified field (Fulltext-Predicate).
Depending on whether POSITIONAL isspecified or not, thefulltext index iscalled positional index or word index.

A word index allows so called word search whereas a positional index additionally offers so called phrase search.
Word search and phrase search are explained below.

Beside the two variants called word index and positional index, fulltext indexes comein three further independent
variants. The specifications WORDLIST, STOPWORDS, CHARMAP and DEL IMITERS influence the contents
of the fulltext index. They are explained below. All four specifications include a Tabl eNane which is a user
supplied table. The contents of the table(s) supply information to the FulltextindexStatement at the time it is
performed.

After the statement's execution, the contents of the tables are integrated into the index and the tables themselves
do not further influence the behaviour of the created index. They can be dropped by the user if they are not needed
any more for other purposes.

The SCRATCH Clause is explained in Chapter 'Scratch Areafor Index Creation'.

12.1.1. WORDLIST and STOPWORDS

By default, if neither WORDLIST nor STOPWORDS is specified, all words from the indexed field are indexed.
By WORDLIST, apositive list of words can be specified, i.e. specified words are indexed only.

By STOPWORDS, anegativelist of wordsis specified, i.e. all words except those in the stopword list areindexed.
The tables supplied as Wordlist or Stopwords must have asingle field of type STRI NGor any other string type.
The WORDLIST and STOPWORDS variant mutually exclude each other.
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If WORDLIST or STOPWORDS are specified, the fulltext index typically becomes much smaller because less
wordsareindexed. Onthe other hand, if the fulltext predicate contains words which are not indexed, recordswhich
contain not-indexed words do not appear in the result set.

12.1.2. CHARMAP

By specifying CHARMAP, a character mapping agorithm can be supplied. It is specified by first inserting binary
records into a binary table (let's say CTable) with fields VARCHAR(1) and VARCHAR(*) and by specifying
CTablein the CHARMAP clause. For example, the table could contain a mapping from the German 'umlauts &,
into ae, O into oe, etc. such that the search need not rely on German keyboards.

lé,‘ |ae|
IOI |0e|
IU' |ue|

@ Note
The character mapping is applied to the indexed words as well as to al search arguments in the
FulltextPredicate. In the example above, the word 'lésen’” would be stored as 'loesen’ and a search
pattern '16%' in a query would be transformed to 'loe%'.

It is also possible to specify the empty string as the target string for a certain character. Consequently, this causes
all occurrences of that character to be ignored. For example, arecord in CTable of the form

causes al occurrences of dot to be ignored. Thus, the word 'A.B.C.D' would be stored as 'ABCD' (and search
for 'A.B.C.D" would hit as well as a search for '"ABCD"). Note, however, that in this example, a missing blank
(delimiter, to be exact) after the concluding dot of a sentence would have the undesired effect to combine 2 words
into one.

By default, afulltext index works in case sensitive mode. Case insensitive search can be achieved by supplying a
character mapping table which maps each upper case letter to its corresponding lower case letter.

12.1.3. DELIMITERS

The DELIMITERS clause specifies the word processing in the indexing process. If no DELIMITERS clause
is specified, the indexing procedure handles each longest sequence of non-white-space characters as one word,
i.e. by default, words are separated by white-space characters (blank, tabulator and newline). Also non-printable
characters are treated as delimiters.

For exampl e, the preceeding sentence would produce, among others, the words 'specified,’ and 'non-white-space’.
It is often convenient to supply additional word delimiterslike'(, "' or -

Different delimiters can be specified by the DELIMITERS clause. If a Delimiters Table is specified, it must have
1field of type VARCHAR(1) or VARCHAR(*) and must contain characters (strings of length 1). However, non-
printable character are aways treated as delimiters.

The NONALPHANUM specification provides a shorthand notation for the convenient case that all characters
which are not alphanumeric are to be treated as delimiters.
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Note that search patterns in Fulltext Predicates are not transformed with respect to delimiters (in contrast to
CHARMAP!).

For example, if default delimiters have been used (white space) and a fulltext predicate contains a search compo-
nent with a blank ( e.g 'database systems)), then no record fulfills the predicate. In this case, one would have to
formulate a fulltext phrase with two successive words ==- this is described later.

In al following examples for CreatelndexStatements, let f be a table which contains a CLOB field fb, and wl,
sw, del be unary tables containing a wordlist, a stopword list, a delimiter character list, resp. Let cm be a binary
table containing a character mapping.

CREATE FULLTEXT | NDEX f bx
ON f(fb)

CREATE POS| TI ONAL FULLTEXT | NDEX f bx
ON f(fb)

CREATE FULLTEXT | NDEX f bx
WORDLI ST FROM wl
ON f(fb)

CREATE FULLTEXT | NDEX f bx
STOPWORDS FROM sw
CHARVAP FROM cm

DELI M TERS FROM del

ON f (fb)

CREATE FULLTEXT | NDEX f bx
DELI M TERS NONALPHANUM
ON f(fb)

12.1.4. WITH SOUNDEX

The WITH SOUNDEX option adds the facility to search the fulltext index phonetically. This can be specified
in the fulltext search predicate "CONTAINS" by also adding a SOUNDEX specification there: "CONTAINS
SOUNDEX". See the example below and the section FulltextPredicate .

The WITH SOUNDEX option triggers a moderate space overhead which tends to become a negligible fraction
as the base table grows.

. creating a fulltext index with phonetic search capability
CREATE FULLTEXT | NDEX fbx W TH SOUNDEX ON f (fb)
... standard sarch is unaffected: searching for the name "Stuart"
SELECT * FROMf WHERE fb CONTAINS ( 'Stuart' )
. searching for nanmes which sound like "Stuart" (also hits for "STEWART" e.g.)
SELECT * FROM f WHERE fb CONTAI NS SOUNDEX ( 'Stuart' )

12.2. Implicit Tables of a Fulltext Index

Each fulltext index has a wordlist which contains the words that have been indexed so far (or, in the case of a
Wordlist clause have been defined as the positive wordlist). The wordlist can be accessed by SQL statements as
a pseudo table via a pseudo name described below.
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For each of the STOPWORDS, CHARMAP and DELIMITERS clause, another pseudo table is created and is
accessible like anormal table viaa pseudo name. These tables should not be confused with the tables specified in
the Stopwords, Charmap and Delimiters clause of a Createl ndexStatement. The latter are user defined tables used
to define the contents of the pseudo tables at statement execution time. Any successive update to these user tables
does not have any influence to the index and its pseudo tables.

If the WITH SOUNDEX option has been specified, an additional pseudo table SOUNDEX exists.

The names of the pseudo tables are derived from the name of the fulltext index. The table and field names as well
astheir types are given as follows (assume that the fulltext index has the name fbx):

FULLTEXT WORDLI ST OF fbx ( word VARCHAR(*), wno | NTEGER )
FULLTEXT STOPWORDS OF fbx ( word VARCHAR(*) )

FULLTEXT CHARMAP OF fbx ( source VARCHAR(1l), target VARCHAR(*) )

FULLTEXT DELIM TERS OF fbx ( delimwrd VARCHAR(1) )

FULLTEXT SOUNDEX OF fbx (sound VARCHAR(*), word VARCHAR(*) )

For example, to see the wordsindexed up so far or to see the valid delimiters (if a DELIMITERS clause had been
specified) one could say:

SELECT word FROM FULLTEXT WORDLI ST OF fbx

SELECT * FROM FULLTEXT DELI M TERS OF f bx

The pseudo tables are not recorded in the catalog table systable.

It isalso possible to update the internal WORDLIST OF table or STOPWORDS OF table in arestricted manner:
» The allowed update operating on a WORDLIST OF tableis DELETE.

» The allowed update operating on a STOPWORDS OF tableis INSERT.

By modifications of these internal tables one can influence the indexing behaviour of the fulltext index for future
INSERTSsinto the base table. The current contents of the fulltext index are not changed.

12.3. FulltextPredicate

Search expressions on fulltext-indexed fields are expressed with a FulltextPredicate.

Syntax:
[279] FulltextPredicate: : = Fieldldentifier CONTAINS[ SOUNDEX ] ( FulltextTerm)
[280] FulltextTerm: : = FulltextFactor [ OR FulltextFactor ]
[281] FulltextFactor : : = FulltextPhrase [ Andnot FulltextPhrase |
[283] FulltextPhrase: : = ( FulltextTerm) |

Atom [ [ DistSpec] Atom]...
[282] Andnot: : = AND |NOT
[284] Atom: : = SingleVaueAtom | MultiVaueAtom
[285] SingleValueAtom: : = StringLiteral | Parameter | FtExpression
[286] MultiVaueAtom: : = ANY ( TableExpression )
[287] DistSpec: : =[ [ MinBetween , ] MaxBetween |
[288] MinBetween : : = <Expression of type Integer>
[289] MaxBetween : : = <Expression of type Integer>
[158] Parameter : : = # IntegerLiteral ( DataType) |
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Colon Simpleldentifier |

Questionmark
[290] FtExpression : : = <Expression without FieldReference to same block>

Explanation: The Fi el dNane of a FulltextPredicate must refer to afield which has a fulltext index. The result
type of SingleVaueAtom must be VARCHAR(N) or VARCHAR(*).

A FulltextPredicate consists of aFi el dNane, the operator CONTAINS and a FulltextTerm in parentheses. The
FulltextTerm is an expression consisting of FulltextPhrases and the operators AND, OR, NOT. The precedence
isNOT before AND before OR. Parentheses may be used.

FulltextPhrasesare of different complexities. Thesimplest formisasingle Atom (e.g. aCHAR literal like'database’
or an application host variable). More complex forms have sequences of Atoms separated by DistSpecs.

A FulltextPredicate whose FulltextPhrases all consists of single Atoms only, is called a'word search'.

A FulltextPredicate which contains a FulltextPhrase which is not asingle Atom (i.e. contains at least 1 DistSpec)
iscalled a'phrase search'.

@ Note
If the FulltextPredicate is a phrase search then the fulltext index must be a POSITIONAL fulltext
index.

A POSITIONAL fulltext index uses about three times the space of a non-positional fulltext index.

The following statements show word searches:

SELECT * FROMf WHERE fb CONTAINS ( 'dat abase' )
SELECT * FROM f WHERE fb CONTAINS ( :hvar ) -- Wi th nanmed paraneter
SELECT * FROMf WHERE fb CONTAINS ( 'data% AND 'systens' )

SELECT * FROM f WHERE
fb CONTAINS ( 'database’ NOT 'object' OR'SQ' NOT '4CG')

The following statements show phrase searches:

SELECT * FROM f WHERE
fb CONTAINS ( 'database’ 'systens' )

SELECT * FROM f WHERE
fb CONTAINS ( 'object% [O,1] 'database’ 'systens'
OR '"distributed [1] 'systens' )

Wildcards:

Wildcard characters '%' and'_' have the same semantics as in the second operand of the LIKE predicate.

Escaping Wildcards:

The character '\' is reserved to escape awildcard. If '\ is needed as a character of aword it must also be escaped.
These rules are the same asin the LIKE predicate with a specified ESCAPE '\'.
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Word Set of an Atom:

An Atom A in a FulltextPredicate specifies aword set WS(A) defined as follows.

» If AtomAisa SngleValueAtomwith result value SV: If the result value of SV does not contain awildcard then
WS(A) consists of SV only, otherwise if SV contains wildcard(s), WS(A) consists of all words matching the
pattern SV where matching is defined like in the explanation of the SQL LIKE predicate (with the '\ character
as ESCAPE character).

» If Atom A is a MultiValueAtom with result set MV: WS(A) is the union of all WS(A'") where A" are Atoms for
the single elements of MV.

Semantics of Fulltext Predicates:

» fb CONTAINS (Atom) yields TRUE if and only if the field fb contains one of the words of WS(Atom), the word
set specified by Atom.

» fb CONTAINS ( Atom1 [n,m] Atom2 ) where n and m are integer values, then the predicate yields TRUE if and
only if the field fb contains a word w1 of the WS(Atom1) and a word w2 of WS(Atom?2) and the number of
words between wl and w2 is at least n and at most m.

» Atom[m] Atomis equivalent to: Atom [0,m] Atom A missing distance specification is equivalent to [0]. Espe-
cially, aphrase for a series of adjacent words can be smply expressed as Atom Atom Atom ....

* FulltextPhrasel NOT FulltextPhrase? delivers TRUE if and only if fb CONTAINS(FulltextPhrasel) delivers
TRUE and fb CONTAINS(FulltextPhrase?) does not deliver TRUE.

* FulltextPhrasel AND FulltextPhrase?2 is equivalent to: fb CONTAINS(FulltextPhrasel) AND fb
CONTAINS(FulltextPhrase?)

* FulltextFactorl OR FulltextFactor2 is equivalent to: fb CONTAINS(FulltextFactorl) OR fb
CONTAINS(FulltextFactor?2)

@ Note

Do not omit the separating blank characters in the series of words of a phrase search! For example,
consider the following specification:

fb CONTAINS( 'object''database''systens' )

effectively searches for a single word consisting of 23 characters including two single apostrophes.
Note that the rules for SQL string literals apply.

12.4. Examples and Restrictions

Inthe following examples|et F be atablewith field fb of type CLOB where afulltext index on fb has been created.
Let WT be atable with afield word of type CHAR(*).
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12.4.1. Examples for Fulltext Predicates

SELECT * FROM F

WHERE fb CONTAINS ( 'database’ [ 0,1 ] 'systens' )
== delivers records where fb contains

== the series of the two specified words

== with at npst one word in between.

SELECT * FROM F

WHERE fb CONTAINS ( 'object’ ' dat abase' 'systens' )
== yields TRUE for records where "fb"

== contains the series of the three specified words.

SELECT word FROM FULLTEXT WORDLI ST WIr

VWHERE EXI STS

(SELECT * FROM F WHERE fb CONTAINS ( WI.word ) )

== delivers the values of "word"

== which occur as words in the field "fb" of any record of F.

SELECT * FROM F

WHERE fb contains ( ANY ( SELECT LOWER(word) FROM W) )
== delivers the records of "F"

== whose "fb" value contains at |east one | owercase word
== of the word set described by field "word" of table "W™".

(enum:3) shows an application of a SingleVaueAtom where the Atom is not asimple Literal or Primary.

(enum:4) shows an application of a MultiVaueAtom.

12.4.2. Restrictions for Fulltext Predicates

Although the fulltext facility of Transbase is of considerable power, it also exhibits some syntactic restrictions
which, however, can be circumvented.

Restriction 1:

A SingleVaueAtom must not start with a'('.

For example, a SingleVaueAtom of the form

( "a || :hvar) CAST CHAR(30)

isillegal because the'(' syntactically introduces a FulltextTerm of FulltextPhrase.

In these very rare cases replace the SingleVaueAtom SVA by

Il (SvA)

which is a string concatenation with the empty string.
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Restriction 2:

An Atom must not contain afield reference to the same block where the fulltext table occurs.
Assume atable FT with fulltext field fb and fields fk and fc, where fcis of type CHAR(*) and fk is the key.

Thefollowingisillega:

SELECT * FROM FT
WHERE fb CONTAINS (fc) -- |LLEGAL

This query must be formulated by using a subquery which combines FT with FT viathe key fk:

SELECT * FROM FT ftout
WHERE EXI STS (
SELECT *
FROM FT ftin
WHERE ftout.fk = ftin.fk
AND ftin.fb CONTAINS (ftout.fc)

)

This query islegal because an outer referencein afulltext atomislegal.

12.4.3. Phonetic Search in Fulltext Indexes

If afulltext index has been specified with the W TH SOUNDEX option at creation time, the search viathe CON-
TAINS operator may contain the phonetic option SOUNDEX.

Syntax:
[279] FulltextPredicate : : = Fieldldentifier CONTAINS [ SOUNDEX ] ( FulltextTerm)

search a phonetic fulltext index for names sounding like " Stuart”:

SELECT * FROM FT WHERE fb CONTAI NS SOUNDEX ( ' Stuart' )
Note that the arguments of the "CONTAINS SOUNDEX" operator are automatically mapped onto their phonetic
representation. It is thus unwise to apply the SOUNDEX operator onto the argument itself.

erroneous application of the "CONTAINS SOUNDEX" operator:

++++ SELECT * FROM FT WHERE fb CONTAI NS SOUNDEX ( SOUNDEX(' Stuart') )
++++ erroneous semantics

Itisalso unwisein most casesto apply the standard "CONTAINS' operator with an argument mapped to phonetic
representation:

further erroneous try to do phonetic search:

++++ SELECT * FROM FT WHERE fb CONTAINS ( SOUNDEX(' Stuart') )
++++ ... not a phonetic search

correct phonetic search:
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SELECT * FROM FT WHERE fb CONTAI NS SOUNDEX ( ' Stuart' )

This concept stems from the fact that the arguments of "CONTAIN" might be delivered also by a subquery
processed at runtime.

12.5. Performance Considerations

12.5.1. Search Performance

The fulltext index enables very good search timesfor fulltext searches. It, however, also causes some Performance
limitations in database processing. Thisis described in the following chapters.

12.5.2. Scratch Area for Index Creation

Creation of aFulltext Index is atime-consuming task if the base table and/or the field values (BLOBS) are large.

The processing time considerably depends on the amount of available temporary disk space. Transbase breaks
all info to be fulltext-indexed into single portions to be processed at at time. The performance increases with the
size of the portions.

It istherefore recommended to specify inaCREATE FULLTEXT INDEX statement the capacity of the available
disk space in the scratch directory. For example if it is assured that 60 MB will be available, then the statement
might look like:

CREATE FULLTEXT I NDEX x ON f(fb) SCRATCH 60 MB

Note, however, that the scratch areais shared among all applications on the database.

12.5.3. Record Deletion

Deletion of records from atableis slow if the table has at least one fulltext index. The deletion takes time which
isproportional (linear) to the size of the fulltext index.

Note additionally, that it is much faster to delete several records in one single DELETE statement rather than to
delete the records one at atime with several DELETE statements.
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Mass dataimport from various data sourcesis supported in Transbase®. Data can origin from external data sources
such as

* databases,

« from flat files storing delimiter separated values

 and from XML files

* or JSON files.

There are two spool statements with the following functions:

« transfer of external datafrom afile into the database (Spool Tabl eStatement)
* transfer of aquery resultsinto atext file (Spool FileStatement).

Thefirst command isuseful for building up adatabase from external data(residing on textfilesin astandard format,
seebelow). Thelatter command isfor extracting datafrom the database into textfiles. Also some Transbase® tools
like tbarc (the Transbase® Archiver) use the facilities of the spooler.

Also LOBs (Large OBjects) can be handled by the spooler, although - of course - the corresponding files then
do not contain text in general.

Thereisthe possibility to choose between the DSV, the XML and the JISON mode of the data spooler. Both modes
are explained next.

13.1. SpoolStatement

Syntax:
[436] Spool Statement : : = Spool TableStatement | Spool FileStatement
[437] Spool TableStatement : : = SPOOL Local TableSpec

FROM [SORTED] FileLiteral [LOCAL]

{ DSV Spec | XML Spec | JSONSpec }

[CloblnlineSpec] [BloblnlineSpec]
[438] Spool FileStatement : : = SPOOL

INTO FileLiteral [LOCAL]

{ DSV Spec | XML Spec | JSONSpec }

[CloblnlineSpec] [BloblnlineSpec]

[LobFileSpec]
SelectStatement
[439] DSVSpec: : =[ FORMAT DSV ]
[ CodePageSpec]
[NullSpec]
[DelimSpec]
[QuoteSpec]
[440] XMLSpec: : = FORMAT XML [NullSpec]
[441] JSONSpec : : = FORMAT JSON
[442] NullSpec: : = NULL [ IS] StringL.itera
[443] DelimSpec: : =DELIM [ IS] { TAB | StringL.iteral }
[444] QuoteSpec: : = QUOTE[ IS] StringL.itera
[445] CloblnlineSpec: : = CLOBSINLINE
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[446] BlobinlineSpec: : = BLOBSINLINE [HEX | BASE64]
[447] LobFileSpec : : = LOBFILESIZE = IntegerLiteral [KB|MB]
[85] CodePageSpec : : = CODEPAGE [IS] CodePage

[[WITH | WITHOUT ] PROLOGUE] ]
[86] CodePage: : = UTF8|UCS|UCS2 | UCS4 |

UCS2LE | UCS2BE | UCSALE | UCHABE

13.1.1. The DSV Spooler

TheDSV Spooler (Delimiter Separated V alues) workswith quite simpletext documents as spool files. Thismeans,
that each record needs to have a value for each column of the destination table. Furthermore, the ordering of the
record fields and the table columns have to be same. More details about the DSV spooal files can be found in the
section External File Format.

Syntax:

[437] Spool TableStatement : : = SPOOL L ocal TableSpec
FROM [SORTED] FileLiteral [LOCAL]
{ DSV Spec | XML Spec | ISONSpec }
[CloblnlineSpec] [BloblnlineSpec]

[438] Spool FileStatement : : = SPOOL
INTO FileLiteral [LOCAL]
{ DSV Spec | XML Spec | ISONSpec }
[CloblnlineSpec] [BloblnlineSpec]

[LobFileSpec]
SelectStatement
[439] DSVSpec: : =[ FORMAT DSV ]
[ CodePageSpec]
[NullSpec]
[DelimSpec]
[QuoteSpec]
[442] NullSpec: : = NULL [ IS] StringLitera
[443] DelimSpec: : = DELIM [ IS]{ TAB | StringLiteral }
[444] QuoteSpec: : = QUOTE[ IS] StringL.itera
[85] CodePageSpec : : = CODEPAGE [IS] CodePage
[[WITH |WITHOUT ] PROLOGUE] ]
[86] CodePage: : = UTF8 | UCS| UCS2 | UCHA |

UCS2LE | UCS2BE | UCSALE | UCHBE

Explanation:

The Spool TableStatement inserts records from the specified file into the specified table (base table or view). The
specified table must exist (but need not necessarily be empty). Thus, the Spool TableStatement can be used as a
fast means for insertion of bulk data.

The Spool TableStatement has very good performance if the records in the table are ascendingly sorted by the
table key(s) (best performance is achieved if the table additionally is empty). If the records are not sorted then
Transbase inserts on-the-fly those records which fulfill the sortorder, the others are collected, then sorted, then
inserted. For very large unsorted spoolfiles, it can be advantageous to split and spool them into pieces depending
on the available disk space which is additionally needed temporarily for sorting.

Usage of the keyword SORTED allowsto test if the input is actually sorted (if specified, an error is reported and
the TA isaborted when aviolation of the sort order isdetected). Thisfeature does not influence the spool algorithm
but only checks if the input was suited to be spooled with maximal performance.
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Without the LOCAL keyword, the specified file is read by the client application and transferred to the Transbase
service process. If the file is accessible by the service process, the LOCAL clause can be used to speed up the
spool process: in this case the service process directly accesses the file under the specified name which must be
a complete path name.

For the checking of integrity constraints (keys, null values) the same rules as in InsertStatement apply.

The Spool FileStatement stores the result records of the specified SelectStatement into the specified file (whichiis
created if it does not yet exist, overwritten otherwise).

The spool files are searched or created in the current directory by default if they are not absolute pathnames.

For C programmers at the TCI interface a special property TCI_ATTR_DATA_DIRECTORY is available to
change the default.

The StringLiteral in a DelimSpec must be of type CHAR(1) or BINCHAR(1), i.e. of byte length 1.
The StringLiteral in a Null Spec must be of type VARCHAR(1).

The StringLiteral in a QuoteSpec must be of type VARCHAR(1). Allowed valuesare ", "' or "'. The latter case
implies"null is"" and deactivates any quoting.

The optional CloblnlineSpec and Blobl nlineSpec influence the representation of CLOB and BLOB fields.
See External File Format for the meaning of these specifications.
The codepage specification UTF8 means that the external fileis UTF8-coded.

The codepage specification UCS2LE means that the external file is UCS2 (2 byte fixed length, little-endian).
The codepage specification UCS2BE means that the external file is UCS2 (2 byte fixed length, big-endian). The
codepage specification UCS2 means that the external fileis UCS2 (2 byte fixed length, default format).

The codepage specification UCSALE means that the external file is UCS4 (4 byte fixed length, little-endian).
The codepage specification UCSABE means that the external file is UCS4 (4 byte fixed length, big-endian). The
codepage specification UCS4 means that the external fileis UCS4 (4 byte fixed length, default format).

The codepage specification UCS means that the external file is the default UCS in default format, which is e.g.
UCS2 on Windows platforms and UCS4 on UNIX platforms.

The optional PROLOGUE clause can be applied if the external file is prologued with the Unicode character OuF-
EFF. If no PROLOGUE clauseis given on input and no byte-order is specified, the byte order is determined auto-
matically. If abyte-order is specified, and a differing PROLOGUE character isfound, aruntime error is reported.

If no codepage is specified, the external fileis assumed to be coded in UTF8.
SPOCL suppliers FROM suppliersfile

SPOCOL suppliers FROM /usr/transb/datal/suppliersfile LOCAL

SPOCL | NTO suppliers_bak SELECT * FROM suppliers

13.1.1.1. FILE Tables

Syntax:
[84] FileTableStatement : : = CREATE
FILE ( FileLiteral [CodePageSpec] [NullSpec] [DelimSpec] )
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TABLE [IF NOT EXISTS] Tableldentifier
( FieldDefinition [ , FieldDefinition]...)
[91] FieldDefinition : : = Fieldldentifier DataTypeSpec
[ DefaultClause | AUTO_INCREMENT ]
[ FieldConstraintDefinition ]...
[92] DataTypeSpec : : = DataType | Domainldentifier

Data stored in spool files or other compatible file formats may be integrated into the database schema as virtual
tables. These FILE tables offer read-only access to those files via SQL commands. They can be used throughout
SQL SELECT statements like any other base table.

Thetable definition supplies amapping of columnsin the external file to column names and Transbase datatypes.

Currently aFiletable can only be created WITHOUT IKACCESSand no key specifications are allowed. Therefore
the creation of secondary indexesis currently not possible. These restrictions might be dropped in future Transbase
versions.

For details on the optional parameters CodePageSpec, Null Spec and DelimSpec please consult the Spool TableS-
tatement.

FILE tables are primary designed as an advanced instrument for bulk loading data into Transbase and applying
arbitrary SQL transformations at the same time.

CREATE FI LE (/usr/tenp/data_file)
TABLE file_table W THOUT | KACCESS
(a INTEGER, b CHAR(*))

SELECT a+10, upper(b) fromfile_table
SELECT b FROM file_table, regular_table
WHERE fil e_tabl e.a=regul ar_table.a

13.1.1.2. External File Format

For building up a Transhase database from given text files, the DelimSpec and the Null Spec are of importance for
scanning the text files. With the DelimSpec the separator between 2 field values in the text file can be specified
(the default value is the tabulator). With the NullSpec the textual encoding of a SQL NULL Value is specified
(the default value is a question mark ?).

If not explicitly stated differently, the following description of records in text files both applies to the format
generated by the spooler and to the format accepted by the spooler:

» Each line of text corresponds to one record.

» By default, fields are separated by one or more tabulators (TAB) unless differently specified by the DelimSpec.
The DelimSpec alwaysis exactly one character.

» By default, the character ? represents a null value of any type unless differently specified by the NullSpec. The
NullSpec always is exactly one character.

* Therepresentation of INTEGER, REAL, NUMERIC, BOOL, DATETIME and TIMESPAN valuescorresponds
tothose of IntegerLiteral, RealLiteral, NumericLiteral, BoolLiteral, DatetimeLiteral and TimespanLiteral inthe
TB/SQL syntax. Integers, reals, numerics and timespans can be preceded by an - sign.

For text strings, the following rules apply:
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» The empty string is represented as a sequence of two single quotes.

* A non-empty string X; ... Xp isspooled out with single quotes and as sequence of transformed characters T(xy) ...
T(xn)'. In most cases T(x;) = x; holds. However, characters which have a special meaning must be escaped.
Thus, for some characters x, T(X) is a two-character-sequence of a backslash (\') and the character x. Special
characters and their representation are shown in the table below.

As input for the spooler, the string can be represented as X1 ... X, aswell as'Xy ... Xy’ (i.e. the spooler eliminates
surrounding quotes).

Special characters and their representation inside strings are shown in the following table.

Table 13.1. Special Charactersin Spool Files

Special Character Representation
1 \ 1
<t ab> \t
<new i ne> \n
\ \\

Special Rule for Type Bi nchar

Asstated above, when spooling tablesfrom external files, the spooler accepts stringsintheform xyz aswell as'xyz,
although the form xyz isnot avalid SQL literal for the type (VAR)CHAR(p) or CHAR(*). Thisis comfortable for
data migration into Transbase but has the consequence that table spooling compromises type compatibility in the
case of CHAR and BINCHAR. Inside aspool file, valuesfor aBINCHAR field must be written as BinaryL.iterals,
e.g. intheform Oxa0Oblc2. Whereas avalue in the form xyz is accepted for aCHAR field, the same value is not
accepted for aBINCHAR field because specia valuesin that form would not be parsable in aunique manner, e.g.
Oxa0bl1c2 could be interpreted as a 8 byte CHAR value or a 3 byte BINCHAR value.

13.1.1.3. Key Collisions

When atable is spooled then Transhase rejects the dataif there are 2 different records with the same key. In this
situation the data to be spooled isinconsistent with the table creation specification. It may be advantageousto use
Transbase to find out al records which produce a key collision. For this, recreate the table with the desired key
but extended to all fields. For example, if thetable T hasthe key on k1 and other fields f2,3,f4, then create atable
TFK with the clause: KEY ISk1,f2,f3,f4.

Then spool the table which in any case now works (except there are syntactical errors in the spoalfile). To find
out all records with the same key, issue the query:

SELECT *
FROM TFK
WHERE k1 IN
(  SELECT k1
FROM TFK
GROUP BY k1
HAVI NG COUNT(*) > 1

)
ORDER BY k1
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13.1.1.4. Spooling LOB objects

For atable which has one or several LOB fields, the corresponding datain a spool file does not contain the LOB
objects themselves but contains file names instead. Each LOB object is represented by a file name and the LOB
object itself is stored in that file.

Thisisthe default behaviour. BLOBsand CLOBsmay also bestoredinlineif BLOBSINLINE or CLOBSINLINE,
resp., is specified in the SPOOL statement.

Example 13.1. Spooling a file from a table with LOBs

Assume a 4-ary table "graphik” with field types CHAR(20), INTEGER, BLOB, CLOB.
e SPOCL INTO spfile SELECT * FROM graphi k

This SPOOL command createsafilespf i | e and asubdirectory b_spl fi | e. The BLOB and CL OB objects
are stored in files (one file per object) in the subdirectory. The names of the files are BOOO0O001 etc. with
increasing numbers.

The created file spfile would look like:

"image31l' 123 b_spfil e/ BO0O00001. 003 b_spfil e/ BOOO0O0O1. 004

'imge32' 321 b_spfil e/ BO0O00002. 003 b_spfil e/ BOO0O0002. 004

'image33' 987 b_spfil e/ BO0O00003. 003 b_spfil e/ BOOO0003. 004
* SPOOL Option LOBFILESIZE:

To reduce the number of files in the subdirectory, the LOBFILESIZE specification can be used, for example:
LOBFILESIZE=10 MB

SPOCL | NTO spfile LOBFILESI ZE=10 MB SELECT * FROM graphi k

Then a set of BLOBs whose size is not bigger than 10 MB is stored in asingle file instead of n different files.
Without aKB or MB qualification, the specified number is interpreted as MB.

* BLOBsand CLOBsas Inline Values:
BLOBs and CLOBs may also be spooled as inline values inside the main target spool file.
The option CLOBSINLINE outputs all CLOB fields asinline values similar to CHAR and VARCHAR fields.
The option BLOBSINLINE BASE64 writes BLOB fields in a BASE64 representation.

The option BLOBSINLINE HEX writes BLOB fields in hexadecimal form. This representaion is more space
consuming than BASE64.

SPOOL | NTO spfile CLOBSI NLI NE BLOBSI NLI NE BASE64 SELECT * FROM gr aphi k

Note that for spooling a table from such afile also the corresponding INLINE specifications are mandatory in
the SPOOL command.

Example 13.2. Spooling atable with LOBsfrom afile
Assume again the table graphik described above.
» spool datafrom afilespool fi | e into the table graphik:

SPOOL graphi k FROM spool file

Thefile spoolfile may look like:

"image31' 123 b_spfil e/ BOO0O0001. 003 b_spfil e/ BOOO0001. 004
"image32' 321 b_spfil e/ BOO0D0002. 003 b_spfil e/ BOOO0002. 004
'image33' 987 b_spfil e/ BOO00003. 003 b_spfil e/ BOOO0003. 004
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 BLOBsand CLOBsasInline Values:

If BLOBs and/or CLOBs are given as INLINE values in the source spoal file, then the SPOOL command must
look like:

SPOOL graphi k FROM spool file CLOBSI NLI NE

or (for BLOBsin BASEG4)

SPOCL gr aphi k FROM spool fil e BLOBSI NLI NE BASE64

or (if both are INLINE)
SPOOL graphi k FROM spool file CLOBSI NLI NE BLOBSI NLI NE BASE64

The file could also contain absolute path names.

13.1.1.5. Filename Adaption on non-UNIX Operating Systems

If the application and/or the server is running on anon-UNIX operating system, the filename syntax requires some
consideration. In the following, the filename trand ation mechanisms that Transbase uses are described.

In Transbase SQL, filenames occur in 3 different places: in the Spool TableStatement as specification of the source
file, in the SpoolFileStatement as specification of the target file and inside spoolfiles as LOB placeholders.

On al three places mentioned above, Transbase SQL allows filenames in UNIX syntax as described in the pre-
ceeding chapters. This means that all examples about data spooling and LOB filenames in spoolfiles also would
be legal when the application and/or the database server run on MS WINDOWS.

When communicationg with the operating system, Transbase trand ates the filenames into valid system syntax.
The'l' character isthereby interpreted as the delimiter between different directory levels.

For example, on a Windows machine the UNIX filename /usr/tmp/BLOBFILEO03 would be mapped onto \usr
\tmp\BLOBFILEQQ3.

Itisalso lega to use WINDOWS filename syntax if the application is running on WINDOWS. For example, the
Statement

SPOOL graphi k FROM \ usr\t np\ gr aphi kspf
would be legal on a Windows client.

Also note that Transbase maps UNIX-like filenames to WINDOWS:-like style but not vice versa. If portability is
required for applications and/or spoolfiles with LOBS, filenames should be written in UNIX syntax.

13.1.2. The XML Spooler

13.1.2.1. General Characteristics of XML

The eXtensible Markup Language (XML) is used to represent structural data within text documents. An XML
document consists of nested elements describing the document structure. Nesting means, that each element may
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have one or more child elements, each containing further elements. The application data is stored within fields
or the content of elements. The usage of tags containing the element names makes XML data self-describing.
Since an XML document may have only a single root element, the hierarchical structure of an XML document
can be modeled as a tree, also known as document tree. In the following figure a small XML document and its
document tree is shown.

Figure 13.1. Example of an XML Document and the Document Tree

S {”j:l:p:?\‘
=Fors l'\‘-u__.--""ll
2 Lol — cArame s .I..'.'I"l 1I*‘u.‘d'|-'~- |— end tag L
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M |23456TD <lssne
| i .... B b .-\_\_\__‘—\— ol -'_'_'__I"_k-_‘-:_' '::F‘:_
COHTET Y e ol ] -'_'_F--'-'_'_-'_'_ _\_\--\-\--\-\--\--
o e -1 L E] -
P tEiif="F" r._ . _ ;
R A T W
= P F.“:',,.J |I'|_"i""ﬂ:' e f s il .-.-I|
i - '\_‘_ ll‘x r l\'\-a_ _,-/"Jl '\“m._ -

The context of XML elements must not contain the signs >, <, &, ", and'. They have to be replaced with escape
sequences. In the following table the special characters and their escape sequences are shown.

Table 13.2. Special Characters

Character XML Representation
< &lt;

> &gt ;

& &anp;

" &quot ;

' &apos;

13.1.2.1.1. The Syntax of the XML Spool File

The XML spooler works only with XML documents that have arestricted structure. An XML spool file may only
havefour levels: theroot level, whosetag islabeled with Table. The next level servesas delimiter between records
and its tags are named Row. The third level consists of XML elements displaying the fields of the record. There
are two possibilitiesto present elements of the third level:

1. The names of the elements have to be identical to the column labels of the destination table.

2. The elements are labeled with Field and have to carry an field name whose value displays the name of the
table column.
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<l name>Smi t h</ | nane>
<Fi el d name="1 nane" >Sni t h</ Fi el d>

These two line both have the same meaning.

Finally, values are presented as content of XML elements at the fourth level. The XML elements also may carry
attributes. At thefirst level, the attributes name and nullrep are defined. Thefirst definesthe name of the destination
table. The later one is used for the definition of the null representation. Its meaning is explained in section: The
Representation of Null Values . For the second level (i.e. Row), only the attribute name is known by the spooler.
The attributes defined for the third level and their meanings are declared in section: XML Attributes Known by
the XML Spooler .

An example document with the document tree containing the four levelsis shown in Figure: Example of an XML
Document and the Document Tree .

According to these syntax rules, there are tag names with special meaning in the spool file called delimiter tags:
Table, Row, Field and Column (see section: The Usage of Format Information ). The XML spooler is case insen-
sitive concerning these labels, i.e. one can write ROW or row and so on.

In contrast to this, in the DSV data spooler (Delimiter-Separated Vaues mode) the values of each record are
presented in one line in the spoal file. Usually, the values are separated by atabulator (\t") sign. Each record must
have the same number of elements as there are columnsin the destination table. Furthermore, these el ements need
to have the same ordering as the table columns. NULL values are usually presented as'? per default.

In Figure: DSV spool File, aspooal file suited for the spooler in the DSV modeis shown. It is used to transfer data
into the table SUPPLIERS. The CREATE statement of that table is defined as follows:

CREATE TABLE supplier(supno | NTEGER NOT NULL
name VARCHAR(*),
address VARCHAR(*),

PRI MARY KEY(supno))

Figure 13.2. DSV spool File

5 DEFECTO PARTS 16 BUM ST., BROKEN HAND WY
52 VESUWVIUS, |NC. 512 ANCI ENT BLVD., POWPEIIl NY
53 ATLANTIS CO. 8 OCEAN AVE., WASHI NGTON DC

The spool file shownin Figure: DSV spool File hasthreerecords. Inthe XML spool file, additionally the structural
information, as described above, is required.

Figure 13.3. XML Spool File

<Tabl e>
<Row>
<Fi el d nanme="supno" >5</ Fi el d>
<Fi el d name="nane" >DEFECTO PARTS</ Fi el d>
<Fi el d nanme="address">16 BUM ST., BROKEN HAND WY</ Fi el d>
</ Row>
<Row>
<Fi el d nanme="supno">52</Fi el d>
<Fi el d nane="nanme">VESUVI US, | NC. </Field>
<Fi el d name="address">512 ANClI ENT BLVD., POWPElI| NY</Fiel d>
</ Row>
<Row>
<Fi el d nanme="supno">53</Fi el d>
<Fi el d name="nane" >ATLANTI S CO. </ Fi el d>
<Fi el d nanme="address">8 OCEAN AVE., WASH NGTON DC</ Fi el d>
</ Row>
</ Tabl e>

Figure: XML Spool File shows an XML spool file containing the same data as shown in the DSV spool file from
Fig. dsv_spf .

In contrast to the DSV spooal file, within an XML spoal file the order of the record fields does not matter. Further-
more, additional elements may be present or elements can be missing (see also section: Transfering XML Data
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Into the Database ). This provides more flexibility in order to transfer query results into a database table whose
scheme does not exactly match the output of the query.

@ Note
The Transhase XML spooler is not able to read XML documents containing a Document Type De-
scription nor isit able to manage documents with namespace declarations.

13.1.2.2. Principal Functionality of the XML Spooler

13.1.2.2.1. Transfering XML Data Into the Database

Syntax:

[437] Spool TableStatement : : = SPOOL Local TableSpec
FROM [SORTED] FileLiteral [LOCAL]
{ DSV Spec | XML Spec | ISONSpec }
[ClobInlineSpec] [BloblnlineSpec]

[440] XMLSpec: : = FORMAT XML [NullSpec]

[442] NullSpec: : = NULL [ IS] StringLiteral

Explanation:

<tablename> is the name of the destination table where the records of the spool file are inserted.
<file> presents the file name of the spooal file.

DSV stands for delimiter separated values. If the statement contains no format option the DSV mode is used per
default. XML signals the XML spooling mode.

With the 'NULL IS option, the null representation can be defined (see also section: The Representation of Null
Values).

In case of the XML mode, the spooler scans the provided spool file and reads until the end of arecord is reached
(signaled by the end tag</Row>). If afield is missing, the default value is inserted in the database. If no default
valueisavailable, the NULL valueis used for that field. If there are additional fields for which no column in the
destination table can be found, these fields are ignored.

Figure 13.4. Complex XML spool File

<Tabl e>
<Row>
<addr ess>64 TRANQUI LI TY PLACE, APOLLO M\</ addr ess>
<anyt hi ng>?</ anyt hi ng>
<supno>57</ supno>
</ Row>
</ Tabl e>

So for example, the spoal file of Figure: Complex XML spool File contains one record for the table SUPPLIERS
(see section: The Syntax of the XML Spool File). The ordering of the fields does not match with the ordering of the
table columns. The field 'name' is missing and since no default value is present, this field gets the value NULL.
Furthermore, the record of the spool file contains a field labeled "anything' which is ignored because the table
SUPPLIERS does not have any column of that name.
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13.1.2.2.2. Extracting Query Results Into an XML Document

Syntax:
[438] SpoolFileStatement : : = SPOOL
INTO FileLiteral [LOCAL]
{ DSV Spec | XML Spec | ISONSpec }
[CloblnlineSpec] [BloblnlineSpec]
[LobFileSpec]
SelectStatement
[440] XMLSpec: : = FORMAT XML [NullSpec]
[442] NullSpec: : = NULL [ IS] StringLiteral
Explanation:

<file> presents the name of the output spooal file.

If the format option XML is used the result of the entered statement is formatted to XML. The SelectStatement
can be any valid select statement.

As explained in section: The Syntax of the XML Spool File, the root of an XML spool file islabeled Table. The
information of each record is presented within the begining and ending Row tag. For each record field, the name of
the associated column is presented as attribute of the beginning Field tag. Between the beginning and the ending
Field tags, the query result for thisfield is printed (see Figure XML Spool File).

13.1.2.3. Extended Functionality of the XML Spooler

13.1.2.3.1. Reading the XML Declaration

XML documents optionally may have an XML declaration which always is located at the beginning of the doc-
ument. Among the version number, this declaration may include information about the encoding. The latter one
may be of interest for the XML spooler.

<?xm version="1.0" encodi ng="UTF-8" ?>

The XML Spooler notices only the value of the encoding attribute within the declaration. All other information is
ignored. However, at the moment, the XML spooler supports only UTF-8 encoded XML documents.

13.1.2.3.2. The Usage of Format Information

The XML spooler provides the opportunity to add format information as a header in front of the records. Such
information are declared for the datetime and timespan types, so far. They are used to specify the range of these
types for the complete spool file. Nevertheless, another format description may be entered as attributes within a
record field. Furthermore, within the format information, the null representation and the default value of atable
column may be defined. The format information has to be placed after the root tag (i.e. before the first record).
For each column of the destination table, which requires additional information, an XML element named Column
carrying several attributesisdefined. Thiskind of information is called format information header here after wards.
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Figure 13.5. Format Information Header

<Tabl e>

<col um nane="age" type="ti mespan[dd: ss]" defaul t="22592 12:2:4"/>
<Row>

</ Row>
</ Tabl e>

Figure Format Information Header shows an example of the format information header at the beginning of the
spool file. For the Column element the attributes name, type, nullrep, and default are defined. With the value of
the name attribute, the column of the destination tableisidentified. Accordingly, the type attribute carries the type
definition and the range specification of thiscolumn asvalue. If the nullrep and/or the default attributes are present
they define the representation of the null and/or the default value for the according table column. Because of the
format information shown in Figure: Format Information Header, the XML Spooler supposes that values of the
column bdate for example are of type datetime and are formatted beginning with the year and ending with days.
Accordingly, values of the column age are of type timespan, beginning with days and ending with seconds. If this
field ismissing in one of the record, the default value '22592 12:2:4" is inserted.

The meaning of the nullrep attribute is explained in section: The Representation of Null Values . Morover, the
usage of the default attribute is explained in section: The Default Values.

The Usage of Format Information when Transferring Data Into the Database

Together with the option explained above, there are four possibilities how the XML spooler determines which
format should be used for arecord field:

1. Datatime or timespan values can be represented in the TB/SQL syntax, i.e. the format information is written
in front of the data (see section External File Format).

<Tabl e>
<Row>

<age>ti mespan[ dd: ns] (19273 12: 2: 4: 1) </ age>
</ Row>
</ Tabl e>

2. The type and range specification is declared by an XML attribute. According to this, the XML parser listens
for the attribute named type within the beginning tag of arecord field.

<Tabl e>
<Row>

<bdat e type="datetine[yy: dd]">1945-12-8</ bdat e>
</ Row>
</ Tabl e>

If the parser determines this attribute, it remembers its value until it can be used for type checking before
inserting the record in the database.

@ Note
There is aso the possibility to enter format information as TB/SQL syntax and additionally pro-
vide the concerning XML attributes. In this case, the attributes are ignored.
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<today type="datetinme[yy:dd]">
datetime[yy: hh] (2007-12-11 15)
</t oday>

In this case, the spooler assumes that the range specification of [yy:hh] is correct.

3. A header containing the format information as described above may be present. Thisinformation is only used,
if the parser did not find such information within the field declaration (either as XML attributes or as TB/SQL
representation).

4. If thereisneither any format information within thefield declaration nor any format information header present,
the XML spooler assumes that the appropriate value has the format as defined in the column of the destination
table.

@ Note
If the format of the value does not match the format to be used according to the added format infor-
mation or the database scheme, an error handling is started (see section: Error Reports).

Writing the Format Information for Query Results

If aquery result contains fields of type timespan or datetime, a header containing the format information as de-
scribed above is generated and written into the output spool file.

<Tabl e>
<col um nane="bdat e" type="datetime[yy:dd]"/>
<col umm nane="age" type="timespan[dd:ss]"/>
<Row>

</ Row>
</ Tabl e>

13.1.2.3.3. The Representation of Null Values

Withthe XML spooler, there are several opportunities, to declare the representation of the null value: the definition
of asingle character within the spool statement, to add anull representation string as attribute of the Table element,
or to use the nullrep attribute within the Column element. If none of these three possihilities is used, the default
('?) isused for the representation of the null value.

Table Spool Statement with a Null Representation

The spool table statement provides the option to enter a single character representing the Null value.

spool enployee fromtest.xm format xm null is 'x'

If an ‘X" is scanned for afield value, the spooler generates a NULL to be inserted in the database. If the value 'x'
should be inserted instead of NULL, in the spool file the attribute null hasto be set to false.

<Tabl e>
<Row>
<Fi el d name="1 nane" nul |l ="fal se">x</ Fi el d>

166



Data Import/Export

</ Row>

</ Tabl e>

@ Note
The XML spooler aso supports the representation of null values by setting the null attribute of the
Field element to true. Hence, the following two lines have the same meaning, if the null represen-
tation is set to 'x":
<Fi el d nanme="1| nanme" >x</ Fi el d>
<Fi el d name="| name" null="true"/>

The Null Representation for the Complete Document

As mentioned in section: The Syntax of the XML Spool File , the Table element may have an attribute named
nullrep. Its value displays the representation of the null value for the remaining document. In contrast to the
representation of the table spool statement, this value may be a string, not only a single character. If the nullrep
attributeis present within the Table tag, the null representation of the spool statement - if any - isignored. Again, if
for arecord field the same value as for the null representation should be inserted in the database, the null attribute
has to be set to false.

<Tabl e nul | rep="xyz">

<Row>
<Fi el d name="1| name" >x</ Fi el d>
<Fi el d name="rnanme" nul |l ="fal se>xyz</Fi el d>

<Fi el d nanme="addr ess" >xyz</ Fi el d>

</ Row>
</ Tabl e>

Since the nullrep attribute is present, the value 'x' for the field Iname is not interpreted as null athough it was
defined as null representation by the spool table statement. Thus, the following record values are inserted in the
database: x, xyz, NULL, ...

The Null Representation for a Single Column

Within the format information header described in section: The Usage of Format Information , it is possible, to
declareavaluefor the null representation. Thisis donewith the nullrep attribute within the column element. Asfor
the null representation of the Table element, the value may be a string. If this attribute is entered there, the value
definesthe null representation only for the column of the specified name. Other null representations (that from the
Table element or that of the spool statement) then are not applied to the specified column. Again, if avalueto be
inserted in the database is the same as the null representation value, the attribute null has to be set to false.

<Tabl e nul | rep="xyz">
<Col um nane="1 nane" nul | rep="abc"/>
<Row>
<Fi el d name="1| name" >abc</ Fi el d>
<Fi el d name="r nane" >xyz</ Fi el d>

</ Row>
<Row>
<Fi el d nanme="1 nane" null ="fal se">abc</Fi el d>
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<Fi el d name="rnane" nul | ="fal se">xyz</Fi el d>

</ Row>
<Row>
<Fi el d name="1 nane" >xyz</ Fi el d>
<Fi el d name="r nane" >x</ Fi el d>

</ Row>

</ Tabl e>

Although, if in the spool statement the NULL IS 'x' option was used, the following record values are generated
and inserted in the database:

NULL, NULL,
abc, xyz,
Xyz, X,

The Default Value for the Null Representation

If no null representation is present (neither in the spool statement nor nor in the spool file), the default null symbol
('?) isused. Thisis also true for the DSV Spooler. Also in this case, it is necessary, to set the field attribute null
to false if the value ? has to be inserted in the database.

Writing the Null Representation

When writing the query result in an XML document, the Table element gets the attribute nullrep in any case. At
the moment, the value of this attribute can be only a single character. The value is either the default null symbol
('?) or was entered with the file spool statement. Furthermore, it is not possible to define a null representation
for asingle column.

spool into test.xm format xm null is 'x' select * from enpl oyee

In this case, the output document looks as follows:

<Row>
<Field ....
</ Row>

</ Tabl e>

13.1.2.3.4. The Default Values

After a complete record was scanned by the XML spooler, for fields that are not present the default value if any
availableisinserted in the data base. Otherwise, for these fieldsaNULL isinserted. There are two possihilitiesto
define the default values: first, default values can come from the table description. Second, within the format in-
formation header, an attribute declaration can be used to define the default value. These possibilities are explained
next.
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Default Values from the Table Description

Default values that come from the table description are declared within the CREATE TABLE statement or with
an ALTER TABLE statement.

In the following example, a spool file is used to transfer datain a table called employee. The CREATE TABLE
statement of this destination table looks as follows:

CREATE TABLE enpl oyee (..., fname VARCHAR(*) DEFAULT ' MARY', ...)

For each record, where the field fname is not present, the value "Mary" isinserted.

If the default value of the table description represents a sequence, this sequence has to be updated each time the
default valueis used.

In the following, parts of a spooal file are shown that should be transfered into a data base table:

<Tabl e>
<Row>
<Fi el d name="ssn">20</Fi el d>
</ Row>
</ Tabl e>
Thefield 'ssn' is of type integer and has as default a sequence. In the first record, thisfield is present. In all other
records not shown, thefield is missing and hence, the sequence isincreased each time the default value isinserted.

@ Note
If there are more than one sequences per table, all sequences are increased at the same time. Hence,
more sequences may result in confusing values.

Default Values within the Format Information Header

In order to declare a default value within the format information header, the attribute named default is used.

<col um nane="fnane" defaul t =" Max"/>

In this case, for missing fields with the name fname, the default value "Max" is inserted.

If the attribute default is present within the format information header, the XML spooler checks if its value is
valid according to the type declaration of the table description. If an uncorrect value was entered the definition
of the default value isignored.

@ Note
The definition of the default value within the format information header has a higher priority than
that of the table description. I.e. if both, the table description and the format information header
contain a default value for the same field, the default value of the table description is ignored.
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13.1.2.3.5. XML Attributes Known by the XML Spooler

The following table shows the attributes known by the XML spooler and their possible values.

Table 13.3. Attributesand Their Values

Attribute Name Possible Values
name any string
nullrep any string

type datetime[ cc:cc] | timespan[cc:cc]
null true | false
default any string
blobfile any string
clobfile any string

offset any number
blobsize any number
clobsize any number
encoding any string

If the spoal file contains other attributes as declared within the above table, these attributes are ignored by the
spooler. Similarly, if the parser encounters a not expected attribute value, depending on the location, an error is
generated as explained in chapter: Error Reports.

Attributes Describing Format Information

As described in section; The Usage of Format Information, the parser of the XML spooler has to know the fol-
lowing attributes within a Column element: name, type, and default. The attributes name and type are aso known
within the beginning tag of arecord field.

The Attributes for Null Values

Asexplained in section: The Representation of Null Values, for both - the DSV and the XML spooler, the default
null symbol is presented by the'? sign. Furthermore, asingle character for the null representation may be entered
with the spool statement. Within an XML spooal file, the attribute labeled with nullrep may be used to overwrite
this null representation for the complete document or only for a single column (see section: The Representation
of Null Values). Additionally, the attribute 'null' can be used to signal the usage of a null value for a particular
field. If this attribute carries the value 'true’, aNULL is inserted for the appropriate record field. There are three
possibilities, to declare a NULL field with this attribute:

1. Thenull attribute is set to true and no value is entered. In this case, usually no closing tag is required because
the opening tag is closed after the attribute declaration.

<today null="true"/>

2. Although no valueis entered, it is valid to use the opening and closing tag within the XML document.

<today nul | ="true"></today>

3. Thenull field may carry avalue.
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<today nul | ="true">2007-12-07</t oday>

Since the attribute value null is set to true, the data entered between opening and closing tag isignored and a
NULL isinserted for this record field.

Attributes Defining Lob Characteristics

The attributes blobfile, clobfile, blobsize, clobsize and offset are used when spooling lob. More details for these
attributes can be found in chapter: Spooling of Lobs with the XML Spooler .

Attributes of the XML Declaration

As already explained in section: Reading the XML Declaration, an XML document optionally may have an XML
declaration including attributes. The parser only remembersthe value of the 'encoding' attribute, all other attributes
within this declaration are ignored.

13.1.2.4. Error Reports

The transbase error handling differs between hard and soft errors. If a hard error occurs, the insertion processis
stopped immediately and aroll back is performed. Hence, in case of an hard error, no record from the spooal file
isinserted. If a soft error is encountered, the appropriate record is ignored and skipped and all correct records
areinserted.

13.1.2.4.1. Hard Errors

Concerning the XML spool mode, hard errors occur in connection with lobs or if an unexpected tag is encountered.
If at least one column of the destination table is of type blob, each encountered error is handled as an hard error.
The error of an unexpected tag occurs especially in connection with the delimiter tags defined in section: The
Syntax of the XML Spool File. So for example, an XML spool file my begin only with an XML declaration or with
the Table tag. After the beginning Table tag, the XML spooler accepts only a Column or a Row Tag. At the end
of a Column tag, a further Column tag or a beginning Row tag is required. Finally, after a closing Row tag, only
a beginning Row or an ending Table tag is allowed. If the spooler encounters ancther tag as expected, the spool
process is aborted since no realistic recovery point is available.
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13.1.2.4.2. Soft Errors

XML Syntax Errors

According totheerror treating, there are three classes of XML syntax errors: hard errors as unexpected tags, syntax
errorsforcing the skipping of arecord, and syntax errorsleading in a scanning to the next recovery point. Thefirst
error classis already explained in section; Hard Errors, the other two classes will be explained next.

1. XML Syntax Errors Leading in a Skip Operation: If an XML syntax error occurs that still allows the correct
interpretation of the following XML segments (i.e. tag, attribute, value, ...), the rest of the record is skipped.
This means, the record is not inserted into the database but is written in the error report with an appropriate
error message as XML comment. The end tag differs from the beginning tag as shown next.

<Row>
<f name>John</ f nane>
<l name>Smi t h</ | nane>
<ssn>123456789</ ssn>
<addr ess>731 Fondren, Houston, TX</add>
<sex>Mk/ sex>

</ Row>

In the example, the fourth record field starts with an address tag and ends with an add tag. In this case, the
completerecordiswrittenintheerror filethat containsall incorrect records along with the proper error message.
The spooling then starts at the beginning of the next record.

Error Message:

<Row>
<f name>John</ f nane>
<l name>Smi t h</ | nane>
<ssn>123456789</ ssn>
<! == m ssmat ch between open and closing tag ==>
<addr ess>731 Fondren, Houston, TX</add>
<sex>Mk/ sex>

</ Row>

2. XML Syntax Errors Leading in an Ignore Operation: If in the XML spool file an unexpected sign occurs, the
spooler is not able to interpret the meaning of the following segments. Hence, nothing of the record isinserted
in the database. The spooler ignores everything until to the next recovery point. A recovery point can be found
at the beginning of each record, i.e. if abeginning Row tag is encountered. Such errors are for example missing
angles, forgotten inverted commas, and so forth. Due to the restricted syntax of XML spooal files, the transbase
spooler also interprets mixed content as syntax error.

<Row nane="rowl" >
<field name="f nane">?</fiel d>
this text is mxed content
<l name>?</| nanme>

</ Row>
<Row nane="row2"' >

</ Row>

After aclosing Field tag, only an opening Field, a closing Row tag, or a XML comment is expected. When
scanning the text after the first record field, the spooler ignores the rest of the record and starts the spooling
process at the begin of the next record <Row name="row2>). In the error report, the following error message
iswritten.

<Row nane="rowl" >

<field name="fname">?</fiel d>

<I== XML Syntax error found, scanning to begin of next record ==>
</ Row>
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Errors Occurring During the Spooling of a record

There are several errors that may occur during the parsing process of the record. If such an error is determined,
the rest of the record is skipped. The incorrect record is written in an error report file where an error message is
inserted before the faulty record field. Especially wrong types, invalid null definitions, or invalid field values may
occur during the record spooling. These errors are explained next.

1. Invalid Null Definition: If in the table description afield is declared to be not null and in the spool file for this
field the null attribute is set to true or the value for the null representation was entered, this record is skipped.
In the following example, the field address must not be null according to the table description.

<Row>
<f name>Fr ankl i n</ f nane>
<l nane>Wbng</ | name>
<ssn>333445555</ ssn>
<address null ="true"/>
<sex>Mk/ sex>

</ Row>

In the error file the following error message is entered:

Error Message:

<Row>
<f name>Fr ankl i n</ f nane>
<l nane>Wbng</ | name>
<ssn>333445555</ ssn>

<Il=z= field nust not be null ==>
<address null ="true"/>
<sex>Mk/ sex>

</ Row>

2. Wrong Types: Such errors occur for example, if a string is added where anumeric value is supposed.

<Row>
<f name>Joyce</ f nane>
<l name>Engl i sh</| name>
<ssn>453453453</ ssn>
<addr ess>563 Ri ce, Houston, TX</address>
<sex>M/ sex>
<sal ary>error</sal ary>

</ Row>

In the example above, the field salary is of type numeric. During the record spool, a string value is scanned
and hence the error handling is started.

Error Message:

<Row>
<f name>Joyce</ f nane>
<l name>Engl i sh</| name>
<ssn>453453453</ ssn>
<addr ess>563 Ri ce, Houston, TX</address>
<sex>Mk/ sex>

<!'== nuneric error ==>
<sal ary>error</sal ary>
</ Row>

Errors Concerning XML Attributes: In table: Attributes and Their Values, the attributes and their possible
values are listed. Errors concerning XML attributes are encountered if a not expected value was entered. The
attributes can be classified in three categories: attributes describing format information, attributes describing
characteristics of lobs and attributes belonging to the Field element. The error handling for attributes depends
on this classification.

3. a Errors Within Field Attributes: Usually, errors are encountered during the spooling stage which causes the
skipping of the record and the generation of an appropriate error message. An example of an incorrect
attribute value and the according error message is shown below.
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<Row>
<f nanme>Janmes</ f nane>
<l nane>Bor g</ | name>
<ssn>888665555</ ssn>
<bdat e nul | ="nonsense" >1975- 11- 30<bdat e>
<sex>Mk/ sex>
</ Row>

In this case, the attribute 'null’ of the XML element 'bdate’ has the value 'nonsense’. Since for this attribute
only the values 'true’ or 'false' are defined, the following error message is generated.

<Row>
<f nane>Janes</ f nane>
<l nanme>Bor g</ | name>
<ssn>888665555</ ssn>

<l'== not expected attribute value (nonsense) ==>
<bdat e nul | =" nonsense">1975- 11- 30<bdat e>
</ Row>

b. Errorsat Attributes Describing Lob Functionality: As mentioned above, if the destination table of the spool
statement contains at least one lob column, each error is classified to be an hard error. Due to this, wrong
values for the attributes offset, and blobsize result in an hard error. Hence, in such a case, no record of the
spool fileisinserted in the database.

c. Errors at Attributes Describing Format Information: As described in section: The Usage of Format Infor-
mation, attributes that describe format information may occur in the format information header or within the
begin tag of the record field. The correctness of the type and range specificationsis verified at the insertion
stagewhen the completevalueisavailable. If thereisan error encountered, the record i s skipped and an error
message is generated. By the reason of this, if there was entered an incorrect type (especially in the range
part) within the format information header this resultsin the skipping of all recordsthat use thisinformation
in the remaining spool file.

Errors Occurring at the Insertion Stage

After arecord is scanned completely, problems may occur before or at the insertion step. So for example, which
record fields are missing can be determined only after the complete record was parsed. Furthermore, integrity
violations and key collisions can be recognized only when trying to insert the record. If such an error occurs, the
record is not inserted in the database. It is written in the error file together with a proper error message. Since
the error concerns the complete record and not only a single record field, the error message is placed in front of
the record declaration. The spooling process goes ahead with spooling of the next record. An example of such
an error is explained below.

Asexplained in section: The Syntax of the XML Spool File, it isnot necessary to declare all record fields within an
XML spool file. For amissing field the default value is inserted. If no default value is declared the NULL value
isused. However, if such afield may not be null according to the table description the record must not be inserted
in the database and hence, the error handling is started.

<Row>
<f nane>Janes</ f nane>
<l name>Bor g</ | name>
<ssn>888665555</ ssn>
<sex>Mk/ sex>

</ Row>

In this example, the field address which was declared to be not null is not present within the record. Hence, if no
default value is available, the following error message is generated.

Error Message

<!== The field address nust be declared - not null ==>
<Row>
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<f name>Janmes</ f nane>
<l nane>Bor g</ | name>
<ssn>888665555</ ssn>
<sex>Mk/ sex>

</ Row>

13.1.2.4.3. Attempt to Use an XML Document in the DSV Spooling Mode

The spool statement allows optional to choose the spooling mode (DSV or XML). If the format part is not entered,
the DSV spooler isused per default. It may happen, that the format specification wasforgotten and the user attempts
to spool an XML document in the DSV spooling mode. In such a case, at the end of the spooling process, a proper
error message is generated (error in DSV spooler - possibly forgot to enter 'format xml' option in statement).

For this error message, two conditions have to be fulfilled:
1. Thefirst scanned symbol may be the start of an XML document.

2. Thereisat least one error for each line; If an XML document is used with the DSV spooling mode usually no
correct record is encountered in the spooal file, i.e. there are as many errors as spooled lines.

13.1.2.5. Spooling of Lobs with the XML Spooler

13.1.2.5.1. Transferring Lobs Into the Database

In the mode of delimiter separated values, the spoal file usually contains file names for each lob field. The lob
data is stored in the associated files (see section: Spooling LOB objects ). The spooling process is performed by
two runs: in the first scan, the file names are collected and requested from the client. The client than sends these
filesto the server. In the second scan, the remaining values of the spool file are read and the complete records are
inserted in the data base. There is also the option to spool severa lobs stored in one file by the usage of offset
and size values.

If the XML mode is used, the file names of the blobs are entered as values of the attribute blobfile and the file
names of the clobs are entered as values of the attribute clobfile at the according record fields. The spool statement
isthe same as explained in section: Transfering XML Data Into the Database. Figure XML Spool File Containing
Blobs shows an example of an XML spoal file containing blob file names. It is used to spool recordsin the table
bl obex which was created with the following statement:

CREATE TABLE bl obex (nr | NTEGER NOT NULL,
pi cture BLOB,
PRI MARY KEY (nr))
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Figure 13.6. XML Spool File Containing Blobs

<Tabl e>
<Row>
<nr>1</nr>
<pi cture bl obfile="B0000001. 001"/ >
</ Row>
<Row>
<nr >4</ nr>
<picture blobfile="maske.pg"/>
</ Row>
<Row>
<nr >6</ nr>
<pi cture blobfile="photo.jpg"/>
</ Row>
</ Tabl e>

13.1.2.5.2. Writing Lobs from a Query Result

If a query result contains lob columns, the lobs usually are written in a separate file. The output spool file then
contains the name of these files. In order to this, the spool file may look like that shown in Figure: XML Spool
File Containing Blobs .

13.1.2.5.3. Inline Lobs

As in the DSV spooling mode, the lob data may also be entered as inline information. In an XML spool file,
the inline lob data is presented as value between the proper opening and closing field tags. For inline blobs, the
attributes blaobfile, blobsize and offset are not present. Hence, if none of those attributes was entered, the spooler
assumes that the value between open and closing tag belongs to an inline blab. Inline lobs are only useful if the
lob is not too large. Inline lobs have to be encoded with hex representation or with the base64 (for pictures).

<pi cture>/9j / 4AAQSkZ .. </ pi cture>
In this example, the value of the blob represents parts of the code of ajpg-encoded picture.
Whilein the DSV spooling mode, mixing of inline lobs and lobs data located in afile is not possible, this mech-

anism is alowed in the XML spooling mode. The spooler decides because of the attributes that are available or
not if the lob datais located in the spool file or if it hasto be loaded from afile.

13.1.2.5.4. Storing Several Lobs in One File

Spooling Several Lobs into One File

Asin the delimiter separated value mode, also in the XML mode it is possible to spool several lobsinto onefile.

In the following, an example statement is presented. It allows the spooling of the content from the table bl obex
containing one blob column in thefile bl obexanpl e:

SPOCL | NTO bl obexanpl e LOBFI LESI ZE=100 nb SELECT * FROM bl obex
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Figure: Output DSV Spool File shows the output document that is generated for the statement above when using
the DSV mode. For each lab optionally the file name and a the byte offset is printed. The size of the lob always
has to be present (see Figure: Output DSV Spool File).

Figure 13.7. Output DSV Spool File

' BOO00001. 001<0: 11505>
' <11505>
' <11505>
' <11505>

~NOoO AR

M
'M
'M

M

This output specifies that the first lob can be found in the file BOO0O0001. 001 at byte offset 0 and has a size of
11,505 bytes. Since for the second and al further lobs no file name is add the same file is used. For those lobs
only the sizeis specified. This means, the lob starts with the end of the lob before.

In the XML mode, the size and offset values are written as XML attributes (see Figure: Output XML Spool File).

Figure 13.8. Output XML Spool File

<Tabl e>

<Row>
<nr>1</nr>
<pi cture of fset="0" bl obsi ze="11505" bl obfil e="B0000001. 001"/ >
<sex>Mk/ sex>

</ Row>

<Row>
<nr >4</ nr >
<pi cture bl obsi ze="11505"/>
<sex>Mk/ sex>

</ Row>

<Row>
<nr >6</ nr >
<pi cture bl obsi ze="11505"/>
<sex>Mk/ sex>

</ Row>

<Row>
<nr >7</ nr>
<pi cture bl obsi ze="11505"/>
<sex>Mk/ sex>

</ Row>

<Row nane="nr4">
<nr >8</ nr>
<pi cture bl obfil e="photo.jpg"/>

</ Row>

</ Tabl e>

Spooling Several Lobs from One File

In the spoal file, for each lob, optionally the filename and the byte offset has to be entered. The lob sizeis always
required. In the XML mode, this information has to be presented as shown in the output document from figure:
Output XML Spool File. Since for the second and all further records no file name is present in the spoal file, the
spooler uses the file (BO000001. 001) from the record before. Furthermore, no byte offsets are available for
these records. Hence, the spooling of the second lob starts and the end of the first lob and so on. If thereis ablob
field in arecord where only the attribute blobfile is present but no size and no offset, then the spooler supposes
that the complete file data belongs to one blob. So for example, for the last record of figure: Output XML Spool
File, the complete content of the file 'photo.jpg’ isloaded in the concerning lob container.
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13.1.3. The JSON Spooler

Inadditiontoformats DSV and XML Transbase® supportsdataimport and export from/to filesformatted as JSON.

13.1.3.1. Characteristics of JSON

JSON (JavaScript Object Notation) is an open-standard human-readable file format commonly used e.g. for data
exchange and consists auf attribute:value pairs within object and array data types.

JSON syntax (general grammar)

[448] json: : = element

[449] value: : = object | array | string | number | boolean | nullvalue
[450] object : : = object_begin [ whitespaces members] object_end
[451] members: : = member [, members]

[452] member : : = whitespaces string whitespaces : element

[453] array : : = array_begin [ whitespaces elements] array_end
[454] elements: : = element [ , elements]

[455] element : : = whitespaces val ue whitespaces

[456] string : : =" characters"

[457] characters: : = | character characters

[458] character : : ={ 0u0020..0ul0ffff ~" ~\} |\ escape

[459] escape: : ="|\|/|b]|n]|r|t]uhexhex hex hex

[460] hex:: =digit|{ A.F|a.f}

[461] number : : = int frac exp

[462] int: : = digit | onenine digits| - digit | - onenine digits
[463] digits: : =digit [ digits]

[464] digit: : = 0| onenine

[465] onenine: : ={1.9}

[466] frac: : =|. digits

[467] exp:: =|{ E|e} signdigits

[468] sign::=|+]|-

[469] boolean: : = true|false

[470] nullvalue: : = null

[471] object_begin: : ={

[472] object end: : =}

[473] array_begin: : =

[474] array_end: : =]

[475] whitespaces: : =|{ 0009 | 000a | 000d | 0020 } whitespaces

13.1.3.2. Transbase® JSON spool format

The Transbase® JSON spooler only uses aflat JSON structure, i.e.
» a<table>isaJSON array: [ <table> ] containing zero or more records separated by comma:

» a<record> isaJSON object: { <record>} containing zero or more attribute-value pairs seperated by comma;
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» a<field>isaJSON attribute-value pair: "<fieldname>"; <fieldvalue> separated by colon.

Therefore the overall structure of a Transbase® spool file looks like (assuming the table has m records with n
fields):

[
{

"<field_1>": <value_1-1>,
"<field_2>": <val ue_1-2>,

"<field_n>": <value_1-n>

"<field_1>": <val ue_2-1>,
"<field_2>": <val ue_2-2>,

"<field_n>": <val ue_2-n>

"<field_1>": <value_m 1>,
"<field_2>": <val ue_m 2>,

"<field_n>": <val ue_mn>
}
]

Example 13.3. JSON spool file: Table SUPPLIERS

[
{
"supno": 51,
"name": "DEFECTO PARTS",
"address": "16 BUM ST., BROKEN HAND W

"supno": 52,
"nane": "VESUVIUS, INC ",
"address": "512 ANCI ENT BLVD., POWPEI| NY"

"supno": 64,
"nane": "KN GHT LTD.",
"address": "256 ARTHUR COURT, CAMELOT"

13.1.3.3. Transbase / JSON data types

Transbase data types are mapped onto JSON value types as follows:

Transbase JSON example

null null null

bool bool true | false

tinyint number 127

smallint number 32767

integer number 2.147.483.647

bigint number 9.223.372.036.854.775.807
numericl (p[,9])] number 3.14159265
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Transbase JSON example

float number 2.71828182

double number 2.99792458e8

char[({p[*})] string X" | Test”

varchar[({p|*})] string "?' | "Hello"

string string "Transbhase"

binchar[ ({p|*})] string "'0x48656¢6¢6f205472616€7362617365" (binchar literal)
bitg ({pl*P] string "0b1010" (bits literal)

bits2[ ({p|*})] string "0b0101" (bits2 literal)

date string "date '2019-06-26" (date literal)

time string "time '11:55:00™ (time literal)

timestamp string "timestamp '2019-06-26 11:55:00™ (timestamp literal)
datetime string "datetimeyy:ss](2019-06-26 11:55:00)" (datetime literal)
timespan string "timespan[hh:ss](11:55:00)" (timespan literal)

interval string "interval '2:12:35' hour to second” (interval literal)

clob string "Hello Transbase" (clob literal)

blob string "48656¢6c6f205472616€7362617365" (blob literal)

13.1.3.4. Fields - Order / Unkown / Missing

While al fields must be specified in their defined order in the DSV spooler, there is more freedom in the JSON
spooler:
« fields can be specified in any order;

» unknown fields - i.e. fields not defined in the table - will be ignored simply;

» missingfields- i.e. fields defined in the table but not specified in the JSON spoal file - are replaced by aNULL
value or the default value if any has been defined for this field.

13.1.3.5. NULL values - Explicite / Implicite

Missing fields with no defined default value are implictly replaced by aNULL value. Of course the spool file can
explicitly specify a NULL vaue for afield, too. In both cases, if the field does not accept NULL values (NOT
NULL) an error is returned.

@ Note
AUTO_INCREMENT fields are defined automatically as NOT NULL and with default value
AUTO_INCREMENT. If explicitly a NULL vaue is specified in the JSON spool file an error is
returned. If the field is not specified in the JISON spool file the default value is taken.
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13.1.3.6. Default values

Asmentioned above for al fields defined in the table without a specified value in the JISON spool file the default
value istaken. If no default value is defined for the field the NULL valueis taken.

13.1.3.7. LOB objects

Spooling large objects (LOBS) - as separate files, possibly summarized, or inline - all criteria are valid as noted
by the DSV spooler: Spooling LOB objects.

13.2. External data sources

13.2.1. Remote Database Access

Transhase offers direct and transparent read/write access to remote Transbase databases for distributed queries
and data import. Please consult TableReference for details on how to connect to a remote Transbase site in an
SQL statement.

The following example is a distributed join using two remote databases.

INSERT INTO T

SELECT q.partno, supp.sho

FROM quot ati ons@/ server 3/dbl q, suppliers@/server5/db2 supp
VWHERE Q. suppno = supp. sno

13.2.2. FILE Tables

Data stored in files may be integrated into the database schema as virtual tables. These FILE tables offer read-
only access to those files via SQL commands. They can be used throughout SQL SELECT statements like any
other base table.

CREATE FI LE ('/usr/tenp/data.csv')
TABLE file_table WTHOUT | KACCESS
(a INTEGER, b CHAR(*))

SELECT a+10, upper(b) fromfile_table
SELECT b FROM file_table, regul ar_table
WHERE fil e_table.a=regular_table.a

If the FILE tableis not needed persistently in the schemait can also be used inline within the SELECT statement:

SELECT a+10, upper(b)
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FROM (' /usr/tenp/data.csv') (a INTEGER, b CHAR(*))
WHERE a > 100

FILE tables are primarily designed as an advanced instrument for bulk loading data into Transbase and applying
arbitrary SQL transformations at the same time.
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Appendix A. The Data Dictionary

The Transbase data dictionary is a set of system tables which define the database structure.

» Permissions on SystemTables: The data dictionary is owned by t badni n - usualy a database administrator
(dba), but it belongs to the schema publ i c.

All usersarealowed to read the datadictionary, i.e. to retrieveinformation about the database structure. Reading
the data dictionary isin no way different from reading user tables.

» Lockson SystemTables: For read access of system tables, aread lock is set asfor user tables. However, to avoid
bottleneckson the system tablestheread locks arerel eased immediately after the eval uation of the corresponding

query.

Repeated read accesses to the system tables might produce different results, if - in the meantime - a DDL
transaction has been committed.

* Summary of SystemTables:

The data dictionary consists of the following tables:

sysdatabase contains information about database parameters.

Syssession contains information about session parameters.

sysuser contains users/schemas.

systable contains tables, views and sequences.

syscolumn contains colum definitions of tables and views.

sysindex contains indexes of all tables.

sysview contains view definitions of all views.

sysviewdep contains dependencies of views on tables or other views.

systablepriv contains INSERT, UPDATE and SELECT privileges on tables or views.
syscolumnpriv contains UPDATE privileges on distinguished fields of tables or views.
sysblob contains imformation about LOB containers used for BLOBs and CLOBs.
sysconstraint contains information about CHECK constraints on tables.

sysrefconstraint contains information about reference constraints on tables. Reference constraints are often
referred to as foreign key constraints.

sysdomain contains the definitions of domains.
sysdataspace contains information about data spaces.
sysdatafile contains information about the data files the data spaces are stored in.

loadinfo contains information about blocks from ROM-files cached on the file system for faster access or
modification. It is present only in retrieval databases.

syspsmproc contains information about the PSM methods defined.

Syspsmprocparam contains information about paréﬁ'?éters of the PSM methods defined.
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 syspsmprocpriv contains information about the privileges granted for the PSM methods defined.

A.l. The sysdatabase(s) Table

The sysdatabase table contains entries for all configuration parameters of a database.

The sysdatabases table in the admin database contains entries for al configuration parameters of all databases
managed by the corresponding Transbase service.

Field Explanation

database hame The name of the database concerned. [sysdatabases only]

property The database property or database configuration parameter.

value The current value of this property for the specified database.

unit The unit in which the current value is specified where this applies.

datatype The data type of the property.

comment Gives useful information on this property. Mostly the collection of possible values
and the default value.

A.2. The syssession Table

The syssession table contains entries for all configuration parameters of a session.

Field Explanation

property The session property or session configuration parameter.

value The current value of this property for the current session.

unit The unit in which the current value is specified where this applies.

datatype The data type of the property.

comment Gives useful information on this property. Mostly the collection of possible values
and the default value.

A.3. The sysuser Table

The sysuser table contains an entry for each registered database user.

Column Type

username CHAR(*)
userclass CHAR(*)
passwd CHAR(*)
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Column Type
userid INTEGER

Primary key: (username)
* username: the name of the user/schema.
« userclass: has one of the following values:
* Nno access cannot login on the database.

» access isalowed to access database tables according to the privileges granted, but is not allowed to create,
alter or drop database objects like tables, views or indexes.

e resour ce has privileges asin class access plus the right to create, alter or drop database objects, e.g.
tables, views and indexes.

« dba has all access rights including the right to add or drop users and to ater or drop objects without being
the owner.

dba implicitly has all privileges on any database object including the right to revoke privileges granted by
others. Strictly speaking dba bypasses al privilege checks.

 passwd: Contains the encrypted password of the user. Note that the user's password is not stored anywhere in
unencrypted form.

 userid: Gives a unique identification for the user. This userid is used in other system tables to refer to users,
e.g. in the systabl e table to denote the owner and the schema of atable.

Explanation:

Upon creation of a database two users are already predefined and cannot be dropped:

* publ i c withuserclassno access and userid O

* t badni n with userclassdba and userid 1

These users cannot be dropped but their userclass can be changed. The keywords publ i ¢ and t badm n are

provided to refer to these users in case-insensitve form. The user publ i ¢ is of particular importance in the
GrantPrivilegeStatement.

2 Security Alert

The password for t badm n should be changed asap. for security reasons.

A.4. The systable Table

The systable table contains a single entry for each table, view or sequence defined in the database.

Column Type
tname CHAR(*)
owner INTEGER
ttype CHAR(*)
Segno INTEGER
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Column Type

colno INTEGER

date DATETIME[YY:MS]
cluster SMALLINT

version INTEGER

indextype CHAR(*)

schema INTEGER

Primary key: (schema, thame)
 tname: The name of the table, view or sequence.

» owner: Denotes the owner of the table or view by the user's userid. To retrieve the owner 's username, join the
tables sysuser and systable (see example below).

* ttype: Theentry has one of the values"R","r","V","v","S".

A user table hasthevalue"R" or "r", where "R" isused for atable created WITH IKACCESS (thisisthe default)
and "r" for atable created WITHOUT IKACCESS.

User views are denoted with entry "V". System tables which are visible to the user have entry "v". In effect, al
system tables described in this manual are views.

Sequences are denoted with entry "S".

 segno: A positive integer value which denotes the physical segment number of the table or is a negative integer
valueif the entry isaview. segno is used in other system tables to identify atable or view uniquely.

« colno: Contains the number of the columns (fields) of the given table or view.
 date: Contains the creation time of the table or view (type {tt DATETIME[YY:MS]}).

* cluster: Contains the dataspace number of the table. Tables created without DATASPACE option contain the
number O here (system data space). Tables created with in a user defined DATASPACE carry a number > 0
which isan internal identifier for the user created DATASPACE. The mapping between dataspace hames and
numbersisvisible in the (virtual) system table "sysdataspace”.

» version: Contains the version number of the table.
* indextype: Contains the index type of the table.
» schema: Contains the schemaid of the table.

Example A.1. Table Names and Owners of Non-System Tables

SELECT s.usernanme as "schema", tnanme as "nane", o.usernane as "owner"
FROM systabl e t, sysuser s, sysuser o
WHERE schema = s.userid and owner = o.userid AND ttype in ("R, 'r")

A.5. The syscolumn Table

The syscolumn table contains a single entry for each field of each table or view defined in the database.

Column: Type:
tsegno INTEGER
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Column: Type:
cname CHAR(*)
ctype CHAR(*)
domainname CHAR(*)
defaultvalue CHAR(*)
suppressed INTEGER
cpos INTEGER
ckey INTEGER
notnull CHAR(*)
surrid INTEGER
surref INTEGER
domainschema INTEGER

Primary key: (tsegno, cpos)

* tsegno: Identifiesthetable or view to which the entry belongs. The name of the table can be retrieved viaajoin
between systable and syscolumn on the fiel ds tsegno and segno of syscolumn and systable, resp.

» cname: Contains name of the column of the table or view.

» ctype: contains the base data type of the column. The data type is given as specified in the corresponding
CREATE TABLE statement. Although data type specificationsin TB/SQL are case-insensitive, strings stored
in field ctype are all lower-case.

» domainname: Contains the domainname if a domain has been used for field definition else NULL. Note that
even if adomain has been used, its base typeis recorded in field ctype.

« defaultvalue: Contains the literal representation of the default value of the field. If no default value has been
specified, the value NULL (again explicitly represented as literal) is stored.

» cpos. Givesthe position of the field in the table (first position is 1).

» ckey: Contains the position of this column in the primary key of a table starting with 1 or 0 if the column is
not part of the primary key.

* notnull: If the CREATE TABLE statement has specified a NOT NULL clause, this field has the value "Y",
otherwise "N".

* surrid: If the column contains a surrogate thisis a key to the syssurrogate table.
* surref: If the column contains a surrogate thisis a key to the syssurrogate table.

» domainschema: Contains the schema id of the domain when a domain was specified in the type definition of
this column.

Example A.2. Create table statement with resulting entriesin syscolumn

CREATE TABLE quotations ( Partno | NTEGER,
suppno | NTEGER,
price NUMERI C( 8, 2) NOT NULL,
PRI MARY KEY ('suppno, partno)
)

produces the following three entries in syscolumn (not all fields are shown!):

cname ctype cpos ckey notnull

partno integer 1 2 N
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cname ctype cpos ckey notnull
suppno integer 2 1 N
price numeric(8,2) 3 0 Y

A.6. The sysindex Table

For each index defined for the database, entries in the sysindex table are made. If an n-field index is defined, n
entriesin sysindex are used to describe the index structure.

Column Type
tsegno INTEGER
iname CHAR(*)
weight INTEGER
cpos INTEGER
isuniq CHAR(*)
isegno INTEGER
wlistsegno INTEGER
stowaosegno INTEGER
charmapsegno INTEGER
delimsegno INTEGER
fixttype CHAR(*)
wilisttype CHAR(*)
schema INTEGER
func CHAR(*)
soundexsegno INTEGER

Primary key: (tsegno, iname, weight)

tsegno: ldentifies the base table which the index refers to. To retrieve the name of the table, perform ajoin
between systable and sysindex on fields tsegno,segno.

iname: Stores the name of the index. Index names are unique with respect to the database.

weight: Serial number for the fields of oneindex, starting at 1 with the first field specified in the Createl ndexS-
tatement.

cpos: Identifies afield of the base table which the index refers to. To retrieve the name of the field, perform a
join between syscolumn and sysindex on the fields (tsegno, cpos) in each table (see the example below).

isunig: Contains string "Y™" if the index is specified as "UNIQUE" , "N" otherwise.

isegno: The field isegno contains the physical segment number of the index. Note that indexes are stored as
B*-treesin physical segments.

wlistsegno: Contains for afulltext index the segment number of the wordlist table, else NULL.

stowosegno, charmapsegno, delimsegno: Contain NULL value for anon-fulltext index. Contain segment num-
ber for the stopword table, charmap table, delimiterstable, resp., if they have been defined else NULL.
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« fixttype: Contains NULL value for a non-fulltext index else one of values "positional” or "word". "positiona”
isfor a POSITIONAL fulltext index, "word" is the default.

» wlisttype: Contains NULL value for a non-fulltext index. Contains value "fix" for a specified wordlist, "var"
isthe default.

The DDL statement

CREATE | NDEX partprice ON quotations (partno, price)

would produce the following two entriesin sysindex (only some fields of sysindex are shown):

iname weight cpos isuniq
partprice . 1 1 N
partprice . 2 3 N

To retrieve the names of the index fields in proper order, the following statement is used:

SELECT t.tnanme, c.cnane, i.inane, i.weight

FROM systable t, syscolum c,

sysindex i

WHERE t . segno=c.tsegno AND c.tsegno=i.tsegno AND c. cpos=i.cpos
AND i .iname="partprice' and i.schema = 0 -- == schema public

ORDER BY i . wei ght

A.7. The sysview Table

Contains one record for each view defined in the database.

Column Type
vsegno INTEGER
viewtext CHAR(*)
checkopt CHAR(*)
updatable CHAR(*)
viewtree CHAR(*)

Primary key: (vsegno)

* vsegno: Contains (negative) integer value which uniquely identifies the view. The same value is used e.g. in
systable and syscolumn to refer to the view.

 viewtext: Contains SQL SELECT statement which definesthe view. Thisisisused by Transbase whenever the
view isused in a SQL statement.

« checkopt: Contains "Y" if the view has been defined WITH CHECK OPTION else "N".
 updatable : Contains"Y" if the defined view is updatable else "N".

If aview isnot updatable, only SELECT statements may be applied totheview. If aview isupdatable, UPDATE,
INSERT, and DELETE statements may be applied, too.

For the definition of updatability and for the semantics of updates on views see the TB/SQL Reference Manual.

» viewtree: Reserved for interna use of Transbase.
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@ Note
Additional information for a view is contained in systable and syscolumn like for base tables (join
systable, syscolumn, sysview).

A.8. The sysviewdep Table

Contains dependency information of views and base tables.

A view may be defined on base tables as well as on other previously defined views. If a base table or view is
dropped, all views depending on this base table or view are dropped automatically. For this reason the dependency
information is stored in sysviewdep.

sysviewdep
basesegno INTEGER
vsegno INTEGER

Primary key: (basesegno, vsegno)

 basesegno: Contains the segment number of the base table or view on which the view identified by vsegno
depends. basesegno is positive or negative depending on being a base table or view.

» vsegno: ldentifies the view which depends on the base table or view identified by basesegno. vsegno aways
is negative.

A.9. The sysblob Table

Contains the information about all BLOB container segments. For each user base table which has at least one
column of type BLOB there is one record in the sysblob table. All BLOB objects of the table are stored in the
denoted BLOB container.

Column Type
rsno INTEGER
bcont INTEGER

Primary key: (rsno)
* rsno: Contains segment number of the base table containing BLOB field(s).

* bcont: Contains segment number of the BLOB container of the base table.

A.10. The systablepriv Table

Describes the privileges applying to tables of the database. Note that UPDATE privileges can be specified colum-
nwise; those privileges are defined in table syscolumnpriv.
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systablepriv containsfor each table all userswho have privileges on thistable. Furthermoreit containswho granted

the privilege and what kind of privilegeitis.

systablepriv

grantee INTEGER
tsegno INTEGER
grantor INTEGER
sel_priv CHAR(*)
del_priv CHAR(*)
ins_priv CHAR(*)
upd_priv CHAR(*)

Primary key: (grantee, tsegno, grantor)

 granteetsegno,grantor: These three fields describe who (i.e. the grantor) has granted a privilege to whom (i.e.
the grantee) on which basetable or view (tsegno). Thekind of privilege(s) isdescribed in the other fields. grantor
and grantee refer to field userid of table sysuser. tsegno refersto field segno of table systable.

e sd priv, del_priv, ins priv, upd priv: These fields describe privileges for SELECT, DELETE, INSERT,
UDATE. Each contains one of the values "N", "Y", "G", or in case of updpriv also"S". "Y" means that grantee
has received from grantor the corresponding privilege for the table or view identified by tsegno. "G" includes
"Y" and additionally theright to grant the privilege to other users, too. "S" (only in updpriv) standsfor "selective
UPDATE privilege" ; it indicates that there exist entriesin table syscolumnpriv which describe column-specific
UPDATE privileges granted from grantor to grantee on table tsegno. "N" is the absence of any of the above
described privileges. For each record, at least one of the fields selpriv, delpriv, inspriv, updpriv is different
from "N".

 Default: The owner of atable always has al privileges with GRANT OPTION on the table, by default. Those
privileges are recorded in systablepriv, too. Namely, if user 34 creates a table identified by 73, the following
entry in systablepriv is made:

(34,73, 34,'G, ‘G, 'G,'G)

A.11l. The syscolumnpriv Table

The table syscolumnpriv describes the UPDATE privileges on columns of the database.

Column Type
grantee INTEGER
tsegno INTEGER
grantor INTEGER
cpos INTEGER
upd_priv CHAR(*)

Primary key: (grantee, tsegno, grantor, cpos)

» grantee, tsegno, grantor, cpos: These four fields describe who (grantor) has granted a privilege to whom
(grantee) on which field (cpos) on which base table or view (tsegno). The kind of privilege(s) is described in
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the other fields. grantor and grantee refer to field userid of table sysuser. tsegno refers to field segno of table
systable.

 upd_priv: Containsoneof thestrings"Y" or "G"."Y" meansthat grantee hasreceived from grantor the UPDATE
privilege for the specified field on the specified table or view. "G" includes "Y" and additionally the right to
grant the privilege to other users, too.

@ Note
If a user grantee has been granted the same update privilege ("Y" or "G") on al fields on tsegno
from the same grantor, then these privileges are recorded via a corresponding single record in table
systablepriv.

A.12. The sysdomain Table

Contains at least onerecord for each created DOMAIN of the database. Several recordsfor one domain are present
if more than one check constraints are defined on the domain.

Column Type
name CHAR(*)
owner INTEGER
basetype CHAR(*)
defaultvalue CHAR(*)
constraintname CHAR(*)
attributes CHAR(*)
constrainttext CHAR(*)
schema INTEGER

Primary key: (name,constraintname)

* name: Contains the name of the domain.

» owner: Contains the userid of the creator of the domain.
* basetype: Contains the basetype of the domain.

« defaultvalue: Contains the defaultvalue (in literal representation) of the domain if there has been declared one
otherwise the literal NULL.

* constraintname, attributes, constrainttext: These fields describes a domain constraint if there has been defined
one else they are al NULL. Field attributes contains the value | MVEDI ATE (for use in later versions), con-
straintname stores the user defined constraintname if any else NUL L, constrainttext stores the search condition
of the constraint.

» schema: Contains the schemaid of the table.

@ Note
If n> 1 constraints are defined, all n records redundantly have the same owner, basetype, default-
value.
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A.13. The sysconstraint Table

Contains one record for each table constraint. Constraint types are PRIMARY KEY or CHECK(...) constraints.

Column Type
Segno INTEGER
constraintname CHAR(*)
attributes CHAR(*)
constrainttext CHAR(*)
cpos INTEGER

Primary key: (segno,constraintname)

 segno: Contains the segment of the table the constraint refers to.

 constraintname: stores the user defined constraintname if any or a unique system defined constraintname.

« attributes: Field attributes has the constant value | MVEDI ATE (for more general use in later versions).
 constrainttext: storesthe constraint text which is either of the form PRIMARY KEY (...) or CHECK(...).

» cpos. hasvalue- 1 except in the case that the constraint was initially defined in adomain that was used for the

type of afield in the table the constraint refersto. In this particular case the constrainttext contains the keyword
VALUE instead of an explicit field reference and field cpos contains the position of the field.

@ Note
Reference constraints (FOREIGN KEY ...) are stored in table sysrefconstraint.

A.14. The sysrefconstraint Table

Contains records to describe reference constraints (FOREIGN KEY ...).

Field Type
constraintname CHAR(*)
attributes CHAR(*)
Srcsegno INTEGER
Srccpos INTEGER
tarsegno INTEGER
tarcpos INTEGER
delact CHAR(*)
updact CHAR(*)

Primary key: (srcsegno,constraintname)

« constraintname: Contains the name of the constraint (explicitly by user or system defined).
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« attributes: Containsvalue | MVEDI ATE (for more general use in later versions).
* srcsegno, tarsegno: Contain the segment number of the referencing table and the referenced table, resp.

 delact: Containsthe action to be performed with areferencing record rf when rf looses its referenced record rd
due to a deletion of rd. The field has one of the string values "NO ACTION" , "CASCADE" , "SET NULL",
"SET DEFAULT". For the semanticsof these actions, (see TB/SQL Reference Manual, CreateTableStatement,
ForeignKey).

 updact: Containsthe action to be performed on areferencing records rf when rf looses its referenced record rd
dueto aupdate of rd. Thefield hasthe constant string values"NO ACTION" and isfor more general usein later
versions. For the semantics of thisaction, (see TB/SQL Reference Manual, CreateT ableStatement, ForeignKey).

* srccpos, tarcpos. Contains a pair of field positions (>=1) which correspond to the referencing and referenced
field of the reference constraint. If the reference constraint is defined over a n-ary field combination, then n
records are in sysrefconstraint where all values except srcpos and tarcpos are identical and srcpos and tarcpos
have the values of the corresponding field positions.

CREATE TABLE sanpl et abl e
( keysanpl e | NTEGER,
f1 | NTEGER,
f2 | NTEGER,
CONSTRAI NT ctref
FOREI GN KEY (f1,f2)
REFERENCES r ef t abl e( key1, key2)
ON DELETE CASCADE

)

Assume that sampletable and reftable have numbers 13 and 19, resp., and that reftable has fields key1 and key2
on positions 7 and 8.

Then the following two records are inserted in sysrefconstraint:

constraint- |attributes |srcsegno  |srccpos tarsegno  |tarcpos delact updact
name

ctref IMMEDIATE 13 2 19 7 CASCADE |[NOACTION
ctref IMMEDIATE 13 3 19 8 CASCADE |[NOACTION

A.15. The sysdataspace Table

Contains records to describe the dataspaces.

Field Type

name VARCHARC(*)
autoextend INTEGER
dspaceno INTEGER
maxsize INTEGER
online BOOL
defaultpath VARCHARC(*)
available pg INTEGER
size pg INTEGER
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Primary key: (name)
» name: User defined name for the dataspace.

 autoextend: Dataspace is automatically extended by a new datefile having the specified size. For disabling set
autoextend to OFF

* dspaceno: Corresponding number for the dataspace.

» maxsize: Maximum size for the dataspace.

» online: Containsf al se if the dataspace has been set offline elset r ue.

* defaultpath: The directory where the datafiles of this dataspace are stored by defaullt.
 available pg: Number of actually free pages for the dataspace.

» size pg: Number of actually allocated pages for the dataspace.

A.16. The sysdatafile Table

Contains records to describe the files attached to dataspaces.

Field Type

name VARCHARC(*)
dspaceno INTEGER
datafile VARCHAR(*)
size INTEGER
lobcontainer BOOL
available INTEGER

Primary key: (name, datafile)
» name: User defined name for the dataspace.
* dspaceno: Corresponding number for the dataspace

+ datafile: Pathname of file attached to this dataspace. The filenames for user defined dataspaces are system
generated. They contain 2 numbers where the first number is the dspaceno of the dataspace where the file
belongs to, and the second number is arunning number over all existing filesin the dataspace.

* size: Maximum size of the datafile.
 |obcontainer: Datefileis dedicated to LOB's Containst r ue if the datefile is dedicated to LOB'selsef al se.

 available: Number of available pages.

A.17. The loadinfo Table

Describes the status of the diskcache in Retrieval Databases.
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For each page which isin the diskcache there is one record in loadinfo.

Field Type

segment INTEGER
rompage INTEGER
diskpage INTEGER
flag INTEGER

Primary key: (segment, rompage)

» segment; Contains the segment number of the page.

» rompage: Contains the page number of the page in the ROM address space.

» diskpage: Contains the page number of the page in the diskfile address space.

« flag: Contains the value 1 if the page has just been cached viaa LOAD STATEMENT and the value 2 if the

page has been changed with some INSERT or UPDATE or DELETE operation.

A.18. The syskeyword Table

List all SQL keywords recognized by the SQL compiler of the connected database..

Field

Type

keyword

STRING

Primary key: (keyword)

A.19. The syspsmproc Table

The syspsmproc table contains a single entry for each PSM method in this database.

Column Type
schema INTEGER
procname CHAR(*)
procid INTEGER
owner INTEGER
params INTEGER
procbody CLOB
returntype CHAR(*)

» schema: Identifies the schema the method belongs to. The name of the resource can be retrieved via a join

between sysexternal and sysexternalmethod on the fields rkey.

» procname: Unique name that identifies the method in the schema it belongs to.
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e procid: Internal ID of the method

» owner: Identifies the owner (creator) of the method.
e params. The number of parameters of this method

* procbody: The defining body of this method.

* returntype: The result type of the method if it isafunction. For proceduresitis NULL.

A.20. The syspsmprocparam Table

The syspsmprocparam table contains a single entry for each parameter of each method of each PSM method in
this database.

Column Type
procid INTEGER
parampos INTEGER
paramtype CHAR(*)
inoutmode CHAR(*)

 procid: Unique numeric key that identifies a method.
e parampos. The parameter position starting with 1.
o paramtype: The SQL datatype of this parameter.

* inoutmode: The parameter mode, i.e. IN, OUT or INOUT.

A.21. The syspsmprocpriv Table

Describes the privileges needed to use a PSM method.

Column Type
grantee INTEGER
procid INTEGER
grantor INTEGER
use priv CHAR(1)

» grantee: Describes whom this privilegeis granted.

procid: Identifies the method to be granted.

grantor: Id of the user granting the privileges

grantee may also grant USAGE to other users.

use priv: Describes the granted privileged. 'Y' means that grantee has USAGE privilege and 'G' means that
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Grantor and grantee refer to field userid of table sysuser.
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Appendix B. Sample Database

The database SAMPLE used in the exercises throughout this manual consists of three tables SUPPLIERS, QUO-
TATIONS and INVENTORY that are described below.

TableB.1. Table SUPPLIERS

suppno|name address
51 DEFECTO PARTS 16 BUM ST., BROKEN HAND WY
52|VESUVIUS, INC. 512 ANCIENT BLVD., POMPEII NY
53|ATLANTIS CO. 8 OCEAN AVE., WASHINGTON DC
54| TITANIC PARTS 32 LARGE ST., BIG TOWN TX
57| EAGLE HARDWARE 64 TRANQUILITY PLACE, APOLLO MN
61|SKY PARTS 128 ORBIT BLVD., SIDNEY
64| KNIGHT LTD. 256 ARTHUR COURT, CAMELOT

TableB.2. TableINVENTORY

partno|description gonhand
207|GEAR 75
209|CAM 50
221|BOLT 650
222|BOLT 1250
231|NUT 700
232|NUT 1100
241|WASHER 6000
285|WHEEL 350
295|BELT 85

TableB.3. Table QUOTATIONS

suppno partno price delivery time gonorder
51 221 .30 10 50
51 231 0.10 10 0
53 222 0.25 15 0
53 232 0.10 15 200
53 241 0.08 15 0
54 209 18.00 21 0
54 221 0.10 30 150
54 231 0.04 30 200
54 241 0.02 30 200
57 285 21.00 4 0
57 295 8.50 21 24
61 221 0.20 21 0
61 222 0.20 21 200
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suppno partno price delivery time gonorder
61 241 0.05 21 0
64 207 29.00 14 20
64 209 19.50 7 7
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Appendix C. Precedence of Operators

The Table below defines the precedence of operators. A precedence of 1 means highest precedence.

Associativity within a precedence level isfrom left to right.

Precedence|Operators

SUBRANCE, SI ZE COF

<ti nmesel ect or> OF, CONSTRUCT

CAST

PRI OR, +, - (unary) , Bl TNOT

*

+,- (binary), || ,< <= = <> >= >

LI KE, MATCHES, | N, BETWEEN, SUBSET, CONTAI NS

1
2
3
4
5/BlI TAND, Bl TOR
6
7
8
9

NOT

10|AND

11|CR

12| SELECT

13| NTERSECT

14{UNI ON, DI FF
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