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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.
[SO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The pro
describe
different
rules of
bers_¢g

Attentio

edures used to develop this document and those intended for its further maintenance
d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needéed
types of document should be noted. This document was drafted in accordance-with the

xperts/refdocs).

patentrights. ISO and IEC shall not be held responsible for identifying any or.all such patent right

ofany p4
on the IS
declarat

Any trad
constitu

For an e3
related t
Organizd

tent rights identified during the development of the document willbe in the Introductio
O list of patent declarations received (see Ww. i S0. or g/ patent s), or the IEC list o
ons received (see pat ent s. i ec. ch).

fe an endorsement.

wor d. ht m . In the IEC, see ww. i ec. ch/ under st andi ng- st andar ds.

This dod
mittee S

This firs

This doc
9075 sel

— ISO
— ISO
— ISO
— ISO

C 32, Data management and interchange.

L edition of ISO/IEC 19075-2 ¢ancels and replaces ISO/IEC TR 19075-2:2015.

ies:

IEC 9075-1, sixth-edition or later;
[EC 9075-25sixth edition or later;
IEC 9075-3, sixth edition or later;

IEC'9075-4, seventh edition or later;

are
for the
editorial

he ISO/IEC Directives, Part 2 (see ww. i so. or g/ di r ecti ves or ww. i.ec. ch/ ngm

h is drawn to the possibility that some of the elements of this document'may be the subject of

5. Details
hand/or
f patent

e name used in this document is information given for the convenience of users and dqges not

planation of the voluntary nature of standards, the meaning of ISO specific terms and exgressions
o conformity assessment, as well as informatien about ISO’s adherence to the World Trade
tion (WTO) principles in the Technical Barriers to Trade (TBT) seewww. i s0. or g/ i soy f or e-

ument was prepared by Technical Committee ISO/IEC JTC 1, Information technology, Sibcom-

Lment is intended to be used in conjunction with the following editions of the parts of thg ISO/IEC

— ISO

IEC9075-9, hitth edition or later;

— ISO/IEC 9075-10, fifth edition or later;
— ISO/IEC 9075-11, fifth edition or later;
— ISO/IEC 9075-13, fifth edition or later;
— ISO/IEC 9075-14, sixth edition or later;
— ISO/IEC 9075-15, second edition or later;
— ISO/IEC 9075-16, first edition or later.

vi

© ISO/IEC 2021 - All rights reserved


www.iso.org/directives
www.iec.ch/members_experts/refdocs
www.iec.ch/members_experts/refdocs
www.iso.org/patents
patents.iec.ch
www.iso.org/iso/foreword.html
www.iso.org/iso/foreword.html
www.iec.ch/understanding-standards
https://iecnorm.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:2021(E)

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

4) Clayse 4, “Time-related data types, constructs, operators, and predicates”, explains tiniesreldted data
typds, operators, and predicates in SQL.

5) C(layse 5, “Time-related tables”, explains how time-related tables are used.
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Information technology — Guidance for the use of database language SQL —

Part 2:
Time-related information

1 Scape

This dogqument describes the support in SQL for time-related information.
This doqument discusses the following features of the SQL language:

— Timp-related data types

— Opefations on time-related data

— Timp-related Predicates

— Application-time period tables

— System-versioned tables

— Bi-témporal 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
references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 9075-1, Information technology — Database languages — SQL — Part 1: FrameworH
(SOL/fFramework)

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

2 © 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 and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia-avaitable at it tpr 77 Www. et ect Topedi a. or g7

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

© ISO/IEC 2021 - All rights reserved 3


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:2021(E)

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

4.1 Context of time-related specifications

The requiirements for the material discussed in this document shall be as specified in ISO/IEC 9075-1
and ISO{IEC 9075-2.

4.2 Datetime types

ISO/IEC|9075-2 defines the time-related data types, constructs, operators,(and predicates described in
this docfiment. ISO/IEC 9075-2 specifies requirements for the material discussed in this docunjent.

There aile three datetime types, each of which is made up of different-datetime fields.

A value ¢f data type TIMESTAMP is made up of the datetime fieldss'YEAR, MONTH, DAY, HOUR, MINUTE,
and SECPND. It is always a valid time at a valid Gregorian date:.

A value o¢f data type TIME comprises values of the datetime fields HOUR, MINUTE and SECOND| It is
always al valid time of day.

A value ¢f data type DATE is made up of the datetimné fields YEAR, MONTH, and DAY. It is alwayf a valid
Gregorign date.

TIMESTAMP and TIME may be specified witha'number of (decimal) digits of fractional seconds pirecision.

TIMESTAMP and TIME may also be spetified as being WITH TIME ZONE, in which case every value has
associated with it a time zone displacement (the offset of the TIMESTAMP or TIME from Co6rdinated

Universgl Time, UTC). In comparing'values of a data type WITH TIME ZONE, the value of the time zone
displacement is disregarded.

Table 1, [Fields in datetime'yalues”, specifies the fields that can make up a datetime value.

Table 1 — Fields in datetime values

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

4 © ISO/IEC 2021 - All rights reserved
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4.2 Datetime types

Keyword

Meaning

SECOND

61.999...

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

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.

TIME

ONE_MINUTE

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

1 the

There is
YEAR, M

Table 2,
can app¢

an ordering of the significance of these fields. This is, from most significant to least sig
ONTH, DAY, HOUR, MINUTE, and SECOND.

Mapping of datetime fields to datetime data types”, clarifies which'ofithe various datetil
ar in each of the datetime data types.

Table 2 — Mapping of datetime fields to datetime data types

hificant:

mne fields

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

TIMESTAMP Y 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

DATEE 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 te]ls the
same time, known as local time. Local time is equal to UTC (Coordinated Universal Time) plus the time
zone dislxlacement, which is an interval value that ranges between INTERVAL '-12:00' HOUR TO MINUTE
and INTERVAL '+14:00' HOUR TO MINUTE. The time zone displacement is constant throughouf a time

zone, ch

/SIS il b
TgiTgac oty

|
111111115 daliitu ©

" £ e 1 P Balieall]
O OT S U e T e wircTCap Pt aoTes

NOTE 1 — IANA Time Zone Database is one resource from which SQL-implementations can determine details about time
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
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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

TIM

[E This is a time with no fractional precision for the seconds field

DA’

'E This is a date

On occas

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

minute
continu

For the ¢
one with
to be log
and assd

Convers
assumes
the resu

Datetim
CE throu

NOTH
syntal
is pro
(e.g.,

4.3 1

A datetifne literal'can specify datetime values of the respective datetime data types. An dateti
of threesparts. The keyword for the data type, the value in a fixed format and the timezpne dis-
nt, The format for the datetime literal is yyyy-mm-dd hh:mi:ss.ssss. The data type is automatically

consists
placeme

maintai:{,synchronization with sidereal time. This implies that sometimes, butwvery rarely, a pa
i

ill contain exactly 59, 61, or 62 seconds. Interval arithmetic that involves leap second
ies in calendars will produce implementation-defined results.

onvenience of users, whenever a datetime value with time@ene is to be implicitly derij

al, subtracts the current default time zone displacement-of the SQL-session from it to g
ciates that time zone displacement with the result

bly, whenever a datetime value without time zene'is to be implicitly derived from one y
the value with time zone to be UTC, adds thétime zone displacement to it to give local t
t, without any time zone displacement, is lacal.

b data types will allow dates in the Gregorian format to be stored in the date range 000
gh 9999-12-31 CE.

2 — Support for dates prior to 0001-01%01 CE is entirely implementation-defined. ISO/IEC 9075-2 neithg
k or semantics for such dates, nor prohibits SQL-implementations from providing support. Additionally n
vided for dates using other calendar systems (for example, Japanese imperial calendars) or epochal dating
geological eras).

DateTime literals

rder to
rticular
or dis-

red from

out (for example, in a simple assignment operation), SQL assumes the value without time zone

ive UTC,

Fith, SQL
ime, and

1-01-01

r specifies
support
systems

e literal

assigned te'the literals depending on their content and the keyword used.
Table 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 at
09:15:22.03' 9 hours, 15 minutes and 22.03 seconds
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 reserved
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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 Interval types

Avalue (I)f an interval type represents the duration of a period of time. There are two classes-ofiptervals.
One clasp, called year-month intervals, has an interval precision that includes a YEAR field.orva MONTH
field, or poth. The other class, called day-time intervals, has an express or implied interval precifion that

can inclyde 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|interval.

Table 5 — Fields in year-month INTERVAL values

Keyword | Meaning | Valid values of INTERVAL fields

YEAR Years Unconstrained exceptby the leading field
precision

MONTH Months Months (within¢years) (0-11)

Table 6, [Fields in day-time INTERVAL values”, spegifies the fields that make up a day-time intefval. A

day-time interval is made up of a contiguous subset 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._J| Seconds and possibly
fractions of a second

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

The actual subset of fields that comprise a value of either type of interval is called the precision of the

value.

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.
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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

INTERVAL HOUR TO SECOND (2)

hour, minute and second with a fractional precision of

This is a day-time interval, which is made up of the fields

2. The

day value 1s always 0 (zero)

INTERVAL DAY This is a day-time interval, which is made up ofjust 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
(zero)

are 0

have dif
tothes
both end

Year-m:{:h intervals are comparable only with other year-month intervals. If two year-month

Day-tim
different
same pr
New dat

4.5 1

An inter
consists
qualifier]
or negat|
the intey

Table 8,

e precision by appending new datetime fields ta either one of the ends of one interva
s. New datetime fields are assigned a value of 0~(zero).

b intervals are comparable only with otherday-time intervals. If two day-time intervals
interval precisions, they are, for the purpose of any operations between them, convert
ecision by appending new datetime field to either one of the ends of one interval, or to b
etime fields are assigned a value of\0 (zero).

nterval literals

yal literal can specify interval values of the respective interval data types. An interval li
of three parts, The keyword INTERVAL, the datetime interval in a fixed format and the
The formatfor the datetime literal is yyyy-mm-dd hh:mi:ss.ssss. An interval literal can bg
ve. The data type is automatically assigned to the literal depending on the keywords u
val qualifier.

‘Examples of interval literals”, gives examples of a few datetime literals.

ntervals

erent interval precisions, they are, for the purposeof any operations between them, converted

], or to

have
ed to the
bth ends.

teral
interval
positive
sed for

Table 8 — Examples of interval literals

Literal Data type Explanation

INTERVAL '1' MONTH INTERVAL MONTH One month

INTERVAL '01 10' DAY TO INTERVAL DAY TO HOUR One day and ten hours

HOUR

INTERVAL'10:10:10.1"HOUR | INTERVAL HOUR TO SECOND | Ten hours, ten minutes and 10.1 sec-
TO SECOND(1) (D onds
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https://iecnorm.com/api/?name=e776646a0ff57afbc44212504f313e13

ISO/IEC 19075-2:2021(E)
4.5 Interval literals

Literal Data type Explanation

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

4.6 Periods

A periodpis-arrebiectasseciated-with-asingle base-table-Aperiod-definttiontoragiventableassociates
a period[name with a pair of column names defined for that table. It is required that the columns|are both
of a datgtime data type and known not nullable. Furthermore, it is required that the declared types of

both colhimns are identical.

Similar to column definitions and constraint definitions, a period definition can only’be specified as part
of a table definition. For a table with a period definition, every row in that table is\considered t¢ be
associated with a period whose name corresponds to the period name specified-in the period definition
and whdse start and end times are provided by the column values specified in the period definition.

For example, consider the table definition:

CREATE TABLE enp
(emplid I NTEGER NOT NULL,
nanmg VARCHAR(30),
sal ary DECI MAL(5, 2),
dept _id | NTEGER,
bus|start DATE NOT NULL,
bus| end DATE NOT NULL,
PER| OD FOR business_tinme (bus_start, bus<énd)

);

The peripd definition “PERIOD FOR businessime (bus_start, bus_end)” in the preceding table definition
defines 4 period named business_time forthe emp table with the value in the bus_start column fgr a given
row actipg as the start time of the business_time period associated with the row and the value In the
bus_end|column for a given row acting as the end time of the business_time period associated with the
row.

In generpl, for a period with.-name P, the first column in the period definition is called the P perjod start
column, fand the second célumn is called the P period end column. The columns participating inja period
definition shall satisfy, the conditions:

1) Botl columnshall be declared as NOT NULL.

2) The|data-type of both columns shall be a datetime data type.

3) The|data'types of both columns shall be identical.

For any given period, the SQL-implementation ensures the value of the period end column is always
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.

© ISO/IEC 2021 - All rights reserved 9
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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

Operand 1 | Operator Operand 2 Result Type
Datetjnre = Datetinre ntervat
Datetjme +0r - Interval Datetime
Interyal + Datetime Datetime
Interyal +or- Interval Interval
Interyal *or/ Numeric Interval
Numgric * Interval Interval

Arithmelic operations involving values of type datetime or interval obey the natural rules asso¢iated
with dates and times and yield valid datetime or interval results according to the Gregorian calendar.

Operatigqns involving values of type datetime require that the datetime values be comparable. Ogerations
involving values of type interval require that the interval values be comparable.

Operatigns involving a datetime and an interval preserve the time zone of the datetime operand. If the
datetim¢ operand does not include a time zone:displacement, then the result has no time zone displace-
ment.

An extrart expression operates on a datetime or interval and returns an exact numeric value representing
the value of one component of the datetime or interval.

An interyal absolute value function‘operates on an interval argument and returns its absolute value in
the sam¢ most specific type.

4.8 Time-related predicates

4.8.1 Overlaps predicate

An overlaps predicate uses the operator OVERLAPS to determine whether or not two chronological
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.
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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),
called a period constructor. For the period contains predicate, the first operand can be either a period
name or a period constructor while the second operand can be either a period name, a period constructor,

or a datdgtime value expression.

Note th

on the ON clause of a joined table, etc.

A descri
yisthes

open) p¢

For the gxamples consider the table definition:

CREATE
(enp_
nane
sal a
dept
bus__
bus__
PERI

)

1) The
tors
XS <

A query to retrieve all emp rows'whose application-time periods overlap a given period, say|

the predicates can be used wherever predicate syntax is allowed, e.g.,, in the WHERE

btion of each of the predicates is provided in the following list (assume x isithe first ope

[ABLE enp

d I NTEGER NOT NULL

VARCHAR( 30) ,

y DECI MAL(5, 2),

i d | NTEGER,

5t art DATE NOT NULL,

bnd DATE NOT NULL

DD FOR busi ness_tinme (bus_start, bus~end)

ye and xe > ys.

clause,

fand and

econd operand; further assume that when x and y stand for periods, they.are modelled a§ (closed,
riods with xs and xe as the start and end times of period x and ys and\ye as the start anjd end
times of|period y):

predicate “x OVERLAPS y” applies when both x and y are either period names or period donstruc-
This predicate returns True if the two periods have at least one time point in common, i.e.,, if

a period

with the start date of 2001-01-01 and the end date of 2001-07-27 using existing SQL syntalx looks
as fgllows:

SELECT *

F enp e

WHERE e. bus_start < DATE '2001-07-27' AND e. bus_end > DATE ' 2001- 01-01'

The
the
and

immediately preceding query can be written in a more succinct and more intuitive way
bredicates in the WHERE clause are expressed using the name of the period rather than

y when
the start

end columns of the period, as shown here:

SELECT *
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:

SELECT *
FROM enp e
VWHERE €. busSi ness_ti1 ne EQUALS PERIOD (DATE ~ Z00I-0I-0T , DATE Z2001-07-27")

The|predicate “x CONTAINS y” applies when

a) |Bothxandy are either period names or period constructors. In this case, the predicatg returns
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 datetime yalue expression. |[n this
case, the predicate returns True if x contains y, i.e.,, if xs <y and xe/> y.

A qery to retrieve all emp rows whose application-time periods contdin the date 2001-01401 using
existing SQL syntax looks as follows:

SELECT *
FROW enp
WHERE bus_start < DATE '2001-01-01' AND bus_end\> DATE ' 2001-01-01'

Thelimmediately 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:

SELECT *
F enp
VWHERE busi ness_ti ne CONTAI NS DATE ' 2001-01- 01

Thelpredicate “x PRECEDES y*applies when both x and y are either period names or period donstruc-
tors| In this case, the predicate’returns True if the end value of x is less than or equal to the sthrt value
ofyli.e, if xe <ys.

A query to retrieve alkemp rows whose application-time periods precedes a given period, §ay a
period with the start‘date of 2001-01-01 and the end date of 2001-07-27 using existing SQ[L syntax
looKs as follows:

SELECT *
F enmp e
VWHERE ‘€/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 start
and end columns of the pm‘ind as shown here:

SELECT *
F enp e
WHERE e. busi ness_ti ne SUCCEEDS PERI CD ( DATE ' 2001-01-01', DATE '2001- 07} 27")

6) Thelpredicate “x IMMEDIATELY PRECEDES y” applies when both x and y areceither period names or
pelfrd constructors. In this case, the predicate returns True if the end value’of x is equal to fthe start
value of 'y, i.e., if xe = ys.

A query to retrieve all emp rows whose application-time periods inminédiately 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|syntax looks as follows:

SELECT *
F 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 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 *

FROW enmp e

WHERE e. busi ness_tinme | MVEDIATELY PRECEDES

PERI OD ( DATE ' 2001-01£01', DATE ' 2001-07-27")

7) Thelpredicate “x IMMEDIATELY SUCCEEDS y” applies when both x and y are either period njames or
perLird constructors. Intthis case, the predicate returns True if the start value of x is equal tg the end
valule of y, i.e., if xs =ye:

A query to retrieve-all emp rows whose application-time periods immediately succeeds a given
period, say aperiod with the start date of 2001-01-01 and the end date of 2001-07-27 using existing
SQL|syntax‘leeks as follows:

SELECT

F /il or\r‘p 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 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")
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5.1 Introduction to time-related tables

There are three different flavors of time-related tables. The first type has just an application-timg period,
the secohd has just the system versioning period, whereas the third type, called a bi-tempotal thble, has
both typees of periods.

5.2 pplication-time period tables

5.2.1 Introduction to application-time period tables

Application-time period tables are intended for meeting the requirements of applications that dre inter-
ested in capturing time periods during which the data is believed to be valid in the real world. 4 typical
examplelof such applications is an insurance application, where it is necessary to keep track of th¢ specific
policy deétails of a given customer that are in effect at any given point in time.

A primafy requirement of such applications is that®he user be put in charge of setting the starjand end
times offthe validity period of rows, and the user‘be free to assign any time values, either in the{past,

current ¢r in the future, for the start and end tifnes. Another requirement of such applications ig that the
user be permitted to update the validity periods of the rows as errors are discovered or new infgrmation
is made pvailable.

Any tablp that contains a period definition with a user-defined name is an application-time peripod table.

Users can pick any name they want for the name of the period as well as for the names of columins that
act as the start and end colummns of the period. The data types of the period start and end colunins shall
be either DATE or a timesfamp type, and the data types of both columns shall be the same.

5.2.2 Extensions to primary key / unique constraints

Users ca| defme prlmary key/umque constraints on tables contammg an appllcatlon -time peri
the currert g r n-time period
provides an opportunity to enhance the notion of primary key/unlque constraints on that table. For
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”:
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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 thfeeto
apping. Note second, the end of the time period from row 1 is the start time fromirow 2

not over
end time

there are¢ multiple rows for the same employee spanning a period from 2001-07:27 through 20

01, ther¢

from 2091-07-27 through 2004-01-01. For example, a specified date of 2002-12-01 would resy

WS are

and the

for row 2 is the start time of row 3. Note third that during each of these time périods, the
employde is assigned to a different department and had a different salary. Note fotirth that even though

is only one emp row whose application-time period contains any specified date in the

04-01-
period
It in the

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

2001-07-27 through 2004-01-01. Thus, if there was a query to produice the dept_id and salary
employee on the date, 2002-12-01, the query would fail because there is no row whose applicat
period cpntains the date 2002-12-01. However, if there was a query to produce the dept_id and
for the employee on the date, 2001-12-01 or on the date, 2003-12-01, it would still return only
employge row.

or the
ion-time
salary
one

From the¢ immediately preceding example, it is clear that'a capability is needed to specify the emp table

contains

additionjal syntax for primary key/unique constraint declarations to provide such a capability.

example

CREATE TABLE enp

(enmp_
nane
sal a
dept

)

The PRIMARY KEY)constraint in the immediately preceding definition ensures the table has no t
with thefsame-emp_id value with overlapping application-time periods. The reference to the busi

| i d | NTEGER,

bus_start DATE NOT NULL,

bus_end DATE NOT NULL

PERI D FOR busi ness\ti me (bus_start,
PRI MARY KEY (enp_itd; business_time W THOUT OVERLAPS)

no two rows with the same emp_id value and overlapping application-time periods. TI

illustrates this new syntax:

d | NTEGER NOT NULL,
VARCHAR( 30) ,
y DECI MAL(5, 2),

bus_end),

here is

This

WO rows

in the PRIMARY KEY declaratlon effectlvely makes the bus _start and bus_ end columns as part of the pri-

mary ke

attempt to insert a new row Wlth an emp 1d Value of 100 and appllcatlon t1me perlod from 2004 01-01
to 2005-01-01 will succeed while an attempt to insert a new row with an emp_id value of 100 and

applicati

on-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,
PER| OD FOR business_time (bus_start, bus_end),
PRI MARY KEY (dept_id, business_time WTHOUT OVERLAPS)

)i

Assume that the dept table has a primary key that corresponds to the combination of the’dept_id column
and the pusiness_time period as shown in the immediately preceding table definition. Assume further

that credtion of a referential constraint is required between the emp table and the’dept table wiith the

emp table’s foreign key that corresponds to the combination of the dept_id column and the business_time
period, duch that for a given row R in emp table, for every point in time T4in.R’s application-timg period
(i.e., setlof values from bus_start value through to but not including bus erid value), there is exdctly one
matching row in the dept table whose application-time period contains T.

Assume the contents of dept and emp tables are as shown in Table'11, “Example data table dept for foreign
key with|application-time period”, and Table 12, “Example data table emp for foreign key with application-
time petfiod”, 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

10( Tom 3000 1 2001-07-27 2002-07-2¢
10( 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
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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
application-time period of row 1 of emp table, i.e.,, for every date value starting from 2001-07-27 through
but not including 2002-07-27, the dept_id value of row 1 of emp table matches with the dept_id value of
exactly grerew-feitherrewtorrow—2jof deptiableForinstanceforaspeeifie-datesuehas2901-08-
30, the dept_id value of row 1 of emp table matches with the dept_id value of row 1 of depttable. For
anotherdate such as 2002-03-01, the dept_id value of row 1 of emp table matches with thé dept| id value
of row 2|of dept table. This is true for every date value starting from 2001-07-27 through!2002}07-26.
It is the §ame case for every date value in the application-time period of row 2 of emp table and for every
date val{ie in the application-time period of row 3 of emp table.

From th¢ immediately preceding example, it is clear that capability is neededto-specify for every point
in time T in the application-time period of a given row R in emp table, ther€ is exactly one matching row
in the dgpt table whose application-time period contains T. There is additional syntax for refer¢ntial
constraipt declarations to provide such a capability. This example illuStrates this new syntax:

CREATE TABLE enp
(enplid I NTEGER NOT NULL,
namg VARCHAR( 30),
sal ary DECI MAL(5, 2),
dept _id | NTEGER,
bus|start DATE NOT NULL,
bus|end DATE NOT NULL,
PER| CD FOR business_tine (bus_start, bus:end),
PRI MARY KEY (enp_id, business_tinme W\THOUT OVERLAPS),
FOREI GN KEY (dept_id, PERI CD business_tine) REFERENCES
dept (dept_id, PERIOD business_tine)
)

In the immediately preceding example, the reference to the period name in the FOREIGN KEY clause as
well as ih the REFERENCES clausejis prefixed with the keyword PERIOD to indicate the special ¢hecking
that neefls to be done to enforce referential integrity. For this example, an attempt to insert a n¢gw row
with an emp_id value of 100;5:dept_id value of 1, and application-time period from 2000-06-01 to 2001-
01-01 infto emp table will succeed while an attempt to insert a new row with an emp_id value of 100,
dept_id yalue of 1, and\application-time period from 2000-01-01 to 2001-01-01 will fail.

Note that in the immediately preceding example, both the referencing and referenced tables contain an
applicatjon-time.period. If only one of the tables contains an application-time period and the other does
not, then thelonly kind of referential constraint that can be defined between them is a regular refferential
constraipt,i.€., a referential constraint that does not involve periods. For example, consider these two
scenarios:

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 it is
not possible to define a referential constraint involving periods between such a referenced table 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-time
period is likely to include the application-time period in its definition in almost all cases.
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2) Referenced table does not contain an application-time period but the referencing table does: Since
there is no way for the primary/unique constraint on the referenced table to include an application-
time period, there is no way to define a referential constraint involving periods in this scenario as
well. On the other hand, it is always possible to define a regular referential constraint between such

areferenced table and referencing table.

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

Rows cah be inserted into tables containing an application-time period in exactly the same wayLas
inserting rows into any tables. The only difference is that there is an automatically-generatéed njpn-
deferraljle constraint for such tables that ensures that the value of the end column of thenapplidation-
time petifiod is greater than the value of the start column of the application-time period)for every row
being in$erted. An exception would be raised if that is not the case. For example, asSuime the enjip table
was empty when this INSERT statement:

I NSERT | NTO enp

VALUEPS (100,

is executfed. The content of emp table is changed as shown in Table 13] “Content of table emp aft

'"Tom , 3000, 1,

with application-time period”:

DATE ' 2001-07-27",

DATE ' 2004- 07-,27 ) ;

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

er insert

emp_id

name

salary

dept.id

bus_start

bus_end

10(

Tom

3000

1

2001-07-27

2004-07-2Y

The exeqution of the INSERT statement shown before Table 13, “Content of table emp after insgrt with

applicatjon-time period”, will activate the INSERT triggers defined on emp table in the usual way.

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

Update dperations on tables containing an application-time period apply specified updates to all q

palifying

rows, expactly like the update operations on a regular table. For example, if the emp table contaips the
rows shown in Tabléx14, “Content of table emp before updating a row”:

Table 14 — Content of table emp before updating a row

empid [ 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
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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
Users capratse ample.

UPDATE enp

SET dept_id = 10,

byis_start = DATE ' 2002-07- 27"
VWHERE| enmp_id = 100;

Assumirlg the content of emp table before the execution of the immediately pré¢eding example[was as
shown in Table 16, “Content of table emp before updating the application-time'period of a row?:

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

emp_id | name salary dept_id bus_start bus_end

10( Tom 3000 1 2001-07-27 2004-07-2Y

The content of emp table after the execution is showmin Table 17, “Content of table emp after ypdating
the appljcation-time period of a row”:

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

emp_id | name salary dept_id bus_start bus_end

10( Tom 3000 10 2002-07-27 2004-07-2Y

Whenever the start and/orthe end column of an application-time period is updated, a check isjmade to
make sufe that the valuge-specified for the end column of the application-time period is greater than the
value specified for thestart column of the application-time period after every row is updated. An exception
would be raised if that'is not the case. All UPDATE triggers defined on the table will get activatgd in the

usual way for allfows being updated.

5.2.6 Updatingthe table between specific pointsintime

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

emb_id name salary dept_id bus_start bus_end

10( Tom 3000 1 2001-07-27 2004-07-2y
Assumirlg successful execution of the previous UPDATE statement, the content of.emp table is ¢hanged
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 andnner part of a period

emp_id | name salary dept_id bus_start bus_end

10( Tom 3000 1 2001-07-27 2002-01-01

10( Tom 3000 10 2002-01-01 2003-01-0

10( Tom 3000 1 2003-01-01 2004-07-2y

As aresylt of the preceding UPDATE statementythe existing row for Tom is updated to show th
to department 10 from 2002-01-0d<%o 2003-01-01 while two new rows are inserted that show

assigned

that Ton] is assigned to department 1 from2001-07-27 to 2002-01-01 and from 2003-01-01 to

07-27.
If an UPI

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

This exa
period s
rOWS areg

UPDAT

SET d

DATE statement contains-a FOR PORTION OF clause, explicit updates to either the start

mple illustrates the case where the candidate row’s application-time period is containg
pecified by the FROM and TO values specified in the FOR PORTION OF clause, and henc

ht he is

2004-

column

d in the
b N0 hew

VWHERE

inserted:
E enp FOR) PORTI ON OF business_tinme
FROM-DATE ' 2001- 01- 21" TO DATE ' 2004- 12- 31’
bpt_id = 10
eqp’id = 100;

Assume the content of emp table prior to the execution of above statement was as shown in Table 20,
“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

em

p_id | name

salary

dept_id

bus_start

bus_end

100

Tom

3000

1

2001-07-27

2004-07-27

20

© ISO/IEC 2021 - All rights reserved


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

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

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”:

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
Here is grexamptewirere only ome rew row s iserted per row update:
UPDATE enp FOR PORTI ON COF business_tine
FROM DATE ' 2001- 07-27' TO DATE ' 2003-01- 01"
SET dept_id = 10
VWHERE| enmp_id = 100;
Assume fthe content of emp table prior to the execution of immediately preceding example was 4s shown

in Table

22, “Content of table emp before updating the edge of a period of arow”:

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

em

p_id [ name salary dept_id bus_start bus_end

10( Tom 3000 1 2001-07-27 2004-07-2

Assumirlg successful execution of the preceding UPDATE statement, the content of emp table is

as show

n 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

changed

emp_id | name salary dept_id bus_start bus_end
10( Tom 3000 10 2001-07-27 2003-01-01L
10( Tom 3000 1 2003-01-01 2004-07-2Y

More pr
1) Let
2) For

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

be i

ecisely, the effect-of UPDATE statements that contain the FOR PORTION OF clause are as
T be thefitst value and ST be the second value specified in the FOR PORTION OF claus

bach-row R in the table that qualifies for update and whose application-time period ov¢

follows:
e.

erlaps
let BPE

s annlication-time neriod-end value.
Pr P

a)

b)

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

is inserted.

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 delete operations on a regular table. For example, the delete operation:

DELET
VHERE

deletes 2
each rov

5.2.8 1

As in the
applicat
example

operation applies only to those rows whose application-time{periods either overlap or are conf

the spec

applicatlon-time periods are completely contained in the.specified period, but for rows whose apg

time per
period W
thereisé
stateme

This exa
DELET
VWHERE

Assume

shown in Table 24, “Content of table emp before deleting an inner part of a period”:

FFROM enp
enp_id = 100;

1l rows with emp_id value of 100. All DELETE triggers defined on the table will get acti
 being updated in the usual way.

Deleting rows between specific points in time

on-time period provides an opportunity to enhance the behavior of DELETE statemen

fied period. Additionally, they may want the deleteto/apply in the usual way to those row

iods overlap the specified period, they may want the delete to apply only for the inters
ithoutlosing the old content of rows for themon-intersecting period. To provide this func
dditional syntax for DELETE statement that mirrors the additional syntax created for the
nt.

nple illustrates this new syntax:
E FROM enp FOR PORTI ON OFlbusi ness_ti me

FROM DATE ' 2002:0%- 01' TO DATE ' 2003-01-01'
enp_id = 100;

the content of emptable prior to the execution of the immediately preceding example

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

yated for

case of update operations, for tables containing an application-time period, the presemce of

. For

users may want to specify a time period as part of the BELETE statement such that thle delete

ained in
's whose
lication-
pcting

tionality,
UPDATE

vas as

emp_id~[\name salary dept_id bus_start bus_end

10

Tom 3000 1 2001-07-27 2004-07-2

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
100 Tom 3000 1 2003-01-01 2004-07-27

Note ttht as a result of the preceding DELETE statement, the existing row for Tom is deleted ‘and two
copies of the existing row for Tom showing he is assigned to department 1 from 2001-07-27t6 2002-01-
01 and from 2003-01-01 to 2004-07-27 are inserted.

This example illustrates the case where the candidate row’s application-time period.is containgd in the
period specified by the FROM and TO values specified in the FOR PORTION OF clause, and henc¢ no new
rows ardg inserted:

DELETE FROM enp FOR PORTI ON OF busi ness_tine
FROM DATE ' 2001- 01-01' TO DATE ' 2004- 12- 31"
WHERE| enp_i d = 100;

Assume the content of emp table prior to the execution of the iminediately preceding example fas as
shown in Table 26, “Content of table emp with application-tifae period before deleting a row”:

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

emk)_id name salary dept_id bus_start bus_end

10( Tom 3000 1 2001-07-27 2004-07-2Y

Assumirlg successful execution of the preceding DELETE statement, the content of emp table wiill no
longer cpntain a row for Tom; that is; the table will be empty.

Here is gn example where only.on€ new row is inserted per row delete:

DELETE FROM enp FOR PORTI ON OF busi ness_tine
FROM DATE ' 2001-07-27" TO DATE ' 2003-07-27'
VWHERE| enp_id = 100;

Assume [the content of emp table prior to the execution of above statement was as shown in Table 27,
“Content of table.emp before deleting an edge of a period”:

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

emp_id | name salary dept_id bus_start bus_end

2001-07-27 2004-07-27

100 Tom 3000 1

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

em

p_id | name salary dept_id bus_start bus_end

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

More precisely, the effect of DELETE statements that contain the FOR PORTION OF clause are as follows:

1) Let

2) For
with

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

T he the first value and ST be the second value cpp(‘ifipd in the FOR PORTIQN QF clause.

bach row R in the table that qualifies for deletion and whose application-time periéd,oyerlaps

let BPE

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 s¢t to FT
is inserted.
b) |If BPS < ST and BPE > ST, then a copy of R with its application-time period start value get to ST
is inserted.
c) [Risdeleted.
All DELHTE triggers defined on the table will get activated in the usual way for all rows that aredeleted.
In additijon, all INSERT triggers will get activated for all rowsthat are inserted. As in the case of[UPDATE
triggers,|it is currently not possible for the body of a DELETE trigger to gain access to the FROM and TO

values i

5.2.9 (

The stan
querying
research
up with

proved {

NOTH

the FOR PORTION OF clause if one is specified:

Duerying tables containing a period definition

p be more challenging than expected.

3 — There are currently no plans to add any such extensions to ISO/IEC 9075-2.

Users c

period in exactly the-same way as for querying regular tables. For example, this query retrieves
whose applicationtime periods intersect a specified point in time:

SELE
FROM

, however, uSe the existing query syntax for querying tables containing an applicationf

*

119)

WHERE

bus_start < DATE '2001-01-01'

AND bus_end > DATE ' 2001-01-01';

dard does not provide any extensions to the SQL query syntax that are specifically targeted to

y tables containing an applicatioh-time period. This is because there is a tremendous bpdy of
(and several competing research proposals) on temporal query extensions and the job of coming
h simple yet complete query proposal for tables containing application-time period definitions

time

rows

Similarly, the next query retrieves rows whose application-time periods overlap with the period formed
by 2001-01-01 and 2001-07-07 (assuming the closed-open model of period values):

SELECT *
FROM enp

VHERE

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
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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, OVERLAPS, EQUALS, PRECEDES, SUCCEEDS, IMMEDIATELY PRECEDES, and IMMEDIATELY
SUCCEEDS. For example, the immediately preceding example could also be expressed using the CONTAINS
predicate:

SELECT Enane, Edept
FROM Enp
VWHERE ENo = 22217 AND

EPeri od| CONTAI NS DATE ' 2011- 01- 02’

If one wanted to know all the departments where the employee whose number’is 22217 worked during
the peri¢d from January 1, 2010 to January 1, 2011, one could formulate tlie query as:

SELECT Enane, Edept
FROM Enp
VWHERE ENo = 22217

AND ESt art < DATE ' 2011-01-01'
AND EEn¢l > DATE ' 2010-01-01'

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

SELECT Enane, Edept
FROM Enp
VWHERE ENo = 22217

AND EPefi 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|PERIOD,
to allow{for adding an‘application-time period to an existing table that does not have such a pefiod and
for dropping an application-time period from a table that does have such a period. For example] assume
this tablg exists\in-some schema:

CREATE TABLE dept
(depLig—I NTEGER NCOT NULL,
dep_name VARCHAR(30),
dept _budget DECI MAL( 10, 2),
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 busi ness_ti ne RESTRI CT;
or via:

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

Droppinlg the application-time period from a table impacts the constraints, triggers, views, and [routines
defined pn the table if those objects contain references to the application-time period.

For a taljle containing an application-time period table, it is prohibited to drop the NOT NULL copstraints
on the application-period start and end columns and the implicit CHECK constraint‘added to miake sure
the valug of application-time end column is greater than the value of application-time start colymn. To
drop thedse constraints, users could either drop the application-time period before attempting tio drop
the constraints or drop the period under CASCADE.

5.3 S$ystem-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 accurpte history of data changes either for buisiness reasons, legal reasons, or both. A typical lexample
of such gpplications is a banking applicationfwhere it is necessary to keep previous states of cystomer
account finformation so that customers canbe provided with a detailed history of their accounts. There
are also plenty of examples where certdin’institutions are required by law to preserve historical data for
a specifipd length of time to meet regtilatory and compliance requirements.

A key requirement of such applications is that any update or delete of a row automatically pres¢rves the
old statq of the row before pérforming the update or delete. Another important requirement is fthat the
system, rather than the uset; maintains the start and end times of the periods of the rows, and that users
be unable to modify the content of historical rows or the periods associated with any of the rows. Any
updatesito the periods'of rows in a system-versioned table shall be performed only by the system as a
result oflupdates tocthe non-period columns of the table or as a result of row deletions. This proyides the
guarante¢e that the’recorded history of data changes cannot be tampered with, which is critical fo meet
auditingland/¢gmpliance regulations.

Any tablgé that contains a period definition with the standard-specified name, SYSTEM_TIME, andlincludes
the keywords WITH SYSTEM VERSIONING in its definition is a system-versioned table. Similar to appli-
cation- time period tables, users can pick any name they want for the names of columns that act as the
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.

System-versioned tables differ from application-time period tables in these respects:

1) In contrasttotheapp teattortime per tsersare-notallowedtoassienorehansethe values
of Sys_start or Sys_end columns; they are assigned (and changed) automatically by the datgbase

m. This is the reason why the definitions of Sys_start or Sys_end columns shall includg the

ords GENERATED ALWAYS.

2) INSERT into a system-versioned table automatically sets the value of Sys_start ¢olumn to the trans-
actipn 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.

ISO/IEC9075-2 leaves it up to SQL-implementations to pick an apprepriate value for the transaction
tim¢stamp of a transaction, but it does require the transaction timestamp of a transaction tp remain
fixedd during the entire transaction.

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

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

5) <syqtem time period start column specification> and <system time period end column specification>
are (lefined using <column definition>s that implicitly include NOT NULL constraints.

An UPDATE statement on a system-versiened table first inserts a copy of the old row with its system-
time perfiod end time set to the transaction timestamp, indicating that the row ceased to be curient as of
the transaction timestamp. It then:updates the row while changing its system-period start tim¢ to the
transactjon timestamp, indicating that the updated row to be the current system row as of the transaction
timestamp.

5.3.2 Primary kéyand referential constraints

The defipition'and enforcement of constraints on system- versioned tables is considerably simpler than

the definfition-and enforcement of constraints on application- time period tables. This is because copstraints
on systwmmmmmmﬁsmmn rows

in a system- versioned table form immutable snapshots of the past. Any constraints that were in effect
when a historical system row was created would have already been checked when that row was a current
system row, so there is never any need to enforce constraints on historical 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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