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ABSTRACT

Temporal database concept has been around for a long time. However, the
implementation of temporal database in database application is limited. One reason is that the
temporal database concept is difficult to understand. Therefore, the projects that try to implement
it face many problems such as team members can not tune in with the new concept, delays due to
training, loss of productivity, power users can not directly query database, and so on.

The objective of this research is to find a method to make temporal database concept able
to coexist with normal database. Use of temporal-enabled database should not require total
understanding of temporal database concept; therefore, users, administrators, or team members
can utilize the database without extensive training. A tool is developed so that to extend temporal
functionalities to normal database is not difficult and causes least effects to the existing

applications using the normal database.
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Qe &

[ ]

9 Y v
AN museihdeyan M lglszunala

214 Yo

o {ct o a o Ay ° 1 o
dluszgznaniiimuasuduuazdimuaduga  maiuauesanmasonld
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® PERIOD [a, b] Lﬂu‘b"’J\‘u’Jﬁ’lu‘IJ‘lJ‘lJﬁ'lUﬂﬂ-ﬂﬂ (Closed-Closed Representdtion)
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Y10 A = PERIOD [al, a2), B = PERIOD [bl, b2) (Snodgrasss. 2000 : 91)

MI1aN 2.1 ﬂ'J'lﬂJﬁ’llﬁ’uﬁ‘ﬂJ B9TNA

Anuduiug ANUHUY mmﬁuﬁuﬁﬁﬂmm
Aequals B al =bl AND a2 =b2 B equals A

A before B a2 <bl B before ' A

A meets B a2 =bl Bmeet” A

A overlaps B al <bl AND a2 <b2 AND bl < a2 B overlaps ' A

A during B bl <al AND a2 < b2 B during "' A

A starts B al =bl AND a2 <b2 B starts | A

A finishes B bl <al AND b2 = a2 B finishes "' A
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ANTNVDYA person LAY province Lﬂumuﬁuwmgmmauﬁaﬂﬂm Taodl vtperson 1l
3| 9 a a: tY = b
vtperson! (Humsndoyadanal luunil volvauloiiemisredoyn viperson 1Az vipersonl
¥
windis mazgdesms I lunisefuendnmsgdeyaiFaam
14
o
HonInil vtpersonkey L1012 vtpersonlkey 1wy Primary Key maamsw%’aqga vtperson
1 o . . a o @ o Qo .
1a¥ vtpersonl ualu Primary Key “luﬂ'Jmﬁmcmaajmi’fauamﬁuwuﬁ ai 19 Primary Key
TunnuminevesgrudeyaiFanm

m3ndoya person 1AL province wldluundaliieeSinounamalszgnald
PudeyaFanmswsugudoymilnd
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PK |personkey B0 ~-=aua-- -OH PK | provincekey
firsthame provincename
lastname :
address $

FK1 provincekey"H“n :
applydate : |
expiredate ! :
status ] :

T : |
x 1 1
[ ! |
| 1 I
[} 1 1
t 1 |
| | 1
| 1 1
| 1 [}

W/ : R

vtperson : viperson1
i [
PK | vtpersonkey : PK | vtpersonikey
{

FK1 | personkey N ABRA S\ FK1 | personkey
firsthname address
lastname FK2 | provincekey
docid validfrom
validfrom validto
validto

31 2.1 Entity-Relationship Diagram v8sg1udioyaiints
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dumsfudud doyo o Frnaiidmuaiudiued s (Snodgrasss. 2000 : 145)
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M3FUAUBIINRBI01Y Sequnced Join eI IAHAGHTA1ABINTS (Snodgrasss.
2000 : 146)
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(Snodgrasss. 2000 : 146)
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mytlfulgedoyadl 3 dnywue fio Current Sequenced 1Az Nonsequenced 0814 lsfias
aw [ P @ o) Y o a ' d,,
msnlsziauldnmsdSulgedoyauuy Sequenced Wumdn Aretunedeluiifums
9
NNV Sequenced 111174
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nslfuilzadeyaiiey 3 f1dsfie INSERT DELETE 1ias UPDATE
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y

lugafidesiien fillhuiadeil Somimihdae “@ mnemmdonsifinesussym
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241 INSERT

maiudoyaiBannr Wosne Temporal Uniqueness doehinmnsaiudoyaiis

[} 4 o; [} - ) ,
FanaurdeNiurnnmiitegudi luamsdeyniFenm (Shodgrasss. 2000 : 188)



12

[ ¥
(4 &

o ' ° ° v a g a 9 FY [
91'JﬂfJ'Nﬂ'lﬂ\iﬁ'\ﬂ5‘1JL‘WNﬂlﬂﬂ;{ﬂl‘lﬁl’)ﬁ’lﬁn"llnuﬂ'li'lﬁ‘lml,l“ﬁ vtperson [Wuaell

INSERT vtperson (
personkey, firstname, lastname, docid,
validfrom, validto)

VALUES (
@personkey, @firstname, @lastname, Qdocid,
Gvalidfrom, @validto)

U
L4

Mdan 2.1 Temporal Insert

24.2 DELETE

msavdeyamem srdudounhimaiiudeya Tavszuingdanmiiieg a) fu
[ 4 v w do @ ot d”
HIMTABINTAY (Delete) TaNudURUSTY 4 05l dadolilil Tas auaz b Funs Update

130 Insert Tuaizl ¢ 1115 Delete (Snodgrasss. 2000 : 190)

=
NI 1
A (T 7Y R N s )
Delete [m=mmm e )
Result [-~--- ) [~=smemme )

s

3 ¥ o v
Foulvveensdisl ensalouilu Selection Clause 18aasi

WHERE A.validfrom < @validfrom AND A.validto > @validto

A N - )

Delete (~===rsrr=q—mr e )
Result: [
a c

4
P=3

& ddy a . Yo
Roulvvesnsaitl eusadowiiu Selection Clause 148 e

WHERE A.validto > @validfrom AND A.validto < @validto

=i
NI 3
A [=mmmmm )
Delete [-————— e )
Result: [=mm————— )
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4 y [ . @ c?
Fou lvveensfidl annsodowilu Selection Clause laaaii

WHERE A.validfrom < @validto AND A.validto > @validto

A [~mm=mwmmmmmm e )
Delete (== e )
Result: entire row deleted = ¢

De

4 dy = [~ . @
Fou lvveansditl muso@ouily Selection Clause 1aaaii

WHERE A.validfrom >= @validfrom AND A.validto <= Q@validto

3 ¥
Mednidivesmaaudeyaainisinaisedeya viperson Auil

-1
INSERT dbo.vtperson (
personkey, firstname, lastname, docid,
validfrom, validto)
SELECT personkey, firstname, lastname, docid,
@validto, wvalidto
FROM dbo.vtperson
WHERE personkey = @personkey
AND validfrom < @validfrom
AND validto > @validto

-2

UPDATE dbo.vtperson

SET validto = @validfrom

WHERE personkey = @personkey
AND validfrom < @validfrom
AND validto > @validfrom

-=3

UPDATE dbo.vtperson

SET validfrom = @validto

WHERE personkey = @personkey
AND validfrom < @validto
AND validto > Rvalidto

-—4

DELETE FROM dbo.vtperson

WHERE personkey = @personkey
AND validfrom >= @validfrom
AND validto <= @validto

[
e

A1eaN 2.2 Temporal Delete
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Uselon 1 lusrde Mlddadu b lunsal 1 Taoiselon 2 ArldRady 2 Tunsd 1

uaz 2 dawdse e 3 M IiAadu b lunsdl 3 uazdseloa 4 ¥ lddu W lunsdl 4

24.3 UPDATE

Tun1s Update 921 sinarmnsald Delete doryaiin taz msert doyalnsidh 114 lu
) ' o ' q’;‘ o q’/‘ Yo & w ada 3 =2 v
Tums Update Fanm Tdannsodhusudn dufu msldmdady 4 ns@ffadusely

3y
mlouiuNs Delete A1l (Snodgrasss. 2000 : 194)
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1 t4
aegnmdaveanisud lvdeyaFurarnnansiadeya viperson fail

--1
INSERT dbo.vtperson (personkey, firstname, lastname,
docid, validfrom, validto)
SELECT personkey, firstname, lastname, docid, validfrom,
@validfrom
FROM dbo.vtperson
WHERE personkey = @personkey
AND validfrom < @validfrom
AND validto > Qvalidfrom

--2
INSERT dbo.vtperson (personkey, firstname, lastname,
docid, validfrom, validto)
SELECT personkey, firstname, lastname, docid, @validto,
validto
FROM dbo.vtperson
WHERE personkey = @personkey
AND validfrom < @validto
AND validto > @validto

-=3

UPDATE dbo.vtperson

SET
firstname= Q@firstname,
lastname = @lastname,
docid = @docid

WHERE personkey = @personkey
AND validfrom < @validto
AND validto > @validfrom

--4

UPDATE dbo.vtperson

SET validfrom = @validfrom

WHERE personkey = @personkey
AND validfrom < @validfrom
AND validto > @validfrom

--5 -

UPDATE dbo.vtperson

SET validto = @validto

WHERE personkey = @personkey
AND validfrom < @validto
AND validto > @validto

.
hrd

Midan 2.3 Temporal Update

Uszlon 1 nelviiAe a Tunsdl 1 uae 2 Tuddszlun 2 Aeldifa b Tunsdl 1 uas 3 d7u

b4
szTon 3 Wumsdivdrluneddoya ¢ IWilludlnadlusa 4 nsél UszTon 4 Suntsddum
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lunedn{ validfrom vosunadoya ¢ Wilumiigndeslunsdl 1 uaz 2 uay Yszlon 5 Wuns
USudnedud vatido 1Hgndeelunsdl 1 uag 3

Iﬂﬂﬁqﬂ Asdl 1 doamsilszTon 1(a), 2(b), 3(c-value), 4(c-validfrom), 5(c-validto) &IU
n3dl 2 #8amsUszlon 1(a), 3(c-value), 4(c-validfrom) N3l 3 ABaMsUsz Tun 2(b), 3(c-value)

3

5(c-validto) utaznsdi 4 Avenmstse Toa 3(c-value)
25 Temporal Constraint !

2.5.1 Temporal Uniqueness Constraint

¥
a a 1 o <
M3N13041 Uniqueness TugiudoyaFana aunsautsnnusdoussnunldiy 4

{1 (Snodgrasss. 2000 : 121) fi®
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® Nonsequenced Duplicates fin f1Aduialundoyn 2 uomdownndi Aideya
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miloufunamun (sudeyansiinide)
44 a p o A o 19 ¥ a
Tuill Worsaawiz Sequenced Uniqueness tufomsdloafiulilfife Sequenced
Duplicates 1U1D9
o o) \ o o a ] a9
mssnanudlu Sequenced Uniqueness Y9N8 ANULBIUIAAD ™ nm‘lm WNVDYD
vlya v a o @ taci 4 o & g ‘a ¢ . A
AngaIvByangIdnIuaRdamils  Asiudeslafiingmsel Overlaps, During, 30
' iy o o ad n”}
Equals 5enM9u0 9oy aniiiuvesfioiue
y 4 ] [
A159UDYYD vtperson 11AY vipersonl 3 personkey (HuAG n1sassaevueldiu 4
NSRRI
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ASBINAA temporal uniqueness constraint Ao

A.validto > B.validfrom AND
A.validto <= B.validto

H1INUDIIN B

NINAA temporal uniqueness constraint flo

B.validfrom >= A.validfrom AND
B.validfrom < A.validto

NINUDIN A

NsUNAA temporal uniqueness constraint fo

A.validfrom >= B.validfrom AND
A.validfrom < B.validto

1nuBININ B

nsaINHA temporal uniqueness constraint fo

B.validto > A.validfrom AND
B.validto <= A.validto

A [iddmn e )
B [~ Smm s )

ddy A Y A %
AU UBIVIN A iSO B %zﬂlwwammuﬂu

ASBINAR temporal uniqueness constraint fo

A.validfrom >= B.validfrom AND
A.validto <= B.validto

] -1 1a a
ot 15fin1y mnastvaeuuARanSe liAn Uniqueness lunsdl 3 113014 Clause

milounsal 2 14
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n3al 4
A [~ mmmm e )
B

¥

] =) LY - o
ATUU UDIIN ANTD B ﬂx“lwwamuauﬂu

NSUNHA temporal uniqueness constraint fio

A.validfrom <= B.validfrom AND
A.validto >= B.validto

pt19lsfmu minasvaeUuARanSe AR Uniqueness Tunsdl 3 qw1s0ld Clause

A P} b 4
wileunsal 1 14

Vv 3
VUADUNITATIVTB VTR
'l AadAy A ° a Vad o o

1. NIUNMAINABINIATIAens 13 lasiinisasivdeuiiag 1 arRgmTy

< 1 9 ] 4!4” g/ a
2. dnguuedeyavesmndinnasisdeyaiFuaan

° 1 PN 3 g 1 9 ' 0,: & ' y
3. MNININ A overlaps, during, equals Yulunguundoyamaniunseli lasld

=1 o A =1 ~ [y &'
Self Join MsufSoufsueisldnsdl 1 Mesnsdimofinendr msIznsal 1 fu 2 1u

é Q L [}
mlounmnszandeiuiasiy waznsdl 1 @mnsoldnsivaeunsa 4 daunsal 2

asaldnsrnaeunsa 3

A.validfrom >= B.validfrom AND
A.validfrom < B.validto

YN Query ASIVABUUUY Self Join Tnvveuldiims JOIN adude walsl JOIN

3
AUILY) satiansdifedlu 2 uuy Aeunseasasaeuldvmue (A awnsody B 181y
UseTuada l1))

v
Mn1H Self Join Tadudne dosnsrvasusia 2 nsailudlse Tomaen

2.5.2 Temporal Foreign Key Constraint

11 4 n56l (Snodgrasss. 2000 : 126)
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A13191 2.2 N3flves Temporal Foreign Key Constraint

N5l Mt Foreign Key Constraint

LY ( N . . 2
aodu luamsedeyailnddieda 1% Foreign Key Constraint Un#

@ d a
aodut lumsedeynilng

aodunilumstedeyaiFanaidiads | 19 Foreign Key Constraint Un

@ g/ a
ApdaNi lumsedeyailng
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@ 9 a Y 2 A 1 9y b
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gndnudie r 5uAY Valid Time
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waoall 1 uaadeyanfinfdas ey r luarssdoyan

gnd1ilod r 911 Valid Time
v

14 1 ' v P v
pzape iliveeinnarluasiedeyafigndraly

Y
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%9190 Valid Time ¥99A106%1

YL 9/ a9y AR 9 a vy ad (] v A
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Aedul lumsedoyafaam W nanilegtiu e udeyaiisuas (1
wasunasaunal)

mm‘ﬂunm’ﬂﬂqﬁu a11301F Current Foreign Key

Constraint (Snodgrass. 2000 ; 127) mﬂsﬂu%'au”aﬁ

ar o a
5unAs 1115019 Foreign Key Constraint 1n#

A v oY =
2.6 MITUAUYBYAYINIM

2.6.1 Temporal Query

A g9 v a v Y o [ 2
mifmﬂuwyainﬂm51wagamnmumaaﬂ"lmﬂu 3 anY¥UEAB Current Sequenced

t4
1182 Nonsequenced A91l

Current Query

[ o 2 LY a
{humsfudulasldfhomuuuBoarfumsawninaissdeyand (Snodgrasss. 2000
: 143) 195

Y
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° o : o = 9y LY v ¥ oy
mowanyazll dnwwvineanuns deya w agtiu whazld  msdudulu

Y

9 a Py ] =4
ATNUDYAFINIAT ADITSYN L‘ﬂuﬂﬁﬂﬂﬂu 1L} i']im;uu

SELECT firstname, lastname
FROM vtperson
WHERE vtpersonkey = @vtpersonkey
AND validfrom <= @now AND validto > @now

LI |
o A

A Y Qs
fdan 2.4 maduauilogiiu

Nonsequenced Query

° o ° o ar 1o ol
{hufrowilddeyansnanndsanaludomdis  uasweildsulisuudos

o LY T { o o . . <3| o a
nmoiumsdeyaiuant dredniiviuldvafie n3dl Time-Slice Query udsaouoy

td Y
foyaluedn i o naniu v3o o ananiu fidaeds

v . 4
a1 N 1 NATINY 2000 WIS aT Foozls

SELECT firstname, lastname
FROM vtperson
WHERE vtpersonkey = @vtpersonkey
AND validfrom <= ‘1/1/2000’ AND wvalidto > ‘1/1/2000'

1
g

e 2.5 MFUAUIVY Nonsequenced

Sequenced Query

2 o Yo vg Sy ) a '

Audewilyldldasnar - lunsfsdeyannanadeyadenanndszuranade
. [~f oY
(Snodgrasss. 2000 : 145) HAY®Y Sequenced Query 9 ldvonuuiiumsdoyaiFauan
PRI ARG

- d’ .

wiinaaulade Somchai

SELECT *
FROM vtperson
WHERE firstname = ‘Somchai’

"
e/

e 2.6 MSTUAULUY Sequenced

o -] [} A
M35 Sequenced Query MAnatMIsdeya $uifudosiiniari Sequenced Join Have
nanluideda'ly
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2.6.2 Sequenced Join

N3N Sequenced Join TugudoyniFaurat Aoafo1sai 4 n3di (Snodgrasss. 2000 :
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B [
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A.validto > B.validfrom AND
A.validto <= B.validto
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AN 3 A9 WAVYDINIS Join “luﬂsiuu LmNﬁ‘Vlblﬂi‘Uﬂ’m"]ﬂﬂU AT 4 AUUIIADUNY
¥

doulud11dn 1 Yszluafle
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--1. during, equals
SELECT A.<primarykey>, A.<attr_a>, B.<attri b>,
A.validfrom, A.validto
FROM A JOIN B ON A.<primarykey> = B.<primarykey>
WHERE A.validfrom >= B.validfrom

AND A.validto <= B.validto

UNION ALL

--2. overlaps-1
SELECT A.<primarykey>, A.<attr a>, B.<attri b>,
A.validfrom, B.validto
FROM A JOIN B ON A.<primarykey> = B.<primarykey>
WHERE A.validfrom >= B.validfrom

AND A.validfrom < B.validto

AND A.validto > B.validto

UNION ALL

--3. overlaps
SELECT A.<primarykey>, A.<attr_a>, B.<attri_ b>,
B.validfrom, A.validto
FROM A JOIN B ON A.<primarykey> = B.<primarykey>
WHERE A.validto > B.validfrom

AND A.validto <= B.validto

AND A.validfrom < B.validfrom

UNION ALL

--4. during-1
SELECT A.<primarykey>, A.<attr_ a>, B.<attri b>,
B.validfrom, B.validto
FROM A JOIN B ON A.<primarykey> = B.<primarykey>
WHERE A.validfrom < B.validfrom

AND A.validto > B.validto

'
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N 2.7 Sequenced Join
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INSERT

VALIDTIME PERIOD ( <Valid_from> A <valid__to> )
INSERT [ INTO ] <table name> [ ( <column_list> ) ]
VALUES ( { DEFAULT | NULL | <expression> } [ , .. n ] )

1
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fI&a7 2.8 SQL3 Insert
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Tugndoyaidannr Tusrararndmua13lu PERIOD (<validfroms, <validto>)
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DELETE

VALIDTIME PERIOD ( <valid_from> , <valid to> )
DELETE [ FROM ] <table name>
WHERE <search condition> -
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adad a
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VALIDTIME Hlufdisaiuaasn sdeddumdausana iWoaudeyafismualy
<search condition> 1Rz lug a3 it mualu PERIOD (<validfroms, <validto>)
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UPDATE

VALIDTIME PERIOD ( <valid from> , <valid _to> )

UPDATE <table name>

SET
{ <column_name> = { DEFAULT | NULL | <expression> }
[ , .. n]

WHERE
<search_condition>
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VALIDTIME dlufididsaiuansh dmdailifuimdafona iweud ludoyaifmua
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{ NONSEQUENCED ] VALIDTIME

[ PERIOD ( <valid from> , <valid_to> ) ]

SELECT { <select_list> | VALIDTIME( ) } [ , .. n ]
FROM <table list>

WHERE <search condition>

GROUP BY <group by expression>

HAVING <having_ search condition>

ORDER BY <order by expression>

U
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msnﬁ 2.3 Period Constructor
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VALIDTIME( table ) Asdoya Valid From a2 Valid To 88n91nun1deyaifaim
ﬁﬂg}ﬂlu Select List 14912 Search Condition
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AI1519N 2.4 Predicates
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Ags A AINHNY

a PRECEDES b

a.validto <= b.validfrom

ﬁt‘)tﬁu Search Condition 489 A5 AUAUMUY Nonsequenced

a SUCCEEDS b a.validfrom >= b.validto
ﬁegi‘lu Search Condition Y99 N5 TUAULVY Nonsequenced
a OVERLAPS b (a.validto > b.validfrom AND a.validto <= b.validto)
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+LoginForm +SaveToken:vold
#Dispose:void +TablaSelectorForm
-InitializeComponentvoid #Dispose:void System.Windows.Forms.Form
-rbtSet_CheckedChanged.void -btnEditor_ Click:void ManageTaskForm
-btnCancel_Click:void -btnEnableTemporal_Click:void e
-2RadioB heckedCh: d:void ~btnNewDafinitlon_ Click:void B Moot
-btnOk_Click:void -CaliManageTaskForm:vold +ManageTaskForm
-Validateinputbool -cbbDatabase_SelectedindexCh. d:void +SavaTokenvoid
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+GetM, T IShared.MetadataS:
+CGetNewWiTableName:string
+GetTableList:System.Data.DataSet
+GeatTemporallist Systam.Data DataSet
+QetTemporallistSystam.Data.DataSet
+insertvoid
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{  +Dispose:void +Dispose:void
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:TemporalManager. TableSelectorFo!

| 1:TableSelectorForm Activatad (ol

‘TemporalService.TemporalEnging
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1.2:GetTemporalList():System.Data.DataSet
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