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International Organization for Standardization) and IEC (the International Electrotechn

ical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC

technical cpmmittees collaborate in fields of mutual interest. Other international organizations, governme

and non-g
technology
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Introduction

The purpose of ISO/IEC 13249 is to define multimedia and application specific types and their associated
routines using the user-defined features in ISO/IEC 9075.

ISO/IEC 13249 is based on the content of ISO/IEC International Standard Database Language (SQL).

The

In
sig

The

a)

|||ri]ficant.

organization of this Technical Specification is as follows:

1)

2) Clause 2, "Normative references", identifies additional standards that,through refere
Technical Specification, constitute provisions of this Technical Specification.

Clause 1, "Scope", specifies the scope of this Technical Specification.

3) Clause 3, "Terms, definitions, notations, and conventions", defines the definitions,
notations and conventions used in this Technical Specification.

4) Clause 4, "Concepts", presents concepts used in the definition'of this Technical Specificat

5) Clause 5, "History Procedures", defines the history associated routines.

6) Clause 6, "History Types", defines the user-defined types provided for the manipulation of

7) Clause 7, "SQL/MM History Information Schema" defines the SQL/MM History Information
8) Clause 8, "SQL/MM History Definition.Schema" defines the SQL/MM History Definition Sc

9) Clause 9, "Status Codes", defines-the SQLSTATE codes used in this Technical Specificat

10) Clause 10, "Conformance’, defines the criteria for conformance to this Technical Specificati

e text of this Technical .Specification, clauses begin a new page. Any resulting blank sy

history user-defined:types and routines defined in this Technical Specification adhere to the fol

A history user-defined type and routine are generic to history data handling. History user-de
and routines.provide the means to record changes to the rows of a persistent base table
database€; 'so that applications using such a persistent base table shall be completely inde
whether there is any recording of changes. This means that, when changes are to be re
application does not need to be modified and its behaviour remains the same.

nce in this

concepts,

on.

history.

Schema.

nema.

on.

on.

ace is not

owing:

fined types
in an SQL
pendent of
corded, an

b)

c)

History user-defined types and routines provide the means to query the recorded changes
table.

for such a

A history user-defined type does not redefine the database language SQL directly or in combination with

another history data type.

The scope of this Technical Specification is limited to support for history when there are no changes to the
definition of the tracked columns of a tracked table. The following operations are not supported in this
Technical Specification:

a)

DROP COLUMN operation to a tracked column of a tracked table.

© ISO/IEC 2013 — All rights reserved
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b) ALTER COLUMN operation to a tracked column of a tracked table except changes of the default value.

The scope of this Technical Specification is limited to support for history when a tracked table has at least one
unique constraint with NOT NULL that is not modified by any ALTER TABLE statements.

If a transaction does not have an isolation level that is SERIALIZABLE, the results in the recorded history are
implementation-dependent.

viii © ISO/IEC 2013 — All rights reserved
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Information technology — Database languages — SQL
multimedia and application packages —

Part 7:

History

1 [ Scope

The ISO/IEC 13249 series defines a number of packages of generic data types common to various kinds of
datp used in multimedia and application areas, to enable that data to be stored and manipulated| in an SQL
datpbase.

Thig Technical Specification:

a) | defines concepts specific to this Technical Specification;

b) | defines history user-defined types and their associated<outines.

2 [ Normative references

The following referenced documents are .indispensable for the application of this document.| For dated
refgrences, only the edition cited applies.” For undated references, the latest edition of the [referenced
doqument (including any amendments) applies.

ISQ/IEC 9075-1:2008, Information ‘technology — Database languages — SQL — Part 1: [Framework
(SQL/Framework)

ISQ/IEC 9075-2:2008, Information technology — Database languages — SQL — Part 2: |Foundation
(SQL/Foundation)

ISQ/IEC 9075-4:2008; Information technology — Database languages — SQL — Part 4: Persisfent Stored
Mogules (SQL/RPSM)

ISQ/IEC 9075-11:2008, Information technology — Database languages — SQL — Part 11: Information and
Detfjinition Schemas (SQL/Schemata)

ISQUIEC 13249-1:2007, Information technology — Database languages — SQI multimedia and|application
packages — Part 1: Framework

© ISO/IEC 2013 — All rights reserved 1
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3 Terms and definitions, concepts, notations and conventions

3.1 Terms and definitions

3.1.1  Terms and definitions provided in ISO/IEC 9075-1

This Technical Specification makes use of the following terms defined in ISO/IEC 9075-1:

a) atomic

b) fully quatifredof amame of some SQLobject

c) identify

d) object|as in 'x object’)

e) persistent

f) SQL-session

3.1.2 Terms and definitions provided in ISO/IEC 9075-2

This Technjical Specification makes us of the following terms defined in ISQ/IEC 9075-2:

a) distincf (of a pair of comparable values)

b) qual (df a pair of comparable values)

c) dentical (of a pair of values)

d) SQL pprameter

e) structyred type

f)  variable-length

3.1.3 Terms and definition provided-in this Technical Specification

For the purposes of this document,the terms and definitions given in ISO/IEC 13249-1 and the folloy
apply:

3.1.31

contiguous periods

sequence ¢f two or miere periods, such that, for all 1<i<=n (where n is the number of periods), the begin t
of the i-th period is.greater than the begin time of the (i-1)-th period and is equal to the end time of the (i-1
period

3.1.3.2

history row

row in a history table

3.1.3.3

history row set

set of rows

3.1.34

in a history table that represent all the changes to a single row of a tracked table

history table
table that represents values of the tracked columns of a tracked table and the period during which all the
values in each row were present in the tracked table

ng

me
)-th

© ISO/IEC 2013 — All rights reserved
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3.1.3.5
identifier column (of a tracked table)
either the primary key or one of the set of columns defined as UNIQUE and NOT NULL

3.1.3.6
period
duration of time with a begin time and an end time

NOTE In this Technical Specification a period value is a half-open duration that includes the begin time but not the
end time.

3.1]3.7

perniod normalization

opgration that makes one or more contiguous periods into a single period

3.1]3.8

perniod-normalized table

tab
the
tha

NO
in 0
con

3.1
trac

e resulting from selecting one or more columns in a history table, including thé ‘column(s) corre
are otherwise not distinct

[E Each row in a period-normalized table is formed from one or more4ows of a history table with the
he or more specified columns that relate to a continuous period, which-may either be a single period fron

iguous periods from many rows.

3.9
tked column

coliimn of a tracked table for which changes are to be recorded

NO

3.1
trag
row

3.1
trac
per

3.1

[E The tracked columns of a tracked table shall.include unique constraint columns with NOT NULL of]

3.10
tked row
in a tracked table

3.11
tked table
sistent base table for which \¢hanges are to be recorded for one or more tracked columns

3.12

trapsaction timestamp

tim
NO

3.2

pstamp value that js within the duration of an SQL-transaction

[E Thisvalue is implementation-dependent, preferably corresponding to the end of an SQL-transactid

Concepts

sponding to

unique constraint columns with NOT NULL of the tracked table, and applying period normalization to rows

same values
N one row or

that table.

=]

3.2.

1 Concepts taken from ISO/IEC 9075-1

This Technical Specification makes use of the following concepts defined in ISO/IEC 9075-1:

a)
b)
c)

d)

assertion
domain
primary key

query

© ISO/IEC 2013 — All rights reserved
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e) role

f)  SQL-client module

g) SAQL-schema

h) SQL-server module

i) SQL-transaction

i) SQLSTATE
k) ftrigger
[)  uniqug constraint

3.2.2 Concepts taken from ISO/IEC 9075-2

This Techn

cal Specification makes use of the following concepts defined in ISO/IEC 9075-2:

a) applicgble role

zation identifier
unqualified schema name
catalog name

d authorization identifier
eter

ure

ce generator

pth

pssion context

Ction timestamp

ntactic elements taken from ISO/IEC 9075-2

b) author
c) defaulf
d) defaulf
e) enable
f) param
g) proced
h) seque
i) SQL-p
i) SQL-s
k) ftransa
3.23 Sy
This Tech

defined in |

ical\Specification makes use of the following syntactic elements (BNF non-terminal symb)
OMIEC 9075-2:

pls)

a) <catalog name>

b) <column name>

c) <comma>

d) <constraint name>

e) <data type or domain name>

f) <delim

ited identifier body>

© ISO/IEC 2013 — All rights reserved
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g) <delimited identifier>

h) <double quote>

i) <equals operator>

j)  <identifier body>

k) <local or schema qualifier>

I) <ql 1alified identifier>

m) [ <quote>

n) | <regular identifier>

o) | <rollback statement>

p) | <schema definition>

q) | <schema name list>

r) | <schema name>

s) | <space>

t) | <table name>

u) | <Unicode delimiter body>

v) | <Unicode delimiter identifier>

w) | <unqualified schema name>

3.2|/4 Other concepts

Forlthe purposes of this document, the concepts given in ISO/IEC 13249-1 apply.
3.2]5 Notations

3.2]6 Notations provided in ISO/IEC 13249-1

Forthe purposes of this document, the notations given in ISO/IEC 13249-1 apply.

3.2{7 {  Notations provided in ISO/IEC 13249-7

This Technical Specification uses the prefix 'HS_' for view, base table, user-defined type, attribute and SQL-
invoked routine names.

This Technical Specification uses the following representation in a figure for a table that includes the column
of HS_Hist of the structured type, HS_History.

<column name> <column name> - | HS_Hist (HS_BeginTime, HS_EndTime)
Column Value Column Value (Attribute Value, Attribute Value)
Column Value Column Value (Attribute Value, Attribute Value)

© ISO/IEC 2013 — All rights reserved 5
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3.3 Conventions

For the purposes of this document, the conventions given in ISO/IEC 9075-4, ISO/IEC 9075-11 and
ISO/IEC 13249-1 apply.

4 Concepts

41

This Technfical Specification provides user-defined types and routines that enable a user to spegify column
a table to record all changes to these columns and to query recorded changes. The recorded.¢hanges incl

Ovefview

tracking infprmation on inserts, deletes, and updates of those columns of the table.

This part dpes not specify the means by which recorded changes are maintained.owever, the concept
history tablg is introduced in this clause, and it has two roles. A history table allows, the precise specificatio
the user-ddfined types and routines providing the required capabilities, and it.determines the way in which

recorded changes are materialised for querying.

411

A tracked

Tracked Table and History Table

though thefe is no requirement for it to exist as a persistent base table.

5 of
ude

pf a
h of
the

able is a persistent base table for which any changes“to the current values of specified tracked
columns are to be recorded. A history table is a means of vitfualising the recording of these changes, e

ven

A history tpble consists of the column of a sequeneg”number, the columns corresponding to all tracked

columns of|the tracked table and the column of the structured type for the period of a history row.

Example 1

Tracked [Table TT1

ID | Column_A

Column_B

Column_C

History T|able for Tracked-Fable TT1

HS_SEQ

D

Column_A

Column_B

HS_Hist (HS_BeginTime, HS_EndTime)

Example 2

Tracked Table TT2

ID | Column_A | Column_B | Column_C | Column_D | Column_E | Column_F | Column_G
History Table for Tracked Table TT2
HS_Hist (HS_BeginTime,
HS_SEQ | ID | Column_A | Column_B | Column_C | Column_D HS. EndTime)
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In example 1, the column ID is the unique constraint column of the tracked table TT1. The columns ID,
Column_A and Column_B are tracked columns of the tracked table TT1.

In example 2, the column ID is the unique constraint column of the tracked table TT2. The columns ID,
Column_A, Column_B, Column_C and Column_D are tracked columns of the tracked table TT2.

The value of a begin time or an end time is automatically set by the system when an insert, update, or delete
operation is executed on the tracked table TT1 or the tracked table TT2.

A row in the history table namely history row, represents the values of the columns (in example 1, ID,
Column ymn_D) that

exi$

val

The
def

ins¢rted into a history table.

41
Wh
of {
per|
at ¢
not
tha
req

The
Se(

The
def

41

Al
pro

Wh
cre
row

Wh
in {
tim

ted from begin t|me to end time. Once a begin/end time is set to a certain non- NULL tlmestam[
e will not be changed.

value of the column HS_SEQ is a number which is generated by an external sequence gene
ned as START WITH 1 INCREMENT BY 1. The value of the column HS_SEQ is setywhen a hi

2 Concept of Transaction Timestamp

en an insert operation, an update operation or a delete operation is exec¢uted on a tracked table
he tracked columns need to be recorded along with a begin time\and possibly an end time for
od. But if multiple DML operations are executed in the same SQLl-*transaction, these operation
ifferent times and so using CURRENT_TIMESTAMP the resulted timestamp values may varyj
allow the multiple changes for a transaction to be relatedi.This is an especially serious prob
N one table is being tracked. Thus a single time forcall*changes within a transaction is red
Lirement is provided by the implementation-dependent transaction timestamp for an SQL-trans3

value of transaction timestamp is used as the value of a begin time or an end time of a histo

tion 4.1.3 Operations on Tracked Table).

ned in Subclause 5.3.9.

3 Operations on Tracked Table

istory table is created automatically for a tracked table by invoking the HS_ CreateHistory
vided in this Technical Specification.

en the HS_Creat€History procedure is invoked, a history table is initialized as follows. A hist
bted and all rows_in the tracked table are inserted into the history table, and the begin times g

he tracked table, is inserted into the history table, and the begin time is set to the value of
pstamp of the transaction that executes the insert operation.

b value, the

rator that is
story row is

the values
the history
s will occur
and would
em if more
uired. This
ction.

ry row (see

value of a transaction timestamp is determined by invoking the HS_GetTransactionTimestamp function

procedure

bry table is
f all history

s are set to thewalue of transaction timestamp of the execution time of the HS_CreateHistory procedure.

En an insert operation on a tracked table is executed, a history row, which corresponds to the inserted row

transaction

Wh

en an update operation on a tracked table is executed, for each row that is changed:

1)

the end time of the row which has the latest begin time in the history row set for that row i
value of transaction timestamp of the transaction that executes the update operation, and

2)
transaction timestamp as its begin time is inserted into the history table.

s set to the

a history row which has the new values of the tracked columns for that row and the value of the

When a delete operation on a tracked table is executed, for each row that is deleted, the end time of the row
which has the latest begin time in the history row set for that row is set to the value of transaction timestamp of

the

transaction that executes the delete operation.
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4.1.4 Operations on time periods

In order to query a history table, an application needs a means to specify conditions for the begin time or the
end time when it is interested in. Also an application needs a means to extract the value of the begin time or
the end time or to execute time-related operations.

Predicates to specify time-related condition to the history table are as follows. X and Y represent half-open
periods ; [b7:e1) and [b2:e2) respectively, where the left square bracket shows that the begin of period is
inclusive and the right parenthesis shows that the end of period is not inclusive, and b7 and b2 are the begin
times and e and e2 are the end times.

— X Oveflaps Yis:
— tryeifand only if b1 < e2 and b2 < e7 are both true.
— fa|se if and only if either of b7 < e2 or b2 < e1 is false.
— X Contains Yis:
— tryeifand only if b7 <= b2 and e2 <= e1 are both true.
— fa|se if and only if either of b1 <= b2 or e2 <= e1 is false.
— XMeegs Yis:
— trye if and only if either of €1 = b2 or €2 = b1 is true.
— fa|seif and only if e1 = b2 and e2 = b1 are both false!
— X Prededes Yis:
— tryeifand only if e71 < b2 is true.
— falseifand only if e7 < b2 is false.
— X PrededesOrMeets Y is:
— trye if and only if either of X*Precedes Y or e1 = b2 is true.
— fa|se if and only if X Precedes Y and e = b2 are both false.
— XEquals Yis:
— tryeifandlonly if b7 = b2 and e = e2 are both true.

— fa|se’if'and only if either of b7 = b2 or e1 = e2 is false.

— X Succeeds Yis:

— trueifand only if e2 < b1 is true.

— false if and only if e2 < b1 is false.
— X SucceedsOrMeets Y is:

— true if and only if either of X Succeeds Y or e2 = b1 is true.

— false if and only if X Succeeds Y and e2 = b1 are both false.

8 © ISO/IEC 2013 — All rights reserved
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| X | | X 1
1 1 1 I 1 1
| — —
A S N Y Lo
b1 <  e2 BT < &2 > 1
b2 < et b2 < et
1 1 1 1
— — ~— —
| Y 1 1 1 1 Y 1 1
| 1 1 1 » t 1 1 1 1 : t
bl < e2 b1 < e2
b2 < et b2 < e
X Overlaps Y
o= !
1 1
e
1 1Y 1 1
1 1 1 1 : t
bi{<=b2 e2<=efl
X Contains Y
, X . —
1 1 1 1
: — —
' ' Y ' > Y 1 — ¢
b1 el=b2 €2 b2 e2=b1 el
X Meets Y
| X 1 ‘ X : | X 1
1 1 1 1 1 1
: N e— ¢ : — :
1 I 'Y 1 1 Y 1 Y 1 1 1
1 1 1 1 : t 1 1 : t 1 1 1 1 : t
b el <b2 e2 b1=b2 el1=e2 b2 e2<b1 el
X Precedes Y X Equals Y X Succeeds Y
| X | | X |
1 1 1 1
| L | —
1 1 1 1 1 'Y 1
1 1 1 1 : t 1 1 1 : t
b1 el <b2 e2 b1 e1=b2 e2

X PrecedesOrMeets Y
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X SucceedsOrMeets Y

Operations

- yE

A

[«

to obtain a time interval of a period are as follows:
ar-month interval of X is:

(e1 - b1) as a year-month interval.
y-time interval of X is:

(e1-b1) as a day-time interval.

ne-

Set operatipns on two periods are as follows.
— Xntersect Y returns:
— [MAX(b1, b2):MIN(e1, €2)) if X Overlaps Y is true.
— X Unign Y returns:
— [MIN(b1, b2):MAX(e1, e2)) if either of X Overlaps Y or X Meets Y is true.
— X Excgpt Y returns:
— [bfl:MIN(b2, e1)) if b1 < b2 and e/l <= e2 are both true.
— [MAX(e2, b1):e1) if b2 <= b1 and e2 < e1 are both true.
In this Technical Specification;ithe following user-defined types and methods are provided to specify fi
related qugries to the history table.
1) User-defined types:
a) Hp Histerytype,
b) <TableTypeldentifier> type.
2) Methods:
a) HS_ Overlaps
b) HS Meets
c) HS_Precedes
d) HS_PrecedesOrMeets
e) HS_Succeeds
10 © ISO/IEC 2013 — All rights reserved
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f)  HS_SucceedsOrMeets
g) HS_Contains

h) HS_Equals

i) HS_Monthinterval

j) HS_Daylnterval

k) HS_Intersect

)  HS_Union

m) HS_Except

n) HS_PNormalize

5 Concept of Period Normalization

Period normalization is introduced to provide an aggregate operation for a fiumber of history rows

tab

As

key
chg

No

wele originally specified. Since it was possible that tracked rows were added to the originally spec
e for changes in not only the specified (tracked).eolumn but also the other tracked column, the
Id have to specify a complicated query to detérmine the actual periods when the values of thg

tab

wo
col

e.

an example, consider the case where a history table has two tracked columns in addition to

nged.

v let us consider an application that requests a histary, table on only one of the two tracked ¢

mn were not changed.

, ID. In this case a history row is inserted into the history table-whenever at least one of tracked

of a history

he primary
columns is

lumns that
fied history
application

requested

NOTE Some example queries of period normalization are shown in Annex A.3.
Exgmple 1:
Hisfory Table for Tracked Table\FT1
HS| SEQ | ID | Column_A|.Column_B | HS_Hist (HS_BeginTime, HS_EndTime)
1 1 Ad B1 (T1, T2)
2 1 A1 B2 (T2, T3)
3 1 A2 B2 (T3, T4)
4 1 A2 B3 (T4, T5)
5 1 A3 B3 (T5, T6)
6 1 A4 B3 (T6, T7)
7 1 A4 B4 (T7, NULL)

When period normalization of Column_B is executed, as the value of the Column_B is B1 from T1 to T2, B2
from T2 to T4, B3 from T4 to T7, and B4 from T7 to now, the period-normalized table is as follows:

HS_SEQ | ID | Column_B | HS_Hist (HS_BeginTime, HS_EndTime)
1 1 B1 (T1,T2)
2 1 B2 (T2, T4)

© ISO/IEC 2013 — All rights reserved
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4 1 B3 (T4, T7)
1 B4 (T7, NULL)
Example 2:
History Table for Tracked Table TT2
HS_SEQ | ID | Column_A | Column_B | Column_C | Column_D HS_HE;iIEia_?ﬁ%iar;Time,
1 1 A1 B1 C1 D1 (T1,T3)
2 2 A1 B1 C1 D1 (T2, T4)
3 1 A2 B1 C1 D1 (T3, T5)
4 2 A2 B1 C1 D1 (T4,\T8)
5 1 A2 B2 C1 D1 (T5;, T7)
6 2 A2 B2 C1 D1 (T6, T8)
7 1 A2 B2 C2 D2 (T7,T9)
8 2 A2 B2 C2 D2 (T8, T10)
9 1 A3 B2 C2 D3 (T9, T11)
10 2 A3 B2 C2 D3 (T10, T11)
11 1 A3 B3 C3 D3 (T11, T12)
12 2 A3 B3 C3 D3 (T11, T13)
13 1 A3 B4 C4 D3 (T12, NULL)
14 2 A3 B4 C4 D3 (T13, NULL)
When perigd normalization of Column_B and Column_C is executed, for the rows whose ID is 1, the values of

Column_B jand Column_C are B1 and C4from T1 to T5, B2 and C1 from T5 to T7, B2 and C2 from T7 to T11,
B3 and C3|from T11 to T12, and B4 and C4 from T12 to now, and for the rows whose ID is 2, the values of
Column_Bjand Column_C are B1 and)C1 from T2 to T6, B2 and C1 from T6 to T8, B2 and C2 from T8 to 11,
B3 and C3|from T11 to T13, andB4.and C4 from T13 to now. The period-normalized table is as follows:
HS_SEQ || ID Column( B Column_C | HS_Hist (HS_BeginTime, HS_EndTime)

1 1 B C1 (T1,T5)

5 1 B2 C1 (T5, T7)

7 1 B2 c2 (T7, T11)

11 1 B3 C3 T4 T12)

13 1 B4 C4 (T12, NULL)

2 2 B1 C1 (T2, T6)

6 2 B2 C1 (T6, T8)

8 2 B2 Cc2 (T8, T11)

12 2 B3 C3 (T11, T13)

14 2 B4 C4 (T13, NULL)
12 © ISO/IEC 2013 — All rights reserved
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The operation of “period normalization” is introduced in this Technical Specification to perform the derivation
of a tracked table on a subset of the original set of tracked columns of a history table.

Period normalization of selected columns of a history table is an operation that derives a single history row
from one or more history rows.

In order to execute period normalization of selected columns of a history table, the history rows of a history
row set are divided into sets of history rows, whose values of the selected columns are not distinct across a

set

In

of history rows which have contiguous periods.

ach such set of history rows, from the begin time of the oldest history row in the set to the end

time of the

latgst history row in the set, the values of the selected columns are not distinct. Therefore;

nor

hisfory row set:

2) The value of the begin time of the oldest history row in the set of history.rows.
3) The value of the end time of the latest history row in the set of history Tows.

4) Null values for the other tracked columns in the history row.

4.2 Structure of History Table

Wh
Ar
Suq
cor

The

The

enever an insert/update operation occurs on a row of altracked table, a row is inserted into a h
bw of a tracked table is called a tracked row and a row) inserted into a history table is called a

esponding to a certain tracked row is called a history row set of the tracked row.
following type is provided to represent a p€riod associated with a history row:

— The HS_History type with the following attributes:

— HS _BeginTime: a TIMESTAMP(<TimestampPrecision>) value to store a begin time;
— HS_EndTime: a TIMESTAMP(<TimestampPrecision>) value to store an end time;
following conditions.are held between the members of a history row set of a tracked row:

— The time_order of the values of the begin times for all history rows contained in a history
the same as the order that the history rows were added to the history table.

— The-begin time of history row A in a history row set is equal to the end time of the history 1
history row set that was added immediately before history row A was added.

1) The values of the selected columns which are common to all of the rows in the’set of histo

h history rows can be grouped as rows corresponding to a certain tracked row. A multiset of h

the period-

malized history table holds one row, which has the following values, for each set of histery.rgws in each

ry rows.

story table.
history row.
istory rows

row set is

ow B in the

©IS

history Tow 15 Tepresented by the fottowing type whitT s autormaticatty generated for every tracke

— The <TableTypeldentifier> type with the following attributes:

] table:

— an attribute HS_SEQ of type <TypeOf HS SEQ> to contain the sequence number which is

associated with a history row;

— one attribute for each tracked column of the tracked table;

— an attribute HS_Hist of type HS_History to contain the period which is associated with a history row.

O/IEC 2013 — All rights reserved
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4.3 Creating History Table and Storing History Row in History Table

The HS_CreateHistory procedure is provided to create a history table corresponding to the specified tracked

table.

In order to keep a history table up to date with changes made to the tracked table, the following triggers are

created:

— An AFTER trigger to insert a new history row into the history table when a row is inserted into the

tracked table.

— A||1 AFTER trigger to update the end time of the latest history row to the transaction timestamp value
and insert a new history row into the history table when the value of a tracked column is updated.

— A AFTER trigger to update the end time of the latest history row to the transaction timestamp value
when a row is deleted from the tracked table.

These triggers are automatically created for every tracked table when the HS_CreateHistory procedure is

invoked.

4.4 Retnjeving a History Table

To retriee a history table, the HS_HistoryTable method or~the HS_ PNormalize method| of

<TableTypegldentifier> type should be used. The HS_HistoryTable methodteturns the whole history table. The

HS_PNornjalize method returns the table that is the result of period nosmalization of specified column(s) of|the

history table.

4.5 Types representing history rows

451 HY History type

4.5.1.1 Atfributes of the HS_History type

The HS_Hiktory type is a representation of a'period, using the following attributes:

— H$_BeginTime: the start ofsa period;
— H$_EndTime: the endwofa period;

A value V pf the HS_History type is as follows, where T is a transaction timestamp that corresponds to|the

SQL-transgaction which.the'HS_History constructor method is invoked:

a) V.HS Beginlime cannot be null.

b) V.HS BeédinTime is not greater than T.

c) If V.HS_EndTime is null, then V represents a period extending from V.HS_BeginTime (inclusive) until the
present moment.

d) If V.HS_EndTime is not null, then V.HS_EndTime is not less than V.HS_BeginTime but less than or equal
to 7. In this case V represents a period extending from V.HS_BeginTime (inclusive) through
V.HS_EndTime (exclusive).

4.5.1.2 Methods of the HS_History type

The type HS_History provides the following methods for public use:

14
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Constructor method

HS_History

(beginOfPeriod TIMESTAMP(<TimestampPrecision>),

endOfPeriod TIMESTAMP(<TimestampPrecision>))

RETURNS HS_History:

Generate HS_History value which has the specified TIMESTAMP values as the begin time and the
end time.

Methods for treating a period

HS_Overlaps

(beginOfPeriod TIMESTAMP(<TimestampPrecision>),
endOfPeriod TIMESTAMP(<TimestampPrecision>))
RETURNS INTEGER:

Test whether the period of an HS_History value overlaps with the period spegified by the grguments;

HS_Overlaps(hs_hist HS_History)
RETURNS INTEGER:
Test whether the period of an HS_History value overlaps with the specified period;

HS_ Meets

(beginOfPeriod TIMESTAMP(<TimestampPrecision>),
endOfPeriod TIMESTAMP(<TimestampPrecision>))
RETURNS INTEGER:

Test whether the period of an HS_History value nieets the period specified by the arguments;

HS_Meets(hs_hist HS_History)
RETURNS INTEGER:
Test whether the period of an HS_History value meets the specified period;

HS_Precedes

(beginOfPeriod TIMESTAMP(<TimestampPrecision>),
endOfPeriod TIMESTAMP(<TimestampPrecision>))
RETURNS INTEGER:

Test whether the period-af-an HS_History value precedes the period specified by the arguments;

HS_Precedes(hs_hist HS_History)
RETURNS INTEGER:
Test whethef the period of an HS_History value precedes the specified period;

HS_PrecedesOrMeets

(beginOfPeriod TIMESTAMP(<TimestampPrecision>),
endOfPeriod TIMESTAMP(<TimestampPrecision>))
RETURNS INTEGER:

Test whether the period of an HS_History value precedes or meets the period specified byl the

Aarcrimantc:
SFgURents;
HS_PrecedesOrMeets(hs_hist HS_History)

RETURNS INTEGER:

Test whether the period of an HS_History value precedes or meets the specified period;

HS_Succeeds

(beginOfPeriod TIMESTAMP(<TimestampPrecision>),

endOfPeriod TIMESTAMP(<TimestampPrecision>))

RETURNS INTEGER:

Test whether the period of an HS_History value succeeds the period specified by the arguments;
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— HS_Succeeds(hs_hist HS_History)
RETURNS INTEGER:
Test whether the period of an HS_History value succeeds the specified period;

— HS_SucceedsOrMeets
(beginOfPeriod TIMESTAMP(<TimestampPrecision>),
endOfPeriod TIMESTAMP(<TimestampPrecision>))
RETURNS INTEGER:
Test whether the period of an HS_History value succeeds or meets the period specified by the
arguments;

— H$_SucceedsOrMeets(hs_hist HS_History)
RETURNS INTEGER:
Test whether the period of an HS_History value succeeds or meets the specified period;

— H$_Contains(timePoint TIMESTAMP(<TimestampPrecision>))
RETURNS INTEGER:
Test whether the period of an HS_History value contains the specified TIMESTAMP value;

— H$ Contains

(beginOfPeriod TIMESTAMP(<TimestampPrecision>),

enhdOfPeriod TIMESTAMP(<TimestampPrecision>))

RETURNS INTEGER:

Test whether the period of an HS_History value contains the period specified by the arguments;

— H$_Contains(hs_hist HS History)
RETURNS INTEGER:
Test whether the period of an HS_History value contains the specified period;

— H$_Equals

(beginOfPeriod TIMESTAMP(<TimestampPrecision>),

ehdOfPeriod TIMESTAMP(<TimestampPrecision>))

RETURNS INTEGER:

Test whether the period of an HS_History value is equal to the period specified by the arguments;

— H$_Equals(hs_hist HS_ History)
RETURNS INTEGER:
Test whether the period of an’HS _History value is equal to the specified period;

HB_Monthinterval()
RETURNS INTERVAL YEAR TO MONTH:
Obtain the length of the period of an HS_History value as a year-month interval;

— H$_Daylnterval()
RETURNS INTERVAL DAY TO SECOND:
Obtain the length of the period of an HS_History value as a day-time interval;

— HS_Intersect
(beginOfPeriod TIMESTAMP(<TimestampPrecision>),
endOfPeriod TIMESTAMP(<TimestampPrecision>))
RETURNS HS_History:
Generate a new HS_History value with the period which is the overlap of the period of an HS_History
value and the period specified by the arguments;

— HS_Intersect(hs_hist HS History)
RETURNS HS_History:
Generate a new HS_History value with the period which is the overlap of the period of an HS_History
value and the specified period;
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— HS_Union
(beginOfPeriod TIMESTAMP(<TimestampPrecision>),
endOfPeriod TIMESTAMP(<TimestampPrecision>))
RETURNS HS_History:
Generate a new HS_History value with the period which is the union of the period of an HS_History
value and the period specified by the arguments;

— HS_Union(hs_hist HS History)
RETURNS HS_History:
Generate a new HS_History value with the period which is the union of the period of an HS_History
value and the specified period:

— HS_Except
(beginOfPeriod TIMESTAMP(<TimestampPrecision>),
endOfPeriod TIMESTAMP(<TimestampPrecision>))
RETURNS HS_History:
Generate a new HS_History value with the period obtained from the period of an HS_History value
except for the period specified by the arguments;

— HS_Except(hs_hist HS_History)
RETURNS HS_History:

Generate a new HS_History value with the period obtained from/the period of an HS_Histgry value
except for the specified period;

452 <TableTypeldentifier> type

4.5]12.1 Attributes of the <TableTypeldentifier> type
The <TableTypeldentifier> type is an abstraction for attributes of a history row, using the following 3attributes:
— an attribute HS_SEQ of type <Type@f HS _SEQ>;

— one attribute for each of the tracked column of the tracked table;

— an attribute HS_Hist of type*HS_History;

4.5]2.2 Methods of the <TableTypeldentifier> type
The type <TableTypeldentifier> provides the following methods:

— HS_HistoryTable()
RETURNS TABLE(HS_SEQ <TypeOf HS_SEQ>, <AllTrackedColumnsDef>, HS_Hist HY_History):
Obtain whole history table;

—-£,“HS_PNormalize(targetColumn CHARACTER VARYING(<ColumnNameLength>))
RETURNS TABLE(HS SEQ <TypeOQOf HS SEQ> <AllTrackedColumnsDef>, HS Hist HY History):
Obtain a period-normalized table of the specified one column of a history table;

— HS_PNormalize(targetColumns CHARACTER VARYING(<ColumnNameLength>) ARRAY)
RETURNS TABLE(HS_SEQ <TypeOf HS_SEQ>, <AllTrackedColumnsDef>, HS_Hist HS_History):
Obtain a period-normalized table of the specified one or more columns of a history table;

4.6 Complementary SQL-invoked regular functions

To ease conformance for implementation of this Technical Specification, each method intended for public use
is complemented by an SQL-invoked regular function.
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For each such method, the type of specified method, the method name, parameter types (if any), and the
name of the corresponding SQL-invoked regular function are listed in Table 1, Table 2, and Table 3 in the
following section.

4.6.1 Constructor method of the HS_History type
Table 1 — Method and function name correspondences
Type Name Method Name Parameter Types (if any) Function Name
HS_History HS_History TIMESTAMP(<TimestampPrecision>), HS_History
TIMESTAMP(<TimestampPrecision>)

4.6.2 Methods of the HS_History type for treating a period

Table 2 — Method and function name correspondences

Type|Name Method Name Parameter Types (if any) Function Name

HS_History HS_Overlaps TIMESTAMP(<TimestampPrecision>); HS_Overlaps_TT
TIMESTAMP(<TimestampPrecision>)

HS_History HS_Overlaps HS_History HS_Overlaps_H

HS_History HS_Meets TIMESTAMP(<TimestampPrecision>), HS_Meets_TT
TIMESTAMP(<TimestampPrecision>)

HS_History HS_Meets HS_History HS_ Meets H

HS_History HS_Precedes TIMESTAMRB(s TimestampPrecision>), HS Precedes TT
TIMESTAMP(<TimestampPrecision>)

HS_History HS_Precedes HS cHistory HS_Precedes H

HS_History HS_PrecedesOrMeets |~ TIMESTAMP(<TimestampPrecision>), HS_PrecedesOrMeets_[TT
TIMESTAMP(<TimestampPrecision>)

HS_History HS_PrecedesOfMeets | HS_History HS_PrecedesOrMeets_[H

HS_History HS_Succeeds TIMESTAMP(<TimestampPrecision>), HS_Succeeds_TT
TIMESTAMP(<TimestampPrecision>)

HS_History HS_Succeeds HS_History HS_Succeeds_H

HS_History HS_SucceedsOrMeets | TIMESTAMP(<TimestampPrecision>), HS_SucceedsOrMeets [TT
TIMESTAMP(<TimestampPrecision>)

HS_History HS_SucceedsOrMeets | HS_History HS_SucceedsOrMeets |H

HS_History HS_Contains TIMESTAMP(<TimestampPrecision>) HS_Contains_T

HS_History HS_Contains TIMESTAMP(<TimestampPrecision>), HS_Contains_TT
TIMESTAMP(<TimestampPrecision>)

HS_History HS_Contains HS_History HS_Contains_H

HS_History HS_Equals TIMESTAMP(<TimestampPrecision>), HS _Equals_TT
TIMESTAMP(<TimestampPrecision>)

HS_History HS_Equals HS_History HS_Equals_H

HS_History HS_Monthinterval HS_Monthinterval

HS_History HS_Daylnterval HS_Daylnterval

HS_History HS_Intersect TIMESTAMP(<TimestampPrecision>), HS_Intersect TT

18
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Type Name Method Name Parameter Types (if any) Function Name

TIMESTAMP(<TimestampPrecision>)

HS_History HS_Intersect HS_History HS_Intersect_H

HS_History HS_Union TIMESTAMP(<TimestampPrecision>), HS_Union_TT
TIMESTAMP(<TimestampPrecision>)

HS_History HS_Union HS_History HS_Union_H

HS_History HS_Except TIMESTAMP(<TimestampPrecision>), HS_Except TT
TII\III:QTAI\IID( Timnm‘ampDranioinn )

HS]| History HS_Except HS_History HS_Except -H

4.6/3 Methods of the <TableTypeldentifier> type

Table 3 — Method and function name correspondences

Type Name Method Name Parameter Types (if any) Functionn Name
JTable Typeldentifier> HS_HistoryTable HS_HistoryTable
rable Typeldentifier> HS_PNormalize CHARACTER HS_PNormglize

VARYING(<ColumnNameLength>)
JTable Typeldentifier> HS_PNormalize CHARACTER HS_PNormdlize_A
VARYING(<ColumnNameLength>) ARRAY

4.7| The History Information Schema

This Technical Specification prescribes.an,Information Schema called HS_INFORMTN_SCHEMA] It contains
views for the following purposes:

5 | History Procedures

— aview HS_TRACKED TABLES, which lists the tables that have an associated history table;

5.1 HS=CreateHistory Procedure and its related Procedures

5.111~_HS_CreateHistory Procedure

Purpose

— a view HS_TRACKED_COLUMNS, which lists the columns that are specified as the parameter of
HS_CreateHistory procedure.

Create a history table for the specified tracked table, create three triggers to maintain the history table, define
the type corresponding to the history table, and initialize the history table.

Definition

CREATE PROCEDURE HS CreateHistory
(IN TableName CHARACTER VARYING (<TableNameLength>),
IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>)

© ISO/IEC 2013 — All rights reserved
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Definition3l Rules

1)

2)

The SQL-session context shall be such that:

a)

b)

The eabled authorization identifiers shall include the authorization identifier of schema whose nam
<CatalogName> . <SchemaName>.

NOTE

3)

Descriptio

1)

If an|error occurred in one of procedures” invoked in the HS_CreateHistory procedure,
HS_CreateHistory procedure is implicitly ended with a <rollback statement>.

The
VARYING(<ColumnNameLength>) ARRAY) takes the following input parameters:

a)

b)

5.1.2

Purpose

END

HS CréateHistoryErrorCheck Procedure

LANGUAGE SQL

NOT DETERMINISTIC
MODIFIES SQL DATA
SQL SECURITY INVOKER
BEGIN

CALL HS CreateHistoryErrorCheck (TableName, TrackedColumns);
CALL HS CreateHistoryPrivilegeCheck (TableName, TrackedColumns);
CALL HS CreateHistoryTableSequenceNumberGenerator (TableName) ;
CALL HS CreateHistoryTableType (TableName, TrackedColumns);

CALL HS CreateHistoryTable (TableName, TrackedColumns);

CALL HS CreatelInsertTrigger (TableName, TrackedColumns) ;

CALL HS CreateUpdateTrigger (TableName, TrackedColumns);

CALL HS CreateDeleteTrigger (TableName, TrackedColumns);

CALL HS CreateHistoryTableMethod (TableName, TrackedColumns);
CALL HS CreatePNormalizeMethod (TableName, TrackedColumns);
CALL HS InitializeHistoryTable (TableName, TrackedColumns);

The value of the current default catalog name is <CatalogName>.

The value of the current default unqualified schema name is,<SchemaName>.

\n enabled authorization identifier is defined in ISO/IEC 9075.

=

HS_CreateHistory(CHARACTER VARYING(<TableNameLength>), CHARACI

TableName, whose\value is a character representation of a table name which conforms to
Format and Syntax-Rules of <table name> in ISO/IEC 9075-2.

TrackedColumns, each element of whose value is a character representation of a column n3
which cenforms to the Format and Syntax Rules of <column name> in ISO/IEC 9075-2.

the

ER

the

me

Check whether the input parameters of the HS_CreateHistory procedure are valid.

Definition

20

CREATE PROCEDURE HS CreateHistoryErrorCheck
(IN TableName CHARACTER VARYING (<TableNameLength>),

IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)

LANGUAGE SQL
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DETERMINISTIC

READS SQL DATA

BEGIN
DECLARE IdentifierColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY;
DECLARE i INTEGER;
DECLARE j INTEGER;

—— Check if the specified TableName parameter is valid

IF TableName IS NULL THEN
SIGNAL SQLSTATE '2FF01' SET MESSAGE_TEXT =
'table name is a null value';
END IF;

—-— Check if the table specified exists in the SQL-databasge

IF NOT EXISTS (SELECT *
FROM information schema.tables
WHERE TABLE CATALOG = HS ExtractCatalogldentifier (TableNam
AND TABLE SCHEMA = HS ExtractSchemaldentifier (TableName
AND TABLE NAME = HS ExtractTableIdéntifier (TableName))
THEN
SIGNAL SQLSTATE '2FF02' SET MESSAGE [MTEXT =
'table does not exist';
END TIF;
—— Check if the specified tables/has
-- unique constraints with NQT NULL for all columns of the consftraint.
-- If there is no unique constraint with NOT NULL,
-— then exception conditign is raised.

()

—

CALL HS GetHistoryRowSetldentifierColumns (
TableName, TragkedColumns, IdentifierColumns);
IF NOT EXISTS (SELECT™*
FROM UNNEST*JFdentifierColumns) AS CLMS (CNAME)) THEN
SIGNAL SQLSTATE '2FF13' SET MESSAGE_TEXT =
'tracked\table has no unique constraint with NOT NULL';
END IF;

-— Chedk)if the history table for the specified table does not exist

IF &EXTISTS (SELECT *
FROM information schema.tables
WHERE TABLE CATALOG = HS ExtractCatalogldentifier (TableNam
AND TABLE SCHEMA = HS ExtractSchemaldentifier (TableName
AND TABLE NAME = HS ConstructTableldentifier (TableName)
THEN
SIGNAL SQLSTATE '2FF03' SET MESSAGE TEXT =
'history table already exists';
END IF;

= —
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—— Check if the specified TrackedColumns parameter is wvalid
IF TrackedColumns IS NULL THEN
SIGNAL SQLSTATE '2FF04' SET MESSAGE TEXT =
'no tracked column is specified';
END IF;
IF CARDINALITY (TrackedColumns) < 1 THEN
SIGNAL SQLSTATE '2FF04' SET MESSAGE TEXT =
'no tracked column is specified';
END IF;

-— For each element of an array TrackedColumns, check if
- a) it is not a null value.
-= b) it is a column name of the specified table.

SET i = 1;
WHILE i1 <= CARDINALITY (TrackedColumns) DO
IF TrackedColumns[i] IS NULL THEN
-- Specified column name is null.
SIGNAL SQLSTATE '2FF05' SET MESSAGE TEXT =
'column name is a null value';
ELSEIF NOT EXISTS (SELECT *
FROM information schema.columns
WHERE

AND column name =
HS ExtractColumnIdentifier (TrackedColumns[i]))
-— The tracked table does not havé a specified column.
SIGNAL SQLSTATE '2FF06' SED,MESSAGE TEXT =
'column does not exist\l;
END IF;
SET i =1 + 1;
END WHILE;
—— Check if all uniguesconstraint columns are specified
-- as the TrackedColiimns parameter
SET i = 1;
WHILE i <= CARDINALITY (IdentifierColumns) DO
IF NOT EXDSTS (SELECT *
FROM UNNEST (TrackedColumns) AS CLMS (CNAME)
WHERE CNAME = IdentifierColumns[i]) THEN

SIGNAL SQLSTATE '2FF14' SET MESSAGE TEXT =

columng!' -

TABLE CATALOG = HS ExtractCatalogIdentifier (TableName)
AND TABLE SCHEMA = HS ExtractSChemaldentifier (TableName)
AND TABLE NAME = HS ExtractTé@bleldentifier (TableName)

THEN

-=\i+/th identifier column is not specified as tracked columns.

'some of unique constraint columns are not specified as trac

ked

END IF;
SET 1 = 1 + 1;
END WHILE;
END

22 © ISO/IEC 2013 — All rights reserved


https://iecnorm.com/api/?name=331bec1ade686456469d1d2e2c9c3e31

ISO/IEC TS 13249-7:2013(E)

Description

1) The HS_CreateHistoryErrorCheck(CHARACTER  VARYING(<TableNamelLength>), @nCHARACTER
VARYING(<ColumnNameLength>) ARRAY) procedure takes the following input parameters:

a) a CHARACTER VARYING(<TableNameLength>) value TableName,

b) a CHARACTER VARYING(<ColumnNameLength>) ARRAY value TrackedColumns.

5.1.3 HS_CreateHistoryPrivilegeCheck procedure

Purpose

Che¢ck whether or not the definer has required privileges on columns composing the, primary |key of the
tragked table and tracked columns.

Definition

CREATE PROCEDURE H87CreateHistoryErrorCheck

(IN TableName CHARACTER VARYING (<TableNameLength?>),

IN TrackedColumns CHARACTER VARYING (<ColumnNameFéngth>) ARRAY)
LANGUAGE SQL
DETERMINISTIC
READS SQL DATA

SQL SECURITY INVOKER
BEGIN
DECLARE M TrackedColumns CHARACTER/VARYING (<ColumnNameLength>) MULTISET;

DECLARE 1 INTEGER;

—-— Construct a multiseti\consisting of names of tracked columns
SET i = 1;
WHILE i <= CARDINABITY (TrackedColumns) DO
SET M TrackedColumns[i] =
HS ExtracgColumnIdentifier (TrackedColumn[i])
SET i = i~ 1;
END WHILE,

—— Chéck the condition that the multiset of names of

- columns composing tracked columns

-<£ is contained that of names of columns

</ on which the definer of a history has SELECT privilege

IF M TrackedColumns NOT SUBMULTISET OF
MULTISET
(SELECT COLUMN NAME
FROM INFORMATION SCHEMA.COLUMN PRIVILEGES
WHERE TABLE CATALOG = HS ExtractCatalogldentifier (TableName)
AND TABLE SCHEMA = HS ExtractSchemaldentifier (TableName)
AND TABLE NAME = HS ExtractTableIdentifier (TableName))

THEN
-- Raise an exception condition
SIGNAL SQLSTATE '2FF26' SET MESSAGE TEXT =
'lack of privileges';
END IF;
END
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Description

1) The HS_CreateHistoryPrivilegeCheck(CHARACTER VARYING(<TableNamelLength>), CHARACTER
VARYING(<ColumnNameLength>) ARRAY) procedure takes the following input parameters:

a) a CHARACTER VARYING(<TableNameLength>) value TableName,

b) a CHARACTER VARYING(<ColumnNameLength>) ARRAY value TrackedColumns.

5.1.4 HS_CreateHistoryTableSequenceNumberGenerator procedure

Purpose

Create a sgquence generator for generating a sequence number for a history row of the history table:

Definition

CREATE PROCEDURE HS CreateHistoryTableSequenceNumberGenerator
(IN TableName CHARACTER VARYING (<TableNameLength>))
LANGUAGE SQL
DEERMINISTIC
MOPIFIES SQL DATA
BEfIN

DECLARE stmt CLOB;

DECLARE tmpSequenceGeneratorIdentifier
CHARACTER VARYING (<IdentifierLength®));

SET tmpSequenceGeneratorIdentifier =
HS ConstructSequenceGeneratorIdentifier (TableName) ;

SET stmt =
'CREATE SEQUENCE ' || tmpSequenceGeneratorIdentifier
' AS <TypeOf HS SEQ> START WITH 1' |
' INCREMENT BY 1' |
' NO MAXVALUE' |
' NO CYCLE' ;
EXECUTE IMMEDIATE ‘stmt;
END

Definition3l Rules

1) <TypepPf HS_SEQ> is the implementation-defined <data type or domain name> of the value genergted
by the [sequence-generator.

Description

1) The HS_CreateHistoryTableSequenceNumberGenerator(CHARACTER
VARYING(<TableNameLength>)) procedure takes the following input parameter:

a) a CHARACTER VARYING(<TableNameLength>) value TableName.
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5.1.5 HS_CreateHistoryTableType Procedure

Purpose

Create the <TableTypeldentifier> type, which is the base type of a history table corresponding to the specified

tracked table.

Definition

CREATE PROCEDURE HS CreateHistorvTableType

(IN TableName CHARACTER VARYING (<TableNameLength>),
IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)
LANGUAGE SQL
NOT DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLARE stmt CLOB;
DECLARE tmpAllTrackedColumnsDef CLOB;

CALL HS CreateCommaSeparatedTrackedColumnAndIypelList (
TableName, TrackedColumns, tmpAllTracked€OdumnsDef) ;

—-— Construct a CREATE TYPE statement
-— in order to create <TableTypeldentifier> type

SET stmt =
'CREATE TYPE ' || HS ConstruCtPableTypeldentifier (TableName)
' AS(HS_SEQ <TypeOf HS SEQ
', ' || tmpAllTrackedColumwnsDef
! , HS Hist HS History)'
' STATIC METHOD HSiHistoryTable()'
! RETURNS TABLE(HS*SEQ <TypeOf7H57$EQ>'
', " || tmpAllTrackedColumnsDef
! , HS Hisg HS History),'
' STATIC METHOD HS_PNormalize('
! targefflColumn CHARACTER VARYING (<ColumnNameLength>))'
' RETURNS ,TABLE (HS_SEQ <TypeOf HS SEQ>'
', ' |]] tmpAllTrackedColumnsDef
! , HS Hist HS History),'
' STATIC METHOD HS PNormalize ('

\ RETURNS TABLE (HS SEQ <TypeOf_HS_SEQ>'
", ' || tmpAllTrackedColumnsDef
! , HS Hist HS History)'
EXECUTE IMMEDIATE stmt;
FEND

-— for a basis of the history tablé)of the specified tracked t

! targetColumns CHARACTER VARYING (<ColumnNameLength>) ARR

AY)

Description

able.

1) The definition of <TableTypeldentifier> type, which is defined in the HS_CreateHistoryTableType

procedure, is specified in subclause 6.2.1, "<TableTypeldentifier> Type".

2) The HS_CreateHistoryTableType(CHARACTER VARYING(<TableNamelLength>), @ CHARACTER

VARYING(<ColumnNameLength>) ARRAY) procedure takes the following input parameters:
a) a CHARACTER VARYING(<TableNameLength>) value TableName,

b) a CHARACTER VARYING(<ColumnNamelLength>) ARRAY value TrackedColumns.

© ISO/IEC 2013 — All rights reserved
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5.1.6 HS_CreateHistoryTable Procedure

Purpose

Create a history table corresponding to the specified tracked table.

Definition

CREATE PROCEDURE HS CreateHistoryTable
(IN_TableName CHARACTER VARYING(LTableNamelength>)

IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)
LANGUAGE SQL

NOI' DETERMINISTIC

MOPIFIES SQL DATA

BEIN

DECLARE stmt CLOB;

DECLARE tmpAllIdentifierColumns CLOB;

DECLARE tmpAllIdentifierColumnsOpt CLOB;

CALL HS CreateCommaSeparatedIdentifierColumnList (
TableName, TrackedColumns, NULL, tmpAllIdentififerColumns) ;
CALL HS CreateCommaSeparatedIdentifierColumnLigty
TableName, TrackedColumns, ' WITH OPTIONS NOT NULL',
tmpAllIdentifierColumnsOpt) ;

—-— Construct a CREATE TABLE statement
- in order to create the history tab¥e
- according to the specified tracked table.

SET stmt =
'CREATE TABLE ' || HS ConstruGtTableIdentifier (TableName)
' OF ' || HS ConstructTableFypeIdentifier (TableName)
! (REF IS "HS REF" SYSTEM‘GENERATED, '

tmpAllIdentifiex€olumnsOpt || ',
' PRIMARY KEY(HS_SEQ)'
A ) A
EXECUTE IMMEDIATE stmty
END

=

Descriptio

1) The HS_CreateHistoryTable(CHARACTER VARYING(<TableNamelLength>), CHARACI

VARYING(<ColumnNamelLength>) ARRAY) procedure takes the following input parameters:

a) a[CHARACTER VARYING(<TableNameLength>) value TableName,

b) aCHARACTER VARYING(<ColumnNamel ength>) ARRAY value TrackedColumns

ER

5.1.7 HS_CreatelnsertTrigger Procedure

Purpose

Create a trigger to insert a history row into the history table when a row is inserted into the corresponding

tracked table.

Definition

CREATE PROCEDURE HS CreatelnsertTrigger
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(IN TableName CHARACTER VARYING (<TableNameLength>),
IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)
LANGUAGE SQL
NOT DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLARE stmt CLOB;

DECLARE tmpAllTrackedColumns CLOB;
DECLARE tmpAllTrackedColumns nwr CLOB;

CALL HS CreateCommaSeparatedTrackedColumnList (
TrackedColumns, NULL, tmpAllTrackedColumns) ;

CALL HS CreateCommaSeparatedTrackedColumnList (
TrackedColumns, 'nwr.', tmpAllTrackedColumns nwr);

—-— Construct a CREATE TRIGGER statement
- in order to create an INSERT trigger.

-- This INSERT trigger inserts a history row into the history taple

-- when a row is inserted into the tracked table.

SET stmt =
'CREATE TRIGGER ' || HS ConstructInsTriggerldentifier (TableNg
! AFTER INSERT ON ' || TableName

'  REFERENCING NEW ROW AS nwr'

! FOR EACH ROW'

' BEGIN ATOMIC'

! DECLARE CurTS TIMESTAMP (<TimestampPrecision>) ;'

! DECLARE histVal HS Histery,'

! SET CurTS = HS GetTramsactionTimestamp();'

! SET histVal = NEW HSHistory('

! CurTS, CAST(NUEKL AS TIMESTAMP (<TimestampPrecision>))

! INSERT INTO ' ||%HS ConstructTableIdentifier (TableName)
! (HS_SEQ, ' s\l tmpAllTrackedColumns || ' , HS Hist' |
! VALUES ('

! (NEXT VALUE FOR '
HS GonstructSequenceGeneratorIdentifier (TableName)
ol
tmpAllTrackedColumns nwr || ', histval) ;'
! END'
EXECUTE IMMEDIATE stmt;
END

The HS_CreatelnsertTrigger(CHARACTER VARYING(<TableNameLength>), CH
VARYING(<ColumnNameLength>) ARRAY) procedure takes the following input parameters:

me)

a) a CHARACTER VARYING(<TableNameLength>) value TableName,

b) a CHARACTER VARYING(<ColumnNameLength>) ARRAY value TrackedColumns.

5.1.8 HS_CreateUpdateTrigger Procedure

Purpose

ARACTER

Create a trigger to insert a history row into the history table when any value of the specified columns of the
tracked table is updated.

© ISO/IEC 2013 — All rights reserved
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Definition

CREATE PROCEDURE HS CreateUpdateTrigger
(IN TableName CHARACTER VARYING (<TableNameLength>),
IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)
LANGUAGE SQL
NOT DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLARE stmt CLOB;

DECLARE tmpAllIdentifierColumnsComparison HT1 nwr CLOB;
DECLARE tmpAllTrackedColumns CLOB;

DECLARE tmpAllTrackedColumns odr CLOB;

DECLARE tmpAllTrackedColumns nwr CLOB;

DECLARE tmpAllIdentifierColumns odr CLOB;

DECLARE tmpAllIdentifierColumns nwr CLOB;

CALL HS CreatelIdentifierColumnSelfJoinCondition (
TableName, TrackedColumns, 'HT1.', 'nwr.',
tmpAllIdentifierColumnsComparison HT1 nwr);

CALL HS CreateCommaSeparatedTrackedColumnList (
TrackedColumns, NULL, tmpAllTrackedColumns).;
CALL HS CreateCommaSeparatedTrackedColumnLigsti

TrackedColumns, 'odr.',6 tmpAllTrackedColumns odr);
CALL HS CreateCommaSeparatedTrackedColumdList (
TrackedColumns, 'nwr.',6 tmpAllTrackedColumns nwr) ;

CALL HS CreateCommaSeparatedIdentifderColumnList (

TableName, TrackedColumns, 'odfs), tmpAllIdentifierColumns_odr);
CALL HS CreateCommaSeparatedIdenpifierColumnList (

TableName, TrackedColumns, ¥awr.', tmpAllIdentifierColumns_ nwr);

—— Construct a CREATE TRIGGER statement

-= in order to create an“UPDATE trigger.

-- This UPDATE trigger irnserts a history row into the history table
-- when a row in thettracked table is updated.

SET stmt =
'CREATE TRIGGER™ || HS ConstructUpdTriggerIdentifier (TableName) |
' AFTER UBRDATE OF ' || tmpAllTrackedColumns || ' ON ' || TableNamq

' REFERENCING NEW ROW AS nwr'
! OLD ROW AS odr' |
'  FOR.BACH ROW' |
' WHEN((' || tmpAllTrackedColumns odr || ' ) IS DISTINCT FROM (' |
tmpAllTrackedColumns nwr || '))'
' BEGIN ATOMIC' |
' DECLARE CurTS TIMESTAMP (<TimestampPrecision>) ;'
|
|
|
|
|

L DECLARE histVgl HS Higtopry: !

' DECLARE histBegTime TIMESTAMP (<TimestampPrecision>); '

' IF ((' || tmpAllIdentifierColumns odr || ') IS DISTINCT FROM'

' (" |l tmpAllIdentifierColumns nwr || ')) THEN'

' SIGNAL SQLSTATE '2FF27' SET MESSAGE TEXT ='

! 'update operation for identifier columns is not supported';

' END IF;' |

! SET CurTS = HS GetTransactionTimestamp(); '

' SET histVal = NEW HS History('

! CurTS, CAST(NULL AS TIMESTAMP (<TimestampPrecision>))); '
|
|
|

' UPDATE ' || HS ConstructTableIdentifier (TableName) || ' HT1'
' SET HT1.HS Hist.HS EndTime = CurTS'
' WHERE ' || tmpAllIdentifierColumnsComparison HT1 nwr
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! AND HT1.HS Hist.HS EndTime IS NULL;'

! INSERT INTO ' || HS ConstructTableIdentifier (TableName)
! (HS_SEQ, ' || tmpAllTrackedColumns || ', HS Hist) '
! VALUES ('

! (NEXT VALUE FOR '

HS ConstructSequenceGeneratorIdentifier (TableName) || '),

ol
tmpAllTrackedColumns nwr || ', histval); '
' END'
EXECUTE IMMEDIATE stmt;
END

Description

1)

5.1

Pui

Crdg
row

Definition

The HS_CreateUpdateTrigger(CHARACTER VARYING(<TableNameLength>), CHARACTER

VARYING(<ColumnNameLength>) ARRAY) procedure takes the following input parameters:
a) a CHARACTER VARYING(<TableNameLength>) value TableName,

b) a CHARACTER VARYING(<ColumnNameLength>) ARRAY value TrackedColumns.

9 HS_CreateDeleteTrigger Procedure

pose

ate a trigger to update the end time of the latest history row to current transaction timestamp vdlue when a

is deleted from the corresponding tracked table.

CREATE PROCEDURE HS CreateDeleteTrigger

(IN TableName CHARACTERWAVARYING (<TableNameLength>),

IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)

LANGUAGE SQL

DETERMINISTIC

MODIFIES SQL DATA

BEGIN
DECLARE~stmt CLOB;
DECLARE,tmpAllIdentifierColumnsComparison HT1 odr CLOB;

CALL{HS CreateldentifierColumnSelfJoinCondition (
TableName, TrackedColumns, 'HT1.', 'odr.',
tmpAllIdentifierColumnsComparison HT1 odr);

-— Construct a CREATE TRIGGER statement

-= in order to create a DELETE trigger.
-- This DELETE trigger updates the end time of the latest history row

-— according to the tracked row which is deleted from the tracked

table.
SET stmt =
'CREATE TRIGGER ' || HS ConstructDelTriggerIdentifier (TableName)
! AFTER DELETE ON ' || TableName
! REFERENCING OLD ROW AS odr'
! FOR EACH ROW'
! BEGIN ATOMIC'
! DECLARE CurTS TIMESTAMP (<TimestampPrecision>) ;'
! SET CurTS = HS GetTransactionTimestamp () ;'

© ISO/IEC 2013 — All rights reserved
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EN
Descriptio
1) The

5.1.10 HS

Purpose

Create am

Definition

CREAT
(T

I

LA

DE

MO

BE

! UPDATE ' || HS ConstructTablelIdentifier (TableName) ||
' SET HT1.HS Hist.HS EndTime = CurTS'
' WHERE ' || tmpAllIdentifierColumnsComparison HT1 odr
' AND HTl.HS_HiSt.HS_EndTime IS NULL;'
' END'
EXECUTE IMMEDIATE stmt;
D
n
- Y B \V

NG(<_Co/umnNameLength>) ARRAY) procedure take
CHARACTER VARYING(<TableNamelLength>) value TableName,

CHARACTER VARYING(<ColumnNameLength>) ARRAY value TrackedColumns|

| CreateHistoryTableMethod Procedure
ethod to obtain a history table.

PROCEDURE HS CreateHistoryTableMethod
TableName CHARACTER VARYING (<TableNameLength>),
TrackedColumns CHARACTER VARYING (&€olumnNameLength>) ARRAY)
NGUAGE SQL

TERMINISTIC

DIFIES SQL DATA

CIN

DECLARE stmt CLOB;

DECLARE tmpAllTrackedColMimns CLOB;

DECLARE tmpAllTrackedColumnsDef CLOB;

DECLARE tmpAllTradkedColumnLiterals CLOB;

Z =2

CALL HS Create€gmmaSeparatedTrackedColumnList (
TrackedCeolumns, NULL, tmpAllTrackedColumns) ;

CALL HS CreateCommaSeparatedTrackedColumnAndTypeList (
TableName, TrackedColumns, tmpAllTrackedColumnsDef) ;

CALL HSXCreateCommaSeparatedTrackedColumnLiteralList (
TableName, TrackedColumnLiterals):;

=7 Construct a CREATE STATIC METHOD statement

Lo I1o lad L)

a g ]
s the following input parameters:

HT1'

30

Fr—order—to—ereate—the—HS5—tistoryFaltet—method
-- for <TableTypeldentifier> type.
SET stmt =
'CREATE STATIC METHOD HS_HiStoryTable()'
' RETURNS TABLE ('
' HS SEQ <TypeOf HS SEQ>, '
tmpAllTrackedColumnsDef || ', HS Hist HS History)'
' FOR ' || HS ConstructTableTypeldentifier (TableName)
! BEGIN'
! IF MULTISET[' || tmpAllTrackedColumnLiterals || ']'
! NOT SUBMULTISET OF MULTISET' || ' ('
! SELECT COLUMN NAME'
! FROM INFORMATION SCHEMA.COLUMN PRIVILEGES'
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WHERE TABLE CATALOG = '

HS ConstructCatalogIdentifierLiteral (TableName

AND TABLE SCHEMA = '

AND TABLE NAME = '

HS ConstructTableIdentifierLiteral (TableName)

) )
THEN'
SIGNAL SQLSTATE ''2FF26'' SET MESSAGE TEXT = '
''"lack of privileges''; '

Des

1)

2)

5.1

Pui

Crdg

T;'
]

\
)
\
HS ConstructSchemaldentifierLiteral (TableName) |
\
\
\
\
\
\
\
\
\

END IF;'
RETURN TABLE ('
SELECT HS SEQ, ' || tmpAllTrackedColumns || ', HS Hist
FROM ' || HS ConstructTableIdentifier (TableName)\ |

I
END'

EXECUTE IMMEDIATE stmt;

END

scription

The definition of HS_HistoryTable method of <TableTypeldentifier> type, which is defi
HS_CreateHistoryTableMethod procedure, is specified in subclause 6.2.2, "HS_HistoryTable N

The HS_CreateHistoryTableMethod(CHARACTER VARYING(<TableNamelLength>),
VARYING(<ColumnNameLength>) ARRAY) proceduré takes the following input parameter:

a) a CHARACTER VARYING(<TableNameLength>) value TableName,

b) a CHARACTER VARYING(<ColumnNameLength>) ARRAY value TrackedColumns.

11 HS_CreatePNormalizeMethod Procedure

pose

ate methods to obtain a period-normalized table of the specified columns for a history table.

Definition

CREATE PROCEDURE H57CreatePNormalizeMethOd
(IN TableName CHARACTER VARYING (<TableNameLength>),
IN~IrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)
LANGUAGE SQL
NOT DETERMINISTIC
MODIFIES SQL DATA

AL AT

CH

hed in the
flethod".

ARACTER

DO LIN

DECLARE stmt CLOB;

DECLARE tmpAllTrackedColumns CLOB;

DECLARE tmpAllTrackedColumns_HTl CLOB;

DECLARE tmpAllTrackedColumnsDef CLOB;

DECLARE tmpAllTrackedColumnLiterals CLOB;

DECLARE tmpAllIdentifierColumns CLOB;

DECLARE tmpAllIdentifierColumnsComparison HT1 HTZ2 CLOB;

DECLARE

tmpTableTypeldentifier CHARACTER VARYING (<IdentifierLength>);

DECLARE AllIdentifierColumns CHARACTER VARYING (<ColumnNameLength>)
ARRAY;
DECLARE tmpCatalogIdentifierLiteral CLOB;
DECLARE tmpSchemaldentifierLiteral CLOB;
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DECLARE tmpTableIdentifierLiteral CLOB;

SET tmpTableTypeldentifier = HS ConstructTableTypeldentifier (TableName) ;

SET tmpCatalogIldentifierLiteral =
HS ConstructCatalogIdentifierLiteral (TableName) ;

SET tmpSchemaldentifierLiteral =
HS ConstructSchemaldentifierLiteral (TableName) ;

SET tmpTableldentifierLiteral =
HS ConstructTableIdentifierLiteral (TableName) ;

CALL HS CreateCommaSeparatedTrackedColumnList (
TrackedColumns, NULL, tmpAllTrackedColumns);

CALL HS CreateCommaSeparatedTrackedColumnList (
TrackedColumns, 'HT1.', tmpAllTrackedColumns HT1);

CALL HS CreateCommaSeparatedTrackedColumnAndTypeList (
TableName, TrackedColumns, tmpAllTrackedColumnsDef) ;

CALL HS CreateCommaSeparatedTrackedColumnLiteralList (
TableName, TrackedColumnLiterals);

CALL HS CreateCommaSeparatedIdentifierColumnList (
TableName, TrackedColumns, NULL,
tmpAllIdentifierColumns) ;

CALL HS CreatelIdentifierColumnSelfJoinCondition (
TableName, TrackedColumns, 'HT1.', 'HT2.',
tmpAllIdentifierColumnsComparison HT1 HTZ2);

CALL HS GetHistoryRowSetIdentifierColumns (
TableName, TrackedColumns, AllIdentifie&Columns) ;
-- In case only one tracked column except unique constraint columns,
IF CARDINALITY (TrackedColumns) - CARBINALITY (AllIdentifierColumns) H 1
THEN
-— Create HS Pnormalize method(with a non-ARRAY parameter.
SET stmt =
'l The value set into SQL wvaxiable “stmt” is
'l the character string value, which content is
'l the 1st CREATE METHORYstatement in the DEFINITION of
!'l Subclause 6.2.3, “HS'PNormalize Methods”,
'l with the value of\SQL variable “tmpAllTrackedColumnsDef”
H as instaniCe of <AllTrackedColumnsDef> ,
I the valuerof SQL variable “tmpTableTypeldentifier”
I as instance of <TableTypeldentifier>.
EXECUTE IMMEDIATE stmt;

—-— Creatle JHS Pnormalize method with an ARRAY parameter.

SET stmb’=

'l The-'value set into SQL variable “stmt” is

' \\the character string value, which content is

', the 2nd CREATE METHOD statement in the DEFINITION of

¥l Subclause 6.2.3, “HS PNormalize Methods”,

1l with the wvalnne of SOT. variable “f—mpA'I'I'T‘r:qr*lcpr\](‘m'lnmnqﬁpf”
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the value of SQL
as instance of
EXECUTE IMMEDIATE stmt;
In case more than
columns,
ELSE

one
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<AllTrackedColumnsDef> ,
variable “tmpTableTypeldentifier”
<TableTypeldentifier>.

tracked columns

except unique

-- Create HS Pnormalize method with a non-ARRAY parameter.

SET stmt
I

The value set into SQL variable
the character string value,

“stmt” is
which content is

constraint

1

'l the 1lst CREATE METHOD
'l Subclause 6.2.3,

'l with the value of SQL
1l as instance of
H the value of SQL
N as instance of
EXECUTE IMMEDIATE stmt;

SET stmt =
11

I
'l the 3rd CREATE METHOD
'l Subclause 6.2.3,
'l with the value of SQL
M as instance of
!! the value of SQL
! as instance of
M the value of SQL
M as instance of
[ the value of SQI
N as instance, of
[ the value:@&f SQL
1 as instance of
N the value of SQL
N as~dinstance of
! thenwvalue of SQL
1 as instance of
1 the value of SQL
! as instance of
1 the value of SQL
1\ as instance of
tl the value of SQL
I

M as instance of

EXECUTE IMMEDIATE stmt;
END TFE:

The value set into SQL variable
the character string value,

statement in the DEFINITION of

“HS PNormalize Methods”,

variable “tmpAllTrackedColumnsbef”
<AllTrackedColumnsDef> ,

variable “tmpTableTypeldentidfier”
<TableTypeldentifier>.

—-- Create HS Pnormalize method with an ARRAY padrameter.

“stmtds I's
which centent is
statement imhe DEFINITION of

“HS PNormalize¢Methods”,

variable(VtmpAllTrackedColumnsDef”
<AllTrxackedColumnsDef> ,

variable “tmpTableTypeldentifier”
<TableTypeldentifier>,

variable “tmpAllTrackedColumnLiteral
<TrackedColumnLiterals>,

variable “tmpCatalogIdentifierLitera
<CatalogldentifierLiteral>,

variable “tmpSchemaldentifierLiteral
<SchemaldentifierLiteral>,

variable “tmpTableIdentifierLiteral”
<TableIdentifierLiteral>,

variable “tmpAllTrackedColumns”
<AllTrackedColumns>,

variable “tmpAllTrackedColumns HT1”
<AllTrackedColumns HTI1>,

variable “tmpAllIdentifierColumns”
<AllIdentifierColumns>,

variable
“tmpAllIdentifierColumnsComparison H
<AllIdentifierColumnsComparison HTI |

”

l”

77

T1 HT2”
HT2>.

END

Description

1)

The definition of HS PNormalize method of <TableTypeldentifier> type, which is defined in the

HS_CreatePNormalizeMethod procedure, is specified in subclause 6.2.3, "HS_PNormalize Methods".

2) The

HS_CreatePNormalizeMethod(CHARACTER VARYING(<TableNameLength>),

VARYING(<ColumnNameLength>) ARRAY) procedure takes the following input parameters:

a)

© ISO/IEC 2013 — All rights reserved
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b) a CHARACTER VARYING(<ColumnNameLength>) ARRAY value TrackedColumns.

5.1.12 HS_lInitializeHistoryTable Procedure

Purpose

Initialize the history table.

Definition

CREATE PROCEDURE HSiInitialiZeHistoryTable

(IN TableName CHARACTER VARYING (<TableNameLength>),

IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)
LANGUAGE SQL

NO[' DETERMINISTIC

MOPIFIES SQL DATA

BEIN

DECLARE stmt CLOB;

DECLARE tmpAllTrackedColumns CLOB;

CALL HS CreateCommaSeparatedTrackedColumnList (
TrackedColumns, NULL, tmpAllTrackedColumns)#§

—-— Construct an INSERT statement

-= in order to insert all rows in the (stracked table

-= into the history table.

SET stmt =
'INSERT INTO ' || HS ConstructTableldentifier (TableName)
' (HS_SEQ, ' || tmpAllTrackedColumns || ', HS Hist)'
' SELECT (NEXT VALUE FOR '«

' , " |l tmpAllTrackedColumns
! , NEW HS Higbory ('
HS GetTransactionTimestamp ()
, CAST (NULL AS TIMESTAMP (<TimestampPrecision>)
! FROM ' || \TableName
EXECUTE IMMEDIAIE .stmt;
END

=

Descriptio

1) The HS_InitializeHistory Table(CHARACTER VARYING(<TableNameLength>),

VARYI|NG(&ColumnNameLength>) ARRAY) procedure takes the following input parameters:

NARACTED \/ TablaMamal cnagths) valiia Tablafape o
a a T\ VAN I == U

HS ConstructSequenceGeneratorIdentifier (TableName) ||

)) !

CHARACI

ER

TCTVaTTTCTECTTIgUT> | varaC— T aorCTvariicy

b) a CHARACTER VARYING(<ColumnNameLength>) value TrackedColumns.
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5.2,
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HS_DropHistory Procedure and its related Procedures

1 HS_DropHistory Procedure

Purpose

Drop the history table and the history table type for the specified tracked table. Further, drop the triggers and

the methods that refer to that history table.
Defimition
CREATE PROCEDURE HS DropHistory
(IN TableName CHARACTER VARYING (<TableNameLength>))
LANGUAGE SQL
DETERMINISTIC
MODIFIES SQL DATA
BEGIN
CALL HS DropHistoryErrorCheck (TableName) ;
CALL HS DropHistoryTableTypeMethod (TableName) ;
CALL HS DropHistoryTrigger (TableName) ;
CALL HS DropHistoryTable (TableName) ;
CALL HS DropHistoryTableType (TableName) ;
CALL HS DropHistoryTableSequenceNumberGenerator (TableName) ;
END
Description
1) | The HS_DropHistory(CHARACTER VARYING{(<TableNameLength>)) procedure takes the foll
parameter:
a) TableName, whose value is a character representation of a table name which confirms to
and Syntax Rules of <table name> in ISO/IEC 9075-2.
5.2]2 HS_DropHistoryErrorCheck Procedure
Purpose
Check whether the input parameters of the HS_DropHistory procedure are valid.
Definition
CREATE* PROCEDURE HS DropHistoryErrorCheck
(IN TableName CHARACTER VARYING (<TableNameLength>))
LANGUAGE SQL

bwing input

the Format

DETERMINISTIC
READS SQL DATA
BEGIN
—— Check if or not null value is specified as a table name.
IF TableName IS NULL THEN
SIGNAL SQLSTATE '2FF01' SET MESSAGE TEXT =
'table name is a null value';
END TIF;
—— Check if or not specified tracked table does not exist.
IF NOT EXISTS (SELECT *
FROM information schema.tables
WHERE TABLE CATALOG = HS ExtractCatalogIdentifier (TableName)

© ISO/IEC 2013 — All rights reserved
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EN

Description

1) The H

followi

a) a

5.2.3 HS

Purpose

AND TABLE SCHEMA = HS ExtractSchemaldentifier (TableName)
AND TABLE NAME HS ExtractTableIdentifier (TableName)) THEN
SIGNAL SQLSTATE '2FF02' SET MESSAGE TEXT
'table does not exist';
END TIF;
-— Check if or not the history table according to the tracked table
does not exist.
IF NOT EXISTS (SELECT *
FROM information schema.tables
WHERE TABLE CATALOG HS ExtractCatalogIdentifier (TableName)
AND TABLE SCHEMA HS ExtractSchemaldentifier (TableName)

AND TABLE NAME HS ConstructTableIdentifier (TableName)) THEN
SIGNAL SQLSTATE '2FF07' SET MESSAGE TEXT
'history table does not exist';

END IF;

D

S_DropHistoryErrorCheck(CHARACTER VARYING(<TableNamelLength>)) procedure takes
ng input parameter:

CHARACTER VARYING(<TableNameLength>) value TableName)

| DropHistoryTableTypeMethod Procedure

Drop meth¢ds provided in the <TableTypeldentifier> type.

Definition

CREAT
(I

LA

DE

MO

BE

36

o
o

PROCEDURE HS DropHistoryTableTypeMethod

N TableName CHARACTER VARYING (<TableNameLength>))
NGUAGE SQL

TERMINISTIC

DIFIES SQL DATA

TN
DECLARE
DECLARE
DECLARE
DECLARE

stmt \CLOB;

tmpTableTypeldentifier CHARACTER VARYING (<IdentifierLength>);
SpecNames CLOB ARRAY;

1~ INTEGER;

SET tmpTableTypeldentifier HS ConstructTableTypeldentifier (TableNamg

-- Drop all methods, which the routine body is defined,
-- of <tmpTableNameldentifier> type
-- by using specific name of the method.

SET SpecNames ARRAY (
SELECT SPECIFIC CATALOG
'." || SPECIFIC SCHEMA
| | SPECIFIC NAME
FROM INFORMATION SCHEMA.METHOD SPECIFICATIONS
WHERE UDT CATALOG <CatalogName>
AND UDT SCHEMA <SchemaName>
AND UDT NAME tmpTableTypeldentifier

\l \l

the
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AND ROUTINE DEFINITION IS NOT NULL);

SET i = 1;
WHILE i <= CARDINALITY (SpecNames) DO
SET stmt = 'DROP SPECIFIC METHOD ' || SpecNames[i];

EXECUTE IMMEDIATE stmt;
SET i = i + 1;
END WHILE;
END

Definitional Rules

1) | <CatalogName> is <catalog name> of the schema in which <TableNameldentifier> type is crea

2) | <SchemaName> is <unqualified schema name> of the schema in which <TableNameldentif]
created.

Description

1) | The HS_DropHistoryTable TypeMethod(CHARACTER VARYING(<TableNameLength>)) proce
the following input parameter:

a) a CHARACTER VARYING(<TableNameLength>) value TableName.

5.2/4 HS_DropHistoryTrigger Procedure

Purpose

Drgp history table maintenance triggers.

Definition

CREATE PROCEDURE HS DropHistoryTrigger
(IN TableName CHARACTER VARYING (<TableNameLength>))
LANGUAGE SQL
DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLAREstmt CLOB;

-£/,Drop DELETE trigger if exist

IF EXISTS (
SELECT *

ted.

er> type is

bdure takes

FROM INFORMATION SCHEMA.TRIGGERS

WHERE TRIGGER CATALOG = <CatalogName>
AND TRIGGER SCHEMA = <SchemaName>

AND TRIGGER NAME = HS ConstructDelTriggerIdentifier (Tab
) THEN
SET stmt =
'"DROP TRIGGER ' || HS ConstructDelTriggerIdentifier (TableN
EXECUTE IMMEDIATE stmt;

END IF;

-—- Drop UPDATE trigger if exist

© ISO/IEC 2013 — All rights reserved
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ENDP

IF EXISTS (
SELECT *
FROM INFORMATION SCHEMA.TRIGGERS
WHERE TRIGGER CATALOG = <CatalogName>
AND TRIGGER SCHEMA = <SchemaName>

AND TRIGGER NAME = HS ConstructUpdTriggerIdentifier (TableName)

) THEN
SET stmt =
'"DROP TRIGGER ' || HS ConstructUpdTriggerIdentifier (TableName)
EXECUTE IMMEDIATE stmt;
END TIF;

’

-- Drop INSERT trigger if exist

IF EXISTS (
SELECT *
FROM INFORMATION SCHEMA.TRIGGERS
WHERE TRIGGER CATALOG = <CatalogName>
AND TRIGGER SCHEMA = <SchemaName>

) THEN
SET stmt =
'"DROP TRIGGER ' || HS ConstructInsTrigger¥dentifier (TableName)
EXECUTE IMMEDIATE stmt;
END IF;

Definitional Rules

1) <Cata

createfl.

ogName> is <catalog name> of the schema in which history table maintenance triggers

2) <SchemaName> is <unqualified schemainame> of the schema in which history table maintena
triggerp are created.

Description

1) The
followi

a) a

1S_DropHistory Triggef(CHARACTER VARYING(<TableNameLength>)) procedure takes
Ng input parameter:

CHARACTER-VARYING(<TableNameLength>) value TableName.

5.2.5 HS DropHistoryTable Procedure

Purpose

AND TRIGGER NAME = HS ConstructInsTriggerfdentifier (TableNamd

are

nce

the

Drop the history table corresponding to the specified tracked table.

Definition

CREAT
(T

LA

DE

MO

BE

38

E PROCEDURE HS DropHistoryTable

N TableName CHARACTER VARYING (<TableNameLength>))
NGUAGE SQL

TERMINISTIC

DIFIES SQL DATA

GIN

© ISO/IEC 2013 — All rights reserved
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DECLARE stmt CLOB;

-— Drop the history table if exists.
IF EXISTS (
SELECT *
FROM INFORMATION SCHEMA.TABLES
WHERE TABLE CATALOG = <CatalogName>
AND TABLE SCHEMA = <SchemaName>
AND TABLE NAME = HS ConstructTableIdentifier (TableName)

) THEN
SET stmt =
'DROP TABLE ' || HS ConstructTablelIdentifier (TableName) ;
EXECUTE IMMEDIATE stmt;
END IF;
END

Definitional Rules
1) | <CatalogName> is <catalog name> of the schema in which history table iscreated.

2) | <SchemaName> is <unqualified schema name> of the schema in which history table is createdl.

Description

1) | The HS_DropHistoryTable(CHARACTER VARYING(<TableNamelLength>)) procedure takes the following
input parameter:

a) a CHARACTER VARYING(<TableNameLength>) value TableName.

5.2/6 HS_DropHistoryTableType Procedure

Purpose

Drdp the <TableTypeldentifier> type:

Definition

CREATE PROCEDURE HS DropHistoryTableType
(IN TabléName CHARACTER VARYING (<TableNameLength>))
LANGUAGE, *SQL
DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLARE stmt CLOB;

-- Drop the <TableTypeldentifier> type if exists.
IF EXISTS (
SELECT *
FROM INFORMATION SCHEMA.USER DEFINED TYPES
WHERE USER DEFINED TYPE CATALOG = <CatalogName>
AND USER DEFINED TYPE SCHEMA = <SchemaName>
AND USER DEFINED TYPE NAME =
HS ConstructTableTypeldentifier (TableName)
) THEN
SET stmt =
'DROP TYPE ' || HS ConstructTableTypeldentifier (TableName) ;
EXECUTE IMMEDIATE stmt;
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END IF;
END

Definitional Rules
1) <CatalogName> is <catalog name> of the schema in which <TableTypeldentifier> type is created.

2) <SchemaName> is <unqualified schema name> of the schema in which <TableTypeldentifier> type is
created.

Descri ptioh

1) The HS DropHistoryTableType(CHARACTER VARYING(<TableNamelLength>)) proceduref takes |the
following input parameter:

a) a[CHARACTER VARYING(<TableNameLength>) value TableName.

5.2.7 HS _DropHistoryTableSequenceNumberGenerator procedure

Purpose

Drop the sg@quence generator for generating a sequence number for a history row of a history table.

Definition

CREATE PROCEDURE HS DropHistoryTableSequencéNumberGenerator
(IN TableName CHARACTER VARYING (<TabieNameLength>))
LANGUAGE SQL
NOI' DETERMINISTIC
MOPIFIES SQL DATA
BEfIN

DECLARE stmt CLOB;

-- Drop sequence generator if exist

IF EXISTS (
SELECT (*
FROM (INFORMATION SCHEMA.SEQUENCES
WHERE - SEQUENCE CATALOG = <CatalogName>
AND SEQUENCE SCHEMA = <SchemaName>
AND SEQUENCE NAME =
HS ConstructSequenceGeneratorIdentifier (TableName)
) THEN
EXECUTE IMMEDIATE stmt;
SET stmt =
'DROP SEQUENCE ' | ]
HS ConstructSequenceGeneratorIdentifier (TableName)
EXECUTE IMMEDIATE stmt;
END IF;
END
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Definitional Rules

1)

<CatalogName> is <catalog name> of the schema which the sequence generator is created in.

2) <SchemaName> is <unqualified schema name> of the schema which the sequence generator is created

n.

Description

1)

The HS_CreateHistoryTableSequenceNumberGenerator(CHARACTER

5.3

The
pro

5.3

Pui

Ext

VARYING(<TableNameLengtn->)) procedure takes tne tollowing input parameter.

a) a CHARACTER VARYING(<TableNameLength>) value TableName.

Utility Procedures for History

procedures and functions in this subclause are used in common in procedures of the HS Cr|
Cedure or the HS_DropHistory procedure.

1 Functions for extracting an identifier

pose

ract an Identifier body from a character string type value that forms a schema-qualified name.

Definition

CREATE FUNCTION HS ExtractCatalogldentifier
(TableName CHARACTER VARYING(XTableNameLength>))
RETURNS CHARACTER VARYING (KIdentifierBodyLength>)
LANGUAGE SQL
DETERMINISTIC
CONTAINS SQL
RETURNS NULL ON NULL. INPUT
BEGIN

-—- See Description

END

CREATE FUNETION HS ExtractSchemaldentifier
(TabdeName CHARACTER VARYING (<TableNameLength>))
RETURNS CHARACTER VARYING (<IdentifierBodyLength>)
LANGUAGE SQL
DETERMINISTIC

cateHistory

CONTAINS SQL

RETURNS NULL ON NULL INPUT
BEGIN

-- See Description

END

CREATE FUNCTION HS_ExtractTableIdentifier
(TableName CHARACTER VARYING (<TableNameLength>))
RETURNS CHARACTER VARYING (<IdentifierBodyLength>)
LANGUAGE SQL
DETERMINISTIC
CONTAINS SQL

© ISO/IEC 2013 — All rights reserved
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RETURNS NULL ON NULL INPUT
BEGIN

-- See Description

END

CREATE FUNCTION HS ExtractColumnIdentifier

Definitional Rules

1) <lIdenfffierBodyLength> is the implementation-defined maximum length\ef*<identifier body> , <delim
identifier body>, and <Unicode delimiter body> which are defined in ISO/IEC 9075-2.

Description

1) The flnction HS_ExtractCatalogldentifier(CHARACTER) VARYING(<TableNameLength>)) takes
followipg input parameter:

a)

2) For the function HS_ExtractCatalogldentifier(GHARACTER VARYING(<TableNameLength>)):

a)

b)

END

(ColumnName CHARACTER VARYING (<ColumnNameLength>))
RETURNS CHARACTER VARYING (<IdentifierBodyLength>)
LANGUAGE SQL

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NULL INPUT

BE[GIN

-- See Description

a CHARACTER VARYING value TableName,

The value of parameter TableName,is a character representation of a table name which forms
instance of <table name>.

If the <table name> represented by the value of parameter TableName contains a <catalog nar
ECN, then let CN be ECN. Otherwise, let CN be the <catalog name> contained in the <sche
ngme> that is the default'schema name in the SQL-session.

O

ASe:

i) If CN is~=regular identifier>, then let RV be the character string value that is the equivalent cg
normaliform of a representation of <identifier body> of CN.

ted

the

an

ne>
ma

i) Otherwise, let RV be the character string value that is a representation of <delimited identffier

body>, or <Unicode delimiter body> of C/N In the character set of SQL_IDENTIFIER.

3) The function HS_ExtractSchemaldentifier(CHARACTER VARYING(<TableNamelLength>)) takes the
following input parameter:

a)

a CHARACTER VARYING value TableName.

4) For the function HS_ExtractSchemaldentifier(CHARACTER VARYING(<TableNameLength>)):

a)

42

The value of parameter TableName is a character representation of a table name which forms an

instance of <table name>.
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5)

6)

7)

8)

9)

ISO/IEC TS 13249-7:2013(E)

b) If the <table name> represented by the value of parameter TableName contains a <local

or schema

qualifier> ELS, then let SN be the <unqualified schema name> contained in ELS. Otherwise, let SN

be the <unqualified schema name> contained in the <schema name> that is the defa
name in the SQL-session.

Case:

ult schema

i) If SN is <regular identifier>, then let RV be the character string value that is the equivalent case-

normal form of a representation of <identifier body> of SN.

ii) Otherwise, let RV be the character string value that is a representation of <delimit

d identifier

body>, or <Unicode delimiter body> of SN in the character set of SQL_IDENTIFIER.

The function HS_ExtractTableldentifier(CHARACTER VARYING(<TableNamelLength>))
following input parameter:

a) a CHARACTER VARYING value TableName.
For the function HS_ExtractTableldentifier(CHARACTER VARYING(<TableNamelLength>)):

a) The value of parameter TableName is a character representafion of a table name whic
instance of <table name>.

b) Let TN be the <qualified identifier> contained in the ‘<table name> represented by th
parameter TableName.

Case:

i) If TN is <regular identifier>, then let RV.be the character string value that is the equiV
normal form of a representation of <identifier body> of TN.

i) Otherwise, let RV be the character string value that is a representation of <delimitg
body>, or <Unicode delimiter/body> of TN in the character set of SQL_IDENTIFIER.

The function HS_ExtractColumnidentifier(CHARACTER VARYING(<ColumnNameLength>))
following input parameter:

a) a CHARACTER VARYING value ColumnName.
For the function HS: ExtractColumnldentifier(CHARACTER VARYING(<ColumnNameLength>

a) The value of parameter ColumnName is a character representation of a column name v
an instance of <column name>.

b) et CN be the <column name> represented by the value of parameter ColumnName.

takes the

h forms an

e value of

alent case-

d identifier

takes the

):

hich forms

Case:

i) If CN is <regular identifier>, then let RV be the character string value that is the equiv
normal form of a representation of <identifier body> of CN.

alent case-

i) Otherwise, let RV be the character string value that is a representation of <delimited identifier

body>, or <Unicode delimiter body> of CN in the character set of SQL_IDENTIFIER.
Return the character string whose value is the character sequence:

RV
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5.3.2 HS_CreateCommaSeparatedTrackedColumnList Procedure

Purpose

For the specified tracked columns, generate comma-separated list of the texts, each of which concatenates
the specified prefix and the name of the column specified.

Definition

Descripti

1)

44

CREATE PROCEDURE HS CreateCommaSeparatedTrackedColumnList
(IN_TrackedColumns CHARACTER VARYING (LColumnNamelLength>) ARRAY,

IN ColumnNamePrefix CLOB,
OPT ResultValue CLOB)
LANGUAGE SQL
DETERMINISTIC

MOPIFIES SQL DATA

BEIN

DECLARE i INTEGER;

-- Generate comma-separated list of tracked column nédmes

-- Set control variable for WHILE loop to initgal value 1.
SET i = 1;

-- Initially set output parameter to empty (string.

SET ResultValue = '';

columns.
WHILE i <= CARDINALITY (TrackedColumns) DO
--— In case i1 > 1, that is each%tidme except first time of loop,
IF i > 1 THEN
-- Concatenate comma chakacter into output parameter.
SET ResultValue = ResultValue || ', '
END IF;
-— In case the specifdied prefix is applicable,
IF ColumnNamePrefix S NOT NULL THEN
-— Concatenate(the specified prefix into output parameter.
SET ResultValue = ResultValue || ColumnNamePrefix
END IF;

SET ResultValue = ResultValue ||
HS ConstructColumnIdentifier (TrackedColumns[i])
—-— Inérement control variable for WHILE loop.
SET-¥X = 1 + 1;
END WHELE;
END

-= with, specified prefix|

-- Repeat while 1 1is 1less than or equal to the number of trac

-- Concatenate the i-th tracked column name into output parameter.

ked

The HS_CreateCommaSeparatedTrackedColumnList(CHARACTER VARYING(<ColumnNamelLength>)

ARRAY, CLOB, CLOB) procedure takes the following input parameters:

a) a CHARACTER VARYING(<ColumnNameLength>) ARRAY value TrackedColumns,
b) a CLOB value ColumnNamePrefix.

The HS_CreateCommaSeparatedTrackedColumnList(CHARACTER VARYING(<ColumnNamelLength>)

ARRAY, CLOB, CLOB) procedure takes the following output parameter:
a) a CLOB value ResultValue.
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For the procedure HS CreateCommaSeparatedTrackedColumnList(CHARACTER

VARYING(<ColumnNameLength>) ARRAY, CLOB, CLOB):

a) The value of the element of the array of parameter TrackedColumns is a character representation of

a column name which forms an instance of <column name>.

b) Let CNn be the <column name> represented by the n-th element of array of
TrackedColumns.
c) Case:

parameter

5.3

Pui

For
con
ort

Definition

i) If the value of parameter ColumnNamePrefix is not null value, then let PRX bentk
parameter ColumnNamePrefix.

i) Otherwise, let PRX be the character string of length 0(zero).

d) Let CIDn be the value of the result of HS_ConstructColumnlidentifier(CNn).'Léet PIDn be th
string value of a concatenation:

<quote>PRX<quote> || CIDn
e) Let RV be the character string value of a concatenation:
PID1 || <quote><comma><quote> || PID2 || <quote><comma><quote> || ... || PIDn

f)  Set the value of output parameter ResultValue to RV:

3 HS_CreateCommaSeparatedTrackedColumnAndTypeList Procedure

pose

all tracked columns of the specified-table, generate comma-separated list of the texts, eaq
catenates the specified prefix, the name of the tracked column, white space and the name of
he name of a domain.

CREATE PROCEDURENHS CreateCommaSeparatedTrackedColumnAndTypeList

(IN TableName CHARACTER VARYING (<TableNameLength>),

IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY,
OUT ResultValue CLOB)

LANGUAGE SQL

DETERMINISTIC

MODIFIES SQL DATA

BEGIN

e value of

e character

h of which
b data type

DECTARFE TrackedColumnsAndTvpes CT.OB ARRAY:

DECLARE i INTEGER;

-- Generate comma-separated list of pairs of
-- tracked column name with specified prefix and data type o
name.

-— !l See Description
-= about "TrackedColumnsAndTypes"
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Descriptio|

1)

2)

46

END

The

VARY|NG(<TableNameLength>), CHARACTER VARYING(<ColumnNameLength>) ARRAY, CL
procedure takes the following input parameters:

a)
b)

The

VARYING(<TableNamelLength>), CHARACTER VARYING(<ColumnNamelLength>) ARRAY, CL
procedure takes the following output parameter:

a)

For

VARYING(<TableNameLength>), CHARACTER VARYING(<ColumnNameLength>) ARRAY, CLOB):

a)

b)

c)

d)

-- Set control variable for WHILE loop to initial value 1.
SET 1 = 1;

-- Initially set output parameter to empty string.

SET Resultvalue = '';

-—- Repeat while 1 is 1less than or equal to the number of tracked

columns.
WHILE i <= CARDINALITY (TrackedColumnsAndTypes) DO
-— In case i > 1, that is each time except first time of loop,
IF i > 1 THEN
-- Concatenate comma character into output parameter.
SET ResultValue = Resultvalue || ', '

END IF;
-— Concatenate the i-th pair of tracked column name with prefix
- and data type or domain name into output
parameter.
SET ResultValue = ResultValue || TrackedColumnsAndTypes[il
-— Increment control variable for WHILE loop.
SET 1 = 1 + 1;
END WHILE;

=

HS_CreateCommaSeparatedTrackedColumnAndTypeList(CHARACT

a CHARACTER VARYING(<TableNameLength>) value TableName,
a CHARACTER VARYING(<ColumnNameLength>) ARRAY value TrackedColumns.

HS_CreateCommaSeparatedTrackedColumnAndTypeList(CHARACT

a [CLOB value ResultValue.
the procedure HS_CreateCommaSeparatedTrackedColumnAndTypeList(CHARACT
The value of parameter TableName is a character representation of a table name which forms
instance of <table.name>.

The value'oflthe element of the array of parameter TrackedColumns is a character representatio
a polumn.name which forms an instance of <column name>.

ER
DB)

ER

DB)

ER

an

h of

parameter TableName.

Let TN be the <qualified identifier> contained in the <table name> represented by the value of

Let CNn be the <column name> represented by the n-th element of the array of parameter

TrackedColumns.

Let CIDn be the value of the result of HS_ConstructColumnidentifier(CNn).

Let DTn be the <data type or domain name> which corresponds to the column CNn.
Let CDNn be the character string value of a concatenation:

CIDn || <quote><space><quote> || <quote>DTh<quote>
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f)  Set the value of n-th element of array TrackedColumnsAndTypes to CDNn.
g) Let RV be the character string value of a concatenation:
CDNT1 || <quote><comma><quote> || CDNZ2 || <quote><comma><quote> || ... || CDNn

h) Set the value of output parameter ResultValue to RV.

5.3.4 Functions for constructing an identifier and <ldentifierLength>

Purpose

Pr
col

Definition

ide functions for constructing an Identifier from a character string type value that forms™atable
mn name.

CREATE FUNCTION HS ConstructIdentifier

(Prefix CHARACTER VARYING (<PrefixOrPostfixLength>),
SourceName CHARACTER VARYING (<TableOrColumnNameLength>),
Postfix CHARACTER VARYING (<PrefixOrPostfixLength>))

RETURNS CHARACTER VARYING (<IdentifierLength?X)

LANGUAGE SQL

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NULL INPUT

BEGIN

-- See Description

END

CREATE FUNCTION HS Constructfableldentifier
(TableName CHARACTER VARYING (<TableNameLength>))
RETURNS CHARACTER VARYING (<IdentifierLength>)
LANGUAGE SQL
DETERMINISTIC
CONTAINS SQL
RETURNS NULL®ON NULL INPUT

BEGIN
-- Return the identifier extracted from specified table name,
-= and concatenated with prefix Hi
RETURN HS ConstructlIdentifier ('HS TBL ', TableName, '');

END

CREATE» FUNCTION HS ConstructTableTypeldentifier
(TableName CHARACTER VARYING (<TableNameLength>))

name or a

S TBL .

RETURNS CHARACTER VARYING (<IdentifierLength>)

LANGUAGE SQL
DETERMINISTIC
CONTAINS SQL
RETURNS NULL ON NULL INPUT

BEGIN
-— Return the identifier extracted from specified table name,
-= and concatenated with prefix HS TYPE .
RETURN HS ConstructIdentifier ('HS TYPE ', TableName, '');

END

CREATE FUNCTION HS ConstructColumnIdentifier
(ColumnName CHARACTER VARYING (<ColumnNameLength>))
RETURNS CHARACTER VARYING (<IdentifierLength>)

© ISO/IEC 2013 — All rights reserved
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LANGUAGE SQL
DETERMINISTIC
CONTAINS SQL
RETURNS NULL ON NULL INPUT
BEGIN
-—- Return the identifier extracted from specified column name.
RETURN HS ConstructIdentifier('', ColumnName, '');
END
CREATE FUNCTION HS ConstructInsTriggerIdentifier
(TableName CHARACTER VARYING (<TableNameLength>))
RETURNS CHARACTER VARYING (<IdentifierLength>)

LANGUAGE SQL
DEERMINISTIC
CONTAINS SQL
RE[FURNS NULL ON NULL INPUT

BEGIN
-- Return the identifier extracted from specified table name;
- and concatenated with prefix HS TR and postfix
RETURN HS ConstructIdentifier ('HS TR ', TableName, ' INS");
END
CREATE FUNCTION HS ConstructUpdTriggerIdentifier

(TpbleName CHARACTER VARYING (<TableNameLength>))
RE[URNS CHARACTER VARYING (<IdentifierLength>)
LANGUAGE SQL

DEIERMINISTIC

CONTAINS SQL

RE[TURNS NULL ON NULL INPUT

BEGIN
-- Return the identifier extracted firom specified table name,
-- and concatenated wibth prefix HS TR and postfix
RETURN HS ConstructIdentifier ('H§,TR ', TableName, ' UPD');
END
CREATE FUNCTION HS ConstructDelTriggerIdentifier

(ThbleName CHARACTER VARYING (<TableNameLength>))
RE[FURNS CHARACTER VARYING (<IdentifierLength>)
LANGUAGE SQL

DEERMINISTIC

CONTAINS SQL

RE[TURNS NULL ON NULL INPUT

BEGIN
-- Return thé identifier extracted from specified table name,
-- and concatenated with prefix HS TR and postfix
RETURN HS.GénstructIdentifier ('HS TR ', TableName, ' DEL');

END

CREATE FUNGFION HS ConstructSequenceGeneratorIdentifier
(TpbleName CHARACTER VARYING (<TableNameLength>))
RE[TURNS CHARACTER VARYING (<IdentifierLength>)
LANGHAGE SOQT

INS.

UPD.

DEL.

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NULL INPUT

BEGIN
-—- Return the identifier extracted from specified table name,
-- and concatenated with prefix HS SEQ .
RETURN HS ConstructIdentifier ('HS SEQ ', TableName, '');

END

Definitional Rules

1)

48

<PrefixOrPostfixLength> is the length 10.
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<TableOrColumnNamelLength> is the maximum length of <TableNamelLength> and
<ColumnNamelLength>.

<IldentifierLength> is the implementation-defined maximum length of <regular identifier>, <delimited
identifier>, and <Unicode delimited identifier> which are defined in ISO/IEC 9075-2.

Description

1)

4)

5)

For the function HS_Constructldentifier(Prefix CHARACTER VARYING(<PrefixOrPostfixLength>),
SourceName  CHARACTER  VARYING(<TableOrColumnNamelLength>),  Postfix = CHARACTER
VARYING{IPrefixOrPostiixtengti=)):

a) Let PRX be the value of parameter Prefix. Let SNM be the value of parameter SourceName.
Case:

i) If PRX is a character string of length O(zero), then let IDB becthe’ value of the result of
HS_ExtractColumnldentifier(SNM).

i) Otherwise, let IDB be the value of the result of HS_ExtractTableldentifier(SNM).
b) Let PTX be the value of parameter Postfix. Let PID be the character string value of a concpatenation:
<quote>PRX<quote> || IDB || <quote>PTX<quote>

c) Case:
i) If SNM constitutes <Unicode delimited\ identifier>, then let ESC be the specified|or implied
<Unicode escape specifier>. Return the)character string whose value is the character sequence
of <Unicode delimited identifier>:

U&<double quote>PID<doubleguote> ESC

ii) If SNM constitutes <delimited identifier>, then return the character string whose vplue is the
character sequence of <delimited identifier>:

<double quote>PID<double quote>.

iii) Otherwise,«return the character string whose value is the character sequence ¢f <regular
identifier=;

PID:

For the function HS_ConstructTableldentifier(CHARACTER VARYING(<TableNameLength>)), the value
of parameter TableName is a character representation of a table name which forms an instange of <table
name>.

For the function HS ConstructTable Typeldentifier(CHARACTER VARYING(<TableNameLength>)), the
value of parameter TableName is a character representation of a table name which forms an instance of
<table name>.

For the function HS ConstructColumnldentifier(CHARACTER VARYING(<ColumnNameLength>)), the
value of parameter ColumnName is a character representation of a column name which forms an
instance of <column name>.

For the function HS_ConstructinsTriggerldentifier(CHARACTER VARYING(<TableNamelLength>)), the
value of parameter TableName is a character representation of a table name which forms an instance of
<table name>.
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6)

5.3.5 HS_GetPrimaryKeys function

Purpose

Obtain the primary key columns of the specified table.

Definition

CREATE FUNCTION HS GetPrimaryKeys

For the function HS ConstructUpdTriggerldentifier(CHARACTER VARYING(<TableNameLength>)), the
value of parameter TableName is a character representation of a table name which forms an instance of
<table name>.

For the function HS_ConstructDelTriggerldentifier(CHARACTER VARYING(<TableNameLength>)), the
value of parameter TableName is a character representation of a table name which forms an instance of
<table name>.

For the function HS_ConstructSequenceGeneratorldentifier(CHARACTER
VARYING(<TableNameLength>)), the value of parameter TableName is a character representation of a
table name which forms an instance of <table name>.

(TebleName CHARACTER VARYING (<TableNameLength>))

RE[FURNS TABLE (PrimaryKeyColumn CHARACTER VARYING{<ColumnNameLength>))
LANGUAGE SQL

DEFERMINISTIC

READS SQL DATA

BEGIN

-- This function requires only columns whose constraint type

-- 1s 'PRIMARY KEY', but the typé& of constraint is not contained in
-- KEY COLUMN USAGE view. This”is contained in TABLE CONSTRAINTS viey.
-- Therefore join these views' and obtain only the primary keys.

RETURN TABLE (
SELECT KCU.COLUMN NAME

FROM INFORMATION_SCHEMA.KEY_COLUMN_USAGE AS KCU
INNER JOIN
INFORMATION_SCHEMA.TABLE_CONSTRAINTS AS TC

ON KCU.CONSTRAINT7CATALOG = TC.CONSTRAINT7CATALOG
AND KCU.CONSTRAINTiscHEMA = TC.CONSTRAINT78CHEMA
AND” KCU.CONSTRAINT NAME = TC.CONSTRAINT NAME
AND KCU.TABLE_CATALOG = TC.TABLE_CATALOG
AND KCU.TABLE_SCHEMA = TC.TABLE_SCHEMA
AND KCU.TABLE_NAME = TC.TABLE_NAME

WHERE KCU.TABLE CATALOG = HS ExtractCatalogldentifier (TableName)
AND KCU.TABLE SCHEMA = HS ExtractSchemaldentifier (TableName)
AND KCU.TABLE NAME = HS ExtractTableIdentifier (TableName)
AND TC.CONSTRAINT_TYPE = 'PRIMARY KEY'

ORDER BY ORDINAL_POSITION);

END

Description

1)

2)

50

The function HS_GetPrimaryKeys(CHARACTER VARYING(<TableNameLength>)) takes the following
input parameter:

a) aCHARACTER VARYING value TableName.

For the function HS_GetPrimaryKeys(CHARACTER VARYING(<TableNameLength>)):
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a) The value of parameter TableName is a character representation of a table name which forms an
instance of <table name>.

b) Return a table that contains a single column PrimaryKeyColumn of the column names of the primary
key of <table name>.

5.3.6 HS_GetTransactionTimestamp function

Purpose

Obfain a timestamp value for an SQL-transaction.

Definition

CREATE FUNCTION HS GetTransactionTimestamp ()
RETURNS TIMESTAMP (<TimestampPrecision>)
LANGUAGE SQL
NOT DETERMINISTIC
MODIFIES SQL DATA
BEGIN

-- !l See Description

Description
1) | The HS_GetTransactionTimestamp() functionhas no input parameters.
2) | For the HS_GetTransactionTimestamp()*function:

a) Returns the value of transaction.timestamp for an SQL-transaction.

5.3]7 HS_GetHistoryRowSetldentifierColumns procedure

Purpose

Forthe specified tracked table, obtain the identifier columns of history row set, which are the uniqué¢ constraint
coliimns with NOT NULL of the tracked table.

Definition

CREATE PROCEDURE HS GetHistoryRowSetIdentifierColumns
(IN TableName CHARACTER VARYING (<TableNamelLength>),
IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY,

OUT IdentifierColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)
LANGUAGE SQL

DETERMINISTIC
READS SQL DATA
BEGIN

DECLARE AllPKeyColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY;

DECLARE ConstNames CHARACTER VARYING (<ConstraintNameLength>) ARRAY;
DECLARE ColumnNames CHARACTER VARYING (<ColumnNameLength>) ARRAY;

DECLARE i INTEGER;
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DECLARE j INTEGER;
DECLARE found INTEGER;

-- Get primary key columns of the specified table.
SET AllPKeyColumns = ARRAY (TABLE (HS GetPrimaryKeys (TableName)));

-—- If specified tracked table has primary key

-- and all columns of primary key are specified
-- in the input parameter TrackedColumns,

-— then return the primary key columns through

-- the output parameter IdentifierColumns.
-- Otherwise, try to find an unique constraint,
-- all columns of which have NOT NULL constraints
-- and are specified in the input parameter TrackedColumns.
-= If any available unique constraint is found,
- then return the unique key columns through
-= the output parameter IdentifierColumns.
-= Otherwise, the output parameter IdentifierColumns.is*null.
IF EXISTS(SELECT * FROM UNNEST (AllPKeyColumns))
AND NOT EXISTS (SELECT *
FROM UNNEST (Al1PKeyColumns) AS UC (COL)
WHERE COL NOT IN (
SELECT COL FROM UNNEST (TrackedGoNimns) AS TC(COL))) THEN
SET IdentifierColumns = AllPKeyColumns;
ELSE
-- Obtain the constraint names of the unigque constraints
-— of the specified tracked tabile.

SET ConstNames = ARRAY (
SELECT CONSTRAINT CATALOG | |
'.'" || CONSTRAINT SCHEMA | |
'.'" || CONSTRAINT NAME
FROM INFORMATI@N SCHEMA.TABLE CONSTRAINTS
WHERE
TABLE €ATALOG = HS ExtractCatalogIldentifier (TableName)
AND TABLE SCHEMA = HS ExtractSchemaldentifier (TableName)
AND\TABLE NAME = HS ExtractTableIdentifier (TableName)
AND' CONSTRAINT TYPE = 'UNIQUE');
-- For.each unique constraint of the specified tracked table,
-- _‘gheck the followings:
=\ 1. All columns of the part of unique constraint are not
nallable.
= 2. All columns of the part of unique constraint are specified

== in the parameter TrackedColumns

-- If above mentioned unique constraint is found,

-- return the column names of the unique constraint
-- through the output parameter IdentifierColumns.
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1)

ISO/IEC TS 13249

-- Set control variable for WHILE loop to initial wvalue 1.
SET i = 1;

-- Initially set ”“found” flag to 0 (not found).

SET found = 0;

-— Repeat while available unique constraint is not found and

-7:2013(E)

-- i is less than or equal to the number of unique constraints.

WHILE found = 0 AND i <= CARDINALITY (ConstNames) DO
-- In case i-th unique constraint has no nullable columns,
IF NOT EXISTS (SELECT *

FROM INFORMATION SCHEMA.KEY COLUMN USAGE AS KCU
INNER JOIN INFORMATION SCHEMA.COLUMNS AS C
ON KCU.TABLE CATALOG = C.TABLE CATALOG
AND KCU.TABLE SCHEMA = C.TABLE SCHEMA
AND KCU.TABLE NAME = C.TABLE NAME
AND KCU.COLUMN NAME = C.COLUMN NAME
WHERE IS NULLABLE = 'YES'
AND CONSTRAINT CATALOG ||
'." || CONSTRAINT SCHEMA ||
'.' || CONSTRAINT NAME = CqnstNames[i]) THEN
-—- Get column names of i-th unique{eoOnstraint.
SET ColumnNames = ARRAY (
SELECT COLUMN_ NAME
FROM INFORMATION SCHEMA.KEY COLUMN USAGE
WHERE CONSTRAINT CATALQOG ||
".'" || CONSTRAINE, SCHEMA | |
'"." || CONSTRAINT NAME = ConstNames[i]);
-- In case every column*of i-th unique constraint is

IF NOT EXISTS (SELEECT *
FROM UNNEST (ColumnNames) AS UC (COL)
WHERE CO&, NOT IN (

THEN
-- SetoOutput parameter to column names of
—— i-th unique const
SET" IdentifierColumns = ColumnNames;
SET found = 1;
END IF;
END"IF;

-+ Increment control variable for WHILE loop.
SET 1 = 1 + 1;
END WHILE;
END TIF;
END

any of tracked clolumns.

SELECT COL FROM UNNEST (TrackedColumns) AS TC(COL)))

raint;

initional Rules

<ConstraintNameLength> is the implementation-defined maximum length of <constraint name> which are

defined in ISO/IEC 9075-2.

Description
1) The HS_GetHistoryRowSetldentifierColumns(CHARACTER VARYING(<TableNameLength>),
CHARACTER VARYING(<ColumnNameLength>) ARRAY, CHARACTER

VARYING(<ColumnNameLength>) ARRAY) procedure takes the following input parameters:

a) a CHARACTER VARYING(<TableNameLength>) value TableName,
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5.3.8 HS_CreateCommaSeparatedidentifierColumnList procedure

Purpose

b) a CHARACTER VARYING(<ColumnNameLength>) value TrackedColumns.

The HS_GetHistoryRowSetldentifierColumns(CHARACTER VARYING(<TableNameLength>),
CHARACTER VARYING(<ColumnNameLength>) ARRAY, CHARACTER
VARYING(<ColumnNameLength>) ARRAY) procedure takes the following output parameter:

a) a CHARACTER VARYING(<ColumnNameLength>) value IdentifierColumns.
For the procedure HS_GetHistoryRowSetldentifierColumns(CHARACTER

VARYING(<TableNameLength>), CHARACTER VARYING(<ColumnNameLength>) ARRAY,
CHARACTER VARYING(<ColumnNamel ength>) ARRAY):

a) The value of parameter TableName is a character representation of a table name which formg an
instance of <table name>.

b) The value of each element of the array of parameter TrackedColumns is a character’representation
ofla column name which forms an instance of <column name>.

For the idgntifier columns of history row set of the specified table, which~afe the unique constraint columns

Definition

54

with NOT NIULL of the tracked table, generate comma-separated list of the texts, each of which concatenates
the name df the identifier column and the specified postfix.

CREATE PROCEDURE HS CreateCommaSeparatedIdentifierColumnList
TableName CHARACTER VARYING (<FableNameLength>),
TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY,
ColumnNamePostfix CLOB,

OPT ResultValue CLOB)

LANGUAGE SQL

DE[FERMINISTIC
MOPIFIES SQL DATA
BEIN

DECLARE IdentifferColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY j

H
= o =

DECLARE i1 INTEGER;

-- Get ddentifier columns of history row set of the specified table.
CALL HS) GetHistoryRowSetIdentifierColumns (
TableName, TrackedColumns, IdentifierColumns);

-~/ Generate comma-separated list of
-= identifier column names with specified
postfix.

-- Set control variable for WHILE loop to initial value 1.
SET i = 1;
-- Initially set output parameter to empty string.
SET ResultValue = '';
-- Repeat while 1 1is less than or equal to the number of identifier
columns.
WHILE i <= CARDINALITY (IdentifierColumns) DO
-— In case i1 > 1, that is each time except first time of loop,
IF i > 1 THEN
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-- Concatenate comma character into output parameter.
SET ResultValue = ResultValue || ', ' ;
END IF;
-- Concatenate the i-th identifier column name into output parameter.
SET ResultValue = ResultValue ||
HS ConstructColumnIdentifier (IdentifierColumns[i]) ;
-— In case the specified postfix is applicable,
IF ColumnNamePostfix IS NOT NULL THEN
-- Concatenate the specified postfix into output parameter.
SET ResultValue = ResultValue || ColumnNamePostfix ;
END IF;
—-— Increment control variable for WHILE loop.
SET 1 =1 + 1;
END WHILE;
END

Description
1) | The HS_CreateCommaSeparatedldentifierColumnList(CHARACTER ,VARYING(<TableNanjeLength>),
CHARACTER VARYING(<ColumnNameLength>) ARRAY, CLOB, CLOB) procedure takes the following
input parameters:

a) a CHARACTER VARYING(<TableNameLength>) value TableName,

b) a CHARACTER VARYING(<ColumnNamelLength>) ARRAY value TrackedColumns,
c) a CLOB value ColumnNamePostfix.

2) | The HS_CreateCommaSeparatedldentifierColimnListitCHARACTER VARYING(<TableNameLength>),
CHARACTER VARYING(<ColumnNameLength>) ARRAY, CLOB, CLOB) procedure takes the following
output parameter:

a) a CLOB value ResultValue.

3) | For the procedure HS_CreateCommaSeparatedidentifierColumnList(CHARACTER
VARYING(<TableNameLength>), CHARACTER VARYING(<ColumnNameLength>) ARRAY, CLOB,
CLOB):

a) The value of parameter TableName is a character representation of a table name which forms an
instance of <taple name>.

b) The value of the element of the array of parameter TrackedColumns is a character repregentation of
a column name which forms an instance of <column name>.

c) Case:

i) Otherwise, let PTX be the character string of length O(zero).

d) Let CNn be the <column name> represented by the n-th element of array of the output parameter
IdentifierColumns of the invocation of procedure:

HS_GetHistoryRowSetldentifierColumns(TableName, TrackedColumns, IdentifierColumns).

e) Let CIDn be the value of the result of HS_ConstructColumnlidentifier(CNn). Let PIDn be the character
string value:
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CIDn || <quote>PTX<quote>

f)  Let RV be the character string value of a concatenation:

PID1 || <quote><comma><quote> || PID2 || <quote><comma><quote> || ... || PIDn

g) Setthe value of output parameter ResultValue to RV.

5.3.9 HS_CreateldentifierColumnSelfJoinCondition procedure

Purpose

For the ide
with NOT N
a list of ¢

ntifier columns of history row set of the specified table, which are the unique constraint eolur
ULL of the specified table, generate the text of self-join condition for the specified table. ‘The te

concatenaﬁs the specified prefix text, the name of column, an equals operator, another specified prefix

and the na

Definition

CREAT

e of column.

. PROCEDURE HS CreateldentifierColumnSelfJoinCondition
N TableName CHARACTER VARYING (<TableNameLength>),

N TrackedColumns CHARACTER VARYING (<ColumnNameLéngth>),
N ColumnNamePrefixl CLOB,

N ColumnNamePrefix2 CLOB,

JT ResultValue CLOB)

NGUAGE SQL

TERMINISTIC

DIFIES SQL DATA

CIN

DECLARE IdentifierColumns CHARACTER VARYING (<ColumnNameLength>) ARRAYj

DECLARE 1 INTEGER;

-- Get the identifier\lcolumns of history row set of the specified tabl
CALL HS GetHistoryRowSetIdentifierColumns (
TableName, TrackedColumns, IdentifierColumns);

-- Set controlwariable for WHILE loop to initial wvalue 1.

SET i = 1;

-- Initiallly set output parameter to empty string.

SET ResdltValue = '';

-- Repeat while i is less than or equal to the number of identif
columns.

WHELE i <= CARDINALITY (IdentifierColumns) DO

nns
tis

quals comparison predicates separated by ' AND '. Each equal predicate iSya text which

fext

ler

-— In case i > 1, that is each time except first time of loop,

56

IF i > 1 THEN
-- Concatenate AND boolean operator into output parameter.
SET ResultValue = ResultValue || ' AND ' ;
END IF;
-- In case the prefix specified by ColumnNamePrefixl is applicable,
IF ColumnNamePrefixl IS NOT NULL THEN

-- Concatenate the prefix in ColumnNamePrefixl into output

parameter.
SET ResultValue = ResultValue || ColumnNamePrefixl ;
END IF;

-- Concatenate the i-th identifier column name into output parameter.

SET ResultValue = ResultValue ||
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HS ConstructColumnIdentifier (IdentifierColumns[i]) ;

-- Concatenate equals operator into output parameter.
SET ResultValue = ResultValue || " ="' ;

-— In case the prefix specified by ColumnNamePrefix2 is applicable,
IF ColumnNamePrefix2 IS NOT NULL THEN
-—- Concatenate the prefix in ColumnNamePrefix2 into output
parameter.
SET ResultValue = ResultValue || ColumnNamePrefix?2 ;
END IF;
-—- Concatenate the i-th identifier column name into output pgajrameter.
SET ResultValue = ResultValue ||
HS ConstructColumnIdentifier (IdentifierColumns[i]) ;

-- Increment control variable for WHILE loop.
SET 1 = 1 + 1;
END WHILE;
END

Description
1) | The  HS_CreateldentifierColumnSelfJoinCondition(CHARACTER VARYING(<TableNameLength>),
CHARACTER VARYING(<ColumnNameLength>) ARRAY~CLOB, CLOB, CLOB) procedurg¢ takes the
following input parameters:

a) a CHARACTER VARYING(<TableNameLength=>)value TableName,

b) a CHARACTER VARYING(<ColumnNamelength>) ARRAY value TrackedColumns,
c) a CLOB value ColumnNamePrefix1,

d) a CLOB value ColumnNamePrefix2.

2) | The  HS_CreateldentifierColumnSelfJoinCondition(CHARACTER VARYING(<TableNameLength>),
CHARACTER VARYING(<ColumnNameLength>) ARRAY, CLOB, CLOB, CLOB) procedur¢ takes the
following output parameter:

a) a CLOB value ResultValue.
3) | For the procedure HS _CreateldentifierColumnSelfJoinCondition(CHARACTER
VARYING(<FableNameLength>), CHARACTER VARYING(<ColumnNameLength>) ARRAY, CLOB,
CLOB, CLOB):

a) ~The value of parameter TableName is a character representation of a table name whicgh forms an
instance of <table name>.

b) The value of each element of the array of parameter TrackedColumns is a character representation
of a column name which forms an instance of <column name>.

c) Case:

i) If the value of parameter ColumnNamePrefix1 is not null value, then let PRX1 be the value of
parameter ColumnNamePrefix1.

ii) Otherwise, let PRX1 be the character string of length 0(zero).

d) Case:
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i) If the value of parameter ColumnNamePrefix2 is not null value, then let PRX2 be the value of

i)

parameter ColumnNamePrefix2.

Otherwise, let PRX2 be the character string of length O(zero).

e) Let CNn be the <column name> represented by the n-th element of array of the output parameter
IdentifierColumns of the invocation of procedure:

HS_GetHistoryRowSetldentifierColumns(TableName, TrackedColumns, IdentifierColumns).

f) Let_CIDn be the value of the result of HS ConsfructColumnldentifier(CNn). let CNDn be

the

ch
<(

g) Le

C

aracter string value of a concatenation:
uote>PRX1<quote> || CIDn || <quote><equals operator><quote> || <quote>PRX2<quote>{| CI
t RV be the character string value of a concatenation:

ND1 || <quote>AND<quote> || CND2 || <quote>AND<quote> || ... || CNDn

h) Set the value of output parameter ResultValue to RV.

5.3.10 Fu

Purpose

Provide fur
qualified na

Definition

CREAT
(T

RE

LA

DE

Cco

RE

BE

EN
CREAT
(T

RE

hctions for constructing an identifier literal

ctions for constructing an Identifier listeral from a character string type value that forms a sche
me.

. FUNCTION HS ConstructCatalogldentifierLiteral
hbleName CHARACTER VARYING (<ZableNameLength>))
TURNS CHARACTER VARYING (<IdentifierBodyLength>)
NGUAGE SQL

TERMINISTIC

NTAINS SQL

[URNS NULL ON NULL ¥NPUT

SIN

-—- See Desclription
. FUNCTION HS ConstructSchemaldentifierLiteral

hbleName CHARACTER VARYING (<TableNameLength>))
[URNS CHARACTER VARYING (<IdentifierBodyLength>)

LA

NGUAGE _SOL

mna-

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NULL INPUT
BEGIN

-— See Description

END

CREATE FUNCTION HS_ConstructTableIdentifierLiteral
(TableName CHARACTER VARYING (<TableNameLength>))
RETURNS CHARACTER VARYING (<IdentifierBodyLength>)
LANGUAGE SQL

58
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1)

Description

1)

2)

3)

4)

ISO/IEC TS 13249-7:2013(E)

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NULL INPUT
BEGIN

—-— See Description

END

CREATE FUNCTION HS ConstructColumnIdentifierLiteral
(ColumnName CHARACTER VARYING (<ColumnNameLength>))
RETURNS CHARACTER VARYING (<IdentifierBodyLength>)

LANGUAGE SQL

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NULL INPUT
BEGIN

-- See Description

<IdentifierBodyLength> is the implementation-defined maximum length of <identifier body> ,
identifier body>, and <Unicode delimiter body> which are,defined in ISO/IEC 9075-2.

The function HS_ConstructCatalogldentifierLitera( CHARACTER VARYING(<TableNameLeng
the following input parameter:

a) a CHARACTER VARYING value-FableName.
For the function HS_ConstructCatalogldentifierLitera(CHARACTER VARYING(<TableNameLeé

a) The value of parameter,TableName is a character representation of a table name whig
instance of <table name>.

b) Let TN be thextable name> represented by the value of parameter TableName.
c) Let RV be the value of the result of HS_ExtractCatalogldentifier(TN).

The function HS_ConstructSchemaldentifierLitera(CHARACTER VARYING(<TableNameLeng
the fellowing input parameter:

<delimited

th>)) takes

ength>)):

h forms an

ith>)) takes

a)v a CHARACTER VARYING value TableName.

For the function HS_ConstructSchemaldentifierLitera CHARACTER VARYING(<TableNameLength>)):

a) The value of parameter TableName is a character representation of a table name whic
instance of <table name>.

b) Let TN be the <table name> represented by the value of parameter TableName.

c) Let RV be the value of the result of HS_EXxtractSchemaldentifier(TN).

h forms an

5) The function HS_ConstructTableldentifierLitera[ CHARACTER VARYING(<TableNamelLength>)) takes

the following input parameter:

© ISO/IEC 2013 — All rights reserved

59


https://iecnorm.com/api/?name=331bec1ade686456469d1d2e2c9c3e31

ISO/IEC TS 13249-7:2013(E)

a) a CHARACTER VARYING value TableName.

6) Forthe function HS_ConstructTableldentifierLiteral(CHARACTER VARYING(<TableNamelLength>)):

a) The value of parameter TableName is a character representation of a table name which forms an
instance of <table name>.

b) Let TN be the <table name> represented by the value of parameter TableName.

c) Let RV be the value of the result of HS_ExtractTableldentifier(TN).

7) The j
takes

unction HS_ConstructColumnidentifierLiteral(CHARACTER VARYING(<ColumnNameLength>))

he following input parameter:

a) a[CHARACTER VARYING value ColumnName.

8) For the function HS_ConstructColumnidentifierLiteral(CHARACTER VARYING(<ColumnhNameLength:

~

):

a) The value of parameter ColumnName is a character representation of a celumn name which fofms

an

b) Lg
c) Le
9) Return

<quotsg

5.3.11 HS

Purpose

For the sf
represents

Definition

CREAT
(I

o

LA

DE

MO

BE

instance of <column name>.

t CN be the <column name> represented by the value of parameter{ColumnName.
t RV be the value of the result of HS_ExtractColumnldentifiet(CN).

the character string whose value is the character sequence:

>RV<quote>

| CreateCommaSeparatedTrackedColumnLiteralList procedure

each column name.

. PROCEDURE HS CreateCommaSeparatedTrackedColumnLiteralList

N TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY,
JT ResultValbhue CLOB)

NGUAGE SQL

TERMINLSTIC

DIFTIES SQL DATA

ENEN

DECLARE i INTEGER-

ecified tracked columns, generate comma-separated list of the character string literal which

60

-—- Set control variable for WHILE loop to initial wvalue 1.
SET i = 1;
-- Initially set output parameter to empty string.
SET ResultValue = '';
-- Repeat while 1 is 1less than or equal to the number of
columns.
WHILE i1 <= CARDINALITY (TrackedColumns) DO
-— In case i > 1, that is each time except first time of loop,
IF i > 1 THEN
-- Concatenate comma character into output parameter.
SET ResultValue = ResultvValue || ',"';

tracked
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END IF;

-—- Concatenate the quoted string of the i-th identifier column name
-— into output parameter.

SET ResultValue = ResultValue ||
HS ConstructColumnIdentifierLiteral (TrackedColumns[i]);
-— Increment control variable for WHILE loop.
SET i = i + 1;
END WHILE;
END

Description

1)

2)

3)

5.4

Pui

Prg

Des

1)

pose

vide the definition of <TableNameLength> and <ColumnNameLength>.

scription

The HS_CreateCommaSeparatedTrackedColumnLiteralList(CHARACTER
VARYING(<ColumnNamelLength>) ARRAY, CLOB) procedure takes the following input param

a) a CHARACTER VARYING(<ColumnNameLength>) ARRAY value TrackedColumns.

The HS_CreateCommaSeparatedTrackedColumnLiteralList(CHARACTER
VARYING(<ColumnNameLength>) ARRAY, CLOB) procedure takes the following output parar

a) a CLOB value ResultValue.

For the procedure HS_CreateCommaSeparatedTrackedColumnLiteralList(CH
VARYING(<ColumnNameLength>) ARRAY, CLOB):

a) The value of the element of the array of parametéer TrackedColumns is a character repre
a column name which forms an instance of <celumn name>.

<TableNameLength> and <ColumnNamelLength>

The maximum length L of variable length character string type specified in the declaration of 3
whose value is supported to be a character representation of a table name which conforms to
and Syntax Rules of <table name> defined in ISO/IEC 9075-2 is implementati
<TableNamelength> is the character representation of L.

bters:

neter:

ARACTER

tentation of

parameter
the Format
on-defined.

2) | The maximum length L of variable length character string type specified in the declaration of § parameter
whosewalue is supported to be a character representation of a column name which confgrms to the
Format and Syntax Rules of <column name> defined in ISO/IEC 9075-2 is implementatipn-defined.
<ColumnNameLength> is the character representation of L.

5.5 Schema for <TableTypeldentifier> Type

Purpose

Specify the schema which <Table Typeldentifier> type is created in.

© ISO/IEC 2013 — All rights reserved
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Definitional Rules

1) For each schema that includes a tracked table, a schema S is provided in order to create the
<TableTypeldentifier> type. The schema S is created before an invocation of HS_CreateHistory
procedure or is effectively created on an execution of HS_CreateHistory.

NOTE 1 Objects other than the <TableTypeldentifier> type and its methods, such as a history table and triggers, may
also be created in schema S. However, this Technical Specification requires only <TableTypeldentifier> type and its

methods for

the conformance.

NOTE 2 Schema S may or may not be identical to the schema that includes the tracked table whose history is being

defined.

2) <TablgName> is <table name> that represents a name of the tracked table (te. which
<Tablg Typeldentifier> type corresponds.

3) <CatapogName> is equivalent to <catalog name> contained in <TableName>.

4) <SchefmaName> is <unqualified schema name> which is distinct from <unqualified schema name>$ of
any other schemata included in the catalog whose name is <CatalogName>.

5) <catalpg name> and <unqualified schema name> of the schema provided for <Table Typeldentifier> type
are <(atalogName> and <SchemaName>, respectively.

Description

1) The <gchema name> of <CatalogName> . <SchemaNameg>) together with the schema which includes
routings and types predefined by ISO/IEC 13249, is contained in the implementation-defined <schgema
name list> of the SQL-path of an SQL-client module, an"SQL-server module, <schema definition>, of an
SQL-session.

5.6 <TimestampPrecision>

Purpose

Provide the

Description

1) The tir
whose
the Fd
define

definition of <TimestampPreeision>.

hestamp precision P of timestamp type specified in the declaration of an attribute or a param
value is supported to be a character representation of a timestamp precision which conform
rmat and-Syntax Rules of <timestamp precision> defined in ISO/IEC 9075-2 is implementat
. <TimestampPrecision> is the character representation of P.

bter
5 to

6 History Types

6.1 HS_History Type and Routines

6.1.1 HS_History Type

Purpose

Provide the definition of a structured type for a period of a history row.

62
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Definition

CREATE TYPE HS_History
AS (
HS BeginTime TIMESTAMP (<TimestampPrecision>),
HS EndTime TIMESTAMP (<TimestampPrecision>)

CONSTRUCTOR METHOD HS History
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))

ISO/IEC TS 13249-7:2013(E)

RETURNS HS History
SELF AS RESULT,

METHOD HS Overlaps
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER,

METHOD HS Overlaps
(hs_hist HS History)
RETURNS INTEGER,

METHOD HS Meets
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPre€ision>))
RETURNS INTEGER,

METHOD HS Meets
(hs_hist HS History)
RETURNS INTEGER,

METHOD HS Precedes
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER,

METHOD HS Precedes
(hs_hist HS. History)
RETURNS ZINTEGER,

METHOD H§_FPrecedesOrMeets
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
errdOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER,

© ISO/IEC 2013 — All rights reserved
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METHOD HS PrecedesOrMeets

(hs_hist HS History)
RETURNS INTEGER,

METHOD HS Succeeds

(beginOfPeriod TIMESTAMP (<TimestampPrecision>),

endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER,

METHOD HS Succeeds

ME

ME

ME

ME

ME

ME

ME

ME

ME

(hs hist HS History)

RETURNS INTEGER,
THOD HS SucceedsOrMeets

endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER,

THOD HS SucceedsOrMeets
(hs_hist HS History)
RETURNS INTEGER,

THOD HS Contains
(timePoint TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER,

THOD HS Contains

endOfPeriod TIMESTAMP (<TimestampPrécision>))
RETURNS INTEGER,

THOD HS Contains
(hs_hist HS History)
RETURNS INTEGER,

'HOD HS Equals

endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER,

'HOD HS Equals
(hs_hist HS\ History)
RETURNS INTFEGER,

'HOD HS_MonthInterval ()
REPURNS INTERVAL YEAR TO MONTH,

(beginOfPeriod TIMESTAMP (<TimestampPrecision>),

(beginOfPeriod TIMESTAMP (<TimestampPredc¥sion>),

(beginOfPeriod TIMESTAMP (<TimestampPrecision>),

[HOD HS DaiTrﬁ—orv;ﬂ Q)
RETURNS INTERVAL DAY TO SECOND,

METHOD HS Intersect

(beginOfPeriod TIMESTAMP (<TimestampPrecision>),

endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS HS History,

METHOD HS Intersect

(hs_hist HS History)
RETURNS HS History,
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METHOD HSiUnion
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS HS_History,

METHOD HS Union
(hs_hist HS History)
RETURNS HS_History,

METHOD HS Except
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),

Des

1)

scription

The HS_History type provides the following methods for public use:

a)

b)
c)
d)

e)

¢)]

h)

)

endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS HS History,

METHOD HS Except

(hs _hist HS History)
RETURNS HS History

a method HS_Overlaps(TIMESTAMP(<TimestampRrecision>),
TIMESTAMP(<TimestampPrecision>)),

a method HS_Overlaps(HS_History),
a method HS_Meets(TIMESTAMP (<TimestampPrecision>), TIMESTAMP(<TimestampPregcision>)),
a method HS_ Meets(HS_History),

a method HS_Precedes(TIMESTAMP(<TimestampWrecision>),
TIMESTAMP(<TimestampPrecision>)),

a method HS_Precedes(HS-History),

a method HS_PrecedesOrMeets(TIMESTAMP(<TimestampRPrecision>),
TIMESTAMP(<TimestampPrecision>)),

a method HS PrecedesOrMeets(HS_History),

a method HS_Succeeds(TIMESTAMP(<TimestampPRrecision>),
TIMESTAMP(<TimestampPrecision>)),

a'method HS_ Succeeds(HS History),

TIMESTAMP(<TimestampPrecision>)),

—SucceedsC = e mpPrecision>),

a method HS_SucceedsOrMeets(HS_History),
a method HS_Contains(TIMESTAMP(<TimestampPrecision>)),

a method HS_Contains(TIMESTAMP(<TimestampPrecision>),
TIMESTAMP(<TimestampPrecision>)),

a method HS_Contains(HS_History),

a method HS_Equals(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)),
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q) amethod HS_Equals(HS_History),

r) amethod HS_Monthinterval(),

s) a method HS_Daylnterval(),

t) a
T

method HS _Intersect(TIMESTAMP(<TimestampPrecision>),
MESTAMP(<TimestampPrecision>)),

u) amethod HS _Intersect(HS_History),

v) a
w) a
X) a
y) a
2) TheH
a) a
b) a
6.1.2 HS
Purpose

Generate &
the begin ti

Definition

CREAT
(b

e

RE

SE

FO

BE

method HS_Union(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision=

~

method HS_ Union(HS_History),
method HS Except(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision¥)),
method HS Except(HS_History).

S _History type has the following attributes:
TIMESTAMP(<TimestampPrecision>) value HS_BeginTime,

TIMESTAMP(<TimestampPrecision>) value HS_EndTime.

| History Method

new HS History value which has the spegified TIMESTAMP(<TimestampPrecision>) valueq as
me and the end time.

., CONSTRUCTOR METHOD HSiHistory

bginOfPeriod TIMESTAMP (<TimestampPrecision>),
ndOfPeriod TIMESTAMP(<TimestampPrecision>))
TURNS HS_HiStory

[.F' AS RESULT
R HS History
SIN

-- If the-'begin time passed to the method is not acceptable,
-= then raise an exception

IF /fbeginOfPeriod IS NULL THEN

~> ITn case the begin time is null

STGNAT, SQT.STATE '2FFQ9' SET MESSAGE TEXT =

66

'beginning of period is a null value';
ELSEIF endOfPeriod < beginOfPeriod THEN
-- In case the begin time is later than the end time
SIGNAL SQLSTATE '2FF10' SET MESSAGE TEXT =
'end of period precedes beginning of period’';
ELSEIF endOfPeriod = beginOfPeriod THEN
-- In case the period has no extent
SIGNAL SQLSTATE '2FF16' SET MESSAGE TEXT =
'empty period’;
ELSEIF HS GetTransactionTimestamp () <= beginOfPeriod THEN
-- In case the begin time is equal to or later than the time of
-= the transaction in which the method is invoked
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SIGNAL SQLSTATE '2FF23' SET MESSAGE TEXT =
'beginning of period succeeds current timestamp';
ELSEIF HS GetTransactionTimestamp () <= endOfPeriod THEN
-— In case the end time is equal to or later than the time of
- the transaction in which the method is invoked
SIGNAL SQLSTATE '2FF24' SET MESSAGE TEXT =
'end of period succeeds current timestamp';
END IF;
-— Attributes of being constructed HS History instance are set up
SET HS BeginTime = beginOfPeriod;
SET HS EndTime = endOfPeriod;
END

Description

1) | The HS_History(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision3)) method
takes the following input parameters:

a) a TIMESTAMP(<TimestampPrecision>) value beginOfPeriod,
b) a TIMESTAMP(<TimestampPrecision>) value endOfPeriod.

2) | The begin time of the period which this HS_History value represents is specified as the inpu{ parameter
beginOfPeriod.

3) | The end time of the period which this HS History value represents is specified as the inpuf parameter
endOfPeriod.

6.1/3 HS_Overlaps Methods

Pugpose

Tegt whether the period of an HS_Histoery value overlaps with the specified period.

Definition

CREATE METHOD HS Overlaps

(hs_hist HSSHistory)

RETURNS INTEGER

FOR HS Hiwstory

BEGIN
~<\The value of the parameter hs hist is
= HS History instance passed to the method.
- (It is referred as the term “passed period”
-- in comments in this method definition.

J.].lc bcgiu l.J..ll.lc dlld l.].lc cud. l.J..J.l.lc OL 4d J_Jctbbcd J:JCLJ'.UL:L alc L[CL rred
- as “passed begin time” and “passed end time”, respectively,
-— in comments in this method definition.)

-- The instance itself for the method is the HS History value.
-— (It is referred as the term “instance period”
-— in comments in this method definition.)

DECLARE s bt TIMESTAMP (<TimestampPrecision>);

-— the begin time of the instance period

-= (it is referred as the term “instance begin time”
- in comments in this method definition.)
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DECLARE s et TIMESTAMP (<TimestampPrecision>);

-- the end time of the instance period

- (it 1is referred as the term “instance end time”
- in comments in this method definition.)

DECLARE CurTS TIMESTAMP (<TimestampPrecision>);

-- the timestamp of the transaction

- in which the method is invoked

- (it is referred as the term “transaction time”
- in comments in this method definition.)

SET CurTS = HS GetTransactionTimestamp () ;

SET s bt
SET s et

SELF.HS BeginTime;
SELF.HS EndTime;

IF s et IS NOT NULL AND hs hist.HS EndTime IS NOT NULL THEN
-- Both of the instance end time and the passed end.time
-= are NOT null.

RETURN
CASE
WHEN hs hist.HS BeginTime <= s bt
AND s bt < hs hist.HS EndTie
OR
s bt <= hs hist.HS BeginTime
AND hs hist.HS Beginfime < s et
THEN

-- The instance begim,time is within the passed period
-- or
-= the passed begin time is within the instance period.
- (BETWEEN p¥eéedicate does not work
-= because the endpoint of a period is open.)
1
ELSE
0
END;
ELSEIF s et IS.NULL AND hs hist.HS EndTime IS NULL THEN
-— Both ‘0fi the instance end time and the passed end time
--= are‘null.
RETURN 1;
EL3ERF s et IS NULL THEN

—— Only the instance end time 1s null

RETURN
CASE
WHEN hs hist.HS BeginTime <= s bt
AND s bt < hs hist.HS EndTime
OR
s bt <= hs hist.HS BeginTime
AND hs hist.HS BeginTime < CurTS
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THEN

-- The instance begin time is within the passed period

- or

- the passed begin time is within the period

- from the instance begin time to the transaction time.
-— (BETWEEN predicate does not work

-- because the endpoint of a period is open.)

ELSE

-— Only the passed end time is null
RETURN
CASE
WHEN hs hist.HS BeginTime <= s bt AND/& bt < CurTs
OR
s_bt <= hs hist.HS BeginTime
AND hs hist.HS BeginTime\¥ s_ et
THEN
-- The instance begin timeé' is within the period
- from the passed begin time to the transaction tlime
-- or
- the passed begin time is within the instance pefriod.
—-— (BETWEEN predicate does not work
-= because the endpoint of a period is open)

END;

END IF;

END
CREATE METHOD HS Overlaps

(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPerilod* TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER
FOR HS.Hi'story
BEGIN

RETURN SELF.HS Overlaps (

NEW HS History(beginOfPeriod, endOfPeriod));

END

Description

1) The return value of methods defined in this subclause is 1 (one), 0 (zero) or null value. The return value 1
(one) means that the result of the evaluation of predicate condition is True. The return value 0 (zero)
means that the result of the evaluation of predicate condition is False. The null return value means that
the result of the evaluation of predicate condition is Unknown.

2) The HS_Overlaps(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)) method
takes the following input parameters:

a) a TIMESTAMP(<TimestampPrecision>) value beginOfPeriod,
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b) a TIMESTAMP(<TimestampPrecision>) value endOfPeriod.
3) The HS Overlaps(HS_History) method takes the following input parameter:

a) an HS_History value hs_hist.

6.1.4 HS_Meets Methods

Purpose

Test whether the period of an HS_History value meets the specified period.

Definition

CREATE METHOD HS Meets
(hp_hist HS History)
REITURNS INTEGER
FOR HS History

BEfIN
RETURN
CASE
WHEN (SELF.HS EndTime = hs hist.HS BeginTime) THEN
-- The end time of HS History instance\for the method
- is equal to
- the begin time of HS History (alue passed to the method.
1
WHEN (hs _hist.HS EndTime = SELFYHS BeginTime) THEN
-- The end time of HS Historywwvalue passed to the method
-= is equal to
-= the begin time of HSHistory instance for the method.
1
ELSE
0
END;
END
CREATE METHOD HS Meets

(bpginOfPeriod TIMESTAMP (<TimestampPrecision>),
enhdOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER
FOR HS History,
BEGIN
RETURN SELF.HS Meets (
NEW HS History(beginOfPeriod, endOfPeriod));
END

Description

1) The return value of methods defined in this subclause is 1 (one), 0 (zero) or null value. The return value 1
(one) means that the result of the evaluation of predicate condition is True. The return value 0 (zero)
means that the result of the evaluation of predicate condition is False. The null return value means that
the result of the evaluation of predicate condition is Unknown.

2) The HS_ Meets(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)) method
takes the following input parameters:

a) a TIMESTAMP(<TimestampPrecision>) value beginOfPeriod,

b) a TIMESTAMP(<TimestampPrecision>) value endOfPeriod.
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3) The HS Meets(HS History) method takes the following input parameter:

a) an HS_History value hs_hist.

6.1.5 HS_Precedes Methods

Purpose

Test whether the period of an HS_History value precedes the specified period.

DeJinition

CREATE METHOD HS Precedes
(hs _hist HS History)
RETURNS INTEGER
FOR HS History
BEGIN
RETURN
CASE
WHEN (SELF.HS EndTime < hs hist.HS BeginTime) THEN
-- The end time of HS History instan¢evfor the method
-— is earlier than
-- the begin time of HS Historywalue passed to the methpd.
1
ELSE
0
END;
END
CREATE METHOD HS Precedes
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER
FOR HS History
BEGIN
RETURN SELF.HS Rkecedes (
NEW _HS-History (beginOfPeriod, endOfPeriod));
END

Description

1) | The return.value of methods defined in this subclause is 1 (one), 0 (zero) or null value. The return value 1
(one) means that the result of the evaluation of predicate condition is True. The return value 0 (zero)
means.that the result of the evaluation of predicate condition is False. The null return value means that
the(result of the evaluation of predicate condition is Unknown.
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takes the following input parameters:
a) a TIMESTAMP(<TimestampPrecision>) value beginOfPeriod,
b) a TIMESTAMP(<TimestampPrecision>) value endOfPeriod.
3) The HS Precedes(HS History) method takes the following input parameter:

a) an HS History value hs_hist.
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6.1.6 HS_PrecedesOrMeets Methods

Purpose

Test whether the period of an HS_History value precedes or meets the specified period.

Definition

Description

1)

2)

72

CREATE METHOD HS PrecedesOrMeets

END
CREATE
(bpginOfPeriod TIMESTAMP (<TimestampPrecision>),

END

(hs_hist HS History)

RE[TURNS INTEGER
FOR HS History
BEfIN

IF SELF.HS Precedes(hs hist) = 1 THEN

-- The period of HS History instance for the method

- precedes that of HS History value passed to the method).
RETURN 1;

ELSEIF SELF.HS EndTime = hs hist.HS BeginTime THEN

-- The end time of HS History instance for the method

-= is equal to

-= the begin time of HS History value passed todthe method.
RETURN 1;

ELSE
RETURN O0;

END IF;

METHOD HS PrecedesOrMeets

enhdOfPeriod TIMESTAMP (<TimestampPre&ision>))

RE[FURNS INTEGER
FOR HS History
BEIN

RETURN SELF.HS PrecedesOrMeets (
NEW HS History (beginOfPeriod, endOfPeriod));

The refurn value of methods defined in this subclause is 1 (one), 0 (zero) or null value. The return valy
(one) means that the (result of the evaluation of predicate condition is True. The return value 0 (z
meangq that the resultof the evaluation of predicate condition is False. The null return value means

the reqult of the evaluation of predicate condition is Unknown.

The HS PrecedesOrMeets(TIMESTAMP(<TimestampPrecision>), TIMES TAMP(<TimestampPrecisio
methodl takes the following input parameters:

a)

b)

e
Bro)
hat

1>))

a TIMESTAMP(<TimestampPrecision>) value beginOfPeriod,

a TIMESTAMP(<TimestampPrecision>) value endOfPeriod.

The HS_PrecedesOrMeets(HS_History) method takes the following input parameter:

a)

an HS_History value hs_hist.
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6.1.7 HS_Succeeds Methods

Purpose

Test whether the period of an HS_History value succeeds the specified period.

Definition

CREATE METHOD HS Succeeds
(hq_hiqf HQ_Hquorz]
RETURNS INTEGER
FOR HS History
BEGIN
RETURN
CASE
WHEN (hs hist.HS EndTime < SELF.HS BeginTime) THEN
-—- The end time of HS History value passed tg Dhe method
- is eralier than
- the begin time of HS History instance “for the method.
1
ELSE
0

END;
END
CREATE METHOD HS Succeeds
(beginOfPeriod TIMESTAMP (<TimestampPrécision>),
endOfPeriod TIMESTAMP (<TimestampPfeeision>))
RETURNS INTEGER
FOR HS History
BEGIN
RETURN SELF.HS Succeeds (
NEW HS History\beginOfPeriod, endOfPeriod));
END

Description

1) | The return value of metheds defined in this subclause is 1 (one), 0 (zero) or null value. The return value 1
(one) means that the, result of the evaluation of predicate condition is True. The return valie 0 (zero)
means that the result of the evaluation of predicate condition is False. The null return value means that
the result of thé evaluation of predicate condition is Unknown.

2) | The HS_Suaeceeds(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecisior}>)) method
takes the following input parameters:

a), -a TIMESTAMP(<TimestampPrecision>) value beginOfPeriod,

b) a TIMESTAMP(<TimestampPrecision>) value endOfPeriod.
3) The HS_Succeeds(HS_History) method takes the following input parameter:

a) an HS_ History value hs_hist.
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6.1.8 HS_SucceedsOrMeets Methods

Purpose

Test whether the period of an HS_History value succeeds or meets the specified period.

Definition

CREATE METHOD HS SucceedsOrMeets
(hse_hist HQ_Hquorzi
RE[TURNS INTEGER
FOR HS History
BEfIN
IF SELF.HS Succeeds(hs hist) = 1 THEN
-- The period of HS History instance for the method
- succeeds that of HS History value passed to the method).
RETURN 1;
ELSEIF hs hist.HS EndTime = SELF.HS BeginTime THEN
-- The end time of HS History value passed to the method
-= is equal to
-= the begin time of HS History instance for tie method.
RETURN 1;
ELSE
RETURN O0;
END IF;

END
CREATE METHOD HS SucceedsOrMeets
(bpginOfPeriod TIMESTAMP (<TimestampPrecision>),
enhdOfPeriod TIMESTAMP (<TimestampPre&ision>))
RE[TURNS INTEGER
FOR HS History
BEIN
RETURN SELF.HS SucceedsOrMeets (
NEW HS History (beginOfPeriod, endOfPeriod));
END

Description

1) The refurn value of methods defined in this subclause is 1 (one), 0 (zero) or null value. The return valye 1
(one) means that the (result of the evaluation of predicate condition is True. The return value 0 (zgro)
meangq that the result.of the evaluation of predicate condition is False. The null return value means that
the reqult of the evaluation of predicate condition is Unknown.

2) The HE SucceedsOrMeets(TIMES TAMP(<TimestampPrecision>),
TIMESTAMP(<TimestampPrecision>)) method takes the following input parameters:

a) a TIMESTAMP(<TimestampPrecision>) value beginOfPeriod,
b) a TIMESTAMP(<TimestampPrecision>) value endOfPeriod.
3) The HS_SucceedsOrMeets(HS_History) method takes the following input parameter:

a) an HS_History value hs_hist.
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6.1.9 HS_Contains Methods

Purpose

Test whether the period of an HS_History value contains the specified TIMESTAMP(<TimestampPrecision>)

value or the

Definition

CREATE

specified period.

METHOD HS Contains

(ti
RET
FOR
BEG

mePoint TIMESTAMP (<TimestampPrecision>))

URNS INTEGER

HS History

IN

DECLARE s bt TIMESTAMP (<TimestampPrecision>);
DECLARE s et TIMESTAMP (<TimestampPrecision>);
DECLARE CurTS TIMESTAMP (<TimestampPrecision>);

SET CurTS = HS GetTransactionTimestamp () ;

-- If a given timestamp value indicates a~pime point in future
-= after the time of the transaction Gn~which the method is in
-- then signal an error.
IF CurTS < timePoint THEN
SIGNAL SQLSTATE '2FF25' SET MESSAGE TEXT =
'a given timestamp valuelexpresses future time';

END TIF;
SET s bt = SELF.HS BeginTime;
SET s et = SELF.HS EndTfme;
RETURN

CASE

WHEN (s_bi,*<= timePoint AND timePoint < s et) THEN
—-— The( time passed to the method is within the period
- specified by the HS History instance for the method.
-— (BETWEEN predicate does not work
S because the endpoint of a period is open)

1
WHEN NOT (s bt <= timePoint AND timePoint < s et) THEN
-—- The time passed to the method is not within the period
-— specified by the HS History instance for the method
-— (NOT BETWEEN does not work
-= because the endpoint of a period is open)

voked,

o

END
CREATE
(hs
RET
FOR
BEG

A%

ELSE
CAST (NULL AS INTEGER)
END;

METHOD HS Contains

_hist HS History)

URNS INTEGER

HS History

IN

-— The value of the parameter hs hist is

- HS History instance passed to the method.
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76

DEC
DEC
DEC
DEC

(It is referred as the term “passed period”
in comments in this method definition.)

The instance itself for the method is the HS History value.

(It is referred as the term “instance period”
in comments in this method definition.

’

LARE s bt TIMESTAMP (<TimestampPrecision>
LARE s et TIMESTAMP (<TimestampPrecision>
LARE p bt TIMESTAMP (<TimestampPrecision>

’

’

DEC

SET

SET
SET

SET
SET

IF

)
)
)
LARE p et TIMESTAMP (<TimestampPrecision>)
LARE CurTS TIMESTAMP (<TimestampPrecision>
the timestamp of the transaction

in which the method is invoked

(it is referred as the term “transaction time

in comments in this method definition.)

;
)7
”

CurTS = HS GetTransactionTimestamp () ;

s_bt = SELF.HS BeginTime;
s_et = SELF.HS EndTime;

p_bt = hs hist.HS BeginTime;
p_et = hs hist.HS EndTime;

s_et IS NOT NULL THEN
RETURN
CASE
WHEN (s_bt <= p bt AND p et <= s et) THEN
-- The passed period is wibthin the instance period.
1

-- The condition "pset IS NULL" should be checked
-- because if the.conditions "s bt <= p bt" and "p et
-—- 1s Dboth true,” then "(s bt <= p bt AND p et <=
unknown.
WHEN NOT (S, bt <= p bt AND p et <= s et) OR p et IS NU
-- The passed period is not within the instance period

IS NULI
s et)"

LL THEN

-- ox
-= the passed period has not ended yet.
0
ELSE
CAST (NULL AS INTEGER)
END;
ELSE
RETURN
CASE
WHEN (s_bt <= p bt AND p et <= CurTS) THEN
-—- The passed period is within the period
-- from the begin time to the transaction time.
1
WHEN NOT (s bt <= p bt AND p et <= CurTS) THEN
0
ELSE
CAST (NULL AS INTEGER)
END;
END IF;
END

is
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CREATE METHOD HSiContainS
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER
FOR HS History
BEGIN
RETURN SELF.HS Contains (
NEW HS History(beginOfPeriod, endOfPeriod));

END
Description
1) | The return value of methods defined in this subclause is 1 (one), 0 (zero) or null value. The return value 1
(one) means that the result of the evaluation of predicate condition is True. The peturn valtie 0 (zero)
means that the result of the evaluation of predicate condition is False. The null return value means that
the result of the evaluation of predicate condition is Unknown.
2) | The HS_Contains(TIMESTAMP(<TimestampPrecision>)) method takes the following input parameter:
a) a TIMESTAMP(<TimestampPrecision>) value timePoint.
3) | The HS_Contains(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecisionp)) method
takes the following input parameters:
a) a TIMESTAMP(<TimestampPrecision>) value begin©tPeriod,
b) a TIMESTAMP(<TimestampPrecision>) value.endOfPeriod.
4) | The HS_Contains(HS _History) method takes¢hefollowing input parameter:
a) an HS_ History value hs_hist.
6.1]10 HS_Equals Methods
Purpose
Tegt whether the period of an-HS_History value is equal to the specified period.
Definition
CREATE METHOD HS Equals
(hsrRist HS History)
RETURNS INTEGER
FOR HS History
BEGIN

=— The value oI the parameter hs _hist 15

- HS History instance passed to the method.

- (It is referred as the term “passed period”

-— in comments in this method definition.)

-— The instance itself for the method is the HS History value.
-— (It is referred as the term “instance period”

-— in comments in this method definition.

’

DECLARE s bt TIMESTAMP (<TimestampPrecision>)
DECLARE s et TIMESTAMP (<TimestampPrecision>);
DECLARE p bt TIMESTAMP (<TimestampPrecision>);
DECLARE p et TIMESTAMP (<TimestampPrecision>)

’

© ISO/IEC 2013 — All rights reserved

77


https://iecnorm.com/api/?name=331bec1ade686456469d1d2e2c9c3e31

ISO/IEC TS 13249-7:2013(E)

SET s bt = SELF.HS BeginTime;

SET s _et = SELF.HS EndTime;
SET p bt = hs hist.HS BeginTime;
SET p et = hs hist.HS EndTime;
RETURN

CASE

WHEN (s bt = p bt AND s et = p et) THEN
-- The begin time and end time of the instance period

-= coincide with those of the passed period, respectively.

1
WHEN NOT (s _bt = p bt AND s et = p et) THEN
-- The begin time and end time of the instance period
-= do not coincide with those of the passed period,

respectively.
0
ELSE
CAST (NULL AS INTEGER)
END;
END
CREATE METHOD HS Equals

(bpginOfPeriod TIMESTAMP (<TimestampPrecision>),
enhdOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER
FOR HS History
BEGIN
RETURN SELF.HS Equals(
NEW HS History(beginOfPeriod, endOfPeriod));
END

Descriptio

1) The refurn value of methods defined in this\subclause is 1 (one), 0 (zero) or null value. The return valye 1

(one) means that the result of the evaluation of predicate condition is True. The return value 0 (z
meang that the result of the evaluation of predicate condition is False. The null return value means

the reqult of the evaluation of predicate condition is Unknown.

2) The KIS Equals(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)) met

takes the following input parameters:
a) a[l[IMESTAMP(xTimestampPrecision>) value beginOfPeriod,
b) a[[IMESTAMP(<TimestampPrecision>) value endOfPeriod.

3) The HE Equals(HS_ History) method takes the following input parameter:

Bro)
hat

hod

a) an HS_History value hs_hist.

6.1.11 HS_Monthinterval Method

Purpose
Obtain the length of the period of an HS_History value as a year-month interval.
Definition

CREATE METHOD HS MonthInterval ()
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RETURNS INTERVAL YEAR TO MONTH
FOR HS History
BEGIN
DECLARE s bt TIMESTAMP (<TimestampPrecision>);
-— the begin time of HS History instance itself for the method
DECLARE s_et TIMESTAMP (<TimestampPrecision>);
-- the end time of HS History instance itself for the method

SET s bt
SET s_et

SELF.HS BeginTime;
SELF.HS EndTime;

-- In case that a period has not ended yet,
- the value of the interval is unknown.
IF s et IS NULL THEN

RETURN CAST (NULL AS INTEGER) ;
END IF;

-- The year-month interval value of HS History instance is calcullated.
RETURN (s _et - s bt) YEAR TO MONTH;
END

Description

1) | The HS_Monthinterval() method has no input parameters.

6.1]12 HS_Dayinterval Method

Pugpose

Obfain the length of the period of an HS_Historyvalue as a day-time interval.

Definition

CREATE METHOD HS DayInterval ()

RETURNS INTERVAL .DAY TO SECOND

FOR HS History

BEGIN
DECLARE s.bt TIMESTAMP (<TimestampPrecision>);
-— the begin time of HS History instance itself for the method
DECLARE) s et TIMESTAMP (<TimestampPrecision>);
-- ‘&he end time of HS History instance itself for the method

SET s bt = SELF.HS BeginTime;
SET s_et SELF.HS EndTime;

Io ooc thot o soxiod oo oot aaad szot
g P 7

- the value of the interval is unknown.
IF s et IS NULL THEN

RETURN CAST (NULL AS INTEGER) ;
END IF;

—-- The day-second interval value of HS History instance is calculated.

RETURN (s et - s bt) DAY TO SECOND;
END

Description

1) The HS_Dayinterval() method has no input parameters.
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6.1.13 HS_Intersect Methods

Purpose

Generate a new HS_History value with the period which is the overlap of the period of an HS_History value
and the specified period.

Definition

CREATE_METHOD HQ_Tnf@rq@hf

(hp_hist HS History)

RETURNS HS_History

FOR HS History

BEGIN

—-- The value of the parameter hs hist is

-= HS History instance passed to the method.
- (It is referred as the term “passed period”
- in comments in this method definition.)

-- The instance itself for the method is the HS History value.
- (It is referred as the term “instance period¥?
- in comments in this method definition.

DECLARE s bt TIMESTAMP (<TimestampPrecisionX);
-- the begin time of the instance period

-= (it is referred as the term “instanée begin time”
-= in comments in this method defiqyition.)

DECLARE s et TIMESTAMP (<TimestampRrecision>);

-- the end time of the instance_period

-— (it is referred as the texm “instance end time”
—— in comments in this meffhod definition.)

DECLARE p bt TIMESTAMP (TimestampPrecision>);

-- the begin time of thée passed period

- (it is referred(as the term “passed begin time”
- in comments (in: this method definition.)

DECLARE p et TEMESTAMP (<TimestampPrecision>);

-- the end time of the passed period

- (it is\referred as the term “passed end time”
- inSeomments in this method definition.)

DECLARE st TIMESTAMP (<TimestampPrecision>) ;
DECLARE et TIMESTAMP (<TimestampPrecision>);

RO 2 IR L Nak & SRV L ¥o T & S
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SET s _bt = SELF.HS BeginTime;
SET s_et = SELF.HS EndTime;

SET p bt = hs hist.HS BeginTime;
SET p et = hs hist.HS EndTime;
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-- The maximum value

- of the passed begin time and the instance begin time
-= is obtained.

-— This is the begin time of a returned HS History value.

SET st = CASE
WHEN p bt < s_bt THEN s bt
ELSE p_bt
END;

-— Unless either of the passed end time or the instance end time is
null,
-= then obtain the minimum value
-= of the passed begin time and the instance begin time.
-—- If either of the passed end time or the instance end time is jhull
-- then the returned end time is null, tentatively.
SET et = CASE

WHEN s et < p et THEN s et

WHEN p et <= s et THEN p et

ELSE NULL

END;

-—- Hereafter, the returned end time is det&rmined and
- the retuned HS History value is esgablished.
IF s et IS NULL AND p et IS NULL THEN
-— If both of the passed end time or(the instance end time is nuyfll
- then the returned end time isMhull.
RETURN NEW HS_History(st, CASTNNULL AS
TIMESTAMP (<TimestampPrecision®)));
ELSEIF st < et THEN
-—- If the returned begin time is earlier than the returned end tlime
- (this condition impkies the returned end time is not tentatfive
null),
- then the returnedend time is the above-obtained minimum enjd time.
SET resultHSHist = NEW HS History(
st, et);
RETURN resultfHSHist;
ELSETF et IS/ NULL THEN
-- If Just one of s et(instance end time) and p et (passed end time)
- 18 NULL value
-- then the returned end time is the non-null one of those.
='If both of those is null, then the returned end time is null.
SET resultHSHist = NEW HS History(
st, COALESCE (s et, p et));
RETURN resultHSHist;
ELSE
-- IF the returned HS Histor value has no extent,
-- then raise an exception.
SIGNAL SQLSTATE '2FF19' SET MESSAGE TEXT =
'result of the intersect operation is empty period';
END IF;
END
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CREATE METHOD HS Intersect
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS HS_HiStory
FOR HS History
BEGIN
RETURN SELF.HS Intersect (
NEW HS History(beginOfPeriod, endOfPeriod));
END

Descriptiof

1) The HS_Intersect(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision=)) method
takes the following input parameters:

a) a[l[IMESTAMP(<TimestampPrecision>) value beginOfPeriod,
b) a[[IMESTAMP(<TimestampPrecision>) value endOfPeriod.
2) The HE_Intersect(HS_History) method takes the following input parameter:

a) an HS_History value hs_hist.

6.1.14 HSY Union Methods

Purpose

Generate g new HS_History value with the period which is.thie union of the period of an HS_History value gnd
the specifigd period.

Definition

CREATE METHOD HS Union

(hp_hist HS History)

RE[FURNS HS History

FOR HS History

BEGIN
—-- The value of\the parameter hs hist is
-= HS Hisfory instance passed to the method.
- (It is“referred as the term “passed period”
- inScomments in this method definition.)

-- The-instance itself for the method is the HS History value.
-= (It is referred as the term “instance period”
NS in comments in this method definition.

IF SELF.HS EndTime < hs hist.HS BeginTime
OR hs hist.HS EndTime < SELF.HS BeginTime THEN
-—- The instance period and the passed period are non-contiguous and
disjoint.
SIGNAL SQLSTATE '2FF20' SET MESSAGE TEXT =
'the two periods do not meet or overlap';
ELSE
BEGIN
DECLARE BeginTime TIMESTAMP (<TimestampPrecision>);
DECLARE EndTime TIMESTAMP (<TimestampPrecision>);
DECLARE resultHSHist HS History;
-- The returned begin time is the minimum of
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-- begin times of the instance period and the passed period.
-— If either of end times of the instance period or the passed
period
- is null, then the returned end time is null.
—-— If neither of end times of
- the instance period nor the passed period is null,
- then the returned end time is the maximum of those.
SELECT MIN (BTime),
CASE WHEN (EVERY (ETime IS NOT NULL)) THEN MAX (ETime)
ELSE NULL END
INTO BeginTime, EndTime
FROM VALUES
(SELF.HS BeginTime, SELF.HS EndTime),
(hs hist.HS BeginTime, hs hist.HS EndTime)
AS Bndy (BTime, ETime);
SET resultHSHist = NEW HS History(
BeginTime, EndTime) ;
RETURN resultHSHist;
END;
END TIF;
END
CREATE METHOD HS_Union
(beginOfPeriod TIMESTAMP (<TimestampPrecision=),
endOfPeriod TIMESTAMP (<TimestampPrecisionz)y
RETURNS HS_History
FOR HS History
BEGIN
RETURN SELF.HS_Union(
NEW HS History(beginQfPeriod, endOfPeriod));

END

Description

1) | The HS_Union(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)) method
takes the following input parameters:

a) a TIMESTAMP(<TimestampPrecision>) value beginOfPeriod,
b) a TIMESTAMP(<TimestampPrecision>) value endOfPeriod.
2) | The HS_Union(HS”_History) method takes the following input parameter:

a) an HSLHistory value hs_hist.

6.1]15 HS_Except Methods

Purpose

Generate a new HS_History value with the period obtained from the period of an HS_History value except for
the specified period.
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Definition

CREATE METHOD HS Except
(hs_hist HS History)
RETURNS HS History
FOR HS History
BEGIN
-- The value of the parameter hs hist is
-= HS History instance passed to the method.
-- (It is referred as the term “passed period”
-= in comments in this method definition.
- The begin time and the end time of a passed period are referred
- as “passed begin time” and “passed end time”, respectively,
- in comments in this method definition.)

-- The instance itself for the method is the HS History valué&l
-= (It is referred as the term “instance period”

-= in comments in this method definition.

-= The begin time and the end time of the instance period are
referred

- as “instance begin time” and “instance end time”

- in comments in this method definition.)

DECLARE resultHSHist HS History;
IF SELF.HS EndTime <= hs hist.HS BeginTime
OR hs hist.HS EndTime <= SELF.HS BeginTime THEN
-—- The instance period and the passed petiod are disjoint.
-- This condition is classified into Awo'.
-- The first is that the instance end ‘time is equal to or earlier tharg
-= the passed begin time. (This implies the instance end time is not
null.)
-— The second is that the passed'end time is equal to or earlier than
-= the instance begin times{This implies the passed end time is not
null.)
RETURN SELF; -- The returned period is the instance period itself.
ELSEIF SELF.HS BeginTime-< hs hist.HS BeginTime
AND (SELF.HS EpdTime <= hs hist.HS EndTime
OR hs hist HS EndTime IS NULL) THEN
-- The instance petriod and the passed period intersect and
- the instanfe period begins earlier than the passed period
- and ends at the same time or earlier than the passed period.
SET resulfHSHist = NEW HS History(
SELF.HS BeginTime, hs hist.HS BeginTime);
-—- The %weturned period is the part of the instance period
- that precedes the passed period.
RETURN resultHSHist;
ELSEIF hs hist.HS BeginTime <= SELF.HS BeginTime
AND (hg hist HS FndTime SELE HS FndTime
OR (SELF.HS EndTime IS NULL
AND hs hist.HS EndTime IS NOT NULL)) THEN
-- The instance period and the passed period intersect and
-- the instance period begins at the same time
-- or later than the passed period
- and ends later than the instance period.
SET resultHSHist = NEW HS History(
hs hist.HS EndTime, SELF.HS EndTime) ;
-— The returned period is the part of the instance period
- that succeeds the passed period.
RETURN resultHSHist;
ELSEIF SELF.HS BeginTime < hs hist.HS BeginTime
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