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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Comm
ISO ¢
establi
techni
and n
techna

Interna

The m

ission) form the specialized system for worldwide standardization. National bodies that are members of
shed by the respective organization to deal with particular fields of technical activity. ISO and IEC
al committees collaborate in fields of mutual interest. Other international organizations, governmental
bn-governmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation
logy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

tional Standards are drafted in accordance with the rules given in the ISO/IEC Directives,, Part 2.

ain task of the joint technical committee is to prepare International Standards:“Draft International

Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as

an Intg

In othe
techni
repres

rnational Standard requires approval by at least 75 % of the national bodies gasting a vote.

r circumstances, particularly when there is an urgent market requirement for such documents, the joint
al committee may decide to publish an ISO/IEC Technical Specification (ISO/IEC TS), which
ents an agreement between the members of the joint technicals committee and is accepted for

publication if it is approved by 2/3 of the members of the committee casting a vote.

An 1S(
years,
review|

D/IEC TS is reviewed after three years in order to decide whether it will be confirmed for a further three
revised to become an International Standard, or withdrawn. If the ISO/IEC TS is confirmed, it is
ed again after a further three years, at which time it-must either be transformed into an International

Standard or be withdrawn.

Attenti
rights.

ISO/IE
Subco

ISO/IE
langug

bn is drawn to the possibility that some of the €lements of this document may be the subject of patent
ISO shall not be held responsible for identifying any or all such patent rights.

C 13249-7 was prepared by Joint ;Fechnical Committee ISO/IEC JTC 1, Information technology,
mmittee SC 32, Data management-and’interchange.

C 13249 consists of the following parts, under the general title Information technology — Database
ges — SQL multimedia and application packages:

— Part 1: Framework

—  Part 2: Full-Text

— P

art 3: Spatial

— Part 5; Still image

—  Part-6: Data mining

— Part 7: History [Technical Specification]

Vi
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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 organization of this Technical Specification is as follows:

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

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

in this

3) Clause 3, "Terms, definitions, notations, and conventions", defines the definitions, comcepts,

notations and conventions used in this Technical Specification.

4) Clause 4, "Concepts", presents concepts used in the definition‘of this Technical Specification.
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 histg

7) Clause 7, "SQL/MM History Information Schema" defines the SQL/MM History Information Sch

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

9) Clause 9, "Status Codes", defines the SQLSTATE codes used in this Technical Specification.

10) Clause 10, "Conformance", déefines the criteria for conformance to this Technical Specification.

ema.

In the text of this Technical Specification, clauses begin a new page. Any resulting blank space|is not

significant.

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

a) A history user-defined type and routine are generic to history data handling. History user-defined types
and routines-provide the means to record changes to the rows of a persistent base table in ap SQL
database,-so that applications using such a persistent base table shall be completely independent of
whether-there is any recording of changes. This means that, when changes are to be recorded, an
application does not need to be modified and its behaviour remains the same.

by “\ History user-defined types and routines provide the means to query the recorded changes for such a
table.

c) 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 —

1 Scope

The ISO/IEC 13249 series defines a number of packages of generic data types common to various k
data used in multimedia and application areas, to enable that data to be_stored and manipulated in g
database.

This Technical Specification:
a) defines concepts specific to this Technical Specification;

b) defines history user-defined types and their associatedfoutines.

2 Normative references

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

ISO/IEC 9075-1:2008, Information,~technology — Database languages — SQL — Part 1: Fran
(SQL/Framework)

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

ISO/IEC 9075-4:2008, Information technology — Database languages — SQL — Part 4: Persistent
Modules (SQL/PSM)

ISO/IEC 9076-11:2008, Information technology — Database languages — SQL — Part 11: Informati
DefinitiofSchemas (SQL/Schemata)

ISO/NEC 13249-1:2007, Information technology — Database languages — SQL multimedia and app
packages — Part 1: Framework

nds of
n SQL

dated
renced

nework

idation

Stored

bn and

ication
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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) atpmic

b) fully qualified of a name of some SQL object
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 Technical Specification makes us of the following terms defined in ISO/IEC 9075-2:
a) distinct (of a pair of comparable values)

b) qgyal (of a pair of comparable values)

c) dgntical (of a pair of values)

d) SQL parameter

e) stfuctured type

f)  vdriable-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 following
apply:

3.1.3.1
contiguous periods

sequence of two or mere periods, such that, for all 1<i<=n (where n is the number of periods), the begin time
of the |-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)-th
period

3.1.3.2
history row

row in Fstory tabte

3133
history row set
set of rows in a history table that represent all the changes to a single row of a tracked table

3.1.34

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

2 © 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
period normalization
operation that makes one or more contiguous periods into a single period

3.13.8

period-normalized table

table resulting from selecting one or more columns in a history table, including the-Column(s) correspon
the unique constraint columns with NOT NULL of the tracked table, and applying period normalization {
that are otherwise not distinct

NOTE Each row in a period-normalized table is formed from one or more-rews of a history table with the same
in one or more specified columns that relate to a continuous period, which may either be a single period from one
contiguous periods from many rows.

3.1.3.9
tracked column
column of a tracked table for which changes are to be recorded

NOTE The tracked columns of a tracked table shall.include unique constraint columns with NOT NULL of that
3.1.3.10

tracked row
row in a tracked table

3.1.3.11

tracked table

persistent base table for which changes are to be recorded for one or more tracked columns
3.1.3.12

transaction timestamp

timestamp value thatjis' within the duration of an SQL-transaction

NOTE This value is implementation-dependent, preferably corresponding to the end of an SQL-transaction
3.2 Concepts

3.2.1° Concepts taken from ISO/IEC 9075-1

ding to
0 rows

values
row or

fable.

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

b) domain

c) primary key

d) query

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

le

f)  SQL-client module

g) SAQL-schema

h) SQL-server module

i) SQL-transaction

) S
k) ftri

) un

3.2.2

This T
a) af
b) ad
c) de
d) de
e) e
f) p3
9) p1
h) sq
i) S
) S

DLSTATE

jger
ique constraint
Concepts taken from ISO/IEC 9075-2
bchnical Specification makes use of the following concepts defined in ISO/IEC 9075-2:
plicable role
thorization identifier
fault unqualified schema name
fault catalog name
abled authorization identifier
rameter
pcedure
quence generator
DL -path

DL-session context

k) transaction timestamp

3.23

This T
define

Syntactic elements taken from ISO/IEC 9075-2

echnical.Specification makes use of the following syntactic elements (BNF non-terminal symbols)
i in ISOAEC 9075-2:

a) <

atalog name>

b) <column name>

c) <comma>

d) <constraint name>

e) <data type or domain name>

f)  <delimited 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>
[)  <qualified identifier>

m) <quote>

n) <regular identifier>

o) <rollback statement>

p) <schema definition>

g) <schema name list>

ry <schema name>

s) <space>

t) <table name>

u) <Unicode delimiter body>

v) <Unicode delimiter identifier>
w) <unqualified schema name>

3.2.4 Other concepts

For the 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

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

3.2.7

This Technical Specification uses the prefix 'HS_' for view, base table, user-defined type, attribute anc

Notations provided in ISO/IEC 13249-7

i SQL-

H 1 1 .
IMVORCTU TOULTIT TIAITITS.

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
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3.3 Conventions

For th
ISO/IE

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

4 C

41

This T
a tablg
trackin

This p
history

the us
record

411

A trac

poncepts

Dverview

chnical Specification provides user-defined types and routines that enable a user to specify columns of
to record all changes to these columns and to query recorded changes. The recorded changes include
g information on inserts, deletes, and updates of those columns of the table.

brt does not specify the means by which recorded changes are maintained./However, the concept of a
table is introduced in this clause, and it has two roles. A history table allows\the precise specification of

br-defined types and routines providing the required capabilities, and it, determines the way in which the
bd changes are materialised for querying.

Tracked Table and History Table

ed table is a persistent base table for which any changés to the current values of specified tracked

columns are to be recorded. A history table is a means of virtualising the recording of these changes, even

though

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

A histpry table consists of the column of a sequeneg*number, the columns corresponding to all tracked
columns of the tracked table and the column of the strtctured type for the period of a history row.
Example 1:
Tradked Table TT1
I | Column_A | Column_B [-€eflumn_C
Histpry Table for TrackedTable TT1
HE_SEQ | ID Column_A | Column_B | HS_Hist (HS_BeginTime, HS_EndTime)
Example 2:
Trackeg—FableT+2
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_A and Column_B, and in example 2, ID, Column_A, Column_B, Column_C and Column~D) that
existed from begin time to end time. Once a begin/end time is set to a certain non-NULL timestamp valpe, the
value will not be changed.

The value of the column HS_SEQ is a number which is generated by an external sequence generator|that is
defined as START WITH 1 INCREMENT BY 1. The value of the column HS_SEQ is set,when a history| row is
inserted into a history table.

41.2 Concept of Transaction Timestamp

When an insert operation, an update operation or a delete operation is executed on a tracked table, the values
of the tracked columns need to be recorded along with a begin time @nd possibly an end time for the istory
period. But if multiple DML operations are executed in the same SQL*transaction, these operations will occur
at different times and so using CURRENT_TIMESTAMP the resulted timestamp values may vary and| would
not allow the multiple changes for a transaction to be related:“This is an especially serious problem if more
than one table is being tracked. Thus a single time for @ll ‘changes within a transaction is required. This
requirement is provided by the implementation-dependent:transaction timestamp for an SQL-transactior.

The value of transaction timestamp is used as the yalue of a begin time or an end time of a history row (see
Section 4.1.3 Operations on Tracked Table).

The value of a transaction timestamp is determined by invoking the HS_GetTransactionTimestamp flinction
defined in Subclause 5.3.9.

4.1.3 Operations on Tracked Table

A history table is created automatically for a tracked table by invoking the HS_CreateHistory progedure
provided in this Technical Specification.

When the HS_CreateHistory procedure is invoked, a history table is initialized as follows. A history table is
created and all rows,in the tracked table are inserted into the history table, and the begin times of all history
rows are set to the,value of transaction timestamp of the execution time of the HS_CreateHistory procedure.

When an insert operation on a tracked table is executed, a history row, which corresponds to the inserted row
in the tracked table, is inserted into the history table, and the begin time is set to the value of trangaction
timestamp of the transaction that executes the insert operation.

When 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 is set to the
value of transaction timestamp of the transaction that executes the update operation, and

2) a history row which has the new values of the tracked columns for that row and the value of the
transaction timestamp as its begin time is inserted into the history table.

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.

© ISO/IEC 2013 — All rights reserved 7
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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 @nd e7 and eZ2 are the end times.
— X|Overlaps Yis:
— trueifandonly if b1 <e2 and b2 < e7 are both true.
—t false if and only if either of b7 < e2 or b2 < e1 is false.
— X|Contains Yis:

—t trueifand only if b7 <= b2 and e2 <= e1 are both true.

—t false if and only if either of b1 <= b2 or e2 <= e1 is false.
— X|Meets Yis:

—t true if and only if either of €1 = b2 or €2 = b1 is true.

—t false ifand only if e1 = b2 and e2 = b1 are both false:
—  X|Precedes Yis:

—t trueifand only if e71 < b2 is true.

—1 falseif and only if e7 < b2 is false.
— X|PrecedesOrMeets Y is:

—t true if and only if either of X\Precedes Y or e1 = b2 is true.

—t false if and only if X.Rrecedes Y and e7 = b2 are both false.
— X]|Equals Yis:

— trueifandenly if b1 = b2 and e = e2 are both true.

—t falsedfiand only if either of b7 = b2 or e1 = e2 is false.

— X|Sdeceeds Y is:

— 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 SucceedsOrMeets Y

Opera

Set op|

X

X

X

ions to obtain a time interval of a period are as follows:
year-month interval of X is:
- (e1-Db1) as a year-month interval.
day-time interval of X is:
- (e1-b1)as a day-time interval.
erations on two periods are as follows.
Intersect Y returns:
[MAX(b1, b2):MIN(e1, e2)) if X Overlaps Y is true.

Union Y returns:

Except Y returns:
[b1:MIN(b2, e1)) if b1 < b2 and e1)<= e2 are both true.

[MAX(e2, b1):e1) if b2 <= bi\and e2 < e1 are both true.

[MIN(b1, b2):MAX(e1, e2)) if either of X Overlaps Y or X Meets Y is true.

In this| Technical Specification,\the following user-defined types and methods are provided to specify time-
related queries to the historyitable.
1) User-defined types:
a) HS_History-type,
b) <TableTypeldentifier> type.
2) Mgthods:
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

4.1.5 Concept of Period Normalization

Period normalization is introduced to provide an aggregate operation for a fitumber of history rows of a
table.

history

As an example, consider the case where a history table has two tracked columns in addition to the grimary
key, ID. In this case a history row is inserted into the history table Whenever at least one of tracked colymns is

changed.

Now let us consider an application that requests a histoty, table on only one of the two tracked colum
were originally specified. Since it was possible that tracked rows were added to the originally specified
table for changes in not only the specified (tracked) ¢olumn but also the other tracked column, the app
would have to specify a complicated query to determine the actual periods when the values of the req
column were not changed.

NOTE Some example queries of period normalization are shown in Annex A.3.

Example 1:

History Table for Tracked Table TT1

s that
history
ication
uested

HS_SEQ | ID | Column_A_|)Column_B | HS_Hist (HS_BeginTime, HS_EndTime)
1 1 A 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 :'°éféia$;;’;)m”'°’
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, T6)
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 period normalization of Column_B and Column_C is executed, for the rows whose ID is 1, the values of
Columh_B and Column_C are B1 and C1 from T1 to T5, B2 and C1 from T5 to T7, B2 and C2 from T7 to T11,
B3 ang 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_B and Column_C are B1 and,C1 from T2 to T6, B2 and C1 from T6 to T8, B2 and C2 from T8 to T11,
B3 ang C3 from T11 to T13, and-B4)and C4 from T13 to now. The period-normalized table is as follows:

HS _SEQ | ID ColumnZB Column_C | HS_Hist (HS_BeginTime, HS_EndTime)
1 1 B1 C1 (T1, T5)
5 1 B2 C1 (T5,T7)
7 1 B2 C2 (T7,T11)
11 1 B3 C3 (T11, T12)
13 1 B4 (0%} (T12, NULL)
2 2 B1 C1 (T2, T6)
2 B2 C1 (Te, T8)
2 B2 C2 (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 of history rows which have contiguous periods.

In each such set of history rows, from the begin time of the oldest history row in the set to the end timg of the

latest history row in the set, the values of the selected columns are not distinct. Thereforg,\the
normalized history table holds one row, which has the following values, for each set of history.rows i
history row set:
1) The values of the selected columns which are common to all of the rows in the-set of history ro
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
Whenever an insert/update operation occurs on a row of a‘tracked table, a row is inserted into a history
A row of a tracked table is called a tracked row and a row-inserted into a history table is called a histo
Such history rows can be grouped as rows corresponding to a certain tracked row. A multiset of histon
corresponding to a certain tracked row is called a history row set of the tracked row.
The following type is provided to represent a period associated with a history row:

— The HS_History type with the fallowing attributes:

— HS _BeginTime: a TIMESTAMP(<TimestampPrecision>) value to store a begin time;

— HS_EndTime: a TIMESTAMP(<TimestampPrecision>) value to store an end time;

The 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 row
the sameas the order that the history rows were added to the history table.

— Thebegin time of history row A in a history row set is equal to the end time of the history row B
history row set that was added immediately before history row A was added.

Aistory row is represented by the following type which is automatically generated for every tracked tab

period-
N each

WS.

table.
[y row.
y rows

set is

in the

le:

— The <TableTypeldentifier> type with the following attributes:

— 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.

© ISO/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

These

tracked table.

An AFTER trigger to update the end time of the latest history row to the transaction timestampyvalue
and insert a new history row into the history table when the value of a tracked column is updated.

An 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.

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

invoke(d.

4.4 Retrieving a History Table

To re
<Tablg

trieve a history table, the HS_HistoryTable method or he HS PNormalize method of
Typeldentifier> type should be used. The HS_HistoryTable methoed returns the whole history table. The

HS_PNormalize method returns the table that is the result of period.normalization of specified column(s) of the

history

table.

4.5 Types representing history rows

451

451.1

The H

A valu

HS_History type

Attributes of the HS_History type

5 _History type is a representation of\a.period, using the following attributes:
HS_BeginTime: the start of a.périod;

HS_ EndTime: the endlofia period;

e V of the HS_History type is as follows, where T is a transaction timestamp that corresponds to the

SQL-tgansaction which-the HS_History constructor method is invoked:

a) V.

b) V

HS_BeginTime cannot be null.

HS_BeginTime 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
to
V.

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

4.51.2.2

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 specified by the arguments;

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 neets 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(<FimestampPrecision>))
RETURNS INTEGER:

Test whether the period'ofan HS_History value precedes the period specified by the arguments;

HS_Precedes(hs/ hist HS_History)
RETURNS INTEGER:
Test whetherthe period of an HS_History value precedes the specified period;

HS_PrécedesOrMeets

(beginOfPeriod TIMESTAMP(<TimestampPrecision>),

endOfPeriod TIMESTAMP(<TimestampPrecision>))

RETURNS INTEGER:

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

© ISO/IEC

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;

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

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

—t HS Contains

(beginOfPeriod TIMESTAMP(<TimestampPrecision>),

endOfPeriod TIMESTAMP(<TimestampPrecision>))

RETURNS INTEGER:

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

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

—t HS_Equals

(beginOfPeriod TIMESTAMP(<TimestampPregision>),

endOfPeriod TIMESTAMP(<TimestampPrecision>))

RETURNS INTEGER:

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

—t HS_Equals(hs_hist HS_History)
RETURNS INTEGER:
Test whether the period of.an HS_History value is equal to the specified period;

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

—t HS_Daylnterval()
RETURNS INTERVAL DAY TO SECOND:
Obtainsthe length of the period of an HS_History value as a day-time interval;

—1 CHS_Intersect

(<TFimestampPrecision>),
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:

4.5.2

4.5.21

Generate a new HS_History value with the period which is the union of the period of an HS_Hligtory
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_History value
except for the specified period;

<TableTypeldentifier> type

Attributes of the <TableTypeldentifier> type

The <TableTypeldentifier> type is an abstraction fof attributes of a history row, using the following attriblites:

4.5.2.2

The type <TableTypeldentifier> provides the following methods:

an attribute HS_SEQ of type <TypeQf; HS SEQ>;
one attribute for each of the tracked column of the tracked table;

an attribute HS_Hist of type*HS_History;

Methods of the <TableTypeldentifier> type

HS_HistoryTable()
RETWURNS TABLE(HS_SEQ <TypeOf HS_SEQ>, <AllTrackedColumnsDef>, HS_Hist HS_Higtory):
Obtain whole history table;

HS_PNormalize(targetColumn CHARACTER VARYING(<ColumnNameLength>))
RETURNS TABLE(HS_SEQ <TypeOf HS_SEQ>, <AllTrackedColumnsDef>, HS_Hist HS_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_Hlistory 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_Higtory HS_Overlaps TIMESTAMP(<TimestampPrecision?), HS_Overlaps_TT
TIMESTAMP(<TimestampPrecision>)
HS_Higtory HS_Overlaps HS_History HS_Overlaps_H
HS_Higtory HS_Meets TIMESTAMP(<TimestampPrecision>), HS_Meets_TT
TIMESTAMP(<TimestampPrecision>)
HS_Higtory HS_Meets HS_History HS_ Meets H
HS_Higtory HS_Precedes TIMESTAMR(<TimestampPrecision>), HS Precedes TT
TIMESTAMP(<TimestampPrecision>)
HS_Higtory HS_Precedes HS (History HS_Precedes H
HS_Higtory HS_PrecedesOrMeets |- TIMESTAMP(<TimestampPrecision>), HS_PrecedesOrMeets_TT
TIMESTAMP(<TimestampPrecision>)
HS_Higtory HS_PrecedesQrMeets | HS_History HS_PrecedesOrMeets_H
HS_Higtory HS_Succeéds TIMESTAMP(<TimestampPrecision>), HS_Succeeds_TT
TIMESTAMP(<TimestampPrecision>)
HS_Higtory H8_Succeeds HS_History HS_Succeeds_H
HS_Higtory HS_SucceedsOrMeets | TIMESTAMP(<TimestampPrecision>), HS_SucceedsOrMeets_ TT
TIMESTAMP(<TimestampPrecision>)
HS_Higtory HS_SucceedsOrMeets | HS_History HS_SucceedsOrMeets H
HS_Higtory HS_Contains TIMESTAMP(<TimestampPrecision>) HS_Contains_T
HS_Hisgtory. HS_Contains TIMESTAMP(<TimestampPrecision>), HS_Contains_TT
TII\III:QTAl\llD((TianampDrnnioinns)
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 © ISO/IEC 2013 — All rights reserved
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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
TIMESTAMP(<TimestampPrecision>)

HS_History HS_Except HS_History HS_Except ‘M

4.6.3 Methods of the <TableTypeldentifier> type
Table 3 — Method and function name correspondences
Type Name Method Name Parameter Types (if.any) Function Naime

<TableTypeldentifier> HS_HistoryTable HS_HistoryTable

<TableTypeldentifier> HS_PNormalize CHARACTER HS_PNormalize
VARYING(<ColumnNameLength>)

<TableTypeldentifier> HS_PNormalize CHARACTER HS_PNormalize_A
VARYING(<ColumnNameLength>) ARRAY

4.7 The History Information Schema

This Technical Specification prescribes .anylnformation Schema called HS_INFORMTN_SCHEMA. It contains
views for the following purposes:

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

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

5 History Procedures

5.1 HS.CreateHistory Procedure and its related Procedures

5.1.1

HS_CreateHistory Procedure

Purpose

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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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 HS5 CreateHistorylable (TableName, TrackedColumns);

CALL HS CreatelnsertTrigger (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);

END

Definitional Rules
1) The SQL-session context shall be such that:
a) The value of the current default catalog name is <CatalogName>,
b) The value of the current default unqualified schema name is™<SchemaName>.

2) The enabled authorization identifiers shall include the authotization identifier of schema whose name is
<(CatalogName> . <SchemaName>.

NOTE An enabled authorization identifier is defined in ISQ/IEC 9075.

3) |Ifjan error occurred in one of procedurés invoked in the HS_CreateHistory procedure, the
HP_CreateHistory procedure is implicitly ended with a <rollback statement>.

Description

1) The HS_CreateHistory(GHARACTER VARYING(<TableNameLength>), CHARACTER
VARYING(<ColumnNameLength>) ARRAY) takes the following input parameters:

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

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

5.1.2 | HS {CreateHistoryErrorCheck Procedure

Purpose

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

Definition

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-datalagée

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

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

—-— Chegkyaif the history table for the specified table does not exist

IF EXISTS (SELECT *
FROM information schema.tables
WHERE TABLE CATALOG = HS ExtractCatalogIdentifier (TableName)
AND TABLE SCHEMA = HS ExtractSchemaldentifier (TableName)
AND TABLE NAME = HS ConstructTableldentifier (TableName))
THEN
SIGNAL SQLSTATE '2FF03' SET MESSAGE TEXT =

Ll o I P | ] 1 -
11T L LULY LAdULT dllTdlUuy AL C r
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
TABLE CATALOG = HS ExtractCatal®gldentifier (TableName)
AND TABLE SCHEMA = HS ExtractSchemaldentifier (TableName)
AND TABLE NAME = HS ExtractlTableIdentifier (TableName)
AND column name =
HS ExtractColumnIdentifier (TrackedColumns[i])) THEN
-— The tracked table does not héve a specified column.
SIGNAL SQLSTATE '2FF06' SET MESSAGE TEXT =
'column does not exist/;
END IF;
SET i = 1 + 1;
END WHILE;

—— Check if all unique~“constraint columns are specified
-—- as the TrackedC&lumns parameter

SET i = 1;
WHILE i <= CARDINALITY (IdentifierColumns) DO
IF NOT EXISTS (SELECT *
FROM UNNEST (TrackedColumns) AS CLMS (CNAME)
WHERE CNAME = IdentifierColumns[i]) THEN
-=.4-th identifier column is not specified as tracked columns.
SIGNAL SQLSTATE '2FF14' SET MESSAGE TEXT =
'some of unique constraint columns are not specified as tracked

columns';
END IF;
SEP—t—t—++
END WHILE;

END
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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

Check whether or not the definer has required privileges on columns composing the,pfimary key
tracked table and tracked columns.

Definition

CREATE PROCEDURE H87CreateHistoryErrorCheck
(IN TableName CHARACTER VARYING (<TableNameLengthX);
IN TrackedColumns CHARACTER VARYING (<ColumnNameléngth>) ARRAY)
LANGUAGE SQL
DETERMINISTIC
READS SQL DATA
SQL SECURITY INVOKER
BEGIN

of the

DECLARE M TrackedColumns CHARACTERVARYING (<ColumnNameLength>) MULTISET;

DECLARE 1 INTEGER;

—-— Construct a multiset-lconsisting of names of tracked columns
SET i = 1;
WHILE i <= CARDINAKITY (TrackedColumns) DO
SET M TrackedCoblumns[i] =
HS ExtractiColumnIdentifier (TrackedColumn[i])
SET i =4 %+ 1;
END WHILE7?

—-— Chéck” the condition that the multiset of names of

- eolumns composing tracked columns

=< is contained that of names of columns

N~ on which the definer of a history has SELECT privilege

IF M TrackedColumns NOT SUBMULTISET OF
MULTISET
(SELECT COLUMN NAME

EROM _INEORPMATTAON CSOEMA __COTTIMN _DPDRDIN/ITTECORS

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

© ISO/IEC 2013 — All rights reserved
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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

Creatq a sequence 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
DETERMINISTIC
MODIFIES SQL DATA
BEGIN

DECLARE stmt CLOB;

DECLARE tmpSequenceGeneratorIdentifier

CHARACTER VARYING (<IdentifierLength3)y

SET tmpSequenceGeneratorIdentifier ==
HS ConstructSequenceGeneratorldentifier (TableName) ;

SET stmt =
'CREATE SEQUENCE ' || tmpS$equenceGeneratorIdentifier
' AS <TypeOf HS SEQ> START WITH 1' |
' INCREMENT BY 1' |
' NO MAXVALUE' |
' NO CYCLE' ;

EXECUTE IMMEDIATE-Sstmt;

END

Definitional Rules

1) <TypeOf_HS_SEQ> is the implementation-defined <data type or domain name> of the value generated
by the sequence generator.

Descr|ption

Ja ARA =)

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

Description

CREATE PROCEDURE HS CreateHistoryTableType
(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 CreateCommaSeparatedTrackedColumnAndEypelList (
TableName, TrackedColumns, tmpAllTrackedCedumnsDef) ;

—-— Construct a CREATE TYPE statement

-— in order to create <TableTypeldephtifier> type

-— for a basis of the history tabde/of the specified tracked tablg¢.

SET stmt =
'CREATE TYPE ' || HS Construct¥ableTypeldentifier (TableName) \
' AS(HS_SEQ <TypeOf HS SEQX! | |
', ' || tmpAllTrackedColumnsDef \
! , HS Hist HS History)' \
' STATIC METHOD HS HidtoryTable()' I
! RETURNS TABLE(HS*SEQ <TypeOf HS SEQ>' |
', " || tmpAllTracdkedColumnsDef |
! , HS Hisg\HS History),' |
' STATIC METHODR HS_PNormalize(' \
! targetColumn CHARACTER VARYING (<ColumnNameLength>))' |
' RETURNS\TABLE (HS SEQ <TypeOf HS SEQ>' | |
', ' ] (tmpAllTrackedColumnsDef |
! ) HS Hist HS History),' \
' STATIC METHOD HS PNormalize (' | |
! targetColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY) |
! RETURNS TABLE (HS SEQ <TypeOf_HS_SEQ>' |
', ' || tmpAllTrackedColumnsDef \

! , HS Hist HS History)' ;

EXECUTE IMMEDIATE stmt;

END

1)

2)

The definition of <TableTypeldentifier> type, which is defined in the HS_CreateHistoryTableType
procedure, is specified in subclause 6.2.1, "<TableTypeldentifier> Type".

The HS_CreateHistoryTableType(CHARACTER  VARYING(<TableNameLength>), @ 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.
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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 (<TableNameLength>),
IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)
LANGUAGE SQL
NOT DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLARE stmt CLOB;
DECLARE tmpAllIdentifierColumns CLOB;
DECLARE tmpAllIdentifierColumnsOpt CLOB;

CALL HS CreateCommaSeparatedIdentifierColumnList (
TableName, TrackedColumns, NULL, tmpAllIdentifierColumns);
CALL HS CreateCommaSeparatedIdentifierColumnListy(
TableName, TrackedColumns, ' WITH OPTIONS NOT NULL',
tmpAllIdentifierColumnsOpt) ;

—-— Construct a CREATE TABLE statement
- in order to create the history table
- according to the specified tragked table.

SET stmt =
'CREATE TABLE ' || HS ConstruetTableIdentifier (TableName)
' OF ' || HS ConstructTabl&lypeIdentifier (TableName)
! (REF IS "HS REF" SYSTEM“GENERATED, '

tmpAllIdentifie®Co0lumnsOpt || ',
' PRIMARY KEY(HS_SEQ)'
A ) A
EXECUTE IMMEDIATE stmty
END

Description

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

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

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

5.1.7 —HS_Createlnsertlrigger 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)

LAN
NOT
MOD
BEG

GUAGE SQL
DETERMINISTIC
IFIES SQL DATA

IN

DECLARE stmt CLOB;

DECLARE tmpAllTrackedColumns CLOB;

END
Description
1) The

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

SET stmt =
'CREATE TRIGGER ' || HS ConstructInsTriggerIdentifier (TableName)
! AFTER INSERT ON ' || TableName

'  REFERENCING NEW ROW AS nwr'

! FOR EACH ROW'

' BEGIN ATOMIC'

! DECLARE CurTS TIMESTAMP (<TifnestampPrecision>) ;'

! DECLARE histVal HS Historyy;'

! SET CurTS = HS GetTransactionTimestamp();'

! SET histVal = NEW HSMHIstory('

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

! INSERT INTO ' ||} (HS ConstructTableldentifier (TableName)
! (HS_SEQ, ' W' tmpAllTrackedColumns || ' , HS Hist' || '
! VALUES ('

! (NEXT VALUE FOR '
HS-‘ConstructSequenceGeneratorIdentifier (TableName) ||
ol
ftmpAllTrackedColumns nwr || ' , histval) ;'
! END'
EXECUTE IMMEDIATE stmt;

HS_CreatelnsertTrigger(CHARACTER VARYING(<TableNameLength>), CHARA

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

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

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

5.1.8 HS_CreateUpdateTrigger Procedure

Purpose

CTER

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

28

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 CLORB;

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, tmpAllTrackedColumnsy)s
CALL HS CreateCommaSeparatedTrackedColumnLi&t (

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

CALL HS CreateCommaSeparatedIdentifierColumnList (

TableName, TrackedColumns, 'odr{', tmpAllIdentifierColumns_odr);
CALL HS CreateCommaSeparatedIdenpifierColumnList (

TableName, TrackedColumns, . !hwr.', tmpAllIdentifierColumns_ nwr) ;

—— Construct a CREATE TRIGEER statement

-= in order to create an- UPDATE trigger.

-- This UPDATE trigger“ifiserts a history row into the history table
-- when a row in the tracked table is updated.

SET stmt =
'CREATE TRIGGER:' || HS ConstructUpdTriggerIdentifier (TableName) |
' AFTER UPDATE OF ' || tmpAllTrackedColumns || ' ON ' || TableName

' REFERENGENG NEW ROW AS nwr'

! OLD ROW AS odr'

' FORAEACH ROW'

' WHEN((' || tmpAllTrackedColumns odr || ' ) IS DISTINCT FROM ('
tmpAllTrackedColumns nwr || '))'

' DECLARE CurTS TIMESTAMP (<TimestampPrecision>) ;'
! DECLARE histVal HS History; '
' DECLARE histBegTime TIMESTAMP (<TimestampPrecision>); '

LT \ \' i i Llllpl—_\llJ.LlcllL.J’.J.J’.CL\_/Ululllllb_UdL i i '} Lo DIOI1IINUL EI\\JLl'

' (" |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('
|
|
|
|

|
|
|
|
|
"¢ BEGIN ATOMIC' |
|
|
|
I
|
|

! 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) The HS_CreateUpdateTrigger(CHARACTER VARYING(<TableNameLength?), CHAR/
VARYING(<ColumnNameLength>) ARRAY) procedure takes the following input parameters:

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

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

5.1.9 HS_CreateDeleteTrigger Procedure
Purpose

Create a trigger to update the end time of the latest history row to current transaction timestamp value
row is deleted from the corresponding tracked table.

Definition

CREATE PROCEDURE HS CreateDe&€leteTrigger

(IN TableName CHARACTER_VARYING (<TableNameLength>),

IN TrackedColumns GHARACTER 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.

—— Thig DRTETE ftrigger nupdates the end time of the latest history r

DW

CTER

vhen a

-— 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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! UPDATE ' || HS ConstructTableIdentifier (TableName) || ' HT1' ||
' SET HT1.HS Hist.HS EndTime = CurTS' | |
' WHERE ' || tmpAllIdentifierColumnsComparison HT1 odr |
! AND HT1.HS Hist.HS EndTime IS NULL;' |
' END' ’
EXECUTE IMMEDIATE stmt;
END

Description

1) The HS_CreateDelete Trigger(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:

5.1.10| HS_CreateHistoryTableMethod Procedure

Purpose

Creatdq a method to obtain a history table.

Definition

CREATE PROCEDURE HS CreateHistoryTableMethod
(IN TableName CHARACTER VARYING (<TableNameLength>),
IN TrackedColumns CHARACTER VARYING(XColumnNameLength>) ARRAY)
LANGUAGE SQL
DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLARE stmt CLOB;
DECLARE tmpAllTrackedgolumns CLOB;
DECLARE tmpAllTrackedColumnsDef CLOB;
DECLARE tmpAllTrackedColumnLiterals CLOB;

CALL HS Create€ommaSeparatedTrackedColumnList (
TrackedColumns, NULL, tmpAllTrackedColumns) ;

CALL HS CredteCommaSeparatedTrackedColumnAndTypeList (
TableName, TrackedColumns, tmpAllTrackedColumnsDef) ;

CALL HS“CreateCommaSeparatedTrackedColumnLiteralList (
TakleName, TrackedColumnLiterals):;

—-<“Construct a CREATE STATIC METHOD statement
X— in order to create the HS HistoryTable() method
- for <TableTypeldentifier> type.

okl stmt =
'CREATE STATIC METHOD HS_HiStoryTable()' |
' RETURNS TABLE (' |
' HS SEQ <TypeOf HS SEQ>, ' | |
tmpAllTrackedColumnsDef || ', HS Hist HS History)' |
' FOR ' || HS ConstructTableTypeldentifier (TableName) |
! BEGIN' I
! 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 ConstructTableIdentifierlLiteral (TableName)
) ) ] -
! THEN'
! SIGNAL SQLSTATE ''2FF26'' SET MESSAGE_TEXT =

\
)
\
HS ConstructSchemaldentifierLiteral (TableName) |
\
\
\
\
\
T TTlack of privileges™ ' ; 7
\
\
\

! END IF;'
! RETURN TABLE ('
! SELECT HS SEQ, ' || tmpAllTrackedColumns || ', HS Higt'
! FROM ' || HS ConstructTableIdentifier (TableName)s || ') AS
T;'
' END' 4
EXECUTE IMMEDIATE stmt;
END
Description

1) The definition of HS_HistoryTable method of <TableTypeldentifier> type, which is defined [in the
HS_CreateHistoryTableMethod procedure, is specified in subclause 6.2.2, "HS_HistoryTable Methgd".

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

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

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

5.1.11 HS_CreatePNormalizeMethod Procedure

Purpose

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

Definition

CREATE PROCEDURE H57CreatePNormalizeMethOd
(IN TalkleName CHARACTER VARYING (<TableNameLength>),
IN~IwackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY)
LANGUAGE SQL
NOT DETERMINISTIC
MODIFIES SQL DATA
BEGIN
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 HS5 CreateCommaseparatedlrackedColumnList (
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, AllIdentifiérColumns) ;
-- In case only one tracked column excepti unique constraint columns,
IF CARDINALITY (TrackedColumns) - CARDINALITY (AllIdentifierColumns) = 1
THEN

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

SET stmt =

'l The value set into SQL vaniable “stmt” is

'l the character string vadlde, which content is

'l the 1st CREATE METHOB\.statement in the DEFINITION of

!'l Subclause 6.2.3, “HS- PNormalize Methods”,

'l with the value of\SQL variable “tmpAllTrackedColumnsDef”

H as instanhee of <AllTrackedColumnsDef> ,

I the valtte of SQL variable “tmpTableTypeldentifier”

I as dnstance of <TableTypeldentifier>.

EXECUTE IMMEDJATE stmt;

-— CreafleyHS Pnormalize method with an ARRAY parameter.

SET stmt: =

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

'{ tHe character string value, which content is

™Y the 2nd CREATE METHOD statement in the DEFINITION of

"l Subclause 6.2.3, “HS PNormalize Methods”,

'l with the value of SQL variable “tmpAllTrackedColumnsDef”
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as instance of <AllTrackedColumnsDef> ,
the value of SQL variable “tmpTableTypeldentifier”
as instance of <TableTypeldentifier>.

EXECUTE IMMEDIATE stmt;

--— In

case more than one tracked columns except unique

columns,

ELSE

-- Create HS Pnormalize method with a non-ARRAY parameter.
SET stmt =

constraint

Ystmt” 1S
which content is
the 1lst CREATE METHOD statement in the DEFINITION of

The value set 1nto S5QL variable
the character string value,

|

!

! Subclause 6.2.3,

! with the value of SQL
|

|

!

as instance of
the value of SQL
as instance of

EXECUTE IMMEDIATE stmt;

“HS PNormalize Methods”,

variable “tmpAllTrackedColumnsbef”
<AllTrackedColumnsDef> ,

variable “tmpTableTypeldentifiier”
<TableTypeldentifier>.

-- Create HS Pnormalize method with an ARRAY pdrameter.
SET stmt =

M
H!
M
H!
H!
H!
H!
H!
H!
M
M
M
M
M
M
M
H!
M
H!
t!
A
!
M
11

Subclause 6.2.3,
with the wvalue of SQL

!'! The value set into SQL variable
the character string value,
the 3rd CREATE METHOD statement in~the DEFINITION of
“HS PNormalize<{Methods”,

as instance of
the value of SQL
as instance of
the value of SQL
as instance of
the value of -SQL
as instance\of
the valuexof SQL
as ingtance of
the value of SQL
as Sdnstance of
the value of SQL
as instance of
the value of SQL
as instance of
the value of SQL
as instance of
the value of SQL

as instance of

EXECUTE IMMEDIATE stmt;

END TIF7;
END

“stmt/Ads
which cdontent is

variable\ YtmpAllTrackedColumnsDef”
<AllTrackedColumnsDef> ,

variable “tmpTableTypeldentifier”
<TableTypeIdentifier>,

variable “tmpAllTrackedColumnLiterals”
<TrackedColumnLiterals>,

variable “tmpCatalogIdentifierLiteral”
<CatalogldentifierLiteral>,

variable “tmpSchemaldentifierLiteral”
<SchemaldentifierLiteral>,

variable “tmpTableIdentifierLiteral”
<TableIdentifierLiteral>,

variable “tmpAllTrackedColumns”
<AllTrackedColumns>,

variable “tmpAllTrackedColumns HT1”
<AllTrackedColumns HTI1>,

variable “tmpAllIdentifierColumns”
<AllIdentifierColumns>,

variable
“tmpAllIdentifierColumnsComparison HT1
<AllIdentifierColumnsComparison HT1 HTZ2

HT2"

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

© ISO/IEC 2013 — All rights reserved

CHARACTER

33


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

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

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
NOT DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLARE stmt CLOB;
DECLARE tmpAllTrackedColumns CLOB;

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

—-— Construct an INSERT statement

-= in order to insert all rows in the £racked table

-= into the history table.

SET stmt =
'INSERT INTO ' || HS ConstructTalbdeIdentifier (TableName)
' (HS_SEQ, ' || tmpAllTrackeédColumns || ', HS Hist)'
' SELECT (NEXT VALUE FOR ' 4

HS ConstructSeguenceGeneratorIdentifier (TableName) || ")’

' , " || tmpAllTrackedColumns |
' , NEW HS Hisgtory (' |
! HS GetTransactionTimestamp () |
' , CAST (NULL AS TIMESTAMP (<TimestampPrecision>)))"' |
! FROM ' | | STableName ;
EXECUTE IMMEDIATE  stmt;
END

Descr{ption

1) The HS_InitializeHistory Table(CHARACTER VARYING(<TableNameLength>), CHARACTER
VARYING(£ColumnNameLength>) ARRAY) procedure takes the following input parameters:

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

b)a CHARACTTER VARYING(<ColumnNameLength>) value IrackedColumns.
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5.2 HS_DropHistory Procedure and its related Procedures

5.21 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.

Definition

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 DropHistoryTableSequenceNumberGererator (TableName) ;
END

Description

1) The HS_DropHistory(CHARACTER VARYING(<TableNameLength>)) procedure takes the following input
parameter:
a) TableName, whose value is a character representation of a table name which confirms to the Format
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
(MN TableName CHARACTER VARYING (<TableNameLength>))
LANGUAGE SQL
DETERMINISTIC
READS SOOI, 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 IF;
—— Check if or not specified tracked table does not exist.
IF NOT EXISTS (SELECT *
FROM information schema.tables
WHERE TABLE CATALOG = HS ExtractCatalogIdentifier (TableName)
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AND TABLE SCHEMA = HS ExtractSchemaldentifier (TableName)
AND TABLE NAME = HS ExtractTableldentifier (TableName)) THEN
SIGNAL SQLSTATE '2FF02' SET MESSAGE TEXT =
'table does not exist';
END IF;
-— 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 kxtractCatalogldentitier (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;
END

Description

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

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

5.2.3 | HS_DropHistoryTableTypeMethod Procedure

Purpose

Drop methods provided in the <TableTypeldentifier> type.
Definition

CREATE PROCEDURE HS DropHistoryTableTypeMethod
(IN TableName CHARACTER MYARYING (<TableNameLength>))
LANGUAGE SQL
DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLARE stmt( CGLOB;
DECLARE tmpTableTypeldentifier CHARACTER VARYING (<IdentifierLength>);
DECLARE SpecNames CLOB ARRAY;
DECLARENY INTEGER;

SET_ tmpTableTypeldentifier = HS ConstructTableTypeldentifier (TableName) ;

-- Drop all methods, which the routine body is defined,

== Of <tmplableNameldentiilier> 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
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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
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Definitional Rules

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

2) <SchemaName> is <unqualified schema name> of the schema in which <TableNanieldentifier>

created.

Description

type is

1) The HS_DropHistoryTable TypeMethod(CHARACTER VARYING(<TableNameLength>)) procedurg takes

the following input parameter:

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

5.2.4 HS_DropHistoryTrigger Procedure

Purpose

Drop history table maintenance triggers.

Definition

CREATE PROCEDURE HS DropHistoryTrigger
(IN TableName CHARAGTER VARYING (<TableNameLength>))
LANGUAGE SQL
DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLARE~stmt CLOB;

-< Drop DELETE trigger if exist

IF EXISTS (
SELECT *
FROM INFORMATION SCHEMA.TRIGGERS

WHERE TRIGGER CATALOG = <CatalogName>
AND _TRICCER SCHEMA — Schemalame

AND TRIGGER:NAME = HS ConstructDelTriggerIdentifier (TableName)

) THEN
SET stmt =

'"DROP TRIGGER ' || HS ConstructDelTriggerIdentifier (TableName) ;

EXECUTE IMMEDIATE stmt;
END IF;

-—- Drop UPDATE trigger if exist

© ISO/IEC 2013 — All rights reserved
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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 IF;

-- Drop INSERT trigger if exist

IF EXISTS (
SELECT *
FROM INFORMATION SCHEMA.TRIGGERS
WHERE TRIGGER CATALOG = <CatalogName>
AND TRIGGER SCHEMA = <SchemaName>
AND TRIGGER NAME = HS ConstructInsTriggerlIdertifier (TableName)
) THEN
SET stmt =
'"DROP TRIGGER ' || HS ConstructInsTriggexidentifier (TableName) ;
EXECUTE IMMEDIATE stmt;
END IF;
END

Definitional Rules

1)

<CatalogName> is <catalog name> of the schema in which history table maintenance triggers are
created.

2) <$chemaName> is <unqualified schema name> of the schema in which history table maintenance
triggers are created.
Descr|ption

1)

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

a) a CHARACTERYARYING(<TableNamelLength>) value TableName.

5.2.5 | HS_DropHistoryTable Procedure

Purpose

Drop the history table corresponading 1o the specitied racked table.

Definition

38

CREATE PROCEDURE HS DropHistoryTable
(IN TableName CHARACTER VARYING (<TableNameLength>))
LANGUAGE SQL
DETERMINISTIC
MODIFIES SQL DATA
BEGIN
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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)

Y 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 is created.

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

Description

1) The HS_DropHistoryTable(CHARACTER VARYING(<FableNameLength>)) procedure takes the fo
input parameter:

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

5.2.6 HS_DropHistoryTableType Procedure

Purpose

Drop the <TableTypeldentifier> type.

Definition

CREATE PROCEDURE™ HS DropHistoryTableType
(IN TableName CHARACTER VARYING (<TableNameLength>))
LANGUAGENSQL
DETERMINISTIC
MODJYFIES SQL DATA
BEGIN
DECLARE stmt CLOB;

-- Drop the <TableTypeldentifier> type if exists.

IE EXTSTS (

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

cotcaT

Description

1) The HS_DropHistoryTableType(CHARACTER VARYING(<TableNamelLength>)) procedureCtakes the
following input parameter:

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

5.2.7 | HS_DropHistoryTableSequenceNumberGenerator procedure

Purpose

Drop the sequence generator for generating a sequence number for a history row of a history table.
Definition

CREATE PROCEDURE HS DropHistoryTableSequenceNumberGenerator
(IN TableName CHARACTER VARYING (<TablelNameLength>))
LANGUAGE SQL
NOT DETERMINISTIC
MODIFIES SQL DATA
BEGIN

DECLARE stmt CLOB;

-- Drop sequence generator if exist

IF EXISTS (
SELECT ~%
FROM (LIfFORMATION SCHEMA.SEQUENCES
WHERENSEQUENCE CATALOG = <CatalogName>
AND SEQUENCE SCHEMA = <SchemaName>
AND SEQUENCE NAME =
HS ConstructSequenceGeneratorIdentifier (TableName)
) THEN
EXECUTE IMMEDIATE stmt;

SET stmt =
'DROP QF‘QTTF‘T\T(“F‘ ! (|

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
VARYING(<TableNameLength>)) procedure takes the following input parameter:

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

5.3 Utility Procedures for History

The procedures and functions in this subclause are used in common in procedures of the HS_ Create
procedure or the HS_DropHistory procedure.

5.3.1 Functions for extracting an identifier

Purpose

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

Definition

CREATE FUNCTION HS ExtractCatalogldentifier
(TableName CHARACTER VARYING{<TableNameLength>))
RETURNS CHARACTER VARYING (&FdentifierBodyLength>)
LANGUAGE SQL
DETERMINISTIC
CONTAINS SQL
RETURNS NULL ON NULL) INPUT
BEGIN

-—- See Description

END

CREATE FUNCTION HS ExtractSchemaldentifier
(TabdeName CHARACTER VARYING (<TableNameLength>))
RETURNS CHARACTER VARYING (<IdentifierBodyLength>)
LANGUAGE SQL
DETERMINISTIC
CONTAINS SQL
RETURNS NULL ON NULL INPUT
BEGTIN

History

-- See Description

END

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

1)

Descr

1)

2)

42

CR

RETURNS NULL ON NULL INPUT
BEGIN

-- See Description

END
EATE FUNCTION HS ExtractColumnIdentifier
(ColumnName CHARACTER VARYING (<ColumnNameLength>))
RETURNS CHARACTER VARYING (<IdentifierBodyLength>)

<
id

fol

a

a

LANGUAGE SQL

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NULL INPUT
BEGIN

-- See Description

ional Rules

dentifierBodyLength> is the implementation-defined maximum length ‘ef) <identifier body> , <delimited
entifier body>, and <Unicode delimiter body> which are defined in ISO/IEC 9075-2.

ption

The function HS_ExtractCatalogldentifier(CHARACTERVYARYING(<TableNamelLength>)) takes the

lowing input parameter:

a CHARACTER VARYING value TableName.

For the function HS_ExtractCatalogldentifier(CHARACTER VARYING(<TableNamelLength>)):

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

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

Case:

i) If CN is/2regular identifier>, then let RV be the character string value that is the equivalent case-
normalform of a representation of <identifier body> of CN.

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.

The function HS_ExtractSchemaldentifier((CHARACTER VARYING(<TableNamelLength>)) takes the

fo

a)

llowing input parameter:

a CHARACTER VARYING value TableName.

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

a)

The value of parameter TableName is a character representation of a table name which forms an
instance of <table name>.
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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 default schema
name in the SQL-session.

Case:

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.

i) Otherwise, let RV be the character string value that is a representation of <delimited, identifier
body>, or <Unicode delimiter body> of SN in the character set of SQL_IDENTIFIER;

5) The function HS_ ExtractTableldentifier(CHARACTER VARYING(<TableNamelLength>)) takgs the
following input parameter:

a) a CHARACTER VARYING value TableName.
6) Forthe function HS_ExtractTableldentifier(CHARACTER VARYING(<TableNamelLength>)):

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

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

Case:

i) If TN is <regular identifier>, then let RV ®Be the character string value that is the equivalenf case-
normal form of a representation of <identifier body> of TN.

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

7) The function HS_ ExtractColumnidentifier(CHARACTER VARYING(<ColumnNamelength>)) takps the
following input parameter:

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

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

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

Case:

D1f CNis <regular identifier> _then let RV be the character string value that is the equivalent case-

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

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.

9) 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

CREATE PROCEDURE HS CreateCommaSeparatedTrackedColumnList
(IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY,
IN ColumnNamePrefix CLOB,
OUT ResultValue CLOB)
LANGUAGE SQL
DETERMINISTIC
MODIFIES SQL DATA
BEGIN
DECLARE i INTEGER;

-- Generate comma-separated list of tracked column néames
-= withvspecified prefix.

-- Set control variable for WHILE loop to initdal“value 1.
SET i = 1;
-- Initially set output parameter to empty.string.
SET ResultValue = '';
-- Repeat while 1 1is 1less than or equal to the number of tracked
columns.
WHILE i <= CARDINALITY (TrackedColumns) DO
--— In case i1 > 1, that is eachytlme except first time of loop,
IF i > 1 THEN
-- Concatenate comma chafacter into output parameter.
SET ResultValue = ResultValue || ', '
END IF;
-- In case the specified prefix is applicable,
IF ColumnNamePrefix“\[\S NOT NULL THEN
-— Concatenate, thHe specified prefix into output parameter.
SET ResultValue = ResultValue || ColumnNamePrefix ;
END IF;
-- Concatenate the i-th tracked column name into output parameter.
SET ResultVialue = ResultValue ||
HS CorstructColumnIdentifier (TrackedColumns[i]) ;
—-— Incérement control variable for WHILE loop.
SET~Y:/= 1 + 1;
END WHILE;
END

Description

1) The HS_CreateCommaSeparatedrackedColumnLiSi{CHARACTER VARYING(<ColumnNameLengih>)
ARRAY, CLOB, CLOB) procedure takes the following input parameters:

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

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

a) a CLOB value ResultValue.
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3) 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 parameter

TrackedColumns.

c) Case:

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

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

d) Let C/Dn be the value of the result of HS_ConstructColumnlidentifier(CNn). Let PIDn be the ch
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><corima><quote> || ... || PIDn

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

5.3.3 HS_CreateCommaSeparatedTrackedColumnAndTypelList Procedure

Purpose

For all tracked columns of the specified-table, generate comma-separated list of the texts, each off
concatenates the specified prefix, the name of the tracked column, white space and the name of a da
or the name of a domain.

Definition

CREATE PROCEDUREHS CreateCommaSeparatedTrackedColumnAndTypeList
(IN TablelName CHARACTER VARYING (<TableNameLength>),
IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY,
OUT ResultValue CLOB)
LANGUAGE SQL
DETERMINISTIC
MOEDIFIES SQL DATA
BEGIN
DECLARE TrackedColumnsAndTypes CLOB ARRAY;

Aracter

which
a type

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

-— !l See Description
-= about "TrackedColumnsAndTypes"
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-- Set control variable for WHILE loop to initial value 1.
SET 1 = 1;
-- Initially set output parameter to empty string.
SET ResultvValue = '';
-—- 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 1nto output parameter.

SET ResultValue = ResultValue || ', ' H
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/[i{ ;
-— Increment control variable for WHILE loop.
SET 1 = 1 + 1;

END WHILE;
END

Description

1) The HS_CreateCommaSeparatedTrackedColumnAndTypeList(CHARACTER
VARYING(<TableNameLength>), CHARACTER VARYING(<€olumnNameLength>) ARRAY, CLOB)
procedure takes the following input parameters:

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

2) The HS_CreateCommaSeparatedTrackedColumnAndTypeList(CHARACTER
VARYING(<TableNameLength>), CHARACTER VARYING(<ColumnNamelLength>) ARRAY, CLOB)
procedure takes the following output parameter:

a) a CLOB value ResultValue.

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

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

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

c) Let(TN be the <qualified identifier> contained in the <table name> represented by the value of
parameter TableName.

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

c) Let CIDn be the value of the result of HS_ConstructColumnldentifier(CNn).

d) Let DTn be the <data type or domain name> which corresponds to the column CNn.

e) 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.

534 F . f . identifi | <Identifierl ength>

Purpose

Provide functions for constructing an Identifier from a character string type value that forms-grtable nan
column name.

Definition

CREATE FUNCTION HS ConstructIdentifier

(Prefix CHARACTER VARYING (<PrefixOrPostfixLength>)¥,
SourceName CHARACTER VARYING (<TableOrColumnNanieLength>),
Postfix CHARACTER VARYING (<PrefixOrPostfixLength>))

RETURNS CHARACTER VARYING (<IdentifierLengthX)

LANGUAGE SQL

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NULL INPUT

BEGIN

-- See Description

END

CREATE FUNCTION HS ConstructTableldentifier
(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 HS TI]
RETURN HS ConstructlIdentifier ('HS TBL ', TableName, '');

END

CREATE~FUNCTION HS ConstructTableTypeldentifier
(fableName CHARACTER VARYING (<TableNameLength>))
RETURNS CHARACTER VARYING (<IdentifierLength>)
LANGUAGE SQL

ne ora

BL

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>)
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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 (<TableNamelLength>))
RETURNS CHARACTER VARYING (<IdentifierLength>)
LANGUAGE SQL

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NULL INPUT

BEGIN
-- Return the identifier extracted from specified table namey
- and concatenated with prefix HS TR and pootfix INS.
RETURN HS ConstructIdentifier ('HS TR ', TableName, ' INS");

END

CREATE FUNCTION HS ConstructUpdTriggerIdentifier
(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 HS TR and postfix UPD.
RETURN HS ConstructIdentifier ('HS TR ', TableName, ' UPD');

END

CREATE FUNCTION HS ConstructDelTriggerIdentifier
(TableName CHARACTER VARYING (KXZTableNameLength>))
RETURNS CHARACTER VARYING (<FdentifierLength>)
LANGUAGE SQL

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NULLNINPUT

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

END

CREATE FUNCTION HS ConstructSequenceGeneratorIdentifier
(TableNeme CHARACTER VARYING (<TableNameLength>))
RETURNS CHARACTER VARYING (<IdentifierLength>)
LANGUAGE SQL

DETERMINISTIC

SN A AL

QoL
CUONTIITINOD oYL

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) <PrefixOrPostfixLength> is the length 10.
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2) <TableOrColumnNameLength> is the maximum length of <TableNamelLength> and
<ColumnNamelLength>.

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

Description

‘H—Fer—the—function—HS—Gonstructidentificr(Pref—GCHARAGCTER—YARYING(<PRrefixOrRestibd-ength>),
SourceName  CHARACTER  VARYING(<TableOrColumnNamelLength>), Postfix =~ CHARACTER
VARYING(<PrefixOrPostfixLength>)):

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 be (the value of the repult of
HS_ExtractColumnldentifier(SNM).

i) Otherwise, let IDB be the value of the result of HS Extract Tableldentifier(SNM).

b) Let PTX be the value of parameter Postfix. Let PID be the character string value of a concatenation:
<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 thie-character string whose value is the character sequence
of <Unicode delimited identifier>:

U&<double quote>PID<double quote> ESC

ii) If SNM constitutes <delimited identifier>, then return the character string whose value|is the
character sequence of <delimited identifier>:
<double quote>PID<double quote>.

iii) Otherwise, (return the character string whose value is the character sequence of <fegular
identifiers:
PID!

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

8)) For the function HS_ConstructTableTypeldentifier(CHARACTER VARYING(<TableNamelLength3x)), the
value of parameler TableName is a character represenialion of a table name which forms an instance of
<table name>.

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

5) For the function HS_ConstructinsTriggerldentifier(CHARACTER VARYING(<TableNameLength>)), 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) 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>.

7) 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>.

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

5.3.5 | HS_GetPrimaryKeys function

Purpose

Obtainl the primary key columns of the specified table.

Definition

CREATE FUNCTION HS_GetPrimaryKeys

(TableName CHARACTER VARYING (<TableNameLength>))

RETURNS TABLE (PrimaryKeyColumn CHARACTER VARYING (<ColumnNameLength>))
LANGUAGE SQL

DETERMINISTIC

READS SQL DATA

BEGIN

-- This function requires only cqolumns whose constraint type

-- 1s 'PRIMARY KEY', but the type' of constraint is not contained in

-- KEY COLUMN USAGE view. This“is contained in TABLE CONSTRAINTS view.
-- 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 JQIEN
INFORMATION_SCHEMA.TABLE_CONSTRAINTS AS TC

ON KCU.CONSTRAINT7CATALOG = TC.CONSTRAINT7CATALOG
ANPDA\KCU.CONSTRAINT SCHEMA = TC.CONSTRAINT78CHEMA
ANDP” 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) The function HS_GetPrimaryKeys(CHARACTER VARYING(<TableNameLength>)) takes the following
input parameter:

a) aCHARACTER VARYING value TableName.

2) 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

PUTPOSE

Obtain 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() functionchas no input parameters.
2) Forthe HS_GetTransactionTimestamp().function:

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

5.3.7 HS_GetHistoryRowSetldentifierColumns procedure

Purpose

For the specified tracked table, obtain the identifier columns of history row set, which are the unique cor
columns with NOT‘NULL of the tracked table.

Definition

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

QUT TdentifierColumns CHARACTER VARYING(LColumnNamelLenagth>) ARRAVY)

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

-— 1n the 1input 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 (TrackedCOdumns) AS TC(COL))) THEN
SET IdentifierColumns = AllPKeyColumns.
ELSE
-- Obtain the constraint names of, the unique constraints
-— of the specified tracked table-

SET ConstNames = ARRAY (
SELECT CONSTRAINT CATALOG | |
'.'" || CONSTRAINT SCHEMA | |
'.' || CONSTRAINT NAME
FROM INFORMATION SCHEMA.TABLE CONSTRAINTS
WHERE
TABLE_CGATALOG = HS ExtractCatalogIdentifier (TableName)
AND TABLE SCHEMA = HS ExtractSchemaldentifier (TableName)
AND TABLE NAME = HS ExtractTableIdentifier (TableName)
AND CONSTRAINT TYPE = 'UNIQUE');
-- Foreach unique constraint of the specified tracked table,
-- .‘check the followings:
- 1. All columns of the part of unique constraint are not
mullable.
- — 2. All columns of the part of unique constraint are specified
- in the parameter TrackedColumns.
-- If above mentioned unique constraint is found,

- - el — . - . o
TTCUOTLIr CIIT COUTUINT TIAalesS UL CIIT gIrIrguc CUITSTIaTIITCe

-- through the output parameter IdentifierColumns.
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-- Set control variable for WHILE loop to initial wvalue 1.

SET 1 = 1;

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

SET found = 0;

-— Repeat while available unique constraint is not found and

-- i is less than or equal to the number of unique constraints.
WHILE found = 0 AND i <= CARDINALITY (ConstNames) DO

Definitional Rules

-— In case 1-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 = ConstNames[i]) THEN
-—- Get column names of i-th unique.'constraint.
SET ColumnNames = ARRAY (
SELECT COLUMN_ NAME
FROM INFORMATION SCHEMA«KEY COLUMN USAGE
WHERE CONSTRAINT CATALOG ||
"." || CONSTRAINT{SCHEMA | |
'"." || CONSTRAINT NAME = ConstNames[i]);
-- In case every column*of i-th unique constraint is
- any of tracked colupns.
IF NOT EXISTS (SELECT *
FROM UNNEST,(ColumnNames) AS UC (COL)
WHERE COL\ NOT IN (
SELECT COL FROM UNNEST (TrackedColumns) AS TC(CPL)))
THEN
-- Sef\output parameter to column names of
- i-th unique constraimnt;

SET* IdentifierColumns = ColumnNames;
SET found = 1;
END IF;
END- ITF;

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

1)

<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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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(<ColumnNameLength>) ARRAY):

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

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

5.3.8 | HS_CreateCommaSeparatedidentifierColumnList procedure

Purpose

For the identifier columns of history row set of the specified table, whichare the unique constraint columns
with NOT NULL of the tracked table, generate comma-separated list of.the texts, each of which concatenates
the name of the identifier column and the specified postfix.

Definition

54

CREATE PROCEDURE HS CreateCommaSeparated¥fdentifierColumnList

(IN TableName CHARACTER VARYING (<FableNameLength>),

IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY,

IN ColumnNamePostfix CLOB,

OUT ResultValue CLOB)
LANGUAGE SQL
DETERMINISTIC
MODIFIES SQL DATA
BEGIN

DECLARE Identifie¥Columns CHARACTER VARYING (<ColumnNameLength>) ARRAY;

DECLARE i INTEGER;

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

o~=' Generate comma-separated list of

-= identifier column names with specified
postfi

-- 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.

Skl ResultValue = ResultValue || ColumnNamePostiix ;
END IF;
-- Increment control variable for WHILE loop.
SET 1 =i + 1;
END WHILE;
END

Description

1) The HS_CreateCommaSeparatedldentifierColumnList(CHARACTER ,VARYING(<TableNameLehgth>),
CHARACTER VARYING(<ColumnNameLength>) ARRAY, CLOB, CL@B) procedure takes the fo[lowing
input parameters:
a) a CHARACTER VARYING(<TableNameLength>) value TableName,
b) a CHARACTER VARYING(<ColumnNameLength>)ARRAY value TrackedColumns,
c) a CLOB value ColumnNamePostfix.

2) The HS CreateCommaSeparatedldentifierColumnListitCHARACTER VARYING(<TableNameLehgth>),
CHARACTER VARYING(<ColumnNameLength>) ARRAY, CLOB, CLOB) procedure takes the fo[lowing
output parameter:

a) a CLOB value ResultValue.

3) For the procedure HS_CreateCommaSeparated|dentifierColumnList(CHARACTER
VARYING(<TableNameLength>), CHARACTER VARYING(<ColumnNamelLength>) ARRAY, |CLOB,
CLOB):

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

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

c) ¢(Case:

i) If the value of parameter ColumnNamePostfix is not null value, then let PTX be the value of
parameter ColumnNamePostfix.

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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f)

g)

5.3.9

CIDn || <quote>PTX<quote>

Let

RV be the character string value of a concatenation:

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

Set the value of output parameter ResultValue to RV.

Purpose

For th
with N
a list

HS_C IdentifierColumnSelf.JoinConditi |

p identifier columns of history row set of the specified table, which are the unique constraint-columns
DT NULL of the specified table, generate the text of self-join condition for the specified tablexThe text is
of equals comparison predicates separated by ' AND '. Each equal predicate is & text which

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

and th

Defini

CH

ion

EATE
(IN
IN
IN
IN
ou
LAN
DET
MOD
BEG

b name of column.

PROCEDURE HS CreateldentifierColumnSelfJoinCondition
TableName CHARACTER VARYING (<TableNameLength>Y,
TrackedColumns CHARACTER VARYING (<ColumnNameLéngth>),
ColumnNamePrefixl CLOB,

ColumnNamePrefix2 CLOB,

T ResultValue CLOB)

GUAGE SQL

ERMINISTIC

IFIES SQL DATA

IN

DECLARE IdentifierColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY;

DECLARE 1 INTEGER;

-- Get the identifier( golumns of history row set of the specified table.
CALL HS GetHistoryRowSetIdentifierColumns (
TableName, Tra8kedColumns, IdentifierColumns);

-- Set control wariable for WHILE loop to initial wvalue 1.
SET i = 1;
-- Initiadly’ set output parameter to empty string.
SET ResgitValue = '';
-- Repedt while i is less than or equal to the number of identifier
columns.
WHILE i1 <= CARDINALITY (IdentifierColumns) DO

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

IF i > 1 THEN

—— Concatenate AND boolean operator into output parameter

56

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.

END

Description

1) The

CHARACTER VARYING(<ColumnNameLength>) ARRAY, CLOB, CLOB, CLOB) procedure tak
following input parameters:

a)
b)
c)
d)

2) The

CHARACTER VARYING(<ColumnNameLength>) ARRAY, CLOB, CLOB, CLOB) procedure tak
following output parameter:

SET ResultValue = ResultValue || ColumnNamePrefixZz ;
END IF;
-—- Concatenate the i-th identifier column name into output gakam
SET ResultValue = ResultValue ||
HS ConstructColumnIdentifier (IdentifierColumns[i]) ;
-- Increment control variable for WHILE loop.
SET 1 = 1 + 1;
END WHILE;

HS_CreateldentifierColumnSelfJoinCondition(CHARAGTER VARYING(<TableNameLe

a CHARACTER VARYING(<TableNameLength>)walue TableName,

a CHARACTER VARYING(<ColumnNameLéngth>) ARRAY value TrackedColumns,
a CLOB value ColumnNamePrefix1,

a CLOB value ColumnNamePrefix2.

HS_ CreateldentifierColumnSelfJoinCondition(CHARACTER VARYING(<TableNamelLe

pter.

ngth>),
es the

ngth>),
es the

a) a CLOB value RestltValue.

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

a) < The value of parameter TableName is a character representation of a table name which fofms an
instance of <table name>.
b) The value of each element of the array of parameter TrackedColumns is a character represehtation
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:

© ISO/IEC 2013 — All rights reserved
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i) If the value of parameter ColumnNamePrefix2 is not null value, then let PRX2 be the value of
parameter ColumnNamePrefix2.

i) 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_ ConstructColumnlidentifier(CNn). Let CNDn be_the
character string value of a concatenation:

<quote>PRX1<quote> || CIDn || <quote><equals operator><quote> || <quote>PRX2<quote> || C/Dn
g)| Let RV be the character string value of a concatenation:
CND1 || <quote>AND<quote> || CNDZ2 || <quote>AND<quote> || ... || CNDn

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

5.3.10| Functions for constructing an identifier literal

Purpose

Provide functions for constructing an Identifier listeral from a character string type value that forms a schema-
qualifigd name.

Definition

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

DETERMINISTIC

CONTAINS SQL

RETURNS NULL ON NUL&ENNPUT

BEGIN

-—- See Desdziption

END

CREATE FUNCTION HS ConstructSchemaldentifierLiteral
(TableName CHARACTER VARYING (<TableNameLength>))
RETURNS” CHARACTER VARYING (<IdentifierBodyLength>)
LANGUAGE SQL

DETERMINISTIC

CONTAING SOT
=

RETURNS NULL ON NULL INPUT
BEGIN

-— See Description

END

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

CONTAINS SQL

RETURNS NULL ON NULL INPUT
BEGIN

—-— See Description

END
CREATE FUNCTION HS ConstructColumnIdentifierLiteral

Definitional Rules

1)

Description

1)

2)

3)

4)

(ColumnName CHARACTER VARYING (<ColumnNamelLength>))
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> , <de
identifier body>, and <Unicode delimiter body> which aredefined in ISO/IEC 9075-2.

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

a) a CHARACTER VARYING value.TableName.
For the function HS_ConstructCatalogldentifierLitera(CHARACTER VARYING(<TableNamelLength

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

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

The function HS _ConstructSchemaldentifierLitera(CHARACTER VARYING(<TableNameLength>)
the follewing input parameter:

a)» a CHARACTER VARYING value TableName.

limited

takes

>)):

ms an

takes

For the function HS ConstructSchemaldentifierLiteral( CHARACTER VARYING(<TableNameLengt

h>)):

5)

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_EXxtractSchemaldentifier(TN).

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

© ISO/IEC 2013 — All rights reserved
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a)

a CHARACTER VARYING value TableName.

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

a)

b)

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

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 function HS_ConstructColumnldentifierLiteral(CHARACTER VARYING(<ColumnNameLength>))

ta

a

kes the following input parameter:

a CHARACTER VARYING value ColumnName.

8) For the function HS_ConstructColumnidentifierLiteral(CHARACTER VARYING(<ColumnNameLength>)):

a

9) R

<d

5.3.11

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

Let CN be the <column name> represented by the value of parametet-ColumnName.
Let RV be the value of the result of HS_ExtractColumnldentifier(CN).
eturn the character string whose value is the character sequence:

uote>RV<quote>

HS_CreateCommaSeparatedTrackedColumnL.iteralList procedure

Purpose

For th
repres

Defini

CH

e specified tracked columns, generate comma-separated list of the character string literal which
ents each column name.

ion

EATE PROCEDURE HE \CreateCommaSeparatedTrackedColumnLiterallList
(IN TrackedColumns CHARACTER VARYING (<ColumnNameLength>) ARRAY,
OUT ResultVaiue CLOB)

LANGUAGE ,SQLU
DETERMINISTIC
MODIFIES' SQL DATA
BEGTIN

DECLARE i INTEGER;

60

Set—cormtrot—Vartabte—for WHEEE—Toop—toTnrtIatrVvatue =
SET i = 1;
-- Initially set output parameter to empty string.
SET ResultValue = '';
-- Repeat while 1 1is 1less than or equal to the number of tracked
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 || ',"';
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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 =1 + 1;

END WHILE;

END

Description

1) The HS_ CreateCommaSeparatedTrackedColumnLiteralList(CHARACTER
VARYING(<ColumnNameLength>) ARRAY, CLOB) procedure takes the following inputparameters:

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

2) The HS_ CreateCommaSeparatedTrackedColumnLiteralList(CHARACTER
VARYING(<ColumnNameLength>) ARRAY, CLOB) procedure takes the following output parametef:

a) a CLOB value ResultValue.

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

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

5.4 <TableNameLength> and <ColumnNamelLength>

Purpose

Provide the definition of <TableNamekength> and <ColumnNameLength>.

Description

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

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

54 Scl ¢ TableT Identifi T
Purpose

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

<TableName> is <table name> that represents a name of the tracked table ~te* which
<TableTypeldentifier> type corresponds.

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

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

5) <gatalog name> and <unqualified schema name> of the schema provided\for <Table Typeldentifier> type
are <CatalogName> and <SchemaName>, respectively.

Descr|ption

1) The <schema name> of <CatalogName> . <SchemaNamé=, together with the schema which includes
routines and types predefined by ISO/IEC 13249, is contained in the implementation-defined <schema
name list> of the SQL-path of an SQL-client module, an”SQL-server module, <schema definition>, or an
SQL-session.

5.6 fTimestampPrecision>

Purpose

Provide the definition of <TimestampPrecision>.

Descr|ption

1)

6

6.1

The timestamp precision P of timestamp type specified in the declaration of an attribute or a parameter
whose value is supported to be a character representation of a timestamp precision which conforms to
the Format andySyntax Rules of <timestamp precision> defined in ISO/IEC 9075-2 is implementation-
défined. <TimegstampPrecision> is the character representation of P.

Hjstory Types

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

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

(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
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 (<TimestampPréecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
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 Hg\History)
RETURNS INTEGER,

METHOD HS-HPrecedesOrMeets
(belginOfPeriod TIMESTAMP (<TimestampPrecision>),
andOfPeriod 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
(hs_hist HS History)
RETURNS INTEGER,

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

METHOD HS SucceedsOrMeets
(hs_hist HS History)
RETURNS INTEGER,

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

METHOD HS Contains
(beginOfPeriod TIMESTAMP (<TimestampPre&ision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER,

METHOD HS Contains
(hs_hist HS History)
RETURNS INTEGER,

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

METHOD HS Equalg
(hs _hist HS-History)
RETURNS INTEGER,

METHOD HS{MonthInterval ()
RETPURNS INTERVAL YEAR TO MONTH,

METHOD HS DayInterval ()
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>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS HS History,
METHOD HS Except
(hs _hist HS History)
RETURNS HS History
Description
1) The HS_History type provides the following methods for public use:
a) a method HS_Overlaps(TIMESTAMP(<TimestampPrecigsion>),
TIMESTAMP(<TimestampPrecision>)),
b) a method HS_Overlaps(HS_History),
c) amethod HS_Meets(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecisign>)),
d) amethod HS_Meets(HS History),
e) a method HS_Precedes(TIMESTAMP(<TimestampPrecision>),
TIMESTAMP(<TimestampPrecision>)),
f) amethod HS_Precedes(HS-History),
g) a method HS_PrecedesOrMeets(TIMESTAMP(<TimestampPrecision>),
TIMESTAMP(<TimestampPrecision>)),
h) a method H8~PrecedesOrMeets(HS_History),
i) a method HS_Succeeds(TIMESTAMP(<TimestampPrecision>),
TIMESTAMP(<TimestampPrecision>)),
j) . <ajmethod HS_Succeeds(HS_History),
k)" a method HS_SucceedsOrMeets(TIMESTAMP(<TimestampPrecigion>),
TIMESTAMP(<TimestampPrecision>)),
) amethod HS_ SucceedsOrMeets(HS History),
m) a method HS_Contains(TIMESTAMP(<TimestampPrecision>)),
n) a method HS_Contains(TIMESTAMP(<TimestampPrecision>),
TIMESTAMP(<TimestampPrecision>)),
0) a method HS_Contains(HS_History),
p) 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 method HS _Intersect(TIMESTAMP(<TimestampPrecision>),
TIMESTAMP(<TimestampPrecision>)),

u) a method HS _Intersect(HS_History),
v)| a method HS_Union(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)),
w) a method HS_Union(HS_History),
x)| a method HS_Except(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)),
y)| a method HS_ Except(HS_ History).

2) The HS_History type has the following attributes:
a) a TIMESTAMP(<TimestampPrecision>) value HS_BeginTime,

b) a TIMESTAMP(<TimestampPrecision>) value HS_EndTime.

6.1.2 | HS_History Method

Purpose

Genergte a new HS_History value which has the spetified TIMESTAMP(<TimestampPrecision>) values as
the begin time and the end time.

Definition

CREATE CONSTRUCTOR METHOD HS/History
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS HS History
SELF AS RESULT
FOR HS History
BEGIN
-- If the begin time passed to the method is not acceptable,
-- theén raise an exception
IF HeginOfPeriod IS NULL THEN
——=In case the begin time is null
SIGNAL SQLSTATE '2FF09' SET MESSAGE TEXT =
'beginning of period is a null value';

1IN

Cll\l\/f?ci_ J—Ud LJC\:’JI_llufPCJ_ JI_Ud TLLJ_IL\I
-- 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 = PbeginOfPeriod;
SET HS EndTime = endOfPeriod;
END

Description

1) The HS_History(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)) n
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 input par
beginOfPeriod.

3) The end time of the period which this HS History valde represents is specified as the input par:
endOfPeriod.

6.1.3 HS_Overlaps Methods

Purpose

Test whether the period of an HS_History value overlaps with the specified period.

Definition

CREATE METHOD HS(Overlaps

(hs hist HS \History)

RETURNS INTEGER

FOR HS_History

BEGIN
-~The value of the parameter hs hist is
o 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 referr
- as “passed begin time” and “passed end time”, respectively,

nethod

Aameter

ameter

—-— 1in comments 1n 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”

-= 1n comments 1n 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 EndTime
OR
s bt <= hs _hist.HS BeginTime
AND hs hist.HS BeginTime < s et
THEN

-- The instance begin time is within the passed period
-- or
-= the passed begin time is within the instance period.
- (BETWEEN gpxedicate does not work
-= becausgl~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 (ef " the instance end time and the passed end time
--= dre' null.
RETURN 1;
ELSETE s et IS NULL THEN

-- Only the instance end time is null

COIIIAT

NG T OINN

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.)

Description

1)

2)

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 time is within the period
- from the passed begin time to the transaction time
-- or
- the passed begin time is within the instance perio
—-— (BETWEEN predicate does not work
-= because the endpoint of a period is open)

END;

END IF;

END
CREATE METHOD HS/Owerlaps

(beginOfPeriod  TIMESTAMP (<TimestampPrecision>),
endOfPeriyod: TIMESTAMP (<TimestampPrecision>))
RETURNS, INTEGER
FOR HSCHistory
BEGIN

RETURN SELF.HS Overlaps (

NEW HS History(beginOfPeriod, endOfPeriod));

END

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.

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

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

CREATE METHOD HS Meets
(hs_hist HS History)

RETURNS INTEGER
FOR HS History

BEGIN
RETURN
CASE
WHEN (SELF.HS EndTime = hs hist.HS Begin®ime) THEN
-- The end time of HS History instancg, 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 History'@alue passed to the method
-= is equal to
-= the begin time of HS;History instance for the method.
1
ELSE
0
END;
END

CREATE METHOD HS Meets
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER
FOR HS History
BEGIN
RETURN SEREF.HS Meets (
NEW HS History(beginOfPeriod, endOfPeriod));

END
Description
1) TheTeturn value of methods defined In this subclause i1s 1 (one), U (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

Iest whether the perioa or an HS__HISTory value precedes the speciiied period.

Definition

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 instante) for the method
-— is earlier than
-- the begin time of HS Histopy walue passed to the method.
1
ELSE
0
END;
END
CREATE METHOD HS Precedes
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER
FOR HS History
BEGIN
RETURN SELF.HS Prgcedes (
NEW HS,6 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 yalue 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 meaps that
thedresult of the evaluation of predicate condition is Unknown.

2)X_The HS_Precedes(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)) method
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

CREATE METHOD HS PrecedesOrMeets

(hs_hist HS History)
RETURNS INTEGER
FOR HS History
BEGIN
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 methoed.
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 to.the method.
RETURN 1;
ELSE
RETURN O;
END IF;
END
CREATE METHOD HS PrecedesOrMeets
(beginOfPeriod TIMESTAMP (<TimestampPregision>),
endOfPeriod TIMESTAMP (<TimestampPree€ision>))
RETURNS INTEGER
FOR HS History
BEGIN
RETURN SELF.HS PrecedesOrMeets (
NEW HS History (be€ginOfPeriod, endOfPeriod));
END

Description

1)

2)

72

The return value of methoeds defined in this subclause is 1 (one), O (zero) or null value. The return value 1
(one) means that thecresult of the evaluation of predicate condition is True. The return value 0 (zero)
means that the result 6f the evaluation of predicate condition is False. The null return value means that
the result of the evaluation of predicate condition is Unknown.

The HS PrecedesOrMeets(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>))
method takes the following input parameters:

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

b) 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

Description

1)

CREATE METHOD HS Succeeds
(hs hist HS History)
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 the method
- is eralier than
- the begin time of HS History instande, for the method.
1
ELSE
0
END;
END
CREATE METHOD HS Succeeds
(beginOfPeriod TIMESTAMP (<TimestampRxrecision>),
endOfPeriod TIMESTAMP (<TimestampPregision>))
RETURNS INTEGER
FOR HS History
BEGIN
RETURN SELF.HS Succeeds (
NEW HS History(beginOfPeriod, endOfPeriod));
END

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

alue 1
(zero)
s that

2) The HS_Succeeds(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)) 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
(hs_hist HS History)
RETURNS INTEGER
FOR HS History
BEGIN
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 the-method.
RETURN 1;
ELSE
RETURN O;
END IF;
END
CREATE METHOD HS SucceedsOrMeets
(beginOfPeriod TIMESTAMP (<TimestampPregision>),
endOfPeriod TIMESTAMP (<TimestampPree€ision>))
RETURNS INTEGER
FOR HS History
BEGIN
RETURN SELF.HS SucceedsOrMeets (
NEW HS History (be€ginOfPeriod, 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 thecresult of the evaluation of predicate condition is True. The return value 0 (zero)
means that the result 6f 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 SuccéedsOrMeets(TIMESTAMP(<TimestampPrecision>),
TIMESTAMP(<TimestampPrecision>)) method takes the following input parameters:

a) ca 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

specified period.

CREATE
(ti
RET
FOR
BEG

METHOD HS Contains
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 tfme point in future
-= after the time of the transaction if)*which the method is invok
-- then signal an error.
IF CurTS < timePoint THEN
SIGNAL SQLSTATE '2FF25' SET MESSAGE TEXT =
'a given timestamp valuepyexpresses future time';

END TIF;
SET s bt = SELF.HS BeginTdme;
SET s et = SELF.HS EndTime;
RETURN

CASE

WHEN (s_bt~<= 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
<- 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)

0
ELSE

END
CREATE
(hs
RET
FOR
BEG

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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-= (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>)
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.)

)7

SET CurTS = HS GetTransactionTimestamp () ;

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;

IF s et IS NOT NULL THEN
RETURN
CASE
WHEN (s_bt <= p bt AND p_et,<= s _et) THEN
-- The passed period is within the instance period.
1

-— The condition "p-et IS NULL" should be checked
-- because if thexkoénditions "s bt <= p bt" and "p et
-— 1s Dboth truey 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 NULL"
s et)" is

LL THEN

-= or
-= the passed period has not ended yet.
0
BELSE
CAST (NULL AS INTEGER)
END;
ELSE
RETURN
CASE
WHEN (s_bt <= p bt AND p et <= CurTS) THEN
R LA e P EEi et
-- 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
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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)

2)

3)

4)

6.1.10 HS_Equals Methods

Purpose

Test whether the period of-an:HS_History value is equal to the specified period.

Definition

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

The HS_Contains(TIMES TAMP(<TimestampPrecision>)) method takes the’following input parameter:
a) a TIMESTAMP(<TimestampPrecision>) value timePoint.

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

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

a) an HS_ History value hs_hist.

CREATE METHOD HS Equals
(hsfhi¥st HS History)
RETPURNS INTEGER
EOR 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 (<TimestampPrecision>)
DECLARE s et TIMESTAMP (<TimestampPrecision>);
DECLARE p bt TIMESTAMP (<TimestampPrecision>);
DECLARE p et TIMESTAMP (<TimestampPrecision>)

’

© ISO/IEC 2013 — Al rights reserved 77


https://standardsiso.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 begln time and end time of the 1nstance 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
(beginOfPeriod TIMESTAMP (<TimestampPrecision>),
endOfPeriod TIMESTAMP (<TimestampPrecision>))
RETURNS INTEGER
FOR HS History
BEGIN
RETURN SELF.HS Equals(
NEW HS History(beginOfPeriod,* endOfPeriod));
END

Descr{ption

1)

2)

3)

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.

The HS _Equals(TIMESTAMR(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)) method
takes the following input parameters:

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

a) can‘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

78

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

SELF.HS BeginTime;

SET s et = OELF.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 insgafice is calculategd.
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

Purpose

Obtain the length of the period of an HS_Historyivalue 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(Pegin 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;

-- In case that a period has not ended yet,
-= the value of the interval is unknown.

IF 5 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 HS Intersect

(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.)

- in comments in this method definition.

DECLARE s bt TIMESTAMP (<TimestampPrecision>)¢{
-- the begin time of the instance period

-— in comments in this method defimition.)

DECLARE s et TIMESTAMP (<TimestampRkécision>);
-- the end time of the instance _period

—— in comments in this method definition.)

DECLARE p bt TIMESTAMP ({TimestampPrecision>);
-- the begin time of the passed period

- in comments.In this method definition.)

DECLARE p et TIMESTAMP (<TimestampPrecision>);
-- the end time of the passed period

-— in ‘“comments in this method definition.)

DECLARE st TIMESTAMP (<TimestampPrecision>) ;
DECLARE et TIMESTAMP (<TimestampPrecision>);

DECLARE resultHSHist HS History;

- (it is7referred as the term “passed end time”

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

-= (it is referred as the term “instance begin time”

-— (it is referred as the tekm “instance end time”

- (it is referred as the term “passed begin time”

oSET s DPT = SkLE.HS BeginTlime;
SET s_et = SELF.HS EndTime;

SET p bt = hs hist.HS BeginTime;
SET p et = hs hist.HS EndTime;

80

© ISO/IEC 2013 — All rights reserved



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

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

-- 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 timepis
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 null
-- 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 determined and
- the retuned HS History value is established.
IF s et IS NULL AND p et IS NULL THEN
-—- If both of the passed end time ox\fhe instance end time is null
- then the returned end time is full.
RETURN NEW HS_History(st, CAST\\NULL AS
TIMESTAMP (<TimestampPrecision®>)));
ELSEIF st < et THEN
-—- If the returned begin time is earlier than the returned end time
- (this condition impl@es the returned end time is not tentative
null),
- then the returned’end time is the above-obtained minimum end tjime.
SET resultHSHist\u= NEW HS History(
st, et)s
RETURN resultHSHist;
ELSEIF et IS WULL THEN
-- If (Jyst one of s et(instance end time) and p et (passed end time)
- is 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,

thcu Lcli < dall < k;CtJt.LUll-
SIGNAL SQLSTATE '2FF19' SET MESSAGE TEXT =
'result of the intersect operation is empty period';
END TIF;
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

Descr

ption

1) Tlr(e HS_Intersect(TIMES TAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>)) \method

ta

a

b

es the following input parameters:
a TIMESTAMP(<TimestampPrecision>) value beginOfPeriod,

a TIMESTAMP(<TimestampPrecision>) value endOfPeriod.

2) The HS_Intersect(HS_History) method takes the following input parameter:

a

6.1.14

an HS_History value hs_hist.

HS_Union Methods

Purpose

Gener
the sp

Defini

CH

bte a new HS_History value with the period which isthe union of the period of an HS_History value and
beified period.

ion

EATE METHOD HS Union
(hs_hist HS History)
RETURNS HS History
FOR HS History
BEGIN
—-- The value of _the parameter hs hist is
-= HS Histbrly instance passed to the method.
- (It isZreferred as the term “passed period”
- in¢comments in this method definition.)

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

IF SELF.HS EndTime < hs hist.HS BeginTime

82

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>)y
endOfPeriod TIMESTAMP (<TimestampPrecision>\)
RETURNS HS_History
FOR HS History
BEGIN
RETURN SELF.HS_Union(
NEW HS History(beginOfPeriod, endOfPeriod));
END

Description

1) The HS_Union(TIMESTAMP(<TimestampPrecision>), TIMESTAMP(<TimestampPrecision>))
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 HS History value hs_hist.

6.1.15 HS' _Except Methods

Purpose

It

nethod

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

84

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 1s 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 valuék
-= (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 tine”

- 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 period are disjoint.
-- This condition is classified into &wo.
-- The first is that the instance end ‘time is equal to or earlier than
-= the passed begin time. (This imiplies the instance end time is not
null.)
-— The second is that the passéd end time is equal to or earlier than
-= the instance begin time:~This implies the passed end time is not
null.)
RETURN SELF; -- The returned period is the instance period itself.
ELSEIF SELF.HS BeginTim&~ < hs hist.HS BeginTime
AND (SELF.HS Endfime <= hs hist.HS EndTime
OR hs higf\HS EndTime IS NULL) THEN
-- The instance period and the passed period intersect and
- the instafce period begins earlier than the passed period
- and endsghat the same time or earlier than the passed period.
SET resddtHSHist = NEW HS History(
SELF.HS BeginTime, hs hist.HS BeginTime);
-- The.xeturned period is the part of the instance period
- that precedes the passed period.
RETURN resultHSHist;
ELSEIF hs hist.HS BeginTime <= SELF.HS BeginTime
AND (hs_hist.HS EndTime < SELF.HS EndTime
OR (SELF.HS EndTime IS NULL

AND llb_llibL.ﬂD_Llldlilllc 1o NUL NULLY)) LI TIGLIN
-- 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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