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The Temporal Class Diagram and Translation to Object Definition Language

Yutthana Suiwongsa
Akachan Pitisakhonwit

Bundit Passaya Advisor

ABSTRACT

UML is the methodology and the data model that support analysis and designing of good
Object-Oriented system. User can use class diagram to design Object-Oriented Database and can
translate to Object Definition Language but class diagram has one limitation. Currently, class
diagram can not support temporal data. If we want to design Temporal Database by class
diagram, we must increase ability of class diagram to support temporal data.

This project presented model of Temporal Class Diagram (TCD) that be data model for
designing temporal data that add sign of time into class diagram. In additional, we presented
algorithm to translate from Temparal Class Diagram to Object Definition Language for creating

Temporal Database on Object-Oriented Database Management System.
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2.4.1.2 Recursive Association
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2.4.1.7 Association with Multiplicity
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2.4.2.1 Share aggregation
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AMIUNI0Y19UDY Valid Time 148¢ Transaction Time ¥U 511418 ’iﬂll‘ﬂﬂ hl‘ﬂﬁlmall Wuin

=

Anpdaua TuA 1 guion wa. 2540 HaTud 30 nguMIAL WA 2544 uateyaiignilewdigudeya
o A a Y o a
Tufuii 15 iguiou wa. 2540 nazgnavesnaingudeyaluiud 25 Tguieu wa. 2544 15781150
Y v d"
uanuaaal A

- Valid Time Start o 317 1 Tu16u W.A. 2540
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- Valid Time End i® Tu# 30 waua1ay .o, 2544

- Transaction Time Start 0 JUfl 15 ﬁquwu W.f1. 2540

- Transaction Time End A9 3u# 25 ﬁquwu W.A. 2544

[ 1 ] 1 d’l 1o 9 ] a [ % 1 1 a1l

dunahsna 3 $aeiliddudesdudrinanfvadu drediusuaundindl Temporal

A g { ) '
Database MAUYDYAVDIAAITTHA 20 Valid Time VoIF0yaf0rIwIA 1A 9 5313191 1900 — 1999
' [ o q '
@21 Transaction time dziflunariisufudeyadr i lugmdoya &1 Valid Time Start iuefauado
yailaidh ladaling1u Valid Time End 157398 mual? Valid Time End 1iu NOW waz1# Valid

- :
Time End (i1 NULL 1iJ@ Valid Time Start 1iju au1na
T, := NOW, if T, S NOW
Ty = NULL, if T, > NOW
< Y1 ' 3 . ' 5 4 1o o y < '

vzimu1d91 $290@1 Valid Time Ua¥%292@1 Transaction Time lusuiludouilugruim
a @irsio o 9 v A (Y o 1 l Y & A o &£ s/z oA
Rorfudmsudeyadufoann Aeotusu gudeyanvieveswinnuauniilidua 1 2540

Ed [ ' ' '

wazwinauauilldounlastolull 2543 udmasewuidiFomsnlasuulasluil 2544

2291119 Valid Time A Transaction Time 15114 2543 tiaz 2544 MU 19Y Fana1 lumiiu

3.2 dsznnvesgudeyaiaaa

9391781 Valid Time (1A2 Transaction Time M 1¥ifngudoyalunainlszinngad
a dJ
3.2.1 gwdeyadaing (Valid-Time Database)
9 wa ¥ 5 < a ¢ & dimdy = as
gIudioya1ls 3 (Historical Database) dinummiznaa Inid Favzinudoyaluedia fy

Hagiiu dwaaslugil 3-1

Valid Time
A

now

-CHCHOHCD

Transaction
Time

e |

ow

317 3-1 grudoyailseih
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3.22 gmi’feyammﬁma%’u‘hﬁ (Transaction-Time Database)

1Y &£ o 4 @ P
gudoyadoundy (Rollback Database) #azifiummznsuduandulniiandagli 3-2

Valid Time

() D (T8
i il

p [ransaction
Time

now

317 3-2 grudoyadenndy

323 gudeyalumulnsea (Bitemporal Database)

afld _o- P s £ ¢ o q Y Y = oy
unadaIng uaznswduandulnd sz ldifudoyaluefa, ownauasilegiiuld

@ EY) a a o v = a o ' z Y
Tuszpudamsgudeyagondisfozinummedoyandusidluilogiumniu gudeya
= ' R < (g a
yilataziFungudeyaaiiylFon (Snapshot Database) TasgudeyaautitFonlunuuves 1nia
¢ ¢ o ¢ Y A
Induaznsudusadu’lnd uaasdazalii 3-3

Valid Time
A

now

N

» [ransaction
Time

now

37U 3-3 grudoyaauii/Fon
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9

Yo 4 g A4 g a ¢ A
uazgudeyauuy lumunsea o1ty ldvsmsnautiddon Aonumsunaalngd Ao

QG

=1 "y a A A o 9 A g o Y d A =3 "

mmwagmﬂmmnaiﬂ Tﬂﬂuaﬂyngmvaga 'Hif)!ﬂ‘l)ﬂ'lﬂdﬂ‘ﬂ“ﬁllclfﬂﬂlullﬂll A9 (NUIVBYA
o sl 4 A i ¢ ¢

gniiuiinaslugiudeyariiola nseervvziumsialumuinsea finuis Naalniuaznswduan

Fulnid A4 Taolidnyuzvegudoyadegilii 3-4

Valid Time
A

now

......

o 7 A\W N
(

0
s - - ©

p Iransaction
Time

now
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(Object-Oriented Database)

4.1 WHIANUAAFIING (Object-Oriented Conceptual)

Y

T10aZBIANANNIITAIE VoILIAATITAY IALH

J
4.1.1 20UINA (Object)

S J4A 2 3 o
90ULINA AD Abstract Representation U094 Real World Entity 11

3 4 S dY aa o = 1 g o
1. Unique Identity : 90ULANAABDINTINTEYDIANULANAIIINDDULINADU

d va

2. Embedded Properties : aaumnﬁs’faaﬁﬂmammmmmsﬂa

a 1 y o < 4 o
3 ﬂ'J'ljJﬁ”liﬂﬁﬂcluﬂ”lﬁﬂﬂ@@ﬁ@ﬁ'ﬁﬂUﬂ@Umﬂﬁsuua%ﬂ')LﬂQ

412 HAIAWIZUDIBBUENA (Object Identity : OID)

9 [}

o g 4 g ad 4 Y a gl el | L] R 4 B v
SHAIRNIZUDIBOURNA Wi 1952113 99198300 01904 FauAazoeundvzll oD i
o o y o a4 ¢ <o g ' 1
11 OID zgnimua i Ingszuududiioeoudndnugnasauias luansandouulaq’ld
4
OID HANAIVINAIMANTBITZUUF T oY ATIdUTUT 1512 Advanazduegiuaivea
aa d9Y9 Yo & = Y o ' o Ly d o
uean3 Uang lhnua senmsonaoumladldlumends ud OID gnimuaTagszuuda lvuiy

' aa o < v o v y A N Y o
ANDANTUINUDIDDUVLANG uauﬂaauuﬂaa liJllﬂ Wooaulanagnay l‘ﬂiﬂﬂiZ‘UU OID Y8390 ULINA
4
v d 1 o [ Y > a4 ) a o 3 ] o o
wuiz hihinduanlg v drves oD vz hignAaiy Physical Address Y9418 NNT 10125 W1H
a o I~
TEVULIYIING 11l Physical Data Independence
aa d
4.1.3 UDANIUIN (Attribute or Instance Variable)
e > 2 Ay s 4 WYe v a
UOANTUIN (Attribute or Instance Variable) NADYUDYAVDIBBULING amﬂu"lﬂmmaya%uﬂ

& A g g JanY
Wuguniotluoaudnan Id

J
4.1.4 a91UTVIVOUVIINA (Object State)
g o8 Ve aa o ) Ao = 91
ANTUZUBIDDVIRNAVUBYAUAIVOWDANITTINUBWLOVIANG & aWmvua Dl
S fit ] ' ' o a Yy v = =
gouzvoseaudndazlaouadliig oD Gwnady MdeamsnasuaniuzyotoouInaae
~ [ e 9 [ 1 o =] 4t 3
WFeuAIUedeaANIiIN 1AvvzAosd Ny (Message) 1Udwauidng udunmaanas luilaziSon

a4y Yo
LiJ’ﬁ'E)ﬂVILﬂEJ'J‘U?NﬂlWVINTU
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4.1.5 arsauasiuson (Message and Method)
wa o { ° 1Y g dY
muuauliaveupuiAlyaady (Encapsulation) mshsznsziimslag duesuidnddes
oEL 1 o’: QoM e A a 1 aa J g o P!
asgiruseAm NI wreavzgnldueiSunguienlasuameansiiveteoudng lumsiSou
N ! 1 { 4 g  od 1Y 4
Thwsemiuvzdesdaunars lUweudngd wasafidsedvaszyeoudnditzsuwairy Fowson

a sadd g
HAgWIITUIRABDININYIUD

4.1.6 mismﬁumaﬁagnua:mﬁ)’ﬂms%ga (Encapsulation)
J Y

g < aa ¢ vy o y_= aa o
aa‘umﬂmzﬁ]umi5mx’mua@msmml,azmﬁ’em"hmanu -NMIVCVINUUBDANTUINADIN

' 1 u’;’ & £y i
AIULIUTDANIUU “If\‘i%ﬂ‘ﬂuﬂ”liﬂﬂﬁ@ﬂﬂl@gﬁi’ﬂﬁﬂ@ﬂlﬂﬂﬁ

4.1.7 na1a (Class)

v
Jaa v

a o ° o Y o
Tuszvueingeninevdnaniguauiamieusudi ideiudluaara nSoornadn

q

d  Jaa va

(] U o o [} aa J '
fJEJNhle]ITl ﬂﬁ?ﬁﬂﬁ@ Collection mamaumﬂﬂ‘wmmﬁummﬁ'auﬂuuaﬂ‘mmﬂ‘wimmmzmﬁaﬂim

q

@

AU

4.1.8 MIAUNOANMANIIRA (Inheritance)
A wva 9 ] A aa I'd
mstuneaguaviaumsadunaialnl (Subclass) Tasduneaueanidiaviag wroa
N - 4 '
vinAanTiegud) (Superclass) venandideaunsaiuanswazdoaliFunaie (Subclass) 1don

9y = :vq‘dyd d & o o 9 v
Y ﬂ'li'L’(U'ﬂ@ﬂﬂmﬁﬂﬂGlul]‘l]izIU‘IfNiJ1ﬂ1uLiﬂQﬂ1ﬁu'lﬂa"Ulﬂﬁl"'ﬁﬁlﬁll

4.1.9 Method Overriding and Polymorphism
oL A P £} a2 W o
Method Overriding 7191139 Subclass AIWITAATNUNTOANNTDLINVILTOANAUNO AR D
1 ¥ 9
auiAaL191n Superclass I8 tWo¥i1lH Subclass TulinnuauisammizmIZaany
i o q Y d o o ' a o Y
Polymorphism  (Humshldesudnanaaiuaninsaneuauedomaimadoai 11y

nawa 353

4.1.10 Abstract Data Type
waa 9 a 1 3 o
Abstract Data Type (ADT) iunmauiiafildasssiavesdoyalmidan Tavsmualass
Yy v ¢ o deve v & y &
asvoyauaz lorlesisdunlsdanmsveyavumaindeyanugiu
[ Y a Y v 1 a o o ° dyd
wdunaldi ADT uazaaalanumnelndifesiu ualuszuuFaingirasadiiiiiany
[ @ Y
vineaaiy Tag Type sznmodilaseadedoyauaziusonuonaid LazAaIaMiede Collection
: Py 8 < s "y Ao 2
494 Object Instance o muanmalnifumdidumsimua Type 1nudao Type N MuaTUE

v v v 4 o s o i
Qﬂcl‘lﬂ‘ﬁuﬂuLL‘U‘Uﬁluﬂ'ﬁﬂiN'&)ﬂ‘ULﬂﬂﬂiHU ‘Ni]%gﬂi]ﬂﬂ'liiﬂﬂﬂﬂ'lﬁ“ﬂmﬂ run time
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ﬁ'wamﬁnﬁﬁ‘um ADT U@ag Inheritance ﬂsﬁﬁuauuiﬁ’ﬁ Complex Object Tag Complex

4 '
Object g3 19 Taniheeulnsdudinsan13dulugiues Set of Complex Relation

4.2 AUANYMULUBY Object-Oriented Data Model (OODM)
00DM ot 1vipuNganlsiianyniAsil
1. #oamivayun13vii Complex Object

b4

2. Extensible : Apalianumusalumsfivua Data Type 1ag Operation NiNBIVOWU
Inai1@
3. Aoamiuayy Encapsulation : JUlUUveIdoyaIazN1sIANTYDUNTOAADIYNTOUIN
Mouen
= wa (] wa
4. doalinuauiia Inheritance : POURNARBIAITATUNDARUAVTA (Toyauaz wToR)
g A yy
11NDEUWNADU 1A

5. @pamiuayY Object Identity (OID)

43 57UUIAMIIUTRYATIING (Object-Oriented Database Management System: OODBMS)
OODBMS - szsimihfisamsfugudoyaiteing - Tasldguantauisdiumuiuifass
] ¥y ]
A (00 Concept) WAz OODM Miuisaiadau Wellimsizdalitinasgwnldsmuatgu
auiiAves OODBMS NApsmansaild vld 0oDBMS ATiegiliguauiAuandiaiy oo1elsd
< wa 1 @ 4 ] 1 [ 3
0ODBMS fllguaniianeziudeddiog 13 Yedioiu Fsmunsouia a2 daudel
aufivil#idy 00 System
1. S2UUABIETUAYU Complex Object
2. SYUUAOIATUAYU Object Identity
3. DPUIINARBIYN Encapsulation
4. szuVARIMTUAYM Type iiag Class
5. sTuuApIEiuayUMsAUN0ANNANUTA (Inheritance)
v a o Sy
6. TTUVUADIVANIAYY Premature Binding
7. szuvdeuily Computation Complete
8. 5¥UUADA Extensible
arunmliidu DBMS
Y o_ o ' Y v
9. sruvdesannsovaiidumusedeyald
9 v o 9 Ao Y
10. szvvdesemsadatugudeyantivinalng 1a
11. ﬁﬁuauumiﬁmuuuu Concurrency
12. ﬁ'mmmmﬂauﬁszw (Recovery) 1NMIAINUNHANAIAVDS Hardware L1

Yy vy o 9y Y 91
Software 19 Apsamnsamimsaumdoyaldde

46143
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(Temporal Object-Oriented Database)

5.1 M35¥ OID 3

4 Y a

g i & A gy 4 o 2 1 g o =) |:I
Object Identity (OID) HJufsil4521)1500190900U19nA FuaazeouRnaazil OID lidn
& o y I Sl e v a4 uy
AU OID ggnmvuali lagssuudwailiooo uindgnasniunazae luamnsalaoula
o a e W C (A :
TyrvesmsianngiudoyaiinaiuussuuiFaduiusiaou ins1zy Relational Model
v ' v '
3219 External Identifier Howdimswlaoundasld wu lutnensesvadudiotndaon'ld
' Aol A o R A g o ., o 9y A
ualuszvunidhugadagnnesunnaezll OID 1iluvesdues Feddszuvrzimualiiiie
=<} (:zl 3 dy |:' o 1 1 = yv I~ 5
poUINATUYNA3 19UNT taz OID Hae ludfuediautueu Sen OID 3uily Internal Identifier
3 (r—rad) 4 9 é‘ 12” % " a 1 I~ I~ Ve o [
Fe hifianedeslan Mdudvdeya lihideyasznlfoulledls o Auzdusuaudmsy
< d a
2UNAIANIAND
A g a o =2 o~ b ' Y A - :; P a
sEUNTIAYE A OID Ha s owIennilynuse Identifier 1Wasuvesszuuninga
v v Y £ L 1 v a = y ' = A <
FUWUT 1A 1N 1213131 External Identifier 194 S a9 vxi)asu 11 ud Internal Identifier ¥5© OID £

AUAULALD

5.2 Extension for Time in Database

J qs/‘ a o o
”lumaﬂa:qnw Temporal Application HUTIN Non-Temporal Database System ﬁmauuauqu

13 15zmsfe

521 Data structure dzfosemnsaifiudoyameriunarld

MSLAN date/time attribute 1111 data- structure TteIsarh@Nenn 15101908 Valid
Time Iﬂmﬁll attribute VTS (Valid Time Start) 1ta¢ VTE ( Valid Time End) Wﬁu class Date @74
Transaction Time ﬁrﬁmﬁmﬁu

UATIMSY operation §115U Temporal FULOUNI IHUHAAIIVDITDIFINIA1019 1AHE
ponuuiluguIaag 924 (Set OF Interval) Falaesialiaz s Temporal Element #5111 Set of
Interval 1§11195701589 Timestamp

145U Relation Data Model ﬁgudauﬁ%u%'auﬁqﬂﬁo Timestamp V948I1V04 Data
Structure DE1915U Tuple ¥30 Attribute Timestamp §911 Object Data Model 819%1'14 3 tuamafie

1. Timestamp ﬁ Attribute #39 Timestamp Tuszau Object

2. Timestamp Tuseau Type
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3. Timestamp 1152 Identifier

5.2.2 Operation Gl'Nc] ansy temporal oS3 query taz modify database
M3 Temporal Operation Lﬂuﬁmﬁﬁﬂiymmﬂmﬂ Temporal Algebra lanasiowd
o o ° 1 % g
1#2 1510191111 Implement 1AvATaAY System W3oRUTU Layer 81U Non-Temporal System &30
S & 9 A v v ) ' @ A g
SuiludoalaIuve18v09 Query Language 11315015 Temporal Operation 321f eI UNTU Non-

Temporal 51&‘]"19511

5.2.3 Temporal constraint
Tu Temporal Relation Database 2 System Mmnthniams Temporal constraint GERNEOT
Referential Integrity W #@d@15u 0ODBMS ¢ 1ngiWuu TUsunsudansiy Temporal constraint

' v
RUTUDA
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(Temporal Class Diagram : TCD)

6.1 !!Nuﬂ]Wﬂ@]ﬁ!%Qna] TCD
a <0 Yo A Y} v
UAUATNAATA L IUIAT TCD uhlﬂu'llf]’]LlWUﬂ1Wﬂa'lﬁ{lu UML NWLW?J‘UU"IUIFWQET'S'NLlW
o a kY a
'ET'lll'liﬂﬁa\'ﬁ‘Unﬁ?li@\ﬁgﬂi_liTu%@Hal%ﬂﬂa']UL?]} Iﬂﬂlqa’lelJ@QSgUUﬁ']u"Uaie’lalsﬁqnﬁ‘]ﬂﬁgﬂaﬂﬁjﬂ

1813 ¥iiafo

6.1.1 Transaction Time (TT)
=y v e v = o
ﬂanammouaaﬂ”lummmmua”nm Weyalasumsudily  Taenawuuiiszonezdam
W e hidostlowdnly Snfu aamuuuﬂ““l%’ fudoyaitimsnlasundadlivonin wSonlduy

I
uﬂmmaummwﬂ%wﬂ 17U AIUFIVDIAU ‘Uﬂ’i‘l!ﬂ‘llé)»iﬂl& nJu 1205

6.1.2 Valid Time (VT)

= </ a : g { :/‘
Aeahdeyaitluede dufldnurzdesdounariidoyariutiuesuih i luszuy Taedld
o = 3 I a o 1 I
nudeadmuanaindeyanuiiuge nadananizdesszymiisuemaidie wu 1 feunseiu

U

A I~ 1 sy Y
w3eonszyuriuamnId

6.1.3 Bitemporal (BT)

]

ﬂﬂmi%ﬂm‘m’N Transaction Time ta¢ Valid Time qumaﬂﬂuamm%’agaﬁwhﬂunm
a v g Y I~ a v o 1Y
Usanniifedeyafideinissafivnaideyaiing uaznafisaiudoyanionainideyaldsy

A5 L

E4

a e o vq v ey v o Y A q9
NUITUVDINIANITTUULDUUU ‘Vi1ﬂ?ﬂ“lmu%1uJu‘m)zmﬂmmnmﬂumayamacl“mm
o R Y Yq Yy A
NANUANVTUNUTAN NG LA Ni‘b’@ﬂﬂLa@ﬂﬂWllﬂ'ﬂiJ!ﬁiﬂ”ﬁiJl@Q

fvsudadnuaivoanariiiudn 1 luusua maara uuuﬁmmiﬂ

{ v d a
ﬁl/ﬁ 6-1 GEYanyNINIAIVONUAUNINAA IV IIa1 TCD

YV
v W

< 4 o y ‘
nngUiudyanvaiveanarithunlylu Tep Taedldannsndenlflszinnvearaniy
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6.2 Temporal Data Type
' P o 9 dy ] I~ a A
nueveanazi e lulunail uuseanuviales ¥iane
[ A =)
- Date T peu
I~ a dy o = a =
- Time Wunainye® ¥ Tue 1h uazIui

5 1< & EY o A = = a =1 9
- Timestamp i uganiaveasznauaie Ju dmou I 42 Tus wfi uagindi 14ven

v
a

4 7 v :
nansuduvesteya (Timestart) LazIA1AUEAYDITOYA (Timeend)
<] ' ' 1 A Y Y @ o =
- Interval  {ugIwmsEHIN 2 yanmaeiileany Uszneudies Ju $1lue wid tas
MM
- ; P k 2 a . v 4 g v
- Timepoint 111 Timestamp Y uWMANMUIBVD AT 11 tiedoans I naaunme
. g
w2eNABINTINITY 1189190981973 Timepoint
- Period P9ILHIN 2 A9a1 Wi Interval WURVANMLIV0a 191 11
o W Sy o s o 2y o A
dmsunailana1anudanin narfiegluiniasgiuues oDMG ey 4 Uszian fie
. . ) 3 : . Y= Y £ v A A Yo
Date, Time, Timestamp 8¢ Interval 44§ Timepoint (8% Period ‘lﬂnmsaswwum‘iwmwamz“hm‘u

L 2 Y
Joyaanally

6.3 NN lnaaa
= e X EA 1] = ST e A & vq v <y
nafw W asamiv dumsianuseiiavesnard Famngliau Tueatideans

o v w J

) obd o ' a 5 3
Tiaaalalimsianursdiavemaraiinauwylanfodes  Jldaunsahdydoveiveana
E4

o u k& Ay o o Y ' g iod = o =1
HUUUHUU lﬂiﬁﬂﬂa'lﬁﬂ@a\jﬂ.ﬁ ﬁ’lﬁjuﬂ_ﬁi‘mluuﬁ'}dq uullﬁ']ﬂaglﬂﬂﬂﬂ«ﬂaulﬂu

6.3.1 Aaan dNauTINUNEIVL (Static Class)
dyd P =" 3 =Y 9 a 9 [~ PRy 3
amalsznniutuamafioouRndveaaiaiiu luinaudwniedes Junaraiinisle
a yia o W Y i =2y - )
auamund luimsinueedinveseamdndvesnata 39 lideuiimdvaiulan ©hlluy uML
o ;Y [~ a [P} 9 ~ A a A dy
e Mmamvualiaaialaduaaai lulinaniwnneidesnrsnesaian qaae 'l
<] 4 19
- oaunAvesnmdeglugudoyanasnaia
< o 3 I~{ a N 1 {
- esvinAvesnatawluaTanaea ly lulimsiaeunlas

1 aa Jg ' o 9 1 1 3 IS a
- mweweanstiAadumdaniiulugpudeyanuvaniuiuainasana

4 [ 4 J
632 amanimsdafivnafesudndegliugiudona (Transaction Time Class)

b < = g < 3 1q v A — Qi
ﬂmﬁﬂiz;m’luﬁ]zumimm’mWl@’e)‘ULi)ﬂGl‘U’e)Qﬂa1ﬁuu@g1u§1uﬂjaya‘Vri@nmﬂ’ﬂ@m%ﬂﬂ

=

W Yo - i § . yyy aa. @ > Y = a
lmumsxﬂaauuﬂaa (transaction time llfespan) 1’.)9]’361 uazuammmmmﬂmﬁuuu"lmwm LUBANT

' v
a  Jay @ ]

(=1 g - 9 J % A aa Jas v o ~ v
VIAN llliJL'Ja‘lHﬂiﬂLﬂfJ'J‘UEN (Static attribute) Wﬁﬂllﬂ@ﬂiU'J@‘VIJJfnﬁ%ﬁlﬂﬂl?ﬁ?ﬂﬂl@gﬁuu@giuﬂWH

e

v
VDYA (transaction time class) (N11IY

U
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a v g

° v J a Py d & 1 v a
mimvmﬂ“hfiﬂam‘lmﬂuamaﬂumi%ﬂmunamaam%ﬂﬁﬂgﬂlugmmayamswmimmn

0 v
Fasio 111
@ I~

5 o) a ' =
A ?J?)Uli]ﬂﬁ‘llaﬂﬂﬁ”lﬁl,ﬂuﬂﬁﬂﬂﬁaﬂ‘ﬁﬁﬂﬂﬁﬁ’lzﬂﬂmﬂ
' aa [ = = A = Y
= ﬂWIENLL'EJﬂVI‘JU’NﬂlJﬂQUMﬂWLﬂﬁﬂu!lﬂaiﬁi@ﬂ'liﬂ.laﬁluul]ﬁﬂu@ﬁiﬂﬂ
' aa  Jay 1a Y o Y S| 1 @ 9 ' aa
- Mveweaniian Winautwunsadeudumilvgiulugiudeyanasasiadinues
3. s
POULINAUU
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= Ao v ~ < ' S| ) o
aunsasuaaaniimsianunatiiesudndeglugiudeyalu TCD Taolivudnydnual
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® v Y A o
Il'JVliqlllUuﬂ”lu‘U')’l‘U@Q“Uﬂﬂa’]ﬁ ﬂ\ﬁ?ﬂ.’ 6-2

Employee @ Employee @
ename : string ename = 'Ben Smith'
emp_id : string emp_id ='SM152'
@ position : string @ position = <[t1,t4),'saleman'>,
salary - float <[t4,now),'manager'>
(i) salary = =<[t1,3), 15,000>,

<[t3,t4), 20,000>,
<[t4,now), 30,000>

3 171 6-2 13081909 Transactoin Time class U@ Object

o -1 o et Y < L ; C o A
E)Wﬂﬂ’JE]EJN(lug‘ﬂﬂ 6-2 911U Transaction time lifespan YDIDOULING AD [t1,now) UUAD

o G g : \ v A = o g A
POURNAHYNAT TR time pointtl azog N LVBYAIS BEIILDTAYITU dIulDANT 1A
gl IS aa dJad oy b ' Y}
position 1A salary Wutleans tianinunanveyarivedlugiudeya
d‘d [V c; < d:/ | a - 3
6.3.3 amanimsdanunaifiseudnalmiua3e (Valid Time Class)
1 < iy g ¢ @’
amalszaniivzimanuaaneeudnavenasiuuaiad 1Jde  Tasdlddesven
' R v dy = v o ' aa 4 o [ a v 3 :
N18v03a 101 1Ae amalszinilaziimsdanuradiininaraiuiuese (valid time lifespan)
yq Yy o Sov g : s ! A4 d A Ao d
uazh lyoUonanyULYINNIANY  (Time  Period)  Hagniuisveaafiannganiamny
S 3 o aald 3 a1y Y aa Ja = 9 = Y A
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Person

name : string
address : Address

A

Employee
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salary : float
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Messenger c . Car
g drive is driven by
interface Messenger interface Car
{relationship Car drive {relationshipMessenger is_driven_by
inverse Car::is_driven_by; inverse Messenger::drive;
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St t borrow is borrowed by
interface Student interface Book
{relationship set<Book> borrow {relationship Student is. borrowed by
inverse>Book::is_driven_by; inverse Student::drive;
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upplier . . =
Supplie SUpplies s supplied by Product
interface Supplier interface Part
{relationship set<Product> supplies {relationship set<Supplier> is_supplied by
inverse Product::is_supplied_by; inverse Supplier::supplies
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Address < Customer
number:unsigned cust_name :string
street:string address : Address
city_name:string

interface customer

{
typedef struct Address {unsigned short number; string street; string city name;};
attribute string cust_name;
attribute Address address;
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Person < Employee

interface Employee:Person
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tt_interface LINU interface ﬁ’dg 1/ 7-9

tt_interface Employee
Employee @ == {
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7.2.1.3 amanifunanveyadues (vValid Time Class)
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vt_interface Product
Product @ => (vt_lifespan Day){
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bt_interface Manager
Manager => (bt_lifespan Day){
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tt_attribute string position;
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& price : float {vt_type = ‘P’, granularity = *'month’}
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vt_attribute<P, MONTH> float price;
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salaly : float {vt_type = ‘P’, granularity = ‘month’ }
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bt_attribute<P, MONTH> float salary;
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7.2.32 mmauwuﬁﬁﬂﬂmmaammmauwuﬁuuaﬂ‘lumwaua (Transaction Time
Relationship)
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AnuduiusHizdeslidyanyal & Pinanudwiusiug seeunsoulauilu TopL Tae

A tt_relationship UUNU relationship

Supplier @ i @ : " Product

supplies is supplied by

tt_interface Supplier (..) bt_interface Part (..)
{tt_relationship set<Product> supplies {tt_relationship <Supplier> is_supplied by
inverse Product::is_supplied by; inverse Supplier::supplies

s Hs
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{vt_type="P',granularity="day'}
Employee 8 @ 0.1 Department@

work for employs

bt_interface Employee (..)
{ vt_relationship<P,DAY> Department work_for inverse Department::employs };
vt_interface Department (..)

{ vt_relationship<P,DAY> Set<Employee> employs inverse Employee::work_for };
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(Bitemporal Time Relationship)
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{vt_type='P',granularity="day'}

Customer U @ : " Order

places is placed by

bt_interface Customer (..)
{ bt_relationship<P,DAY> Set<Order> places inverse Order::is_placed by };
bt_interface Order (..)

it bt _relationship<P,DAY> Customer is_places_by inverse Customer::places };
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7.3.1.1 mM3u1lad Transaction Time Class 3Uuuulu TODL Hasil

tt_interface class-name [<inheritance spec>]

[<type_property_list>] {...};
wlasliidlunaim opr ndree1&

interface class-name [<inheritance spec>]
[<type_property_list>] {

attribute Temporal Element<SECOND> tt_lifespan;

L

¥

73.1.2 msuias Valid Time Class JUuuuly TODL Tidai

vt_interface class-name [<inheritance_spec>]
([<type_property list>]

vt_lifespan granularity ) {...};

mlasldunz opL udqe 1@

interface class-name [<inheritance spec>]
[<type_property_list>] {

attribute Temporal_Element<granularity> vt lifespan;
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bt_interface class-name [<inheritance_spec>]

([<type_property_list>]

vt _lifespan granularity ) {...};
utaslihiduniyn opL udezlé

interface class-name [<inheritance_spec>]
[<type_property_list>] {
attribute Temporal Element<SECOND> tt_lifespan;
typedef struct{ Period<SECOND> tt_timestamp;
Temporal Element<granularity> vt_lifespan} VT_Lifespan_Element;

attribute Set<VT_Lifespan element> vt_lifespan;
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tt_attribute Type tta;
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Type type U0 attribute
tta % Y94 attribute
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attribute Set<struct clement{Type value, Period<SECOND> tt_timestamp}> tta;
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Tagh

msuas vt attribute

M313EMA Valid Time Attribute 141871 TODL Hgduyuauil

vt_attribute<tsc,gr> Type vta;

£ 5
tsc 15 uonysziAnuos timestamp

v 5
er 15 uen granularity
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7.3.2.3

1 tsc HANNIAY P (Period) 1A

attribute Set<struct element{Type value, Period<gr> vt timestamp}> vta;

M tsc DAY T (Timepoint) wan

attribute Set<struct element{Type value, Timepoint<gr> vt timestamp}> vta;

msu/as bt attribute

E4
M1351)5eMA Bitemporal Time Attribute Tun 141 TODL Ngauyuaini

bt attribute<tsc,gr> Type bta;
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1 tsc HAUMINY P (Period) 1189
attribute Set<struct clement{Type value, Period<SECOND> tt_timestamp,
Period<gr> vt_timestamp}> bta;
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attribute Set<struct clement{Type value,Timepoint<SECOND> tt_timestamp,

Timepoint<gr> vt timestamp}> bta;
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Type A:

tt_relationship Br,
inverse B ::rp;
Type B:
tt_relationship A r,
inverseA ::r,;
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I ) ‘T;?J‘UN traversal path U4 relationship ‘ﬁﬂszmﬂ‘lu interface Y91 type A
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interface A r, B 1, {
attribute Period<SECOND> tt_timestamp;
relationship A i r,
inverse A r,;
relationship B i_r,

inverse B ry;

2. u1/aq transaction time relationship I, ﬁi‘]écl‘u interface U949 type A Ty relationship Tu

7¥1 ODL laauil

relationship Set<A r, B r,>r,

inverse A r, B ryui_r,;
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3. 1@ transaction time relationship r, ‘ﬁ’t);ﬂu interface UDY type B Ty relationship Tu

A1 ODL ldauil

relationship Set<A r, B r,>r,

inverse A r, B ry:iry;
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Person

Name : String

Sex :String i
ddress :String

BirthDate : String

Employee @

w EmpioyeelD : Integer Department @

vt) PosttionEM : String DeptName : String
Salary :integer
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interface Employee : Person
( extent Employees )
{
attribute Temporal_Element<SECOND> tt_lifespan;

typedef struct{Period<SECOND> tt_timestamp;



Temporal_Element<DAY> vt _lifespan} VT Lifespan_Element;

attribute Set<VT_Lifespan_Element> vt_lifespan;

attribute Set<struct element{Integer value,Period<SECOND> tt_timestamp}> EmployeelD;

attribute Set<struct element{String value,Period<DAY> vt_timestamp}> PositionEM;

attribute Set<struct element{Integer value,Period<SECOND> tt_timestamp,
Period<DAY> vt_timestamp}> Salary;

relationship<P,YEAR> Set<Employee_workFor Department_employ> workFor

inverse Employee_workFor_Department_employ::i_workFor;

interface Person

(‘extent Persons )

{

attribute String Name;
attribute String Sex;
attribute String Address;

attribute String BirthDate;

interface Department
( extent Departments )
{
attribute Temporal_Element<YEAR> vt_lifespan;
attribute String DeptName;
relationship<P,YEAR> Set<Employee_workFor_Department_employ> employ

inverse Employee_workFor_Department_employ::i_employ;

interface Employee workFor Department_employ
(extent Employee workFor Department_employs )
{

attribute Temporal_Element<YEAR> vt lifespan;

relationship Employee i_workFor
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inverse Employee::workFor;
relationship Department i_employ

inverse Department::employ;
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Cach2 Object Architec i .
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Compiling table Organize.Employee ... done. :J
Compiling takble Organize.Person ... done.
Compiling routine Organize.Department.l ... done.
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CDL Load Complete! %
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J

4 3 @ W ¢ o & @
%004 Method M0 Property latududiodydnual «” fuszgauaslihiudydnyal

“sys_” UINU AIDU1FU

Do.pat.%Save() ; // Caché ObjectScript
wnanudu

pat.sys_Save(int depth) // Java
3eBndotmilusuauudinsnlsemanata Person 131 Cache ifugsil

CLASS Person{
SUPER = %Persistent;

PERSISTENT;

ATTRIBUTE Name{ TYPE = %String; }
ATTRIBUTE SSN { TYPE = %String; }
ATTRIBUTE DOB { TYPE = %Date; }

ATTRIBUTE Spouse { TYPE = Person; }

METHOD Triple(x:%lInteger) {
RETURNTYPE = %Integer;
CODE = {
QUIT x*3

%mmﬁﬂs:mﬁ%’wﬁu Caché Java Class Generator 3¢ Generate ll(glj Java Class Q@llﬂﬁ

public class Person extends Persistent {
// attribute

private DateAttr m_DOB;

private StringAttr m_Name;

private StringAttr m_SSN;

private TransientAttr m_Spouse;



/1 attribute accessor methods
public Date getDOB() throws CacheException {

return m_DOB. get();

L
s

public void setDOB(Date value) throws CacheException {
m_DOB.set(value);

'

public String getName() throws CacheException {
return m_Name.get();

b

public void setName(String value) throws CacheException {
m_Name.set(value);

h

public String getSSN() throws CacheException {
return m_SSN.get();

h

public void setSSN(String value) throws CacheException {

m_SSN.sct(value);

1

s

public Person getSpouse() throws CacheException {
return (Person) m_Spouse.get();

2
f

public void setSpouse(Person value) throws CacheException {
m_Spouse.set ((Transient) value );
8

i

// methode

public int Triple(int x) throws CacheException {
SysList _arg;
_checkObject(true);
_args = new SysList();
_args.set(x,0);
_saveDate();
m_objectServer.invokeMethod(m_oRef, " Triple”, arg,true);

return _args.getInt( 0 );

84
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7. M51¥ Caché Objects 910 Java
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e ¢ o 9 :
factory = new ObjectFactory(connect); / M3 Wazia Connection

o ' 2 = 4 Y o o a 1 [} :
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factory. Close();

factory = null;
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String name;
name = person.getName();

person.setName(name),

< = y &
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person. Admit()

idiansdaieosuindsug I8 lusnuasidofufeansiadaun
name = person.getSpouse().getName();
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9 0 ¥ < P 4
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& g y
person._close() // VADBVIDNANINEN Server ad
' < dq Y
person = null // Set ﬂlﬂ@U!%ﬂﬂlﬁ!{]u Null

Y
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7.6 M3138A Query 14 Java
5 T v o oy v v & i
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4 g d v [l ' 3 1o { o
A1 ResultSet 3400LIINAVOIAATA ResultSet 9@090g1u Java wintu lifianuieidossy
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String id;
String name;
ResultSer rset;
// fivua Factory, Class 8¢ Query #1135V ResultSet
rset = new ResultSet(factory,”Person”,”ByName”);
/' Execute Query
rset.execute();
while(rset.next()) {

o 4

/1 81uA Id fiogiinediuniusn

id = rset.getString();

// 811A1 Name fiogiine dunifana
name = rset.getString(1);

// ﬁlJVTﬂ'W Id 4ae Name ‘ﬁllé'mmueiaz Person

System.out.printIn(“ID:” +id + . Name : © + name);

// dans query

rset.Close();

mﬂmaman"aﬂﬂmumwu mmsmsaﬂ‘lmw Query %o ByName 1qnﬂn1wuﬂ1uﬂa1ﬁ
Petsor- @ Query e F9RT1UBIDOLENA Person HamA HAIINTINS Execute uaaﬂawmﬁmsﬂﬂﬂ
poudndiasild  Tassenlduson rset.Next()  IUATUHUANNAAII M Davousne

ResultSet @161509 rset.Close()
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