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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 1SO or IEC
participate in the development of International Standards through technical committees established by the
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paits may be published without publication of new editions of other parts.

on with 1SO and IEC, also take part in the work. In the field of information technology, 1IS©’and
btablished a joint technical committee, ISO/IEC JTC 1.

in task of the joint technical committee is to prepare International Standards. Dratt-International Sta
d by the joint technical committee are circulated to national bodies for voting.-Publication as an |
Standard requires approval by at least 75 % of the national bodies casting'a vote.

pptional circumstances, when the joint technical committee has collécted data of a different kind
nich is normally published as an International Standard (“state of the art”, for example), it may d
ish a Technical Report. A Technical Report is entirely informative in nature and shall be subject
every five years in the same manner as an International Standard.

on is drawn to the possibility that some of the elements:of this document may be the subject of |
ISO and IEC shall not be held responsible for identifying any or all such patent rights.

C TR 19075-2 was prepared by Joint Technical-Committee ISO/IEC JTC 1, Information techno
mmittee SC 32, Data management and interchange.

C TR 19075 consists of the following parts, under the general title Information technology — D4
ges — SQL Technical Reports:

rt 1: XQuery Regular ExpressioncSupport in SQL

rt 2: SQL Support for Time-Related Information

rt 3: SQL Embedded in.Programs Using the Java™ Programming Language
rt 4: SQL With Routines and Types Using the Java™ Programming Language
rt 5: Row Pattern-Recognition in SQL

TE 1 — Thetindividual parts of multi-part technical report are not necessarily published together. New editions of one

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

IVE organization to deal with particular Tields of technical activity. ISO and TEC technical commjttees
prate in fields of mutual interest. Other international organizations, governmental and non-governmental,
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I ntroduction

The organization of this part of ISO/IEC 19075 is as follows:
1) Clause 1, “Scope”, specifies the scope of this part of ISO/IEC 19075.

2) Clause 2, “Normative references”, identifies additional standards that, through reference in this paft of
ISO/IEC 19075, constitute provisions of this part of ISO/IEC 19075.

3) Clause 3, “Time-related datatypes, constructs, operators, and predicates”, explains time-related datatypes,
operators, and predicates in SQL.

4) Clause 4, “Time-related Tables”, explains how time-related tables are used.

vi SQL Support for Time-Related I nformation ©ISO/IEC 2014 — All rights reserved
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TECHNICAL REPORT

ISO/IEC DTR 19075-2:2014

| nfor mation technology — Database languages — SQL Technical Reports —

Part 2:

SOL

Support for Time-Related I nfor mation

1 Stope

This Technical Report describes the support in SQL for time-related information.

This Technical Report discusses the following features of the SQL language;

— i

me-related datatypes

— Operations on time-related data

— i
— A
— B

me-related Predicates
pplication-time period tables
stem-versioned tables

temporal tables

©ISO/IEC 2014 — All rights reserved
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2.1 1SO and |EC standards

2 Normativereferences

The fo

lowing referenced documents are indispensable for the application of this document For dated references,

only the edition cited applies. For undated references, the latest edition of the referenced document (ingluding

any anp

2.1

[1SP9075-2] ISO/IEC 9075-2:2011, Information technology — Database languages — SQL — Part|2:
Foundation (SQL/Foundation).

endments) applies.

| SO and | EC standards

©ISO/IEC 2014 — All rights reserved Normativereferences 3
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3.1 Datetimetypes

3 Time-related datatypes, constructs, operators, and predicates

3.1 | Datetimetypes

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

Avalug of data type TIMESTAMP is made up of the datetime fields YEAR, MONTH, DAY, HOUR, MINUTE,

and SECOND. It is always a

valid time at a valid Gregorian date.

A valug of data type TIME comprises values of the datetime fields HOUR, MINUFE-and SECOND. It is glways

a valid time of day.

A value of data type DATE is made up of the datetime fields YEAR, MONTH, and DAY. It is always g valid

Gregofian date.

TIME$STAMP and TIME may be specified with a number of (decimal) digits of fractional seconds pregision.

TIME$STAMP and TIME may also be specified as being WITKH TIME ZONE, in which case every valye has
associgted with it a time zone displacement. In comparing values of a data type WITH TIME ZONE, the value

of the fime zone displacement is disregarded.

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

Table 1 —Fieldsin datetime values

Keyword M eaning

YEAR Year, between 0001 and 9999

MQONTH 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

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.

©ISO/IEC 2014 — All rights reserved Time-related datatypes, constructs, operators, and predicates 5


https://iecnorm.com/api/?name=9e85f00df335a0c93f2815d704d2b11d

DTR 19075-2:2014(E)

3.1 Datetimetypes

Keyword

Meaning

TIMEZONE_MINUTE

Minute value of time zone displacement, between —59 and 59. When the value
of TIMEZONE_HOUR is either —14 or 14, the value of TIMEZONE_MINUTE

is restricted to be 00 (zeros).

There [San ordering of the significance of these fietds. This 15, from mostsignificant to feastsignificant YEAR,
MONTH, DAY, HOUR, MINUTE, and SECOND.
Table 2— Mapping of Datetime fields to Datetime Datatypes
Datatype YEAR | MONTH | DAY | HOUR | MINUTE | SECOND | TZ TZ
HOUR | MINUTIE
T1MESTAMP Y Y Y Y Y Y N N
TIMESTAMP | Y Y Y Y Y Y Y Y
ITHTZ

T1ME N N N |y Y Y N N

TIME WITH | N N N Y Y Y Y

TY

DATE Y Y Y N N N N N
The surface of the earth is divided into zones,-¢alled time zones, in which every correct clock tells the game
time, Known as local time. Local time is equal'to UTC (Coordinated Universal Time) plus the time zong dis-
placement, which is an interval value that,ranges between INTERVAL '-14:00' HOUR TO MINUTE and
INTERVAL '+14:00' HOUR TO MINUTE. The time zone displacement is constant throughout a time Zone,

changiing at the beginning and end.ob Summer Time, where applicable.

DNE,
TAMP

A datetime value, of data type-TIME WITHOUT TIME ZONE or TIMESTAMP WITHOUT TIME Z(
may rgpresent a local timegswhereas a datetime value of data type TIME WITH TIME ZONE or TIMES
WITH|TIME ZONE represents UTC.
Table 3— Examples of the datetime datatypes

Datatype 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

6 SQL Support for Time-Related | nformation
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On occasion, UTC is adjusted by the omission of a second or the insertion of a “leap second” in order to
maintain synchronization with sidereal time. This implies that sometimes, but very rarely, a particular minute
will contain exactly 59, 61, or 62 seconds. Interval arithmetic that involves leap seconds or discontinuities in
calendars will produce implementation-defined results.

For the convenience of users, whenever a datetime value with time zone is to be implicitly derived from one
without (for example, in a simple assignment operation), SQL assumes the value without time zone to be local,

subtracts-the current default time zone dlcpl:r‘amanf of the SQL -session from-it o give UTC, and-assaociates

that time zone displacement with the result.

Conversely, whenever a datetime value without time zone is to be implicitly derived from one with, SQL
assumes the value with time zone to be UTC, adds the time zone displacement to it to give local time, and the
result, jwithout any time zone displacement, is local.

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

3.2 | DateTimeliterals

A datefime literal can specify datetime values of the respective datetime datatypes. An datetime literal cpnsists
of threg parts. The keyword for the datatype, the value in a fixed format and the timezone displacement. The
format for the datetime literal is yyyy—mm-—dd hh24:mi:ss,sssS. The datatype is automatically assignd tp the
literalg depending on their content and the keyword used.

Table 4 — Examples of datetimeliterals

Literal Datatype Explanation

TIMESTAMP '2014-06-11 | TIMESTAMP (2) [ This is a timestamp for the 11th of June 2014 gt 9

09]15:22.03' 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 dis-
TIMEZONE placement of + 1 hour

DATE '0001-01-01 DATE The first of January in year 1. This is the first pps-

sible date in SQL

3.3 |{Interval types

A value of an interval type represents the duration of a period of time. There are two classes of intervals. One
class, called year-month intervals, has an interval precision that includes a YEAR field or a MONTH field, or
both. The other class, called day-time intervals, has an express or implied interval precision that can include
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.

©ISO/IEC 2014 — All rights reserved Time-related datatypes, constructs, operators, and predicates 7
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Table5 — Fieldsin year-month INTERVAL values

Keyword | Meaning | Valid valuesof INTERVAL fields

YEAR Years Unconstrained except by the leading field preci-
sion

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

Table ¢, “Fields in day-time INTERVAL values”, specifies the fields that make up a day-time. interval. /A day-
time interval is made up of a contiguous subset of those fields.

Table 6 — Fieldsin 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 (withit+hours) (0-59)
SECOND | Seconds and possibly | Seconds (within minutes) (0-59.999...)
fractions of a second

The aqdtual subset of fields that comprise a value,of either type of interval is called the precision of the yalue.
Within a value of type interval, the first field"is constrained only by the precision of the leading field.

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

Table 7 — Fieldsin day-time INTERVAL values

Datlatype Explanation
INTERVAL'YYEAR TO MONTH This is a year-month interval which is made up of the fields year
and month

INTIERVVAL HOUR TO SECOND (7) Thisisa day-fimn interval whis made up of the fields 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 whis 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)

8 SQL Support for Time-Related I nfor mation ©ISO/IEC 2014 — All rights reserved
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Datatype Explanation

INTERVAL SECOND (4) This is a day-time interval whis made up of just the field second
with a fractional precision of 4. All other fields are 0 (zero)

Year- month mtervals are comparable onIy W|th other year- month |ntervals If two year month mtervals have
TCIT f f g same
bW/

precision by appendlng neW datetlme fields to either one of the ends of one interval, or to both ends.'N
datetime fields are assigned a value of 0 (zero).

14

Day-tine intervals are comparable only with other day-time intervals. If two day-time intervals have different
intervgl precisions, they are, for the purpose of any operations between them, converted to the same prdcision
by appending new datetime field to either one of the ends of one interval, or to both ends.’New datetime fields
are asdigned a value of O (zero).

3.4 | Interval literals

An interval literal can specify interval values of the respective interval datatypes.An interval literal congists of
three garts. The keyword INTERVAL, the datetime interval in a fixed format and the interval qualifier. [The
format for the datetime literal is yyyy-mm-dd hh24:mi:ss.ssssy/An interval literal can be positive or negative.
The dgtatype is automatically assignd to the literal depending’on the keywords used for the interval qualifier.

Table 8 — Examplesof theinterval literals

Litgral Datatype Explanation

INTERVAL '1' MONTH INTERVAL MONTH One month

INTERVAL '01 10' DAY TO | INTERVAL DAY TO HOUR | One day and one hour
HOUR

INTTERVAL '10:10:10.1! INTERVAL HOUR TO SEC- | Ten hours, ten minutes and 10.1 sec-
HOR TO SECOND(T) OND (1) onds
INTERVAL '-10:\MINUTE INTERVAL MINUTE Minus 10 minutes.

3.5 LPériods

A period is an object associated with a single base table. A period definition for a given table associates a period
name with a pair of column names defined for that table. The columns must be both of a datetime data type
and known not nullable. Further, the declared types of both columns need to be 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 to be associated with

©ISO/IEC 2014 — All rights reserved Time-related datatypes, constructs, operators, and predicates 9
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a period whose name corresponds to the period name specified in the period definition and whose start and end
times are provided by the column values specified in the period definition.

For ex

ample, consider the following table definition:

CREATE TABLE emp
(emp_id INTEGER NOT NULL,
name VARCHAR(30),

sqlary DECIMAL(S,2),
dept_id INTEGER,
byis_start DATE NOT NULL,

b
P

);

The pgriod definition "PERIOD FOR business_time (bus_start, bus_end)" in the abovetable definition g
a perigd named business_time for the emp table with the value in the bus_start catumn for a given row

as the

a given row acting as the end time of the business_time period associated with the row.

In gen

and th¢ second column is called the P period end column. The columns-participating in a period definitio
satisfy|the following conditions:

1) B

3 T

For an

than the value of the period start column. In general, the period is a set of datetime values consisting off
distingt value in the timeline starting from_the period start value up to but not including the period end

A givep table can have at most two period definitions. One of the periods is reserved for supporting sy9

timed
period

3.6

Table

exprespiagns-involving datetime and interval operands.

2) T:[e data type of both columns must be a datetime data type.

s_end DATE NOT NULL,
FRIOD FOR business_time (bus_start, bus_end)

btart time of the business_time period associated with the row and the value'in the bus_end colur

pth columns must be declared as NOT NULL.

e data types of both columns must be identical

mension, i.e., system-versioned tables with a predefined period name of "SYSTEM_TIME" for

Oper ations involving datetimes and intervals

efines
acting
nn for

ral, for a period with name P, the first column in the period definition'is called the P period start column,

N must

y given period, the SQL-implementation gnsures the value of the period end column is always greater

every
yalue.

tem-
such a

This leaves one period far supporting the application-time dimension with a user-defined name for such
a peridd.

F “Valid operators involving datetimes and intervals™, specifies the declared types of arithmetic

Table 9 — Valid operatorsinvolving datetimes and intervals

Operand 1 Operator Operand 2 Result Type
Datetime - Datetime Interval
Datetime +or- Interval Datetime

10 SQL Support for Time-Related I nformation
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3.6 Operationsinvolving datetimesand intervals

Operand 1 Operator Operand 2 Result Type
Interval + Datetime Datetime
Interval +or— Interval Interval
Interval *or/ Numeric Interval
Numeric * Interval Interval

Acrithnpetic operations involving values of type datetime or interval obey the natural rules associated wit

and tin

Operations involving values of type datetime require that the datetime values be comparable. Operatior

involv

nes and yield valid datetime or interval results according to the Gregorian calendar.

ng values of type interval require that the interval values be comparable.

h dates

w

itetime

g the

e same

riods
rasa
ists of
hgth of
0

Operations involving a datetime and an interval preserve the time zone of thedatetime operand. If the dz
operarld does not include a time zone displacement, then the result has no.time zone displacement.

An extract expression operates on a datetime or interval and returns an‘exact numeric value representin
value ¢f one component of the datetime or interval.

An intgrval absolute value function operates on an interval argament and returns its absolute value in th
most specific type.

3.7 | Time-related predicates

3.7.1 | Overlaps Predicate

An oveérlaps predicate uses the aperator OVERLAPS to determine whether or not two chronological pg
overlap in time. A chronological period is specified either as a pair of datetimes (starting and ending) o
starting datetime and an interval. If the length of the period is greater than O (zero), then the period con
all points of time greater'than or equal to the lower endpoint, and less than the upper endpoint. If the le
the pefliod is equal to.0:(zero), then the period consists of a single point in time, the lower endpoint. Tw
chrondlogical periods overlap if they have at least one point in common.

3.7.2 | Period Predicates

There are seven period predicates available, as shown below:

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 hame, a period constructor, or a datetime value expression.

©ISO/IEC 2014 — All rights reserved
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37 Ti

me-related predicates

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

A description of each of the predicates is provided below (assume x is the first operand and y is the second
operand; further assume that when x and y stand for periods, they are modelled as (closed, open) periods with

xs and

xe as the start and end times of period x and ys and ye as the start and end times of period y):

For the examples consider the following table definition:

CREAT

(emp_id INTEGER NOT NULL,

nal
sa
de
bu
bu
PE

1) T:l:e predicate “x OVERLAPS y” applies when both x and y are either geriod names or period constn

T

X6

A
th

SH
FH
WH

W
of;
SE

FH
WH

2) T:l:e predicate “x EQUALS y” applies when both x and y are either period names or period constry

T
Y6

A
w

SH

E TABLE emp

ne VARCHAR(30),

ary DECIMAL(5,2),

bt_id INTEGER,

5_start DATE NOT NULL,

5 end DATE NOT NULL,

RIOD FOR business_time (bus_start, bus_end)

is predicate returns True if the two periods have at least one time-point in common, i.e, if Xxs <V
> ys.

query to retrieve all emp rows whose application-time periods overlap a given period, say a perig
p start date of 2001-01-01 and the end date of 2001-07-07 using existing SQL syntax looks as fo

LECT *
OM emp e
ERE e.bus_start < DATE "2001-07-27" AND e.bus_end > DATE "2001-01-01*

HERE clause are expressed using the @ame of the period rather than the start and end columns g
riod, as shown below:
LECT *

OM emp e
ERE e.business_time QVERLAPS PERIOD (DATE "2001-01-01", DATE "2001-07-27%)

is predicate returns-True if the two periods have every time point in common, i.e, if xs = ys and

query toretrieve all emp rows whose application-time periods is equal to a given period, say a p
th thestart date of 2001-01-01 and the end date of 2001-07-07 using existing SQL syntax looks as f

uctors.
e and

d with
lows:

Tipe above query can be written in a more succinct and more intuitive way when the predicates in fhe

f the

ctors.
Xe =

eriod
bllows:

LECT *

FROM emp &
WHERE e.bus_start = DATE "2001-01-01" AND e.bus_end = DATE "2001-07-27*

The above query 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 below:

SELECT *
FROM emp e
WHERE e.business_time EQUALS PERIOD (DATE "2001-01-01°, DATE "2001-07-27%)

12 SQL Support for Time-Related I nformation
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3) The predicate “x CONTAINS y” applies when

a)

b)

SH
FH
WH

4) The predicate “x PRECEDES y” applies when both x and y are either period names or period constr

In
if
A
W

SH
FH
WH

W
O[S
SH

FH
WH

both x and y are either period names or period constructors. In this case, the predicate returns True if

X contains every time pointiny, i.e., if xs < ys and xe = ye.

X is either a period name or a period constructor and y is a datetime value expression. In this case, the

predicate returns True if x containsy, i.e,, if xs <y and xe >y.

ERE bus_start < DATE "2001-01-01" AND bus_end > DATE "2001-01-01°

HERE clause are expressed using the name of the period rather than the start.and end columns @
riod, as shown below:

LECT *
OM emp
ERE business_time CONTAINS DATE "2001-01-01¢

this case, the predicate returns True if the end value afx:is less than or equal to the start value of
Xe < Ys.

query to retrieve all emp rows whose applicatioh-time periods precedes a given period, say a pe
th the start date of 2001-01-01 and the end date’ef 2001-07-07 using existing SQL syntax looks as f

LECT *
OM emp e
ERE e.bus_end < DATE "2001-91-01°

HERE clause are expressed using the name of the period rather than the start and end columns @
riod, as shown below;

LECT *
OM emp e
ERE e_business_time PRECEDES PERIOD (DATE "2001-01-01°, DATE "2001-07-27%)

5 T

In|thiscase, the predicate returns True if the start value of x is greater than or equal to the end valu
i..,dF XS = ye.

e predicate “x SUCCEEDS y” applies when both x and y are either period names or period constr

Xisting

e above query can be written in a more succinct and more intuitive way when-the predicates in the

f the

uctors.
y, i.e,

iod
Dllows:

Tlpe above query can be written-ifra more succinct and more intuitive way when the predicates in fhe

f the

uctors.
e of y,

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 2001-07-07 using existing SQL syntax looks as follows:

SELECT *
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FROM emp e
WHERE e.bus_start = DATE "2001-07-07"

The above query 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

pe

riod, as shown below:

SELECT *

FH
WH

6) The predicate “x IMMEDIATELY PRECEDES y” applies when both x and y are either period narj

pe
off

A
a
as

SH
FH
WH

W
of:
SE

FH
WH

7) The predicate “x IMMEDIATELY SUCCEEDS y” applies when both x and y are either period nar

pe
of

A
sa
lo

SH
FH
WH

OM emp e
ERE e.business_time SUCCEEDS PERIOD (DATE "2001-01-01", DATE "2001-07-27")

riod constructors. In this case, the predicate returns True if the end value of x is equakto the star
y, i.e, if xe =ys.

query to retrieve all emp rows whose application-time periods immediately precedes a given peri
period with the start date of 2001-01-01 and the end date of 2001-07-07 usingexisting SQL synta
follows:

LECT *
OM emp e
ERE e.bus_end = DATE "2001-01-01*

HERE clause are expressed using the name of the period rather than the start and end columns o
riod, as shown below:

LECT *
OM emp e
ERE e._business_time IMMEDIATELY PRECEDES
PERIOD (DATE "2001-01-01°, DATE "2001-07-27%)

riod constructors. In this case, the predicate returns True if the start value of x is equal to the enc
y, i.e, if xs = ye.

query to retrieve all emp_rows whose application-time periods immediately succeedes a given p¢
y a period with the start date of 2001-01-01 and the end date of 2001-07-07 using existing SQL
pks as follows:

LECT *
OM emp e
ERE e bus_start = DATE "2001-07-07*

hes or
value

hd, say
looks

Tipe above query can be written in a more succinct and mere intuitive way when the predicates in fhe

f the

nes or
value

briod,
Byntax

SELECT *
FROM emp e
WHERE e.business_time IMMEDIATELY SUCCEEDS

14 SQL Support for Time-Related I nformation

PERIOD (DATE "2001-01-01%, DATE "2001-07-27%)
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ime-related Tables

has just the system versioning period, whereas the third type, called a bitemporal table, has bot

Application-time period tables

ation-time period tables are intended for meeting the requirements of appfications that are intere
ng time periods during which the data is believed to be valid in the real world. A typical exampl
pplications is an insurance application, where it is necessary to keepdrack of the specific policy ¢
/en customer that are in effect at any given point in time.

Validity period of rows, and the user be free to assign any time values, either in the past, current o
for the start and end times. Another requirement of suchrapplications is that the user be permitte
the validity periods of the rows as errors are discovefred or new information is made available.

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

Can pick any name they want for the name of‘the period as well as for the names of columns that
't and end columns of the period. The data types of the period start and end columns must be either
nestamp type, and data types of both calimns must be the same.

Extensionsto primary Key / unique constraints

can define primary key/unique constraints on tables containing an application-time period using
syntax with exactlyythe same behavior. However, the presence of an application-time period pra

, the
types

sted in
b of
etails

times
Fin the
d to

act as
DATE

the
vides

ortunity to enhafce the notion of primary key/unigque constraints on that table. For example, assumne that

interested in«creating a primary key for the emp table that corresponds to the combination of the e
hrt, and bus<end columns, such that for a given emp_id value and a given point in time T, there is ¢
v whose'application-time period (i.e., set of values from bus_start value through to but not inclu
d vatue) contains T. This means that for any selection based on a specified emp_id value and a sp

date, 0

mp_id,
pxactly
ling

beified

ne.and only one row is retrieved. Assume the emp table contains the following rows:

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
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emp_id | name salary dept _id bus start bus end

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

overlappmg Note second the end of the t|me perlod from row 1 |s the start tlme from row 2 and the endtlme
for rov e em
toadi
the sar
applicati
examp}le, a specified date of 2002-12-01 would result in the selection of row 2. Suppose hawever, that fow 2

is deleted. This would cause a gap in the period from 2001-07-27 through 2004-01-01. Fhus, if there wias a

guery o produce the dept_id and salary for the employee on the date, 2002-12-01, the query would fail because
there i$ no row whose application-time period contains the date 2002-12-01. However, if there was a qliery to
produge the dept_id and salary for the employee on the date, 2001-12-01 or on.thé.date, 2003-12-01, itjwould
still refurn only one employee row.

From the above example, it is clear that we need a capability to specify.the-emp table contains no two fows
with the same emp_id value and overlapping application-time periods,-Fhere is additional syntax for pfimary
key/unlique constraint declarations to provide such a capability. The fotlowing example illustrates this rjlew
syntax|

CREATE TABLE emp

(emp_id INTEGER NOT NULL,

nape VARCHAR(30),

sajary DECIMAL(5,2),

dept_id INTEGER,

bu$_start DATE NOT NULL,

bu$_end DATE NOT NULL,

PERIOD FOR business_time (bus_start, bus_end),
PRIMARY KEY (emp_id, business (time WITHOUT OVERLAPS)

):

The PRIMARY KEY constraintdn;the above definition ensures the table has no two rows with the same gmp_id
value \vith overlapping application-time periods. The reference to the business_time in the PRIMARY KEY
declargtion effectively makes the bus_start and bus_end columns as part of the primary key with check|for
overlapping periods rather-than for equality of periods. For our example, an attempt to insert a new row with
an emp_id value of 100-and application-time period from 2004-01-01 to 2005-01-01 will succeed whilg an
attempt to insert a-néw row with an emp_id value of 100 and application-time period from 2003-06-01 tq 2004-
06-01 will fail.

4.1.2 —Extensonstoreferentralconstraimnts

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 primary/unique
key columns of exactly one row in the referenced table. However, the presence of an application-time period
in both referencing and referenced tables provides an opportunity to enhance the notion of referential constraints
between those tables. For example, assume that we are interested in creating a referential constraint between
the emp table as defined in the previous section and the dept table shown below:
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CREATE TABLE dept
(dept_id INTEGER NOT NULL,
name VARCHAR(30),
budget DECIMAL(5,2),
bus_start DATE NOT NULL,
bus_end DATE NOT NULL,
PERIOD FOR business_time (bus_start, bus_end),

PRTMARY KEY (dept_1d, busitness_time WITHOUT OVERLAPS)

);

Assunm
the bug
betweg
of the

in timg
bus_en

Assun]

e that the dept table has a primary key that corresponds to the combination of the dept_id colum

n the emp table and the dept table with the emp table's foreign key that corresponds te the comb
Hept_id column and the business_time period, such that for a given row R in emp.table, for every
T in R's application-time period (i.e., set of values from bus_start value through’to but not inclu
d value), there is exactly one matching row in the dept table whose application-time period cont|

e the contents of dept and emp tables are as follows:

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

n and

iness_time period as shown above. Assume further that we are interested in creating a referential comstraint

nation
point
ding

ains T.

emp_id

name

salary

dept_id

bus start

bus end

1p0

Tom

3000

1

2001-07-27

2002-07-27

1p0

Tom

3500

1

2002-07-27

2003-01-01

1p0

Tom

4000

2

2003-01-01

2003-06-01

Examihingcthe content of each table, we see that the dept_id value of both row 1 and row 2 of emp tabl
1) matghes with the dept_id value of both row 1 and row 2 of dept table and the dept_id value of row 3

£ Adant talhln

In alen oo

e (i.e,
Df emp

t bl ot IO\ praotnhac vt thhn Aot Al v liin AF Aot AnA roaag e D A
able SOz Attt ric S vt i Ut Pt vatrot O tAat ty - OneTOvv, 10w 9, Ut

\A
UCPL WMIU, VT UIoU OoU

athat +
ctact

e

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 of emp table occurs before the bus_start value of row
2 of dept table. For row 2 of emp table, we see that its application-time period of is completely contained in
the application-time period of row 2 of dept table. Similarly, we see 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.

©ISO/IEC 2014 — All rights reserved
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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 one row (either
row 1 or row 2) of dept table. For instance, for a specific date such as 2001-08- 30, the dept_id value of row 1
of emp table matches with the dept_id value of row 1 of dept table. For another date such as 2002-03-01, the

dept_igrvatueof tow T of emptable matches withrthe dept_id vatue of Tow 2 of dept tabte- THis s true fo
date vglue starting from 2001-07-27 through 2002-07- 26. We also see that it is the same case for every
value in the application-time period of row 2 of emp table and for every date value in the application-ti
period|of row 3 of emp table.

From :Ee above example, it is clear that we need a capability to specify for every point intime T in the a
tion-ti

application-time period contains T. There is additional syntax for referential constraint declarations to
such a|capability. The following example illustrates this new syntax:

):

In the gbove example, the reference to the period name in the FOREIGN KEY clause as well as in the R
ENCEP clause is prefixed with the keyword PERIOD to indicate the special checking that needs to be ¢
enforcg referential integrity. For our example, an attempt to insert a new row with an emp_id value of 1
dept_i¢ value of 1, and application-time period from 2000-06-01 to 2001-01-01 into emp table will sug
N attempt to insert a new,row with an emp_id value of 100, dept_id value of 1, and application-fime
period|from 2000-01-01 to 2001=01-01 will fail.

while

Note that in the above example, both the referencing and referenced tables contain an application-time
If only| one of the tables contains an application-time period and the other does not, then the only kind of refer-
ential ¢onstraint that ¢an be defined between them is a regular referential constraint, i.e., a referential con

that ddges not invalve periods. For example, consider the following scenarios:

1)

2)

18 SQL Support for Time-Related I nformation

CREATE TABLE emp
(efp_id INTEGER NOT NULL,

e period of a given row R in emp table, there is exactly one matching row in the.dept table whg

name VARCHAR(30),

sqlary DECIMAL(S,2),

dept_id INTEGER,

byis_start DATE NOT NULL,

byis_end DATE NOT NULL,

PERIOD FOR business_time (bus_start, bus_end),

PRIMARY KEY (emp_id, business_time WITHOUTNOVERLAPS),

FOREIGN KEY (dept_id, PERIOD business_time) REFERENCES
dept (dept_id, PERIOD bpusiness_time)

Refereneed table contains an application-time period but the referencing table does not: If the primary.
kgy constraint on the referenced table includes an application-time period, then it is not possible to

every
date
me

bplica-
se
rovide

FFER-
one to
00,
ceed

beriod.

straint

Lnique
define

a feferential constraint involving periods between such a referenced table and referencing table sinc

e 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
it is perfectly legal to define a regular referential constraint between such a referenced table and refer

, then
encing

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.

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,
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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 a referenced table and
referencing table.

4.1.3

Rows
rows

for sugh tables that ensures that the value of the end column of the application-time period iscgredter th

value

raised
statement

INSERT INTO emp
VALYES (100,

is exedquted. The content of emp table is changed as shown below:

Inserting rows of tables containing an application-time period definition

tan be inserted into tables containing an application-time period in exactly the same way as inse
into any tables. The only difference is that there is an automatically-generated nondeferrable.cong

of the start column of the application-time period for every row being inserted. An exegption wol
f that is not the case. For example, assume the emp table was empty when the following INSER

"Tom®, 3000, 1, DATE "2001-07-27", DATE "2004-07/=27%);

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

ting
traint
An the
Id be
m

emp_id | name salary dept_id bus start bus end

1p0 Tom 3000 1 2001-07-27 2004-07-27

The execution of above INSERT statement will activate the INSERT triggers defined on emp table in th

way.

4.1.4

Updat¢ operations on tables containing an application-time period apply specified updates to all qualify

Updating rows of tables@entaining an application-time period definition

b usual

ing
owing

rows, g¢xactly like the update-operations on a regular table. For example, if the emp table contains the fol
rows:
Table 14 — Content of table emp before updating a row
emp_id< T 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 following UPDATE statement:

UPDATE emp

©ISO/IEC 2014 — All rights reserved
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SET dept_id = 10
WHERE emp_id = 100;

modifies the content of emp table as shown below:

Table 15 — Content of table emp after updating a row

mp—id— name salary. dept_id bus-start bus—end
1p0 Tom 3000 10 2001-07-27 2004-07=27
1p0 Tom 3000 10 2004-07-27 2006:07-27
Users tan also update the start column and/or the end column of a period, as shown in-the following ex
UPDATE emp
SET|dept_id = 10,

WHE

Assun

bus_start = DATE "2002-07-27"
RE emp_id = 100;

ing the content of emp table before the execution of above statément was as shown below:

Table 16 — Content of table emp with application<time period before updating arow

ample.

emp_id | name salary dept_id bus start bus end
1p0 Tom 3000 1 2001-07-27 2004-07-27
The cqntent of emp table after the executionWill be as shown below:

Table 17 — Content of tableemp with application-time period after updating arow

emp_id | name salary dept_id bus start bus end

1p0 Tom 3000 10 2002-07-27 2004-07-27
Whengver the start<and/or the end column of an application-time period is updated, a check is made to nake
sure that the valuéspecified for the end column of the application-time period is greater than the value spgcified
for the|start column of the application-time period after every row is updated. An exception would be raised if
that is jhot the'case. All UPDATE triggers defined on the table will get activated in the usual way for all{rows
being yipdated.
4.1.5 Updating the table between specific pointsin 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 a time
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

20 SQL Support for Time-Related Information
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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. The following example illustrates this new syntax:

UPDATE emp FOR PORTION OF business_time

DATLEC _"9o9Nnno N4 A1 _TOoO _DATE "S5nnn N1
O LA~ B = ZOU0UO0—UT

CROM o4
OV O T ZUU0Z™UT \vpu

SET|dept_id = 10
WHERE emp_id = 100;

Assunie the content of emp table prior to the execution of above statement was as follows:

Table 18 — Content of table emp with application-time period before updating a row

emp_id | name salary dept_id bus start bus end

2004-07-27

1p0 Tom 3000 1 2001407-27

Assunting successful execution of the above UPDATE statement, the Content of emp table is changed as{shown
below

Table 19 — Content of table emp with application-time period after updating a row

emp_id | name salary deptid bus start bus end

1p0 Tom 3000 1 2001-07-27 2002-01-01
1p0 Tom 3000 10 2002-01-01 2003-01-01
1p0 Tom 3000 1 2003-01-01 2004-07-27

As a rgsult of the above UPDATE statement, the existing row for Tom is updated to show that he is assigned
to department 10 from 2002:01-01 to 2003-01-01 while two new rows are inserted that show that Tom |is
assigned to department LAtem 2001-07-27 to 2002-01-01 and from 2003-01-01 to 2004-07- 27.

If an UPDATE statement contains a FOR PORTION OF clause, explicit updates to either the start column or
the endl column of-{he application-time period are not allowed.

The following is-an example where the candidate row's application-time period is contained in the peripd
specified by the FROM and TO values specified in the FOR PORTION OF clause, and hence no new rows are
insert

UPDATE emp FOR PORTION OF business_time

FROM DATE ®2001-01-21" TO DATE "2004-12-31°¢
SET dept_id = 10
WHERE emp_id = 100;

Assume the content of emp table prior to the execution of above statement was as follows:
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Table 20 — Content of table emp with application-time period before updating a row

shown

emp_id | name salary dept_id bus start bus end
100 Tom 3000 1 2001-07-27 2004-07-27
Assunling successful execution of the above UPDATE statement, the content of emp table is changed‘as
below
Table 21 — Content of table emp with application-time period after updatingarow
emp_id | name salary dept_id bus start bus end
1p0 Tom 3000 10 2001-07427. 2004-07-27

Here i$ an example where only one new row is inserted per row update;

UPDATE emp FOR PORTION OF business_time
FROM DATE ®2001-07-27" TO DATE ®2003-01-01°¢

SET|dept_id = 10

WHERE emp_id = 100;

Assunie the content of emp table prior to the execution gf.above statement was as follows:

Table 22 — Content of table emp witlrapplication-time period befor updating arow

shown

emp_id | name salary dept_id bus start bus end

1p0 Tom 3000 1 2001-07-27 2004-07-27
Assunling successful execution of the above UPDATE statement, the content of emp table is changed as
below

Table 23 —(Content of table emp with application-time period after updating a row

emp_id [.Aame salary dept_id bus start bus end

1p0 Tom 3000 10 2001-07-27 2003-01-01

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

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

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

2) For each row R in the table that qualifies for update and whose application-time period overlaps with the
period formed by FT and ST, let BPS be its application-time period start value, and let BPE be its application-

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

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

R is updated with its application-period start value set to the maximum of BPS and FT and the
cation-time end value set to the minimum of BPE and ST.

All UH
additid
the bo
if one

4.1.6

Delete
delete

DEL

WHERE emp_id = 100;

deletes
row be

4.1.7

Asint
time p
want t
those 1
they m

they
the no
mirror

The following-example illustrates this new syntax:

DEL

contarirled in the specified-eriod, but for rows whose application-time periods overlap the specified per

n, all INSERT triggers will get activated for all rows that are inserted. Currently it is not poessibl
ly of an UPDATE trigger to gain access to the FROM and TO values in the FOR PORFION OF
s specified.

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

operations on tables containing an application-time period delete alqualifying rows, exactly liK
pperations on a regular table. For example, the following delete operation:

ETE FROM emp

all rows with emp_id value of 100. All DELETE triggers defined on the table will get activated fq
ing updated in the usual way.

Deleting rows between specific paintsin time

ne case of update operations, for tables containing an application-time period, the presence of appli
briod provides an opportunity.to énhance the behavior of DELETE statement. For example, user
D specify a time period as part.of the DELETE statement such that the delete operation applies o
pws whose application-time periods either overlap or are contained in the specified period. Additi
ay want the delete to apply in the usual way to those rows whose application-time periods are com

ay want the delete;to apply only for the intersecting period without losing the old content of row

-intersecting period. To provide this functionality, there is additional syntax for DELETE statem
b the additional syntax we have for UPDATE statement.

ETELFROM emp FOR PORTION OF business_time

FTis

STis

appli-

DATE triggers defined on the table will get activated in the usual way for all rows that are updatled. In

b for
clause

e the

r each

cation-
5 may
nly to
onally,
pletely
iod,

s for
nt that

FRUM DATE ~Z00Z-0U1-0U1 10 DATE " ZUUs-U1-Ul

WHERE emp_id = 100;

Assume the content of emp table prior to the execution of above statement was as follows:
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Table 24 — Content of table emp with application-time period before deleteting a row

emp_id | name salary dept_id bus start bus end

100 Tom 3000 1 2001-07-27 2004-07-27
Assunting successful execution of the above DELETE statement, the content of emp table is changed‘@s{shown
below

Table 25 — Content of table emp with application-time period after deleteting arow

emp_id | name salary dept_id bus start bus end

1p0 Tom 3000 1 2001-07427. 2002-01-01

1p0 Tom 3000 1 2003-01-01 2004-07-27
Note that as a result of the above DELETE statement, the existing,rew-for Tom is deleted and two copigs of
the exijsting row for Tom showing he is assigned to department 1 from 2001-07-27 to 2002-01-01 and from
2003-(1-01 to 2004-07-27 are inserted.

The following is an example where the candidate row's application-time period is contained in the peri

specifi
inserte

DEL

WHERE emp_id = 100;

Assun

bd by the FROM and TO values specified in the FOR PORTION OF clause, and hence no new ro
d:

ETE emp FOR PORTION OF business_time
FROM DATE "2001-01-01" TO DATE "2004-12-31*

e the content of emp table prior to the execution of above statement was as follows:

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

bd
WS are

emp_id | name salary dept_id bus start bus end
1p0 Tom 3000 1 2001-07-27 2004-07-27
Assuning suecessful execution of the above DELETE statement, the content of emp table will no longer q

arow

or/Tam:

ontain

Here isarmrexamptewhereonty onenew row-is-insertedperrow detete:

DELETE emp FOR PORTION OF business_time

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

WHERE emp_id = 100;

Assume the content of emp table prior to the execution of above statement was as follows:
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Table 27 — 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
Assunting successful execution of the above DELETE statement, the content of emp table is changed‘@s{shown
below

Table 28 — Content of table emp with application-time period after deleting.atow

emp_id | name salary dept_id bus start bus end

1p0 Tom 3000 1 2003-07427. 2004-07-27
More precisely, the effect of DELETE statements that contain the FOR PORTION OF clause are as follows:

1) Lg

2) Fd
pe

a)

b)

c)

All D
additig
itiscu
FORPF

4.1.8

The st

tigne period end value.

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

r each row R in the table that qualifies for deletion and whose application-time period overlaps w
riod formed by FT and ST, let BPS be its application-time period start value, and let BPE be its appli

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

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

R is deleted.

LETE triggers defined on thétable will get activated in the usual way for all rows that are deletg
n, all INSERT triggers will get activated for all rows that are inserted. As in the case of UPDATE tr
rrently not possible for the body of a DELETE trigger to gain access to the FROM and TO value
ORTION OF clauseif*one is specified.

Querying tables containing a period definition

indard’does not provide any extensions to the SQL query syntax that are specifically targeted to qu

ith the
cation-

FTis

STis

d. In

iggers,
in the

erying

tables

several

‘nnmining an npplirqtinn-timp Ir‘narinri This is because there is a tremendous hndy of research (r-mrl

competing research proposals) on temporal query extensions and the job of coming up with a simple yet complete
query proposal for tables containing application-time period definitions proved to be more challenging than
expected.

Users can, however, use the existing query syntax for querying tables containing an application-time period in
exactly the same way as for querying regular tables. For example, the following query retrieves rows whose
application-time periods intersect a specified point in time:

SELECT *
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FROM emp
WHERE bus_start < DATE "2001-01-01*

AND

bus _end > DATE "2001-01-01";

Similarly, the following 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 emp

WHERE bus_start < DATE "2001-07-27"

AND|bus_end > DATE *2001-01-01";
Applidation-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 thé, query as:
SELECT Name, Edept
FROM Emp
WHERE|ENo = 22217
AND E$tart < DATE "2011-01-02°

AND E

Fnd > DATE "2011-01-02*

A simpler way to formulate the above query would be to employ oneof-the period predicates explained in
Subclduse 3.7.2, “Period Predicates” for expressing conditions involving periods: CONTAINS, OVERLAPS,
EQUALS, PRECEDES, SUCCEEDS, IMMEDIATELY PRECEDES, and IMMEDIATELY SUCCEEDS. For
examplle, the above query could also be expressed using the €ONTAINS predicate, as shown below:

SELECT Ename, Edept

FROM Emp

WHERE|ENo = 22217 AND

EPeri¢d CONTAINS DATE "2011-01-02"

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

SELECT Ename, Edept

FROM Emp

WHERE|ENo = 22217

AND E$tart < DATE "2011%0%-01"

AND EEnd > DATE "2010-01-01"

Note that the period specified in the above query uses the closed-open model, i.e., the period includes January
1, 2010 but excludésdanuary 1, 2011. Alternatively, the same query could be expressed using the OVERLAPS
predicate as:

SELECT Ename, Edept

FROM Emp:

WHERE "“ENo—=22247

AND EPeriod OVERLAPS PERIOD (DATE "2010-01-01°, DATE "2011-01-01-)

4.1.9

Adding a period definition to atable

The ALTER TABLE statement is 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 period and for dropping
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an application-time period from a table that does have such a period. For example, assume the following table
exists in some schema:

CREATE TABLE dept
(dep_id INTEGER NOT NULL,
dep_name VARCHAR(30),
dept_budget DECIMAL(10,2),
bus_start DATE NOT NULL,
blis_end DATE NOT NULL

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

ALTER|TABLE dept ADD PERIOD FOR business_time (bus_start, bus_end);

When the above statement executes, a check is made to ensure that both bus_start andbus_end columng have
a non-gleferrable NOT NULL constraints defined on them and to ensure the value 0f-bus_end column is greater
than the value of bus_start column for all existing rows in dept table; the executien fails if the check fails. A
non-dgferrable 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.

The following ALTER TABLE statement drops the application-timeeriod from the dept table:

ALTER|TABLE dept DROP PERIOD FOR business_time RESTRICT;

or via:

ALTER|TABLE dept DROP PERIOD FOR business_time CASCADE;

Dropp|ng the application-time period from a table{impacts the constraints, triggers, views, and routines defined
on the[table if those objects contain references.to the application-time period.

For a table containing an application-time-period table, it is prohibited to drop the NOT NULL constraints on
the application-period start and end columns and the implicit CHECK constraint added to make sure the value
of application-time end column is greater than the value of application-time start column. To drop thes¢ con-
straint$, users could either drop the-application-time period before attempting to drop the constraints off drop
the pelfiod under CASCADE.

4.2 | System-yersioned tables

Systenm-versigned tables are intended for meeting the requirements of applications that must maintain gn
accurafe history of data changes either for business reasons, legal reasons, or both. A typical example of such
appllctlons isa banklng appllcatlon Where |t is necessary to keep preV|ous states of customer account infor-

5 f mty of
examples Where certaln |nst|tut|ons are requwed by Iaw to preserve hlstorlcal data for a speC|f|ed length of time
to meet regulatory and compliance requirements.

A key requirement of such applications is that any update or delete of a row must 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 users be unable to
modify the content of historical rows or the periods associated with any of the rows. Any updates to the periods
of rows in a system-versioned table must be performed only by the system as a result of updates to the non-
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period columns of the table or as a result of row deletions. This provides the guarantee that the recorded history
of data changes cannot be tampered with, which is critical to meet auditing and compliance regulations.

Any table that contains a period definition with the standard-specified name, SYSTEM_TIME, and includes
the keywords WITH SYSTEM VERSIONING in its definition is a System-versioned table. Similar to application-
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 perlod Though [ISO9075 2] allows the data types of the period start and end
s tQ ), in
practice, most |mplementat|ons WI|| prowde the TI MESTAMP type Wlth the hlghest fractlonal seconds precision

Similar to application-time periods, system-time periods use closed-open.pefiod model. At any given ppint in
time, g row in a system-versioned table is regarded as current system row/if the system-time period of that row

Systemp-versioned tables differ from application-time period tables'in the following respects:

1) Inlcontrast to the application-time period tables, usersiare not allowed to assign or change the valugs of

Sys_start or Sys_end columns; they are assigned (andichanged) automatically by the database system. This
isfthe reason why the definitions of Sys_start or Sys.end columns must include the keywords GENERATED
ALWAYS.

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

[1$09075-2] leaves it up to SQL+~implementations to pick an appropriate value for the transaction timgstamp
ofla transaction, but it doesrequire the transaction timestamp of a transaction to remain fixed during the
ertire transaction.

3) UPDATE and DELETE on system-versioned tables only operate on current system rows. Users ar¢ not
allowed to update‘ondelete historical system rows. Users are also not allowed to modify the system-time
pqriod start or the-end time of both current system rows and historical system rows.

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

An UADATE statement on a system-versioned table first inserts a copy of the old row with its system-t{me
period end time set to the transaction timestamp, indicating that the row ceased to be currentas of the transaction
timestamp. It then updates the row while changing its system-period start time to the transaction timestamp,
indicating that the updated row to be the current system row as of the transaction timestamp.
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42.1 Primary key and referential constraints

The definition and enforcement of constraints on system- versioned tables is considerably simpler than the
definition and enforcement of constraints on application- time period tables. This is because constraints on
system-versioned tables need only be enforced on the current system rows. Historical system 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 nevgr any need to enforce constraints on historical system rows. Consequently, there is no need todng¢lude
the sygtem-period start and end columns or the period name in the definition of primary key and referential
constrgints on system-versioned tables. For example, the following ALTER TABLE statement specifieg ENo
column as the primary key of Emp table:

ALTER|TABLE Emp
ADD PRIMARY KEY (ENo)

The aljove constraint ensures there exists exactly one current system row with a«given ENo value.

Similarly, the following ALTER TABLE statement specifies a referential constraint between Emp and Dept
tables:

ALTER| TABLE Emp
ADD FOREIGN KEY (Edept)
REFERENCES Dept (DNo)

The alJove constraint is again enforced only on the currentSystem rows of Emp and Dept tables.

4.2.2 | Updating system-versioned tables

An UHDATE statement on a system-versioened table first inserts a copy of the old row with its system-t{me
periodlend time set to the transaction timéstamp, indicating that the row ceased to be current as of the trangaction
timestamp. It then updates the row while changing its system-period start time to the transaction timestamp,
indicating that the updated row te be-the current system row as of the transaction timestamp. For example,
suppoge the current system row with ENo 22217 is as shown below:

Table 29'— Content of system-versioned table emp before updating arow

ENo Sys_Start Sys End EName

22217 2012-01-01 09:00:00 9999-12-31 23:59:59 Joe

The fo In\Aling UPDATE statement nh:mgnc the name of the nmplnynn whose numberis 22217 from Joe 1o Tom
effective from the transaction timestamp of the transaction in which the UPDATE statement was executed:

UPDATE Emp
SET EName = "Tom*"
WHERE ENo = 22217

A historical system row that corresponds to the state of the row prior to the update is first inserted and then the
update is performed. Assuming the above statement is executed in a transaction with the transaction timestamp
2012-02-03 10:00:00, the final result will be these two rows:
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