INTERNATIONAL ISO/IEC
STANDARD 19075-2

First edition
2021-08

Information technology —= Guidance
for the use of database language
SQL —

Part 2:
Time-related information

Technologies de l'information — Recommandations pour l'utllisation
du langage de base-de données SQL —

Partie 2: Informdtions d'horodatage

Reference number
ISO/IEC 19075-2:2021(E)

© ISO/IEC 2021


https://standardsiso.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:2021(E)

COFPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 e Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:202

1(E)

Contents Page
2o 7o T A L. vi
INErPAUCHION. . . oottt e viii
1 I Y o0 ) o T WA .1
2 | Normative references..........vvvuiiiiinriiirrriirsssirrsssttrrsrrrrsssymalessrnensss 2
3 |Termsand definitions...........ccoiiiiiiiiiiiiiiiiiii it Fa i ..3
4 | Time-related data types, constructs, operators, and predicates... /.« ....ccovvnnnnnn .. 4
4.1 Context of time-related specifications. . . .......... i N 4
4.2 Datetime Ly PesS. . oottt e T 4
4.3 DateTime Literals. . . . . ..ot N .6
4.4 Interval types. . .. oot L7
4.5 Interval literals. . ... ... ..o N e ..8
4.6 Periods. . .ot N e .9
4.7 Operations involving datetimes and intervals. ... .. 0N 7. .. .. . e .10
4.8 Time-related predicates. .. ... N e e e .10
4.8.1 Overlaps Predicate. ... ... ov .ttt e e et e e 10
4.8.7 Period predicates........... ... N e .11
5 | Time-related tables.......... ... s i i it s s .14
5.1 Introduction to time-related tables: i . .. ... .. 14
5.2 Application-time period tables. s . ... oo e 14
5.2.1 Introduction to application-time period tables. .. ........ .. .. e 14
5.2.2 Extensions to primary key./ unique constraints. . .. .......... .. i e 14
5.2.3 Extensions to referential constraints. ... ..... ... ... . .. . e 15
5.24 Inserting rows into tables containing an application-time period definition.................... 18
5.2.5 Updating rowsof tables containing an application-time period definition..................... 18
5.2.6 Updating the table between specific pointsintime. . ........... ... ... i, .19
5.2.7 Deleting fows from tables containing an application-time period definition.................... .22
5.2.9 Deléting rows between specific pointsintime. ............ . .. i .22
5.2.9 Querying tables containing a period definition. . ........ ... ... . 24
5.2.10~. “Adding a period definitiontoatable.......... ... i 25
5.3 Systemrversionedtabtes——————————— 26
5.3.1 Introduction to system-versioned tables. ... ..... ... i i e e 26
5.3.2 Primary key and referential constraints. . . .......... . 27
5.3.3 Updating rows in system-versioned tables. . .. ... ... . 28
5.34 Deleting rows in system-versioned tables. . ... ... ... .. i 29
535 Querying system-versioned tables. ... ...... ... 29
5.4 Bi-temporal tables. ... ... o e 30
Bibliography......c.oviiii i e s 32
© ISO/IEC 2021 - All rights reserved iii


https://standardsiso.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:2021(E)

iv © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:2021(E)

Tables

Table Page
1 Fields in datetime values. . . . ... ..o it e 4
2 Mapping of datetime fields to datetime data types. . .. ...t e 5
3 Examples of the datetime data types. . . ... .ottt e 6
4 Examples of datetime literals. . ...... ... i i e e .. 6
5 Fields in year-month INTERVAL values. . . ... ... . e e il L7
6 Fields in day-time INTERVAL values. . . . .. ... ST L7
7 Examples of day-time INTERVAL values. . . .. .. ..ot e el ..8
8 Examples of interval literals. ............ o A ..8
9 Valid operators involving datetimes and intervals. . ........... .. o @ .10
10 | Example data table emp for primary key with application-time period. . ...........NT. ... .. ... .. 15
11 | Example data table dept for foreign key with application-time period. . ...... 2 .. ... ... ...... 16
12 | Example data table emp for foreign key with application-time period. .. ... .\ NV ... ... .. ... ... 16
13 | Content of table emp after insert with application-time period. ....... =5/ .. ... ... .. .. ... .. 18
14 | Content of table emp before updating a row. . .. ...« N 18
15 | Content of table emp after updatingarow. ............ ..o 0 19
16 | Content of table emp before updating the application-time periedefarow........................ 19
17 | Content of table emp after updating the application-time periodofarow......................... 19
18 | Content of table emp before updating a row for an inner partofaperiod.......................... 20
19 | Content of table emp after updating a row for an inner partofaperiod. .......................... 20
20 | Content of table emp before updating a row for all of@period. ... ........ ... ... it .20
21 | Content of table emp after updating a row for all efa period. . .......... ... .. ... .. it .21
22 | Content of table emp before updating the edge0fa period ofarow. .. ........... ... ... ... oiiu... .21
23 | Content of table emp after updating the edge of a period ofarow. ... ... ... ... ... ... ... ... .. ... .21
24 | Content of table emp before deleting an inner partofaperiod. ... ........ .. .. ... ... .22
25 | Content of table emp with application‘time period after deleting an inner part of a period........... .23
26 | Content of table emp with application-time period before deletingarow. ......................... 23
27 | Content of table emp before deleting an edge ofaperiod. . ........... .. ... . i, 23
28 | Content of table emp after deletingan edge ofaperiod. ......... ... .. i 24
29 | Content of system-versioned table emp before updatingarow.............. ... ... ... ... ... ... 28
30 | Content of system-verisioned table emp after updatingarow............. ..., 28
31 | Content of system-versioned table emp before deletingarow.......... ... .. ... ... . ... 29
32 | Content of system-versioned table emp after deletingarow........... ... .. it 29
© ISO/IEC 2021 - All rights reserved A"


https://standardsiso.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:2021(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are

members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
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A list of all parts in the ISO/IEC 19075 series can be found on the ISO and [EC websites.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found atwww. i so. or g/ nenbers. ht Ml and ww. i ec. ch/ -
nati onal -conmittees.
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Introduction

The organization of this document is as follows:
1) Clause 1, “Scope”, specifies the scope of this document.

2) Clause 2, “Normative references”, identifies additional standards that, through reference in this
document, constitute provisions of this document.

3) |Clause 3, “Terms and definitions”, defines the terms and definitions used in this document.

4) |Clause 4, “Time-related data types, constructs, operators, and predicates”, explains timetrelated ata
types, operators, and predicates in SQL.

5) [Clause 5, “Time-related tables”, explains how time-related tables are used.

viii © ISO/IEC 2021 - All rights reserved
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Information technology — Guidance for the use of database language SQL —

Part 2:
Time-related information

1 |Scope

Thig document describes the support in SQL for time-related information.
Thig document discusses the following features of the SQL language:

— |Time-related data types

— |Operations on time-related data

— |Time-related Predicates

— |Application-time period tables

— |System-versioned tables

— |Bi-temporal tables

© ISO/IEC 2021 - All rights reserved 1
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content consti-
tutes requirements of this document. For dated references, only the edition cited applies. For undated
refefences, the latest edition of the referenced document (including any amendments) applies.

I§0/1EC 9075-1, Information technology — Database languages — SQL — Part 1: Framework
(§OL/Framework)

N

—

0/IEC 9075-2, Information technology — Database languages — SQL — Part 2: Foundation
YQL/Foundation)

~

© ISO/IEC 2021 - All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 9075-1 apply.

ISO pid TEC maintain terminotogical databases for Use in standardization at the following addressep:
— [IEC Electropedia: available at ht t p: / / www. el ect r opedi a. or g/

— [ISO Online browsing platform: available atht t p: / / www. i so. or g/ obp

© ISO/IEC 2021 - All rights reserved 3
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4

4.1

Time-related data types, constructs, operators, and predicates

Context of time-related qpe(‘iﬁ(‘atinnq

The
and

4.2

ISO
this

The

requirements for the material discussed in this document shall be as specified in ISO/IEC9075
[SO/IEC 9075-2.

Datetime types

document. [ISO/IEC 9075-2 specifies requirements for the materialdiscussed in this document,

Fe are three datetime types, each of which is made up of different datetime fields.

Av

lue of data type TIMESTAMP is made up of the datetime fields 'YEAR, MONTH, DAY, HOUR, MINI

and|SECOND. It is always a valid time at a valid Gregorian date

A value of data type TIME comprises values of the datetime’fields HOUR, MINUTE and SECOND. It is
always a valid time of day.

A value of data type DATE is made up of the datetithe fields YEAR, MONTH, and DAY. It is always a v
Gregorian date.

TIMESTAMP and TIME may be specified withanumber of (decimal) digits of fractional seconds precis
TIMESTAMP and TIME may also be specified as being WITH TIME ZONE, in which case every value

assq
Uniy
disp

Tab

ciated with it a time zone displacement (the offset of the TIMESTAMP or TIME from Cod6rdinatg
rersal Time, UTC). In comparing values of a data type WITH TIME ZONE, the value of the time z(
lacement is disregarded.

e 1, “Fields in datetime,values”, specifies the fields that can make up a datetime value.

Table 1 — Fields in datetime values

T
[u

IEC 9075-2 defines the time-related data types, constructs, operators;-and predicates described in

UTE,

alid

ion.

has
d
ne

Keyword Meaning

YEAR Year, between 0001 and 9999

MONTH Month within year, between 01 and 12

DAY Day within month, between 1 and 31, but further constrained by the value
of MONTH and YEAR fields, according to the rules for well-formed dates
in the Gregorian calendar.

HOUR Hour within day, between 00 and 23

MINUTE Minute within hour, between 00 and 59

© ISO/IEC 2021 - All rights res
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4.2 Datetime types

Keyword Meaning

SECOND Second and possibly fraction of a second within minute, between 00 and
61.999...

TIMEZONE_HOUR Hour value of time zone displacement, between -14 and 14. The range for

time zone intervals is larger than many readers might expect because it is
governed by political decisions in governmental bodies rather than by any
natural law.

—3

IMEZONE_MINUTE Minute value of time zone displacement, between -59 and 59. When the
value of TIMEZONE_HOUR is either -12 or 14, the value of TIME-
ZONE_MINUTE is restricted to be 00 (zeros).

There is an ordering of the significance of these fields. This is, from most significant to least significant:
YEAR, MONTH, DAY, HOUR, MINUTE, and SECOND.

Table 2, “Mapping of datetime fields to datetime data types”, clarifies whichefthe various datetime fields
can pppear in each of the datetime data types.

Table 2 — Mapping of datetime fields to datetime data types

Data type YEAR | MONTH | DAY | HOUR | MINUTE | SECOND | TZ TZ
HOUR MINUTE

TIMESTAMP | Y Y Y Y \'§ Y N N

TIMESTAMP | Y Y Y Y Y Y Y Y

(WITH TIME

ZONE

TIME N N N Y Y Y N N

TIME WITH | N N N Y Y Y Y Y

TIME ZONE

DATE Y Y Y N N N N N

The|surface of the earth is divided into zones, called time zones, in which every correct clock tells the
samle time, known as local time. Local time is equal to UTC (Coordinated Universal Time) plus the tijne
zoneé displacement, which is an interval value that ranges between INTERVAL '-12:00' HOUR TO MIN[UTE
and|INTERVAL '+14:00' HOUR TO MINUTE. The time zone displacement is constant throughout a time
zong, changing at the beginning and end of Summer Time, where applicable.

NOTE 1 — IANA Time Zone Database is one resource from which SQL-implementations can determine details aboutftime
zones.

A datetime value, of data type TIME WITHOUT TIME ZONE or TIMESTAMP WITHOUT TIME ZONE, may
represent a local time, whereas a datetime value of data type TIME WITH TIME ZONE or TIMESTAMP
WITH TIME ZONE represents UTC.

Table 3, “Examples of the datetime data types”, provides a few examples of datetime data type declarations.

© ISO/IEC 2021 - All rights reserved 5
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4.2 Datetime types
Table 3 — Examples of the datetime data types

Data type Explanation
TIMESTAMP (2) This a timestamp with a fractional precision of 2 for the seconds field
TIMESTAMP This is a timestamp with no fractional precision for the seconds field
TIME (2) This is a time with a fractional precision of 2 for the seconds field
TIME This is a time with no fractional precision for the seconds field
DATE This is a date

On gccasion, UTC is adjusted by the omission of a second or the insertion of a “leap second” in orde

mai
min
cont
For

one

tob
and

Con
assy
the

Dats¢
CE

4.3

A d3
conj
plad
assi

htain synchronization with sidereal time. This implies that sometimes, but very rarely, a particu

inuities in calendars will produce implementation-defined results.

without (for example, in a simple assignment operation), SQLassumes the value without time 2
e local, subtracts the current default time zone displacement.of the SQL-session from it to give U
associates that time zone displacement with the result.

yersely, whenever a datetime value without time zone'is to be implicitly derived from one with,
mes the value with time zone to be UTC, adds the'time zone displacement to it to give local time,
result, without any time zone displacement, is lacal.

time data types will allow dates in the Gregorian format to be stored in the date range 0001-01
hrough 9999-12-31 CE.

NOTE 2 — Support for dates prior to 0001-01-01 CE is entirely implementation-defined. ISO/IEC 9075-2 neither spe
Eyntax or semantics for such dates, nor prohibits SQL-implementations from providing support. Additionally no supj
s provided for dates using other calendarsystems (for example, Japanese imperial calendars) or epochal dating syst
e.g., geological eras).

DateTime literals

tetime literal’can specify datetime values of the respective datetime data types. An datetime litg
ists of three'parts. The keyword for the data type, the value in a fixed format and the timezone

ement, The'format for the datetime literal is yyyy-mm-dd hh:mi:ss.ssss. The data type is automati
bned to-the literals depending on their content and the keyword used.

" to
lar

ute will contain exactly 59, 61, or 62 seconds. Interval arithmetic thatinvolves leap seconds or dlis-

the convenience of users, whenever a datetime value with time zohe is to be implicitly derived from

one
I'TC,

SQL
and

-01

cifies
ort
bms

bral
dis-
cally

Tab

e'4)“Examples of datetime literals”, gives examples of a few datetime literals.

Table 4 — Examples of datetime literals

Literal Data type Explanation

TIMESTAMP '2014-06-11 | TIMESTAMP (2) [ Thisis a timestamp for the 11th of June 2014 a
09:15:22.03" 9 hours, 15 minutes and 22.03 seconds

t

TIME'12:00:01+01:00' TIME(0) WITH One second after noon in the timezone with a

TIME ZONE displacement of + 1 hour

© ISO/IEC 2021 - All rights res
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4.3 DateTime literals

Literal

Data type

Explanation

DATE '0001-01-01'

DATE

The first of January in year 1. This is the first
possible date in SQL

4. 4—ntervat types
yp

A value of an interval type represents the duration of a period of time. There are two classes 6f inter
Onelclass, called year-month intervals, has an interval precision that includes a YEAR field‘ora MONTH
field, or both. The other class, called day-time intervals, has an express or implied intepvalprecision
can nclude any set of contiguous fields other than YEAR or MONTH.

Table 5, “Fields in year-month INTERVAL values”, specifies the fields that make up a year-month inte

Table 5 — Fields in year-month INTERVAL values

Keyword | Meaning | Valid values of INTERVALfields

YEAR Years Unconstrained exceptby the leading field
precision

MONTH Months Months (withinyears) (0-11)

Table 6, “Fields in day-time INTERVAL values”, spetifies the fields that make up a day-time interval.
day{time interval is made up of a contiguous subseét of those fields.

Table 6 — Fields in day-time INTERVAL values

Keyword | Meaning

Valid values of INTERVAL fields

DAY Days

Unconstrained except by the leading field precision

HOUR Hours

Hours (within days) (0-23)

MINUTE Minutes

Minutes (within hours) (0-59)

SECOND{| Seconds and possibly
fractions of a second

Seconds (within minutes) (0-59.999...)

Thelaetual subset of fields that comprise a value of either type of interval is called the precision of t

valule-

vals.

that

rval.

A

Within a value of type interval, the first field is constrained only by the precision of the leading field.

Values in interval fields other than SECOND are integers. SECOND, can be defined to have a precision of
fractional seconds that indicates the number of decimal digits maintained following the decimal point in

the seconds value.

Table 7, “Examples of day-time INTERVAL values”, gives examples of a few day-time interval literals.

© ISO/IEC 2021 - All rights reserved
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4.4 Interval types

Table 7 — Examples of day-time INTERVAL values

Data type

Explanation

INTERVAL YEAR TO MONTH

This is a year-month interval which is made up of the fields
year and month

]

Tlas a pa | ] raads 1 laaal - pa | £l £i 1.1

IS 15 d ua_y LIIIICT ITILTT vVdl, VWIIIUIT 15 111IdUCT up Ul U1IT TITIUS
hour, minute and second with a fractional precision of 2, THe
day value is always 0 (zero)

INTERVAL DAY This is a day-time interval, which is made up of just the field
day. All other fields are 0 (zero)
INTERVAL MONTH This is a year-month interval which is made up of just the

field month. The year has always the value 0 (zero)

INTERVAL SECOND (4)

This is a day-time interval, which is'made up of just the field
second with a fractional precision of 4. All other fields are|0
(zero)

Year

hav¢ different interval precisions, they are, for the purpose.of any operations between them, conve

-month intervals are comparable only with other year-month intervals. If two year-month integvals
ted

to the same precision by appending new datetime fields toeither one of the ends of one interval, or|
both ends. New datetime fields are assigned a value of-0«zero).

Day

time intervals are comparable only with otheriday-time intervals. If two day-time intervals have

diffgrent interval precisions, they are, for the purpose of any operations between them, converted td

the

same precision by appending new datetime field to either one of the ends of one interval, or to both ends.
New datetime fields are assigned a value.of O (zero).

4.5 Interval literals

An ipterval literal can spécify interval values of the respective interval data types. An interval literal
ists of three parts. The keyword INTERVAL, the datetime interval in a fixed format and the inte

cong

val

qualifier. The formatfor the datetime literal is yyyy-mm-dd hh:mi:ss.ssss. An interval literal can be posijtive
or negative. The datd type is automatically assigned to the literal depending on the keywords used for

the
Tab

nterval qualifier.

e 8, “Examples of interval literals”, gives examples of a few datetime literals.

Table 8 — Examples of interval literals

Literal

Data type

Explanation

INTERVAL '1' MONTH

INTERVAL MONTH

One month

INTERVAL '01 10" DAY TO
HOUR

INTERVAL DAY TO HOUR

One day and ten hours

INTERVAL'10:10:10.1' HOUR
TO SECOND(1)

INTERVAL HOUR TO SECOND
(1)

Ten hours, ten minutes and 10.1 sec-

onds
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https://standardsiso.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:202

1(E)

4.5 Interval literals

Literal Data type Explanation

INTERVAL '-10' MINUTE INTERVAL MINUTE Minus 10 minutes.

4.6 Periods

A pd
ape
of a
bot}

Sim
ofa

assd
and

For

CH

The
defi
row
bus|
row,

Ing

riod is an object associated with a single base table. A period definition for a given table assageia
riod name with a pair of column names defined for that table. It is required that the coluninsare I
datetime data type and known not nullable. Furthermore, it is required that the declared types
| columns are identical.

lar to column definitions and constraint definitions, a period definition can onlybe specified as
table definition. For a table with a period definition, every row in that table-is considered to be
ciated with a period whose name corresponds to the period name specified-in the period defini
whose start and end times are provided by the column values specified'in the period definition

example, consider the table definition:

REATE TABLE enp

enp_id | NTEGER NOT NULL,

name VARCHAR(30),

sal ary DECI MAL(5, 2),

dept _id | NTEGER,

bus_start DATE NOT NULL,

bus_end DATE NOT NULL,

PERI OD FOR business_tinme (bus_start, busiend)

period definition “PERIOD FOR business:time (bus_start, bus_end)” in the preceding table defini
hes a period named business_time for the emp table with the value in the bus_start column fora g
acting as the start time of the business_time period associated with the row and the value in th
end column for a given row acting as the end time of the business_time period associated with

eneral, for a period with(name P, the first column in the period definition is called the P period g

coluymn, and the second column is called the P period end column. The columns participating in a pe

defi
1)
2)
3)

hition shall satisfy.the conditions:
Both columns‘shall be declared as NOT NULL.
The datatype of both columns shall be a datetime data type.

The data types of both columns shall be identical.

For

tes
both
of

part

tion

tion
iven
e
the

tart
riod

hhy)given period, the SQL-implementation ensures the value of the period end column is alwayg

greater than the value of the period start column. In general, the period Is a set of datetime values con-
sisting of every distinct value in the timeline starting from the period start value up to but not including
the period end value.

A given table can have at most two period definitions. One of the periods is reserved for supporting system-
time dimension, i.e.,, system-versioned tables with a predefined period name of “SYSTEM_TIME” for such
aperiod. This leaves one period for supporting the application-time dimension with a user-defined name
for such a period.
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4.7 Operations involving datetimes and intervals

Table 9, “Valid operators involving datetimes and intervals”, specifies the declared types of arithmetic
expressions involving datetime and interval operands.

Table 9 — Valid operators involving datetimes and intervals

perand 1 Operator Operand 2 Result Type
Dlatetime - Datetime Interval
Dlatetime +or - Interval Datetime
Imterval + Datetime Datetime
Interval +o0r- Interval Interval
hllterval *or/ Numeric Interval
I\Jumeric * Interval Interval

Arit]
with

Ope
invd

Ope
date
mer]

Ane
the

Ani
the

4.8

4.8

hmetic operations involving values of type datetime or interyal obey the natural rules associate
dates and times and yield valid datetime or interval results according to the Gregorian calend3

rations involving values of type datetime require that the datetime values be comparable. Operat]
lving values of type interval require that the interyval values be comparable.

rations involving a datetime and an interval preserve the time zone of the datetime operand. If {
time operand does not include a time zone displacement, then the result has no time zone disp]
t.

xtract expression operates on a datetime or interval and returns an exact numeric value represen
balue of one component of the ddtetime or interval.

hterval absolute value functioh operates on an interval argument and returns its absolute valueli

same most specific type.

Time-related predicates

1 Overlaps predicate

(o™

I.

ions

he
ace-

ting

An cxrnlﬂ]f\no nradicatanscsastha onarator-OVERT APS +0 datarminaewhathar or not two-chraonolocical

Ve P o P ettt o ot C-OptiatoT—o v i it o to- Gttty ot O 11Ot vy O T Ororogrtat

periods overlap in time. A chronological period is specified either as a pair of datetimes (starting and
ending) or as a starting datetime and an interval. If the length of the period is greater than 0 (zero), then
the period consists of all points of time greater than or equal to the lower endpoint, and less than the
upper endpoint. If the length of the period is equal to 0 (zero), then the period consists of a single point
in time, the lower endpoint. Two chronological periods overlap if they have at least one point in common.

10
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4.8.2 Period predicates

There are seven period predicates available, which are discussed in the list appearing later in this Sub-
clause.

These predicates take two operands separated by keywords such as CONTAINS, OVERLAPS, etc. For
predicates other than the period contains predicate, each of the operands can be either a period name
or the syntactic construct of the form PERIOD (datetime value expression, datetime value expression),

calle

. )
nanje or a period constructor while the second operand can be either a period name, a period constru
or a|datetime value expression.

Note that the predicates can be used wherever predicate syntax is allowed, e.g.,, in the WHERE clau
on the ON clause of a joined table, etc.

A ddgscription of each of the predicates is provided in the following list (assume x is.the first operand
y is the second operand; further assume that when x and y stand for periods, they-are modelled as (cldsed,

open) periods with xs and xe as the start and end times of period x and ys and-y€ as the start and end

timegs of period y):

For the examples consider the table definition:

CREATE TABLE enp

1)

(énp_id | NTEGER NOT NULL,
nane VARCHAR(30),

gal ary DECI MAL(5, 2),
dept _id | NTEGER,
H)us_start DATE NOT NULL,

us_end DATE NOT NULL,
ERI OD FOR busi ness_tine (bus_start, busxend)

)

tors. This predicate returns True if the two periods have at least one time point in common, i.e.,
xs < ye and xe > ys.

as follows:

SELECT *

FROM enp e

\WHERE e. bus.start < DATE '2001-07-27' AND e. bus_end > DATE ' 2001- 01-01'

The immediately preceding query can be written in a more succinct and more intuitive way wh

and end columns of the period, as shown here:

SErECT *
S —— =g

d
tor,

e,

and

The predicate “x OVERLAPS y” applies whren both x and y are either period names or period construc-

if

A query to retrieve all emp rows whose application-time periods overlap a given period, say a period
with the start date of 2000-01-01 and the end date of 2001-07-27 using existing SQL syntax logks

en

the predicates in the WHERE clause are expressed using the name of the period rather than the §tart

FROM enp e
VWHERE e. busi ness_ti me OVERLAPS PERI CD ( DATE ' 2001-01-01', DATE '2001-07-27")

2) The predicate “x EQUALS y” applies when both x and y are either period names or period constructors.
This predicate returns True if the two periods have every time point in common, i.e.,, if Xs = ys and

Xe =ye

A query to retrieve all emp rows whose application-time periods is equal to a given period, say

a

period with the start date of 2001-01-01 and the end date of 2001-07-27 using existing SQL syntax

looks as follows:

© ISO/IEC 2021 - All rights reserved
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3)

4)

5)

12

SELECT *
FROM enp e
WHERE e. bus_start = DATE ' 2001-01-01'" AND e. bus_end = DATE ' 2001-07-27'

The immediately preceding example can be written in a more succinct and more intuitive way when
the predicates in the WHERE clause are expressed using the name of the period rather than the start
and end columns of the period, as shown here:

SECECT—
FROM enp e
VWHERE e. busi ness_ti me EQUALS PERI OD ( DATE ' 2001-01-01', DATE '2001-07-27")

The predicate “x CONTAINS y” applies when

a) Both xand y are either period names or period constructors. In this case, the'predicate retfirns
True if X contains every time point in y, i.e.,, if Xs < ys and xe > ye.

b) xis either a period name or a period constructor and y is a datetimevalue expression. In this
case, the predicate returns True if X contains y, i.e.,, if xs <y and xe >'y:

A query to retrieve all emp rows whose application-time periods centain the date 2001-01-01 ujsing
existing SQL syntax looks as follows:

SELECT *
FROM enp
WHERE bus_start < DATE '2001-01-01' AND bus_end<> DATE ' 2001-01- 01"

The immediately preceding example can be writterddn a more succinct and more intuitive way when
the predicates in the WHERE clause are expressed'using the name of the period rather than the §tart
and end columns of the period, as shown here:

SELECT *
FROM enp
WWHERE busi ness_ti nme CONTAI NS DATE ' 2001-01- 01

The predicate “x PRECEDES y” applies when both x and y are either period names or period construc-
tors. In this case, the predicate returns True if the end value of x is less than or equal to the start value
ofy, i.e, ifxe <ys.

A query to retrieve all emp rows whose application-time periods precedes a given period, say a
period with the start’/date of 2001-01-01 and the end date of 2001-07-27 using existing SQL syhtax
looks as follows:

SELECT *
FROM enp. ¢
WHERE. e. bus_end < DATE ' 2001- 01-01'

The immediately preceding example can be written in a more explicit and more intuitive way when

the predicates in the WHERE clause are expressed using the name of the period rather than the start
and end columns of the period, as shown here:

SELECT *
FROM enmp e
WHERE e. busi ness_ti ne PRECEDES PERI OD ( DATE ' 2001-01-01', DATE '2001-07-27")

The predicate “x SUCCEEDS y” applies when both x and y are either period names or period construc-

tors. In this case, the predicate returns True if the start value of x is greater than or equal to the end
value of y, i.e., if xs > ye.
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A query to retrieve all emp rows whose application-time periods succeeds a given period, say a

period with the start date of 2001-01-01 and the end date of 2001-07-27 using existing SQL syntax

looks as follows:

SELECT *
FROM enp e
WHERE e. bus_start > DATE ' 2001-07-07'

The immediately preceding example can be written in a more explicit and more intuitive way when

the predicates in the WHERE clause are expressed using the name of the period rather than the s
and end columns of the period, as shown here:

SELECT *
FROM enp e
\WWHERE e. busi ness_ti ne SUCCEEDS PERI OD ( DATE ' 2001-01-01', DATE '2001-07427")

The predicate “x IMMEDIATELY PRECEDES y” applies when both x and y are either period name
period constructors. In this case, the predicate returns True if the end value.of x is equal to the s
value of 'y, i.e., if xe = ys.

A query to retrieve all emp rows whose application-time periods ithimediately precedes a given|
period, say a period with the start date of 2001-01-01 and the end:date of 2001-07-27 using exis
SQL syntax looks as follows:

SELECT *
FROM enp e
VWHERE e. bus_end = DATE ' 2001- 01- 01’

The immediately preceding example can be written in a more explicit and more intuitive way w
the predicates in the WHERE clause are expressed using the name of the period rather than the s
and end columns of the period, as shown here"

SELECT *
FROM enmp e
WHERE e. busi ness_tinme | MVEDI ATELY PRECEDES
PERI OD ( DATE ' 2001- 01- 01', DATE ' 2001-07-27")

The predicate “x IMMEDIATELY SUCCEEDS y” applies when both x and y are either period name
period constructors. In this case, the predicate returns True if the start value of x is equal to the
value of y, i.e., if xs =(ye.

A query to retriéveall emp rows whose application-time periods immediately succeeds a given
period, say a period with the start date of 2001-01-01 and the end date of 2001-07-27 using exis
SQL syntaxlooks as follows:

SELECT*
FROM\enp e
WHERE e. bus_start = DATE ' 2001-07-07"

tart

sor
tart

ting

hen
tart

sor
end

ting

The immediately preceding example can be written in a more explicit and more intuitive way when
the predicates in the WHERE clause are expressed using the name of the period rather than the start

and end columns of the period, as shown here:

SELECT *
FROM enmp e
VWHERE e. busi ness_ti me | MVEDI ATELY SUCCEEDS
PERI OD ( DATE ' 2001-01-01', DATE '2001-07-27")

© ISO/IEC 2021 - All rights reserved
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5.1

Time-related tables

Introduction to time-related tables
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Ap}%Ecation—time period tables are intended for meeting the requirements of applications that are i

Fe are three different flavors of time-related tables. The first type has just an application-time pe1
second has just the system versioning period, whereas the third type, called a bi-temperaltable
| types of periods.

Application-time period tables

1 Introduction to application-time period tables

in capturing time periods during which the data is believed to be valid in the real world. A tyg
ple of such applications is an insurance application, where it is necessary to keep track of the spe
Cy details of a given customer that are in effect at ary given point in time.

imary requirement of such applications is thatithe user be put in charge of setting the start and
s of the validity period of rows, and the user‘be free to assign any time values, either in the pasf

be permitted to update the validity periods of the rows as errors are discovered or new informag
ade available.

table that contains a period definition with a user-defined name is an application-time period t{

's can pick any name they want for the name of the period as well as for the names of columns
s the start and end columns of the period. The data types of the period start and end columns g
ither DATE or a timestamp type, and the data types of both columns shall be the same.

2 Extensiens to primary key / unique constraints

's can.define primary key/unique constraints on tables containing an application-time period ul
Curfent syntax with exactly the same behavior. However, the presence of an application-time pe

proy

ent or in the future, for the start and end times. Another requirement of such applications is that

[iod,
has

Iter-
ical
cific

end

)

the
tion
hble.

hat
hall

sing
riod

rides an opportunity to enhance the notion of primary key/unique constraints on that table. Fo

example, assume that an application requires the creation a primary key for the emp table that corresponds
to the combination of the emp_id, bus_start, and bus_end columns, such that for a given emp_id value and
a given point in time T, there is exactly one row whose application-time period (i.e., set of values from

bus_start value through to but not including bus_end value) contains T. This means that for any selection
based on a specified emp_id value and a specified date, one and only one row is retrieved. Assume the

emp table contains the rows shown in Table 10, “Example data table emp for primary key with application-
time period”:

14
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Table 10 — Example data table emp for primary key with application-time period

emp_id [ name salary dept_id bus_start bus_end

100 Tom 3000 1 2001-07-27 2002-01-01
100 Tom 3500 10 2002-01-01 2003-01-01
100 Tom 4000 20 2003-01-01 2004-01-01

In this example there are three rows. Note first, the application-time periods across all three rows are

not pverlapping. Note second, the end of the time period from row 1 is the start time fromrow 2, and
end[time for row 2 is the start time of row 3. Note third that during each of these time periods, the

the

employee is assigned to a different department and had a different salary. Note fourth that even thqugh

therje are multiple rows for the same employee spanning a period from 2001-07-27 through 2004-(
01, there is only one emp row whose application-time period contains any spe€cified date in the per
2001-07-27 through 2004-01-01. For example, a specified date of 2002-12-01 would result in

selertion of row 2. Suppose however, that row 2 is deleted. This would.€ause a gap in the period from

contains no two rows with the same emp_id value and'overlapping application-time periods. There
additional syntax for primary key/unique constraint declarations to provide such a capability. This
example illustrates this new syntax:

TE TABLE enp

(gnp_id I NTEGER NOT NULL,

ame VARCHAR( 30),

al ary DECI MAL(5, 2),

ept _id | NTECER,

us_start DATE NOT NULL,

us_end DATE NOT NULL;

ERI OD FOR busi ness_ti'ne (bus_start, bus_end),

Rl MARY KEY (enp.i®d, business_time W THOUT OVERLAPS)

)
The[PRIMARY KEY constraint in the immediately preceding definition ensures the table has no two j

with the same'emp_id value with overlapping application-time periods. The reference to the business_i

in the PRIMARY KEY declaration effectively makes the bus_start and bus_end columns as part of the
marjy key with check for overlapping periods rather than for equality of periods. For this example, a

1-
od
the

the immediately preceding example, it is clear thata capability is needed to specify the emp table

is

attenpt to insert a new row with an emp_id value of 100 and application-time period from 2004-01

to 2005-01-01wilt succeed while an attempt to InSert a new row with an emp_id vaiue of 100and
application-time period from 2003-06-01 to 2004-06-01 will fail.

5.2.3 Extensions to referential constraints

Currently, a referential constraint between a referencing table and a referenced table ensures, for every
row R in the referencing table, values in the foreign key columns of R match with the values of the pri-

mary/unique key columns of exactly one row in the referenced table. However, the presence of an

© ISO/IEC 2021 - All rights reserved
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application-time period in both referencing and referenced tables provides an opportunity to enhance
the notion of referential constraints between those tables. For example, creation of a referential constraint
between the emp table as defined in Subclause 5.2.2, “Extensions to primary key / unique constraints”,
and the dept table shown here is required:

CREATE TABLE dept
(dept _id | NTEGER NOT NULL,
name VARCHAR( 30),
budget DECI MAL(5, 2),
bus_start DATE NOT NULL,
bus_end DATE NOT NULL,
PERI OD FOR business_time (bus_start, bus_end),
PRI MARY KEY (dept_id, business_time WTHOUT OVERLAPS)

Asstime that the dept table has a primary key that corresponds to the combination of'the dept_id colimn
and|the business_time period as shown in the immediately preceding table definition. Assume further

that{creation of a referential constraint is required between the emp table and the dept table with the
emp] table’s foreign key that corresponds to the combination of the dept_id coluian and the business_time
period, such that for a given row R in emp table, for every point in time T dmR’s application-time petiod
(i-e.) set of values from bus_start value through to but not including bus-end value), there is exactly|one
matfhing row in the dept table whose application-time period contains T.

Assuime the contents of dept and emp tables are as shown in Table-l1, “Example data table dept for foreign
key fvith application-time period”, and Table 12, “Example datafable emp for foreign key with application-
timg period”, respectively:

Table 11 — Example data table dept for foreign key with application-time period

dept_id | name budget bus_start bus_end

1 Server 30000 2000-03-01 2002-01-01
1 Server 35000 2002-01-01 2003-01-01
2 Tools 40000 2003-01-01 2004-01-01

Table 12 — Example data table emp for foreign key with application-time period

emp_id | name salary dept_id bus_start bus_end

100 Tom 3000 1 2001-07-27 2002-07-27
100 Tom 3500 1 2002-07-27 2003-01-01
100 Tom 4000 2 2003-01-01 2003-06-01

Examining the content of each table, it is clear that the dept_id value of both row 1 and row 2 of emp table
(i.e., 1) matches with the dept_id value of both row 1 and row 2 of dept table and the dept_id value of
row 3 of emp table (i.e., 2) matches with the dept_id value of exactly one row, row 3, of dept table. It is

also clear that the application-time period of row 1 of emp table is not completely contained in the

application-time period of either row 1 or row 2 of dept table since even though the bus_start value of
row 1 of emp table occurs after the bus_start value of row 1 of dept table, the bus_end value of row 1 of
emp table occurs after the bus_end value of row 1 of dept table and even though the bus_end value of
row 1 of emp table occurs before the bus_end value of row 2 of dept table, the bus_start value of row 1

16
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of emp table occurs before the bus_start value of row 2 of dept table. For row 2 of emp table, it is evident
thatits application-time period of is completely contained in the application-time period of row 2 of dept
table. Similarly, it is apparent that the application-time period of row 3 of emp table is completely contained
in the application-time period of row 3 of dept table.

The fact that the dept_id value of a given row (say row 1 of emp table) matches with the dept_id value of
more than one row of dept table may seem like a potential violation of referential integrity between emp
table and the dept table However, that is really not the case. This is because for every date value in the

appli
but
exa
30, 1
ano
of ¢
Itis
date

hot 1nclud1ng 2002-07-27, the dept_id Value of row 1 of emp table matches with the dept_id val
tly one row (either row 1 or row 2) of dept table. For instance, for a specific date such as 2001-

w 2 of dept table. This is true for every date value starting from 2001-07-27 through2002-07-
the same case for every date value in the application-time period of row 2 of emp‘table and for e
value in the application-time period of row 3 of emp table.

he dept_id value of row 1 of emp table matches with the dept_id value of row 1 of dept table. Fqr
her date such as 2002-03-01, the dept_id value of row 1 of emp table matches with the' dept_id vialue

From the immediately preceding example, it is clear that capability is neededto-specify for every paint

in ti
in th
cons

CH

)

me T in the application-time period of a given row R in emp table, there is exactly one matching

traint declarations to provide such a capability. This example illustrates this new syntax:

REATE TABLE enp

enp_id | NTEGER NOT NULL,

name VARCHAR( 30),

sal ary DECI MAL(5, 2),

dept _id | NTEGER,

bus_start DATE NOT NULL,

bus_end DATE NOT NULL,

PERI CD FOR busi ness_tine (bus_start, .bus:end),

PRI MARY KEY (enp_id, business_tinme WITHOUT OVERLAPS),

FOREI GN KEY (dept_id, PERI CD businéss_tine) REFERENCES
dept (dept_id, PERI'OD business_tine)

In the immediately preceding examplg, the reference to the period name in the FOREIGN KEY claus

well
that
with

as in the REFERENCES clauseis prefixed with the keyword PERIOD to indicate the special chec
needs to be done to enforce/referential integrity. For this example, an attempt to insert a new r
an emp_id value of 100;-dept_id value of 1, and application-time period from 2000-06-01 to 20

01-01 into emp table will'succeed while an attempt to insert a new row with an emp_id value of 10

depf_

Not
app
not,
cons
scer]

id value of 1, andapplication-time period from 2000-01-01 to 2001-01-01 will fail.

ication-timeperiod. If only one of the tables contains an application-time period and the other
then the only kind of referential constraint that can be defined between them is a regular refere
traint;d:e., a referential constraint that does not involve periods. For example, consider these ty
arios:

e dept table whose application-time period contains T. There is additienal syntax for referential

row

E as
king
Yy
01-

e that in the iminediately preceding example, both the referencing and referenced tables contain an

loes
htial
VO

1)

Referenced table contains an application-time period but the referencing table does not: If the pri-

mary/unique key constraint on the referenced table includes an application-time period, then i
not possible to define a referential constraint involving periods between such a referenced table

tis
and

referencing table since there is no way to associate a period with the referencing table’s foreign key

columns. On the other hand, if the primary/unique key constraint on the referenced table does

not

include the application-time period, then it is perfectly legal to define a regular referential constraint
between such a referenced table and referencing table. However, such a situation is hardly likely to

occur since the primary/unique constraint on a referenced table that includes an application-ti
period is likely to include the application-time period in its definition in almost all cases.

© ISO/IEC 2021 - All rights reserved

me

17


https://standardsiso.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:2021(E)

5.2

Application-time period tables

2) Referenced table does not contain an application-time period but the referencing table does: Since

5.2

there is no way for the primary/unique constraint on the referenced table to include an applicat
time period, there is no way to define a referential constraint involving periods in this scenario

ion-
as

well. On the other hand, it is always possible to define a regular referential constraint between such

areferenced table and referencing table.

4 Inserting rows into tables containing an application-time period definition

Row

inserting rows into any tables. The only difference is that there is an automatically-generated non-
rrable constraint for such tables that ensures that the value of the end column of the application-
period is greater than the value of the start column of the application-time period\for every row
g inserted. An exception would be raised if that is not the case. For example, asSume the emp table

defd
timg
bein
was

[N
VA

is ex
with

s can be inserted into tables containing an application-time period in exactly the same wdyas

empty when this INSERT statement:

NSERT | NTO enp

\LUES (100, ' Tomi, 3000, 1, DATE '2001-07-27', DATE '2004-07£(£27");

ecuted. The content of emp table is changed as shown in Table 13; “Content of table emp after in
application-time period”:

Table 13 — Content of table emp after insert with application-time period

sert

emp_id | name salary dept_id bus_start bus_end

100 Tom 3000 1 2001-07-27 2004-07-27

The
app

5.2

Upd,
row
row

execution of the INSERT statement showh before Table 13, “Content of table emp after insert w
ication-time period”, will activate the INSERT triggers defined on emp table in the usual way.

5 Updating rows of tables containing an application-time period definition

ate operations on tables)containing an application-time period apply specified updates to all qualif
5, exactly like the update operations on a regular table. For example, if the emp table contains th
5 shown in Table T4, “Content of table emp before updating a row”:

Table 14 — Content of table emp before updating a row

ith

ying
e

empuid | name salary dept_id bus_start bus_end
100 Tom 3000 1 2001-07-27 2004-07-27
100 Tom 3000 2 2004-07-27 2006-07-27
the UPDATE statement:
UPDATE enp
SET dept_id = 10
VWHERE enp_id = 100;

modifies the content of emp table as shown in Table 15, “Content of table emp after updating a row”:

18

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:2021(E)
5.2 Application-time period tables

Table 15 — Content of table emp after updating a row

emp_id [ name salary dept_id bus_start bus_end
100 Tom 3000 10 2001-07-27 2004-07-27
100 Tom 3000 10 2004-07-27 2006-07-27

U

Usefs can also update the start column and/or the end column of a period, as shown in this exampl

UPDATE enp
SET dept_id = 10,
bus_start = DATE ' 2002-07- 27
ERE enp_id = 100;

Assuming the content of emp table before the execution of the immediately préceding example was|as
shoyn in Table 16, “Content of table emp before updating the application-timeperiod of a row”:

Table 16 — Content of table emp before updating the application-time period of a row

emp_id [ name salary dept_id bus_start bus_end

100 Tom 3000 1 2001-07-27 2004-07-27

The|content of emp table after the execution is shown{n Table 17, “Content of table emp after updating
the application-time period of a row”:

Table 17 — Content of table emp after updating the application-time period of a row

emp_id | name salary. dept_id bus_start bus_end

100 Tom 3000 10 2002-07-27 2004-07-27

Whgnever the start and/or thé end column of an application-time period is updated, a check is made to
makle sure that the value specified for the end column of the application-time period is greater than the
value specified for the start column of the application-time period after every row is updated. An excegtion
would be raised if thatis not the case. All UPDATE triggers defined on the table will get activated in|the

usual way for allkrows being updated.

5.2)6_“Updating the table between specific points in time

For tables containing an application-time period, the presence of the application-time period provides
an opportunity to enhance the behavior of UPDATE statement. For example, users may want to specify
atime period as part of the UPDATE statement such that their specified updates apply only to those rows
whose application-time periods either overlap or are contained in the specified period. Additionally, they
may want the specified updates to apply in the usual way to those rows whose application-time periods
are completely contained in the specified period, but for rows whose application-time periods overlap
the specified period, they may want the specified updates to apply only for the intersecting period without
losing the old content of rows for the non-intersecting period. There is additional syntax for UPDATE
statement that allows exactly this capability. This example illustrates this new syntax:
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UPDATE enp FOR PORTI ON OF busi ness_tine
FROM DATE ' 2002- 01-01' TO DATE ' 2003-01- 01"

SET dept_id = 10
VWHERE enp_id = 100;

Assume the content of emp table prior to the execution of the immediately preceding example was as
shown in Table 18, “Content of table emp before updating a row for an inner part of a period”:

Table 18 — Content of table emp before updating a row for an inner part of a period

emp_id | name

salary

dept_id

bus_start

bus_end

100 Tom

3000

1

2001-07-27

2004<07-27

Assyiming successful execution of the previous UPDATE statement, the content of enip table is chan

as shown in Table 19, “Content of table emp after updating a row for an inner,part of a period”:

Table 19 — Content of table emp after updating a row for an-inner part of a period

bed

emp_id [ name salary dept_id bus_start bus_end

100 Tom 3000 1 2001-07-27 2002-01-01
100 Tom 3000 10 2002-01-01 2003-01-01
100 Tom 3000 1 2003-01-01 2004-07-27

As alresult of the preceding UPDATE statement;‘the existing row for Tom is updated to show that hq is

assigned to department 10 from 2002-01-04\to 2003-01-01 while two new rows are inserted that s

how

thatjTom is assigned to department 1 from-2001-07-27 to 2002-01-01 and from 2003-01-01 to 2004-

07-27.

If ar] UPDATE statement containsta FOR PORTION OF clause, explicit updates to either the start colymn

or the end column of the application-time period are not allowed.

Thig example illustrates the case where the candidate row’s application-time period is contained in
perilod specified by the FROM and TO values specified in the FOR PORTION OF clause, and hence no
rows are inserted:

UPDATE enp FOR-PORTI ON OF busi ness_tine
FROM(DATE ' 2001- 01- 21" TO DATE ' 2004- 12- 31’
SET deptNind = 10
ERE epp_id = 100;

the
new

Assume the content of emp table prior to the execution of above statement was as shown in Table 2

“Content of table emp before updating a row for all of a period”:

Table 20 — Content of table emp before updating a row for all of a period

emp_id | name salary dept_id bus_start bus_end

100 Tom 3000 1 2001-07-27 2004-07-27
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Assuming successful execution of the preceding UPDATE statement, the content of emp table is changed
as shown in Table 21, “Content of table emp after updating a row for all of a period”:

Her¢ is an example where only one new row is inserted per row update:
UPDATE enp FOR PORTI ON OF business_tine

SET dept_id = 10

Ass

in Table 22, “Content of table emp before updating the edge of a period of a‘rew”:

Table 21 — Content of table emp after updating a row for all of a period

emp_id | name salary dept_id bus_start bus_end

100 Tom 3000 10 2001-07-27 2004-07-27

FROM DATE ' 2001-07-27' TO DATE ' 2003-01-01'
ERE enp_id = 100;

me the content of emp table prior to the execution of immediately precedingexample was as sh

Table 22 — Content of table emp before updating the edgeof a period of a row

emp_id

name

salary

dept_id

bus_start

bus_end

100

Tom

3000

1

2001-07-27

2004-07-27

Assyming successful execution of the preceding UPDATE statement, the content of emp table is changed
as shown in Table 23, “Content of table emp after updating the edge of a period of a row”:

Table 23 — Content of table emp,after updating the edge of a period of a row

emp_id | name salary. dept_id bus_start bus_end
100 Tom 3000 10 2001-07-27 2003-01-01
100 Tom 3000 1 2003-01-01 2004-07-27

Morje precisely, the effectof UPDATE statements that contain the FOR PORTION OF clause are as foll

1) |Let FT be thefirst value and ST be the second value specified in the FOR PORTION OF clause.

2) |For eachrew R in the table that qualifies for update and whose application-time period overlap
with the'period formed by FT and ST, let BPS be its application-time period start value, and let
be itsapplication-time period end value.

PWS:

wn

BPE

FT

is inserted.

:\) LEBPS < ET and BPE > F"T', then a COpy of R with its app]ir‘:\ﬁnn_ﬁmﬂ pprind endvalue set to

b) If BPS < ST and BPE > ST, then a copy of R with its application-time period start value set to ST
is inserted.

c) Risupdated with its application-period start value set to the maximum of BPS and FT and the
application-time end value set to the minimum of BPE and ST.

All UPDATE triggers defined on the table will get activated in the usual way for all rows that are updated.
In addition, all INSERT triggers will get activated for all rows that are inserted. Currently it is not possible
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for the body of an UPDATE trigger to gain access to the FROM and TO values in the FOR PORTION OF
clause if one is specified.

5.2.7 Deleting rows from tables containing an application-time period definition

Delete operations on tables containing an application-time period delete all qualifying rows, exactly like

the

deldtes all rows with emp_id value of 100. All DELETE triggers defined on the table will get activate
each row being updated in the usual way.

5.2

Asi
app

ope
the
app

time periods overlap the specified period, they may want the delete to apply only for the intersectin

peri

therje is additional syntax for DELETE statement that mirrors the additional syntax created for the UPD

stat

Thid

Ass
shoy

\IiELETE FROM enp

1ot 4. 1 alal h ] 41 Aol ad 4.
HTITICT UPTTAUUILLS Uld TTZUIAD LdUIT. T'UL TAAIIIPIT, UIT UTITIT UPTT dUULLL

ERE enp_id = 100;

8 Deleting rows between specific points in time

1 the case of update operations, for tables containing an applicatien=time period, the presence d

Fation applies only to those rows whose application-timeperiods either overlap or are containe
pecified period. Additionally, they may want the delete torapply in the usual way to those rows wi
ication-time periods are completely contained in the specified period, but for rows whose applicat

lod without losing the old content of rows for the non-intersecting period. To provide this function

bment.

example illustrates this new syntax:

LETE FROM enp FOR PORTI ON OR_business_tine
FROM DATE ' 2002: 01-01' TO DATE ' 2003-01- 01"
ERE enmp_id = 100;

me the content of emp table prior to the execution of the immediately preceding example was
vn in Table 24, “Content of table emp before deleting an inner part of a period”:

Table24— Content of table emp before deleting an inner part of a period

ication-time period provides an opportunity to enhance the behavior of DELETE statement. For
example, users may want to specify a time period as part of the DELETE statement such that the de

] for

f

ete
d in
nose
ion-
g

nlity,
ATE

emp_id~{'‘hame salary dept_id bus_start bus_end

100 Tom 3000 1 2001-07-27 2004-07-27

Assuming successful execution of the preceding DELETE statement, the content of emp table is changed
as shown in Table 25, “Content of table emp with application-time period after deleting an inner part of
a period™:

22
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Table 25 — Content of table emp with application-time period after deleting an inner part of a

period
emp_id | name salary dept_id bus_start bus_end
100 Tom 3000 1 2001-07-27 2002-01-01

Not¢ that as a result of the preceding DELETE statement, the existing row for Tom is deleted and two
coplies of the existing row for Tom showing he is assigned to department 1 from 2001-07-27,£6 2002-01-
01 gnd from 2003-01-01 to 2004-07-27 are inserted.
Thiq example illustrates the case where the candidate row’s application-time period’is contained in|the
perilod specified by the FROM and TO values specified in the FOR PORTION OF clause, and hence no pew
rowg are inserted:

LETE FROM enp FOR PORTI ON OF business_time

FROM DATE ' 2001-01-01" TO DATE ' 2004-12-31'

ERE enp_id = 100;
Assuyime the content of emp table prior to the execution of the ithimediately preceding example was fas
shown in Table 26, “Content of table emp with application-time period before deleting a row”:

Table 26 — Content of table emp with application-time period before deleting a row

emp_id | name salary dept_id bus_start bus_end

100 Tom 3000 1 2001-07-27 2004-07-27
Asstiming successful execution of thepreceding DELETE statement, the content of emp table will n
longer contain a row for Tom; that is,the table will be empty.
Here is an example where only-enie new row is inserted per row delete:

LETE FROM enp FOR MPORTI ON OF busi ness_tinme

FROM DATE ' 2001-07-27' TO DATE ' 2003-07- 27"

ERE enp_id = 1003

Asstime the contént'of emp table prior to the execution of above statement was as shown in Table 2[7,

“Content of table-emp before deleting an edge of a period”:

Table 27 — Content of table emp before deleting an edge of a period

s | i | - | Fa | I1a 'y 'y I1a - |
Cip_ 1 jir-siie SAdldl'y acplIu ouS_Stdlit UuS_TlIIu

100 Tom 3000 1 2001-07-27 2004-07-27

Assuming successful execution of the DELETE statement in the immediately preceding example, the
content of emp table is changed as shown in Table 28, “Content of table emp after deleting an edge of a

period”:
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Table 28 — Content of table emp after deleting an edge of a period

emp_id [ name salary dept_id bus_start bus_end

100 Tom 3000 1 2003-07-27 2004-07-27

Mor,

prpm’cplv’ the effect of DELETE statements that contain the FOR PORTION QOF clause are as foll

WS:

1)
2)

All T
Ina
trig

values in the FOR PORTION OF clause if one is specified:

5.2

The
que
resq
up v
proy

Use
perti
wha

ShH
FH

Let FT be the first value and ST be the second value specified in the FOR PORTION OF clause.

For each row R in the table that qualifies for deletion and whose application-time peried overlg

be its application-time period end value.

a) If BPS < FT and BPE > FT, then a copy of R with its application-time period.end value set to
is inserted.

b) If BPS < ST and BPE > ST, then a copy of R with its application-time, period start value set tg
is inserted.

c) Risdeleted.

ELETE triggers defined on the table will get activated in the usual way for all rows that are delg
ldition, all INSERT triggers will get activated for all rows that are inserted. As in the case of UPD
bers, it is currently not possible for the body of a DELETE trigger to gain access to the FROM and

9 Querying tables containing a period definition

standard does not provide any extensions to the SQL query syntax that are specifically targeted
'ying tables containing an application-time period. This is because there is a tremendous body
arch (and several competing research proposals) on temporal query extensions and the job of cor

red to be more challenging-than expected.
NOTE 3 — There are curréntly no plans to add any such extensions to ISO/IEC 9075-2.
's can, however, use.the existing query syntax for querying tables containing an application-tim

od in exactly the)same way as for querying regular tables. For example, this query retrieves row
se application-=time periods intersect a specified point in time:

FLECT *
ROM _e1Tp

MTERE bus_start < DATE '2001-01-01'
Al

ps

with the period formed by FT and ST, let BPS be its application-time period start value,and let BPE

FT

ST

ted.
ATE
TO

to
pf
ning

yith a simple yet complete query proposal for tables containing application-time period definitipns

v ®

Dbus end > DATE ' 2001-01-01";

Similarly, the next query retrieves rows whose application-time periods overlap with the period formed

by 2

001-01-01 and 2001-07-07 (assuming the closed-open model of period values):

SELECT *

FROM enp

VWHERE bus_start < DATE '2001-07-27'
AND bus_end > DATE ' 2001-01-01';

Application-time period tables can be queried using the regular query syntax. For example, to retrieve
the department where the employee 22217 worked as of January 2, 2011, one can express the query as:

24

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:2021(E)
5.2 Application-time period tables

SELECT Nane, Edept

FROM Enp

VWHERE ENo = 22217

AND EStart < DATE '2011-01-02

AND EEnd > DATE ' 2011-01-02'

A simpler way to formulate the immediately preceding example would be to employ one of the period

predicates explained in Subclause 4.8.2, “Period predicates” for expressing conditions involving periods:
CONTAINS, OVEREAPS, EQUALS, PRECEDES; SHECEEDS, IMMEDIATELY PRECEDES, amd HMMEDTATELY
SUCCEEDS. For example, the immediately preceding example could also be expressed using the CONTAINS
predicate:

SELECT Enane, Edept

FROW Enp

WHERE ENo = 22217 AND

EPenli od CONTAI NS DATE ' 2011-01-02'

If onje wanted to know all the departments where the employee whose numbeéris 22217 worked during
the period from January 1, 2010 to January 1, 2011, one could formulate the query as:

SELECT Enane, Edept

FROW Enp

VWHERE ENo = 22217

AND|ESt art < DATE ' 2011-01-01'
AND|EEnd > DATE ' 2010-01-01'

Note that the period specified in the immediately preceding example uses the closed-open model, i.e.,,
the period includes January 1, 2010 but excludes January 1, 2011. Alternatively, the same query coyld
be expressed using the OVERLAPS predicate as:

SELECT Enane, Edept

FROW Enp

WHERE ENo = 22217

AND|EPer i od OVERLAPS PERI OD ( DATE:.(2010-01-01', DATE '2011-01-01')

5.2{10 Adding a period definition to a table

The|ALTER TABLE statement is extended with two new options extended, ADD PERIOD and DROP PER[OD,
to allow for adding ab-application-time period to an existing table that does not have such a period pnd
for dropping an application-time period from a table that does have such a period. For example, asspme
this|table existsi some schema:

CREATE TABLE dept

dep i@ | NTEGER NOT NULL,
dép_nanme VARCHAR(30),
ldept—budget—DECHMAL{102)
bus_start DATE NOT NULL,
bus_end DATE NOT NULL

)
This ALTER TABLE statement adds the application-time period to the dept table:

ALTER TABLE dept ADD PERI OD FOR business_tinme (bus_start, bus_end);

When the immediately preceding example executes, a check is made to ensure that both bus_start and
bus_end columns have a non-deferrable NOT NULL constraints defined on them and to ensure the value
of bus_end column is greater than the value of bus_start column for all existing rows in dept table; the
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execution fails if the check fails. A non-deferrable CHECK constraint is implicitly added to the table to
ensure the value of bus_end column is greater than the value of bus_start column at the end of every DML
operation.

This ALTER TABLE statement drops the application-time period from the dept table:

ALTER TABLE dept DROP PERI OD FOR business_time RESTRI CT;

or via:

ALTER TABLE dept DROP PERI OD FOR busi ness_ti ne CASCADE;

Dropping the application-time period from a table impacts the constraints, triggers, views, and routines
defiped on the table if those objects contain references to the application-time period.

For p table containing an application-time period table, it is prohibited to drop the NOT\NULL constrgints
on the application-period start and end columns and the implicit CHECK constraint-added to make pure
the yalue of application-time end column is greater than the value of application-time start column{ To
drop these constraints, users could either drop the application-time period before attempting to drpp
the fonstraints or drop the period under CASCADE.

5.3 System-versioned tables

5.3{1 Introduction to system-versioned tables

System-versioned tables are intended for meeting the requirements of applications that must maintain
an accurate history of data changes either for business reasons, legal reasons, or both. A typical exarpple
of stich applications is a banking applicationfWhere it is necessary to keep previous states of custorher
accqunt information so that customers cafi-be provided with a detailed history of their accounts. There
are also plenty of examples where certain’institutions are required by law to preserve historical data for
a spgcified length of time to meet regulatory and compliance requirements.

A kegy requirement of such applications is that any update or delete of a row automatically preserve§ the
old state of the row before performing the update or delete. Another important requirement is that|the
system, rather than the user,.-maintains the start and end times of the periods of the rows, and that ujsers
be unable to modify the€Zeontent of historical rows or the periods associated with any of the rows. Ahy
updhtes to the periods,of rows in a system-versioned table shall be performed only by the system a$ a
resylt of updates to.the non-period columns of the table or as a result of row deletions. This provides the
guarantee that¢he recorded history of data changes cannot be tampered with, which is critical to mieet
auditing and{compliance regulations.

Any|table'that contains a period definition with the standard-specified name, SYSTEM_TIME, and inclides
the keywords WITH SYSTEM VERSIONING in its definition is a system-versioned table. Similar to appli-
Catl I~ tilllC PEl lUd tcllU}Cb, USTI S Udll lJlL}\ dlly IIdIIc t}lC_y VVClllt fUl tllC IIAIlITS Uf LU}ulllllb tlldt Clbt ad ..he
start and end columns of the SYSTEM_TIME period. Though ISO/IEC 9075-2 allows the data types of the
period start and end columns to be either DATE or a timestamp type (as long as the data types of both
columns are the same), in practice, most SQL-implementations will provide the TIMESTAMP type with
the highest fractional seconds precision as the data type for the system-time period start and end columns.
For example:

CREATE TABLE Enp

(ENo | NTEGER,

Sys_start TI MESTAMP(12) GENERATED ALWAYS AS ROW START,
Sys_end TI MESTAMP(12) GENERATED ALWAYS AS ROW END,
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ENane VARCHAR( 30),
PERI OD FOR SYSTEM TI ME (Sys_start, Sys_end)
) W TH SYSTEM VERSI ONI NG

Similar to application-time periods, system-time periods use closed-open period model. At any given
point in time, a row in a system-versioned table is regarded as current system row if the system-time
period of that row contains the current time. A row that is not a current system row is regarded as a
historical system row.

S t 3 d il A3 ffar £ 1 43 43 riad talal 1o+l 3 %
yS v CT STOTTIC U CaoTC S UImC T IT O a p P atroT orC peTTo U taoTC ST errC ST T CSPeCTs.

1) [In contrastto the application-time period tables, users are not allowed to assign or change the values
of Sys_start or Sys_end columns; they are assigned (and changed) automatically by the databasge
system. This is the reason why the definitions of Sys_start or Sys_end columns shall include the
keywords GENERATED ALWAYS.

2) [INSERT into a system-versioned table automatically sets the value of Sys_start'eolumn to the trans-
action timestamp, a special value associated with every transaction, and sets the value of Sys_end
column to the highest value of the column’s data type.

[SO/IEC9075-2 leaves it up to SQL-implementations to pick an appropriate value for the transadtion
timestamp of a transaction, but it does require the transaction timestamp of a transaction to rerpain
fixed during the entire transaction.

3) |UPDATE and DELETE on system-versioned tables only opefate on current system rows. Users gre
not allowed to update or delete historical system rows. Users are also not allowed to modify th
system-time period start or the end time of both current'system rows and historical system rows.

A3

4) [UPDATE and DELETE on system-versioned tablesxesult in the automatic insertion of a historicpl
system row for every current system row that is updated or deleted.

5) [<system time period start column specification> and <system time period end column specificat{on>
are defined using <column definition>s that implicitly include NOT NULL constraints.

An JPDATE statement on a system-versioned table first inserts a copy of the old row with its systerh-
time period end time set to the transaction timestamp, indicating that the row ceased to be current as of
the fransaction timestamp. It then updates the row while changing its system-period start time to the
tranjsaction timestamp, indicatingthat the updated row to be the current system row as of the transadtion
timgstamp.

5.3]2 Primary keyand referential constraints

The|definitionand enforcement of constraints on system- versioned tables is considerably simpler than
the dlefinition.and enforcement of constraints on application- time period tables. This is because constrgints
WS
pct

check 3 rent
system row, so there is never any need to enforce constralnts on hlstorlcal system rows. Consequently,
there is no need to include the system-period start and end columns or the period name in the definition
of primary key and referential constraints on system-versioned tables. For example, this ALTER TABLE
statement specifies ENo column as the primary key of Emp table:

ALTER TABLE Enp
ADD PRI MARY KEY ( ENo)

The constraint in the immediately preceding example ensures there exists exactly one current system
row with a given ENo value.
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