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and query history of data which data has change according the time or you known to mean the
Temporal Database. But Temporal Database is made the complex to data structure. Way to solve
is we will use property of Object-Oriented that suitable for solve complex data structure and the
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study this database that how to work and what structure it is. We will study by use Object-

Oriented to create temporal data type and use it to implement example application for query

history of data.
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VERSION
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lunsiunadnivesTngfidmsnidsulaslundozaniugediesinda amadfieygnalill
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Instance S&8 311 Version I fuaaafiianuduiuifu madmualdsaiaidu Version
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B Working State 921in3U1iiB Version Instance HUAINU wae Wmusondouudasdld

ursge lsRmumInuidannsensemla
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A . do 4 y & - o
®  Released State A9 Version Instance nnmumuluﬁmuzqﬂmﬂ BHIWSUATWUYILLTS

v L4
(Robust) woz Wignnsavimandounlasla Tansmsifulye uaznsauiag
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Version Instance gminsusmnarauzmite Snramuz il ufionn transient 1uda
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o

fatl
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® 1581999 Version Instance 1aua3a1nun1s 19 Object Identifier

= 15819898 Generic Object wazFunidFan Version dgn

ENCAPSULATION

A9n1559% Attributes 1Az Methods Y84 Object [ 1108428/ tagNn19@e217 Object
A , - ' =] &
2119218139 Attributes U84 Object 14 @89ri1u Interface 49 Object Nilla 131 Tag Interface

¥
484 Object Yszneu 11310nguues Operations Fernsaidiils Object tiuq 14

POLYMORPHISM

[] é H J Qo
Gomsamamite seudsalfen ) Idnareghivy Judvammuandoy nie
} 4
o 1 A L-3
aounisal Lty ANNE N30 nBE1MilUB Polymorphism fifle A11NsafMuUAMS
guiiuns It W uRaguiiuns nisuduaieddu'ld Gondimsih Overloading Aiomsfon

o/ o o - o~ o =% 1 A
185sseu viedduiiumsdn W lviaudaedmii1d

2.2 Yedvesguuuudeyaisaing

EXTENSIBILITY

&M% User-defined types 142 Overloaded Operation t{u d2U¥83AA1A UaZNI3in
o o & [y 2 a A 8 2 &
asaduiusrannsodfunlaeu nieduldawanudesms msulasuulamions
A d’.' o 9 o d'.d. [ as o ar o e v & . o
dinfiszgniamslifunaaifinuduiuiulaedululd duneane uaz Teweisgu
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INFORMATION HIDING

msdeudeyaiagezeygnalidoye uazTenlesdugnimunegmolulassainde
yaife (Single model) Yufie foynergnimumnrzii (Local) unsgnaeusginioluiagies

A A +ad a o wa
maumsmﬂuﬁmﬂﬂ‘uu%zuﬂﬁmeﬂﬂﬂuﬂm‘aﬂluuﬁ

FLEXIBILITY OF TYPE DEFINITION

aremnsofioygnaligdidsmuanate uas Tenforsdulnies amidangu uas
o é o , v 1
asmunuAudld Fauilse Temifumsilszgnaldgudeyalmia lumsiliualfoude

ya

CODE REUSABILITY

vinguetianawneasinania lldsnarngn i i lidestinisdmuaiing

[ ! v 3 2 v : 9 o - [] (X
LlﬂzI’E)lﬂﬂli‘ﬁuﬂulﬂn1ullﬁﬁ¥ﬂﬁ1ﬁ PV YIANANUYIHBU uazmim\nuvr'luﬂ'mﬂﬂu

2.3 fhesthaveagmudeyaitaing

lugrudoyniFeiag Complex Object 12931931910 Object fidreq Tasnsld
Constructor $28 ¥ %’ugﬂtmuﬁiwﬁqmm Object i Atomic Type 19 Integer, Character
(ag Boolean #iflugtuyuilifidauilsenevdeums dmFugiuuy Constructor 489
Complex Object f;:u 92 59U Tuples, Sets, Bags, Lists 1122 Arrays Tasmsadia Complex Object
fezfumsdeuanududeuvesiaseadudeyade Users 1u Complex Object fif1ueq Non-
Atomic Objects 9281389 Objects D149 Tntd Object Identifiers A30d19d19d 199z UaATIA7

advesgudayaingaugiluuyyes ODL ¥83 ODMGL

interface Department ( extent Departments keys dno, name ): persistent
{

attribate Short dno;

attribute String name;

attribute Instructor head;

relationship Set<Instructor> instructors



inverse Instructor::dept;
relationship Set<Course> courses_offered

inverse Course::offered_by:

3

interface Instructor ( extent Instructors key ssn ): persistent
{
attribute Short ssn;
attribute String name;
attribute Integer salary;
attribute String rank;
relationship Department dept
inverse Department::instructors;
relationship Set<Cource> teaches
inverse Course::taught by:
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Temporal Database
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(Temporal Database)

Temporal Database 'luﬁﬁqﬁ'u

Lumessuiiensseluf Temporal Databases fifio IHAAASRALIYBS Temporal
Query Language aehauws'nmu‘lmﬁﬁugmuu Relational Languages %4 TQUEL #38
Temporal Extensions 484 SQL uazﬁ"aﬁﬁa"}mﬁmﬁqﬂﬁe TSQL2 uaglibnuiniyu ATSQL2
wozluileqiiuldlinisieue  Temporal Extension ¥94 SQL3 14 1SO uez ANSI
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yndeueluileyiusensumsld Timestamping letaslalu Tuples wa'lal 9 @ nm
Tuvasiy Femfuayuanufesnsdensiédeyasmmannlu Tuple thia ez el
Repeated (§19/0118) dmiunn q Fanaiiigeazgauansaunaueie 1 Tuple fignesel?
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3.1 nalugudeya
a - o 3 & ] =1 a Y
aussTumANdInaiidnuuzdeiies adnlsiawlunsinsanarluniegude
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4 A A & o o o, &4 o a_ &
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3.1.2 szianvesgvdeynly Temporal Database
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3.2.1 Ysuanves Temporal Database

Tumsveanuese lumstansfunaiiiog 2 uuInmAnfe 71311 Timestamp
lignanfudeynluudns Tuple (Tuple Timestamping) iun 1341 Timestamp ldyndnfiy
Attribute 499 Schema (Attribute Timestamping) Juns@usnnnduRnsoz 145unisiiu
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Smith | Engineer | 35K 9/97 - 9/98

Smith | Engineer | 48K 9/98 - now

Brown | Analyst | 32K 8/96 - 6/97

Brown | DBA 40K 6/97 - 1/99

Brown | DBA 46K 1/99 - now

Jones CEO 80K 1/98 - now

#1519 2.1 Temporal Representations (Tuple Timestamp)
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Smith | Engineer 9/97-now | 35K 9/97-9/98

48K 9/98 - now

Brown | Analyst 8/96 —6/97 32K 8/96 — 6/97

DBA 6/97 —now 40K 6/97 —-1/99
46K 1/99 - now

Jones CEO 1/98 —now 80K 1/98 - now

#1319 2.2 Temporal Representations (Attribute Timestamp)

L 4
Taogtuufiszmanzudmatih 19y Data Model yosgudoyaidieing

[} t 4
19111 Temporal Database Aiuaaaiiist linulsiudiunaryiiala valid Time v3e
[3 4 v
Transaction Time W3 ZF1EMNTOAMUAT Abstract Data Type Tudumsuisuauvesnsadi

18 uaz liiheediunariialad Lifinansenude Data Model
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b 4
1A% 2 iaAadl ¥l Temporal Database gaiitoandiu 2 tume e

1. Object Versioning (Object-Oriented Model) %350 Tuple Timestamping (Relational
Mode&) u#ag Object 30 Tuple 1°x"’uﬂzﬁﬁh\:szeznmﬁmmémseuaquﬁa Object
%358 Tuple ﬁ"uq

2. Attribute Versioning (Object-Oriented Model) 130  Attribute Timestamping

(Relational Model) (Aing Attribute 93 gnfAudu13a1 (value, interval)

3.2.2 /70814 Applications ¥83 Temporal Database
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e Wy swizinafeuuasndsltnen herdrsanahdldng vieieu
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AT

4
HoLdU
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Fimuavoststuszfiunseniieesiuiiu Application $1lil¥msuimsdeyade

Temporal

| 4 ] []
Application fandatiuse 18use Tomianns ¥ Temporal fifueyulu DBMS #iee
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3.2.3 Yeveamsligiudeyadinm

(Foutunsaifidudoyadduiusuia A i Temporal)

Trsd0u9 Samantics 934 16aNMETBYIEUEF Temporal Query Language
#l¥auns0lieu Temporal Queries Tumstszmasaulsidhle1die
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seuudanisgudeyaisiing

OODBMS (Object-Oriented Database Management Systems) W 1l 1&wentiien
unnAavesns dsunsundaiag luld ummuqmnnymvuNaﬂwlummmun $uflu
womivenudeyavialng, nrsldemsauiu swmmsmawamaumﬂﬂmﬂ‘u (Persistent
Object Stores) FenadnunrAanandernfammivayunafosvsuuy Set-Oriented kL)
msaounudoyn (Query) dseaninmlunisdszuanauu Inseai1s9e Secondary storage

yunlng) MInIuAgUA2INQNABY (Concurréncy Control) unzAaFendoyanty (Recovery)

4.1 ¥am3ves OODBMS

Tun1sWaiu Software ssuvgudoynlusda fhumnmssﬁuﬁagn&ué’wa‘w;jﬁu
sTUVgIUYEY ALY RDBMS SeduimsRaunndudil a.e. 1980 nagasian iy
Programming ¥995% U 1§14 iaga'lﬁﬁ'mﬂ?;wmsﬂu Object - Oriented Programming
Languages #auflumswana Software Tugalitunives Object Model tinug i@y Fudunis
a1 Tugliuyves Relational Model uﬂzmn‘mﬁymﬁﬂﬁxﬁﬂnmﬂ‘a‘euuﬂm1‘:iu wazri lalg
ATINAUT Software szuugms’feqmmu’lnﬁi‘fum fie ssuumsdamsgmdeyalugluuy
484 Objects (Object - Oriented Database Management System) S9miuayu InFeavesntaifiy
Yoyaludnuuzyes Objects uazatiuayu Object - Oriented Programming Languages Tauase

‘lm‘Jwﬁuﬁwﬁwﬁ'mw?mﬁmszunms%ﬂﬂmﬁ'mﬁnsm%ga YDIRVIWUTENA N
undnatgegluamianinuiy 3 1544 Relational Database Management System (RDBMS) 0%
Object - Oriented Database Management System (OODBMS)

deannanusigframimeduma Tuladlunaiannszuy Software Tagmnie
N1447U Programming 3115 Wa 1131119 Object - Oriented Programming Language M ldAa
Hymisadumafiudeyaacluszyugmdeyalugatruves Relational 31391 Relational
Database il ugnudoyalugluuuve Relational Model Feaiimafudeyadqegluguuy
YeeasNRTa S uRuEsy gaunawautIngld Object - Oriented Programming 113

weadnyarzveadoynluzLuuLves Object Model Insiiudns Object fianuduiuiiulag
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Reference M lRRaLdNNnUazgeenunmiudeyatudnumsves Objects aslugudoya
fifidnuuzidiu Relational

sodussuumssansgudesyn lugiuuuves Object (OODBMS) Fuuszuumsia
msgudosyaLuL Object Model iz Tmsmiuayumsiamn Software szuugudoyalu
&nYnIZYes Object - Oriented Programming Jedudefiauasminzaundisz uugmideyauuy

Relational

42 &% 00DBMS Wnmsmiumyy

szuunasamsgudeyauuY Objects (OODBMS) fiufade Az limseivenuga
autAfugd Y Objects Faoalil
ENCAPSULATION

Encapsulation 8 AMew1iAfi Object mmmﬂmﬁu%ua(mta) fiognielu Object
tfuq ‘lulnqmﬂnauuﬂmmauﬁ"lu‘lﬁ"lﬂamqmn Object aumgmuuan anr’i’uumﬁ'awa
A4 Method f Object Wuinstaon V3 1¥uiniu shuminena g die Object Yugnsu

£ ¢
wmmnmu%’am ﬂwwaagannamamuaunmauﬂ Object uuqnnﬂmnm‘lugm%qﬂ

INHERITANCE
a & A wa ' a & A
Inheritance fi® A5 Class HIIMITUNOARUANLANNDINNININDA Class NHI T3

Class ‘nﬁumﬂﬂmﬁummuummmuﬂmmmmaumumuuaﬂmuamn Class ﬂQﬂﬁUﬂ@ﬂ

-

faueruiia 19

POLYMORPHISM

Polymorphism fi® N1371 Objects RANAUT T OUIAINGANTTUABUTUBINA WA

4 o a a o 1 o . . 4 &
1518 195U Message IHARYINUIFY Iunsmmmmmﬁm%umm Objects 2 Objects BINN 2

3 o a A o & . 2
Objects #1497 1431 Message ¥ilaiduaf An display() 31 Object wilkenwziuminaadoya
da

. &4
TugtluvyveswnziBonvesdoyn (Text) Tuvmz#ivn Object nitsomesiumsuaasdeyn

Tugtiuuvesginm (Graphic)
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Example 175 5ﬁlﬁﬂ178ynﬂ0\1 Student 1102 Employee m?ug m*ﬁ'@ya
public class Student {

public class Employee {
J/ Attribute declaration// Attribute declaration

Student s = new Student();Employee e = new Employee();
// Set attribute value to object// Set attribute value to object

s.set_name(name); e.set_name{(name);

s.save(); e.save(;

o [] g ot 3 v do o
INAIDYINVLIFUIING Student class Lag Employee class A19ANINIS ‘Bﬂlﬁﬂfl’ﬂgﬁtﬂﬂ

Bun Method BuaU Ao save() ifttaudidiumsinfudoyaues Object AuaL class N

OBJECT IDENTITY
Object U#ng Object 11 OODBMS 923 Logical Object Identifier (LOID) dumviven
b4 ] L4
ID 484 Object 11 IagHi LOID 92 lidfiuiny uazee lifinsinduu v faddn object
4 o o
fiuszgnavsenlnngudeyaudfan
o . 4 A =9 lJ = -3 o
tumendufuiieiinisadis object Inaidiuw feziimssmua LoD iy Object

Y

[ 1 4 [ y
TugeTaeit LoD flaz Wifinsn/Beuntne Sadheelimsh Object Huliifutiigudeya
v A4 d
Jouna
LOID (11 Versant, Object - Oriented Database Management System) Usznesudufi
A 1] 1
taw 64-bit Fantiailu 2 dau fis -
. * [ 4
L drusniflud iy 16-bit Ruaaddanyyes Database # ltidfiu
v [} i 4 1 4
2. dufaeudiugainy 48-bit inaananay ID ¥oe Object YU Tnolu 48-bit Hezuanq
uondiu 2 dau ae douusndiu 16-bieaunindiu o) dauficeuduiny 32-bit Baugn

Object ID
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REFERENCES AMONG OBJECTS
a a ' 2
OODBMS 5in1581984#¢ Objects #199 Tag1d Links &4 Link 489 Object 1u Database

wWnUA28 LOID v83 Object

BASIC DATABASE OPERATIONS
i 4 [} } 4
OODBMS i Operations fiugufinnnsav 1Adail
1. Storing Objects
'Y & A& a
Storing Object fip Msdaifiudeya Object nelugiudoyn FuiionSoumoy
115911919 Relational Database (RDBMS) 111 Object Database(ODBMS) uds ODBMS
© [ -] 1 3 (3K [
gihmstadudeyaldieniuee hifeognn
14
Tumaiudeyandlu RoBMS i limunsaduasly 18 Tavasa Aesiints
v
wlnedoynen object Wegluguue Tables Aow TaennsHudu Mapping Layer fiou
4 o o 9 = o % v
udrsehmafiuaslugudoyn Feroutzgen
k4
Tuneasefudrudimiu opBMS uaunsaiinisiiudeyalugilves

Object 411 18 Taeas e Tiidoevinms Mapping nou

Example Create Person Object and save to Database
public class Create Person {
public static void main(String [} args) {
if (args.length 1=3) {
System.out.println(“Usage :java CreatePerson <database>
<pame> <age>");
System.exit(1);
}
String database = args[0];
String name = args{1};
Int age = Integer.parselnt(atgs[2]);
Properties prop = new Properties();
prop.put(*database”, database);
Capability capability = new NewSessionCapability();
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TransSession session = new TransSession(prop, capability);
Person person = new Person(name, age);

session.endSession();

2. Changing Objects
r 4 .
Changing Objects fie manAsutlawud ludoynues Objects Feannsafld

-t s & 5 , J o
Tnon 130 Object WnTumengudoyaudninud lvaudesns 9ntuAsEM
o . & 4 ) i o o 4
M3 A Object 1iunslugiudoya teeen Object Mhin1sud luiugnoniuin
& a ' A o ) °
nngmdeyadisll LOID aguda diovhmsdafunsgudeyniesiins Update Object

& $ A 4 .
WuLnuiezar$e Object udu Iny

3. Deleting Objects
. A & N 4 & o
Deleting Object Ai® 11301 Objects sBAINIzULg U doya Faih 1A Tasnsdu

a o9 9 A Y ode P : a 1
11 Object NABINTITUINITUUFIUUBYA BIBWLLRAINNINITAL Object ‘Lluﬂ'lllllﬂﬁ I%134]

i 4
&1¥99n1301 Object 489 Person 89ANNTEULG MDY IMNInM 1AAH

Example Delete Person name = ‘John’
public class DeletePerson {
public static void main(String (1 args) {
if (args.length 1=2) {
System.out.printin(“Usage :Java DeletePerson <database>
<pame>");
Systemn.exit(1);
}
String database = args[0];
String name = args[1];
Properties prop = new Properties();
prop.put(“database”, database);
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Capability capability = new NewSessionCapability();
TransSession session new TransSession(prop, capability);
VQLQuery query = new VQLQuery(session,. “select selfoid from
Person where name = ‘John’”);
Enumeration e = query.execute();
if{1e.hasMoreElements()) {

System.out.println(“No Person Objects were found”);
} else {

while (e.hasMoreElemments()) {

Person person = (Person) e.nextElement();

session.deleteObject(person);

3
session.endSession();
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5.1 nushsvuugiudeyaidiaing CACHE Tudunu

CACHE fianuanmolunssesiumsmau ldnannate Platform g lAanaang

Compaq Tru64 UNIX 4.0F and 5.0 (Digital | Alpha computers

UNIX)

Digital OpenVMS 7.1 and 7.2 Alpha computers

DG/UX 4.2 AViioN(Intel) computers
HP/UX 11.0 Hewlett-Packard computers
IBM AIX 4.2.243.3 IBM PowerPC computer
IBM AIX 5.3.2 IBM RS/6000 computer
Red Hat Linux 6.1 Intel-based computers

SCO UNIX 5.0, 5.0.2, 5.0.4, and 5.0.5

Intel-based computers

SCO Unix Ware 7.1

Intel-based computers

Sun Solaris 2.7

Intel-based and SPARC-based computers

Windows NT 4.0 (with Service Pack 4, 5, 6 or,

Intel-based and Alpha-based computers

6A)
Windows 2000 Intel-based computers
Windows 95 and 98 Intel-based computers

@154 5.1 48R3 Platform 1 CACHE aniuanu
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doseversion event:%Library.Time
SHESTENTGU. .,
SO ERTENTSIZE 100000
history Temporal. Temporalvalue
L IDEMTIFIE.
intervalPro... i:Temporal. Timelnterval
latestVersion Temporal. Temporalvalue
- mySize %Library.Integer
newVersion  value:%Library.String,event: %lLibrary.Time
L PROPERTY... 2
timeProjec... time:%Library.Time
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#classcontext Temporal.Temporal
#: method code import packages hegin
#inport %Library
#import Temporal
#: method code import packages end
#: method code include files begin
#include %occExtent
#include %occlInclude
#¢include %occTransaction
§: method code include files end

thacquireLock (%this, locktype)
n %sc,id,idl
s id=..%Id{) QUIT:§g(id)="" $§$ERROR(§§§Nullld)

51 5.2 Studio

" Terminal : Sumilou Command Line 19Tunn3i30n Script fireq v
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“1select * from department
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Statistics 499 CACHE
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out

Process section : dnNIaumMiauams1 1484 16 MB @ Process

ViewPoint section : §40yan131/521210H0Y04 Server
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o A o
Windows A1 iIW8V1N3 Start CACHE Engine

s

§‘dﬁ 5.9 M3 Start Cache

14 ' ) v
#4fi 2 Object Architect : #9173 1A CACHE ud Funsudenusszinsadte

Class a4 Object Architecture Tngvhiagilaw
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£ ControlPanel

& explorer

€) GettingStarted
Object Architect
SQL Manager |
 StartCaché
Stop Caché =

®

=
LT

Y

31]7\ 5.10 mﬁl%d Object Architect

31 3 Connection Architect : 84910713 171G Object Architect ud 29U 1ngM1i190
o ' ° o Ve dq A&
AINTN ﬁ‘lumslﬁﬁnﬁaﬂ’mzmms Connect A1 Cache Dictionary Located TGP R PR bR
= A ' ¥
Smunee1d 1aon1331y IP Address Y8 41nT07151ABIN1592 Connect TuM iz uden

A ;§ L v:‘ A
architecture Connect ¥® SAMPLES %33 Location DfV{393Y0UTUDY (TP Address: 127.0.0.1)

8 (aché Object Architect

o popIZ00INTAUSER

§1WI 5.11 Architect connect

$34fi 4 36319 Class : M&3910151 Connect 141G Object Architecture UA291/310g

NI9BAINH
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6§ %oNet

f- @ %SYSTEM
£ %XML

31/ 5.12 Object Architect

& e 3y H
LN EIReIMINez i Class 1nsi ¥R a3 Click Nijy New Class imiufioz
$hgnisadns Class Tns CACHE 121l Wizard fusasssnasamnuazaanumsadioh i
v Ve AJ » o ay
wWhleldde Tawesslvunoudosnsil

1.1 MYUAYo Class



Wizard - Step 1 of 2

51/# 5.13 m3fi1viun Package ¥8 Class Uz Description

1.2 fMuavtinved Class



51 5.14 Mmsimuaviiave Class

t 4
MINMUATUAYD Class um‘lﬁﬁ‘lu 4 1sznmaatl

4.
5,

A - 'J o
Persistent — 1511 Object Nijudaas 164Uy Object 1aq
Embeddable = 11111 Object N liaunsaegodielaaifoald fie devilszneueg
1u Object Wiy
Registered — (i1 Object 71 Timutsniiulugmdoya’ld dlu object 7151y
o 2 4 . A
13 Support MINNTUYUNUFIHYOL Object DU
Datatype — 9¢0¢ 11431111904 Literal Value
Derived — (1114 Object #1 Inherit 471910 Super Class

@ 0 A : A '
Tudrenaiiumsadns Class ¥o Instructor Taoiiiu Persistent iionnediaiaaudlng

1&nagann nniusziiiumsada Property ifuduasudely/
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31 5.15 Class N ruaioum

s )/ L 26 ;
il 5 133514 Property : Han91n#Ls1 188319 Class &7 Yude llfensfmua

L ; 4 ;
Property 11 Class fis1eri 19 Tnona1md19uuiie Click 1 New Property ud292191g

Wizard M3e1§19 Property A4nH

31 5.16 M3 319 Property
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A ° ° a
1NN 5.16 5un3a$1e Property Iaofimusn Property Name tagfimmuasuaves
v
£ = = A o o
Property "1 1A CACHE Hi%tiap4 Property Feawrsasessumaniiau ldunuynilszan

’U . & v O'I ' v
uBNIINIIEaEidI1¥e4 Collection Fu3 1011101 BA 1A Property 1ue seiandununlads

AN

Cinema.Film.

§Property

311 5.17 ¥tinves Collection

v
» o o i 4
LBNIINIIS AT DM UARP YLD Characteristic 19DNAY waziiloswaen 'l

# Tab ¥ Parameter (316 ANT0AMUAA A1 1] (FuswInfiga (MAXVAL) Alosiige

(MINVAL) A90 W
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DISPLAYLIST

&

PATTERN
SELECTIVITY
TRUNCATE
YALUELIST

51/ 5.18 maf1vua Parameter

- p + Gl . i L A
mfmml‘ﬂumsﬁmuﬁmmanﬂ mﬁmqﬂ 1aZ A1 Scale UDNAULTIWITINITONW

] ¥
fnuamBudy (Initial Value) 14 Tasvi Idaeanmeiatl
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BProperty 'f_lnema.l—l!m.l ketsSold’

51l 5.19 mafmuan Gy

9u# 6 M3 Compile Class : ¥A391nN131 1851910 AMUAR A1) Y89 Property Y04
& A o ) & AV s o
Class Hanuaamie1ideonuuy13uda 5193409 1ms Compile Class 1ue thonezii 1149

SIUAINTN

B, %P _fsummery

Bl “Library String

oM Wbrary 9Library.Boolean

@t YNet ;
= Iy %lLibrary.Integer :
- %SYSTEM -
18-
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4 r . . " e
D 015118 Class a1t 4040 15U82 AD %1113 Compile TAv1T1 Mouse 11/ Click N

v v
“Compile Class” fanmdnsuu nmiuse ldwadwidai

Including classes ...

“4Building dependencies ...

|Compiling class Cinema.Film ....cco.aevinnnnnnnns
|Compiling table Cinema.Film ... done.

“1Compiling routine coCinema%FilmR1l ... done.

" |Compiling routine ooCinema%FilwR2 ... done.

- |Creating descriptor for class Cinema.Film ... done.

« o cdONE 3

?5Compilc Complete!

zﬂﬁ 5.21 Compile class

s 3 4 oy o -
S 7030319 Query o adu : naeniniia 19ada Class uda srenunsofioz 1y

CACHE lumsad1s Query 14 Tatni1 Mouse 11 Click 11 “New Query” e



@G %St
| B @ %Library ;
& @ %Net : -
£ m : ASYSTEM Category Cinema.FimCategory
[i:] : ﬁ XML Description %olLibrary.String
E‘ @ Cinema Length Cinema.Duration
. .*& Duration Playinghow %Library.Boolean
"3* %library,String

# FilmCategory

31 5.22 m3aia Query

v 1 4

CACHE 923} Wizard Tunmsa3 2 Query lavsefivunounsil

v 1 4 : <
Yuil 7.1 fmua¥elag Description

fCache SQL Quer

~

gﬂﬁ 5.23 qu"mmz Description New Query
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YUl 7.2 {@en Property 1192 191uM3v1 Query

51/ 5.24 1den Property lun1381513 Query

o & o A 4 v & B Y
YUN 7.3 LWBLIININITIADN Property LIIIUAT ﬂ11115ﬂ7|ﬁ¥ﬂ SQL Statement Y1L3 1873

1B1ddanm

BELEC ID, Category->CategoryName, Description, L
FROM Film
- | WHMERE (PlayingNow = 1)

| ORDER BY TicketsSeold DESC

31/t 5.25 sQL #1010 Wizard
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deerhe Query 13 suda Srdoemsiise 19a1u Query Hadraiu 111Aoeiinis Compile
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Class Inudnasemutussun lanaruuddedu



UNN 6

mamaelunaud lvilgm

huilsgtuszuugndeyaiiléfusgedummz doyadigaih idailymlunsiy
a o o e

fudoyaluoin SudnguidoyaiemmaiafiuunsFududeyainfaoulasllmumanm
18 Gendgmdeyndann (Temporal Database) udgmuideyadsnarfihliifanududou
~ Ll oo ow A 1
voaTnsaethedoyn mudfesee ¥nuauiAvesszuugmideyadeiagiaumnsuinimud
Slaymidoyniiil Inssaddudounudilym gatomsy 1dssuugudeyalmife szuugm
] a o a a A a o o o
Joyaeinquiinsenar nennoudilgmnsfiududeyalushnuazdirmsoiamany

Tnssadufidudouvesgudoyaldsn

6.1 szvugudeyaiisingytindaim
Temporal Object-Oriented Database

mqwauﬁhﬁﬂmuq Commercial DBMS Tuilagiuds lidesmivayuunifiaves
Temporal fimgw deyaszfitfinumnnuadudouiiuly uozq Temporal Extensions el
a/Etniualas Data Model g i Flfnseenuuud NN IuMIeMs Query g T
awezaandioame taei i gUszAnsnmues DBMS 18 lifui 1nuuIRAYeq Temporal
Fudesnislnseadredeyafidudon uazmuiigmideyadaiag (Object-Oriented
Database) uuqnwwm%ummaauuauu Complex Object (31071117 o Complex Object uu
wartradiuTaseede Temporal Taudonld Taslinsenude Data Model vosgudoynids
T Fuiugndeyndeiagiomadoniialunmsi lfmngudeyadaan (Temporal

Database)

finulEUBNa9IUUBY Temporal Relational Database 410131 Temporal Object-Oriented
Database fi31241 TaoAug 11142 Temporal Database Foamznwitil Tnsea ey
annsevlszgnd 19umsiams Ay Operation i arountiil OODB Systems fafiyn
souludesuesnmniil#tanfudeya Taaldmsdfls Object Taskmneslinesifiundn
Yi5 i 196167 Savin AR e Temporal U Object-Oricnted Database Hen11ld2e uny

k4
141 Data Model 484 Object-Oriented 92y tzurn1sulasu iy Temporal fau Bnviams
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iUy UAI I8 Temporal thi9 884393 Temporal Features 1711/ Tnemsafuamnitly i1
B otnuunngosvesnimii 191y 0opB sruu dunalfifasnuunnsesveaniun
Temporal 11414 00DB lusfaday uoiﬁ'wnz‘ln'r’i‘luunmfuuﬁ"ams1:‘15_53n1m§'1amm
S 21 0ODB 1iin13 81084 Interface Imitousuam sQL dauluosn lidhunas
§14¥93 00DB #idanmadudeusudamazile ivmani opme Riudimuaues
§1U93 OODB unz‘lﬁ'mmms'mmgmtfu_eanmﬁa ODMG-93 Release 1.2 Faeiuyuniun
Tun13 Query Object Tus2AUTY 151558071 OQL fidwafiednan 0ODB Fanaefidonnasiu
Tuniseiuenyu OQL Interface 19132 ULYBIAUBY Tuftiiseedmun TOQL Pumndasiu
dauvoen OQL uAmTszifiniadulums Samsfudeyn Historical 1 11/&ae Fartums

Query Tnstlsrenndaufis i@ lufeediu OQL Query s3vum

yadof sz doafinnsantieszesnuuy Temporal OODB fifiotsszuaniiaveanandn
Yal¥udan Inuees object 1578 3 Mudeniiaefosiarsanifie Object-Versioning Aanissan
$oya Historical 1§111#11#7 Object 1ag, Attribute-Versioning o133 audioxyn Historical (111
4 Attribute 499 Object 16 Type-Versioning ABA15 59148y @ Historical 1184 Type vo4
Object 1170 Value a8 Type-Versioning Sunvummnzauiigalunsiinnl#iy Temporal
0ODB ms1zatiuayu lasasefiu Attribute fuflu Complex Values #a8thai9u Attribute fitfiu
Set 494 Tuples 15191992 1M UA Version (Time) 1#1UA3 Tuples uniaediuia set luns
Implement Type-Versioning 1z fmunadeoyafidesns Wil Historical Wittt Type Object Taw
i Constructor 18 19U Temporal<T> Huflumsiussauves Type T 1l Temporal

& . . &
4921133 Historical Y94 Version TNNNAYDI T

Query Language ¥84 Temporal OODB 93483011 a1 U016} Type NANAUYDY

4
Temporal Query 7 MW Temporal Projection (tai¢ Coincidence Queries

iy s a @ a &
M8NN1YD4 Type-Versioning fion1s 11/l s Data Type 1iluyiia Temporal #75

y
MSHABASYIN Parameterize Type
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6.1.1 Parameterize Type (Parametric Polymorphism)

. 0= . . oA ° P A
Parameterize Type 1350 Parametric Polymorphism AfigN13U1 Parameter NHIHNIN NGB
2 A o
Class w115l Data Type v8a9030018%1 Class 9 Parameter finuuminezAsuiluriinveq

Data Type ¥30%1iav84 Class fiad 1130 Define 14

a & v P d o
el Class Stack ez 131 4ifudeynns Stack ualilgminifeyaiihiua
4 - & o a
Stack fiinannatoriia dai1ldis1Reaerds Stack Suwnateq ganuimusiia Data
' . ; P 4 P
Type voedoyanidosninfu s litinnugunnuasauddioutiionnen Class ithuiu 33

} 4 i 4
udtlaymfifentsiih Parameterize Type wl¥Rada0619l

public class Stack<T>

{
T data;
void push(T data);
T pop();

}

T i® Data Type ARTHY N Parameter ©199¢ 111 Integer, String, Float 138 Class 1a9)

14 du Stack AB Class 1119974 Parameterize Type

aethamiBien1an Class 7t Define &2t Parameterize Type

public class CallStack
{

Stack<int> s1 = new Stack<int>();

int if1={1,2,3,4,5};
Stack<String> s2 = new Stack<String>();
String str[] = { “one”, “two”, “three” }

s1.push(i[1]);
System.out.println((String)s1.pop());
s2.push(str{1]);
System.out.println(s2.pop());
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6.1.2 Data Model ttay Query Language

1IAT§IHYBE ODMG'93 1R daaToun1m1d N3 e Object Classes UATATH
dmiunsdanisfudeyn (Data Manipulation Language) fiv ODL uag 1finTeun1u1 0QL
#mSums Query Yoya wuavess e 1aead1e ToDL dufludavauessves oDL Tay
iy Type ludaufisannfudfvewnudr liérs fums Query Auiusld TooL Fadiu

gauvneues OQL il

(Y 1 =y Lo a’ 1 é
fAIBYNNITUYIN Database Schema YOIUNTINYIQBUNIN U 1‘“11’111]1!119\1 TODL

interface Department ( extent Departments keys dno, name ): persistent
{
attribute Short dno;
attribute String name;
attribute Temporal<Instructor> head;
temporal relationship Set<Instructor> instructors
inverse Instructor::dept;
temporal relationship Set<Cource> courses_offered
inverse Course::offered by:

b
interface Instructor ( extent Instructors key ssn ): persistent
{

attribute Short ssn;

attribute String name;

attribute Temporal<Integer> salary;

attribute Temporal<String> rank;

temporal relationship Department dept

inverse Department::instructors;
temporal relationship Set<Cource> teaches
inverse Course::taught_by:

1

interface Course ( extent Courses keys code, name ): persistent
{

attribute Short code;

attribute String name;

temporal relationship Department offered by
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inverse Department::courses_offered;
temporal relationship Instructor taught_by
inverse Instructor::teaches;
temporal relationship Set<Cource> in _prerequisite_for
inverse has_prerequisites;
temporal relationship Set<Cource> has ,_prerequisites
inverse is_prerequisite_for;

%

a2t Parameterized Type 13 Constructor Y04 Temporal <T>fen1swaniiaveanudnly
§9 Type T #20674 Type 984 Attribute Head 11 Class Department i ® Temporal<Instructor>
wuedeiimsfudeyaluofnves Heads 1u Department ¥1¥16 62U Type relationship 1u
ODL au150iieny 1815114 one-to-one, one-to-many, 0 many-to-many Faduaruduius
$¥17114 Object Type F13a%u §1061015U Relationships U89 Instructors 11 Class Department
&6 Set y84 Instructors TANUA 718411971 11 Department (102 Fverse Relationship 8 dept 7
8¢ 1u Class Instructor fi 312 §uR ST A8 oneto-many relationship 331314 Instructors 0z
Department Taosi2 11l Relationship 581313 Object €13 1sauyiifl v Temporal #a g Non-
Temporal '1# Keyword #1940 temporal 1d11m1hei111 relationship qn‘li‘ﬁﬁaﬁ%’wﬂ TduRus
s uegiuiIal (#WeR 119 Relationship Sunaodly temporal relationship) Object Fufu
temporal relationship fiuisunI1 Temporal Entities 910 Schema Tudedalaill Non-Temporal
Relationship 108 @78819981 Relationship #3119 Temporal fifie ArudIRUTsznevody
an Fisnununudintudd ltinffouaunianan §2uA29619984 Temporal Relationship
feau WU S 521319 Instructors Uag Courses #4i1n130319 Entities Y83 Temporal 311U
19U Temporal Relationship 3¢V 214 taught_by : Instructor 101¥ teaches : Set<Course> N6
i ua21uduW U ST Y913 taught by : Temporal <Instructor> 1t 01 & teaches :
Temporal<Set<Course>>

Query Language TOQL 1ilu Super Set ¥81 0QL Tnol#31luuy Syntax 481 0QL uadl
maivvesidaite198ansfudeyadidhu historical 51ﬁ'tgﬁnunfﬁqmﬁu%uuﬂ:ﬂﬁ'qn’l%’

a1 13 Query T TOQL Asziihuns Query Tu 0QL sa7um Aedredediadne
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Query 1) Give me the name and the rank of all instructors who teach at least one CSE

course.

select i.name, i.rank
from i in Instructors,
c in i.teaches
where c.offered_by.name = ‘CSE’

¥ v
Frodail Wil Resandeynineaiy Historical ¥93 Object iny Talilies Retrieve doyadiqn

¥843 Object DONNT (Tranilegin)

151181 Class TODL dmiuldfudoyn Historical fiv

Time_Interval fi® Class 833391301

Temporal< T > A1 Class i luny History 494 T

t 4
Class Time_Interval 3 2 Public Attributed i® start 14a¢ end Mg Type 1)1 Time Y93 TOQL

4 v a 4 2 . 16¢ v 4
FuthudSeaiduduns fugavessaanm Tae Type Time interval A 30uA AR

[time] Time_Interval

[timel, time2} Time_Interval

13190 6.1 e Insaad 19 Time _Interval

1 1 é
108 Type Y04 time, timel UDE time2 A Time $291201 [time] 3201 o vaizlavaisnile
e efi$291907 [timel time2] 32y AMNUIVDINA1TIN I timel UAL fime2 TOQL

afuayuiidedi 19 lunsnSsudoudesgaenni a ung b U a before b A uvINY aend <

b.start
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Temporal<T> (i1 Parameterized Class fivaniiAvesanud 1l Type T 1 4 Operation

davd o w
Tu TOQL # 14iean 1311 Objects Temporal <T>

e@version | T Version projection

e:time T Time projection

e :interval | Temporal<T> | Interval projection

v Time_Interval | The time interval of v

#y Integer The version of v

A137197 6.2 Lirad Operation WA139AN1S Temporal <T>

3 a 4 a .

" ime AoIATOMIBVRTIIAdRYD Time
A

& . fonToanuIeLUNU Type Temporal<T>

™ . A A oy ﬁ‘ & A’ v &
version fIDINTOINUIYVDIFTUAUDYQA Integer FIYUBYND Parameter last (91900

14 Version ’cIﬂV’l’“IU‘UEN Object)

A a
" interval ABIATEAMINGYDITHAYEYA Time Interval

= fo A2uls temporal

@ 1 o . . 4 .
ga0613 fmuald Smith fu Object Faumul Instructor A26%® Smith

. d 4
®  Version Projection A Smith.dept@n 9% Return Version finved deptHafio
o i3 ; :
§112UvD4 Department 7199 Smith tganuuds Tas n=0 A Version u3n uaz
» [}
n-last A® Version ndagga #1118 Version uaz Expression fiszgnomaniuvasi

Runtime
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® Time Projection fi © Smith.dept:1/1/90 Return fi 1483 Type Department Faunu
Department #4 Smith &5l Tudi 1/1/90 €1 Smith 118911971 11 Department
#aa 11y Expression ﬁ’ﬁ'nsqnﬂmﬁn‘lummz Runtime (¥ U AW miloufu
Smith.dept:now 9% Return Department i1 99171484 Smith 1 Default §113ifin13
5% Time Constraint fi 8 Smith.dept 93 1% 111 U Smith.dept:now Fatu
Smith.dept:now Naifioe 1S umiTe iy Smith.dept@last &1 Smith Sl
Tuununsiu o aflegiu nsdiusn Expression a2 gnoniin Tuvaziingd 2 9
Return 1 Department AT efitvIog
iitonEnErIn1senianis 191992 19 Interval Projections UNUT Version Y64 Time

Projection AI06N

2 Interval Projection ¥ ® 4 Smith.dept:[1/1/98, 1/1/90} 9 ¢ Return fl 19 8 4 Type
Temmporal< Department > #1133 History 484 Department #1 Smith Avmusgning
1/1/88 1 1/1/90 ﬁ1ﬂaga1uaﬁwﬁ’mqﬁewﬂz'imﬂfh adofy Interval Projection
Smith.dept:[1/1/90] Return f11984 Type Temporal< Department > Seorvaediusiil
514911)d19 89 Department §1 Smith 'lﬁ‘lﬁ'v‘iNm‘luunuﬂfﬁimanfu Tunis
Refrieve i1 M UAYBY History 494 Department i Smith 8¢ 18 Smith.dept:[start,

A A v
now], 1at start fIBYAHAUYBINM

fas 129619015 Query 1aulds Temporal Projection

Query 2) Give me the name and the rank of all person who were CSE instructors between
1/1/88 and 1/1/90

select i.name, r

from i in Instructors,
d in i.dept:[1/1/88,1/1/90],
r in irank:?d

where d.name = ‘CSE’
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Interval Projection i.dept:{1/1/38,1/1/90] 91fin History Y84 Department 34 Instructor
i &uﬁ'muaé &auals d 38031 Temporal Variable 1994 d (38071 Temporal Element (02
mu1mﬂ§ﬂﬂ1uﬁmﬁzﬁmq’fmﬁa Time_interval, Version Number 0% Department e dgn
na12891u Query 71492819 Department 93] iile 2d gand1ade TuszduBatiedanaves d
unziile #d grnd178aiuezd1eila Version Number ¥89 d A34 Interval Projection irank?d 15
$7141701984 d 11413 Retriever Rank 484 i famnanty Aasreq T AT sz LERY

[ 4
o ) J ol 5 A . o J
1u TOQL #etene 1ii14 now unu Current Time 1o Retriever History 5317191301

Query 3) List the salary history of all instructors who were employed sometime during

the last 4 years.

select i.name, s
from i in Instructors,
s in i.salary:[now-4years,now],

6.1.3 Data Type Y83 Temperal

(5718¥1N3 Define Classes 81151 Time_Interval Ung Temporal< T > A3 AN

Interface Time Interval

{
attribute Time start;
attribute Time end;
Integer duration();
Time Interval intersect(in Time_Interval te);
Boolean equal(in Time_Interval te);
Boolean overlaps(in Time_Interval te);
Boolean before(in Time Interval te);
Boolean contains(in Time_Interval te);

|5

parameterized type Temporal <T >

{
Structure { Time_Interval valid_time, Integer version, T value } Temporal_value;
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attribute List< Temporal_value > history;

attribute Integer size;

attribute Temporal_value latest_version;

Temporal_value version_projection (in Short version)
raises(no_such_version);

Temporal_value time_projection (in Time time)
raises(not_defined at_that _time);

Temporal< T > interval_projection(in Time_Interval I);

new_version(in T value, in Time event);

close_version(in Time event);

. A -3 3 ' é A
B ApuduIfIMuN Type (Structure) Temporal value VuiiAsudtlsznounaed 3

4
AMINAIBE SIUN History Y09 Object 4849 Type T

= djune 11/ List ¥09 Temporal value lue2uM1404 List AiB Version gaviolu
3 2 ,

vl Element AR 10404 List Ai® Version (311 (Version Number 0) a3369u

v A ar d’

Version Tegaansaien1diuila (1 validime end=now) nSella Suiludi g

31 Object laifiog a1 rnailegiu
% Attribute size fIDS1UAS Size Attribute

} 4 »
® Jatest version fib Pointer 3 1181 Version gayie §1 Version qaviegnila uemiu

% y | v o o
iy nult dautignidiiiensidntla Object 061939052 1 ATlegiin

. } 4
Tnseadndgydnual TOQL vinmmlasnduiiiu OQL expression 18deH

[time] = struct(start:time, end:time)
[timel time2) o struct(start:timel, end:time2)

ion &> e.version_projection(version).value
etime > etime _projection(time).value
e:interval > e.interval_projection(interval).history
e = e.valid_time

#v > e.version
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N \ & r
&1 Temporal Variable v gnna 128411 Query (lumenduusniniionin v n3e #) iiu

.. & .
@ Qnuﬂmrﬂu v.value LAY projection e.A %3 Expression e Y94 Type Temporal<T> Qnmlm

Lﬂu e:mnew.A

1 4
§M3VAI9619 Queryl Uaz Query2 gnuas1Adail

select i.name, irank latest version.value
from i in Instructors,
c in i.teaches.Jatest_version.value
where c.offered_by.latest_version.value.name = ‘CSE’

select i.name, r.value

from i in Instructors,
d in i.dept.interval_projection(struct(start:1/1/88,end:1/1/90)).history,
r in i.rank.interval_projection(d.valid_time).history

where d.valuename = ‘CSE’

n1sulfsuilad Blement e 484 Type Temporal<T> NuA1 1M v 489 Type T gnisonan

. 4 4 . , "
enew_version(v,7), 4 ¢ Aintaa Lile Update iwa Operation 92 1@ Version qavineves e (Aoliu

LUNUAIVA elatest, version.end 910 now 1184 7) 11AL 99 Insert Version TMiiday Valid Time

A t : *
[r, now] T2 LUYBA List (Attribute latest_version 92t1Asua1ndae) n1sa313 Object Inaives

Type Temporal<T> AUASMLEUAU v Y99 Type T aan £ szduS s lasi3en e.new_verison(v,)

anmmdnudansay e fna £ 928a Version qatieves e Tnuld e.close_version(r)

6.2 111IM911N1S Implement 3TV

5719 Temporal Class 11t Cache
o314 Persistent Class 737 11484 database 1aefin15311 Temporal Class 114420
WouTusunsudaenn Java Andefy CACHE (gluundalyl)

319 User Interface (§ luundialal)



6.3 anszuugmdeyniFainguiiadeuindie CACHE

s1sshnsadssuugmdeyaideiaquiindwan unzadte Temporal Class Ma'1d

fin'l? d20 CACHE
le ° P 9o [V o o g -
Tﬂtlhiﬂ'ﬂﬂﬂﬂlﬁﬂﬁ”l'il&"}’l'lﬂ'l'iﬁg’li Class ﬂl%ﬁmiummsnumumegamﬂu
E 4
Temporal fail

1. @3 Class -> TimeInterval
= Yauifonyiiaves Class iU Embeddable (Embedded tilefi41 Class i’:'a:qn
Hleaela Class Parent ¥9957u Seagrilimsianidatumas Wides
o374 Link 141111 Relational)
S i Properties w199 A deenuuyld
i. Time startTime
il. Time endTime
B iy Methods #1199 i 1deenuuy 3
i. Integer duration();
ii. Timelnterval intersect (Timelnterval te);
iii. Boolean equal (Timelnterval te);
iv. Boolean overlaps (Timelnterval te);
v. Boolean before (Timelnterval te);

vi. Boolean contains (Timelnterval te);
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Local - Caché Object Architect

te:Temporal. TimeInberval
te: Temporal. TimeInterval

YLibrary.Time
te:Temporal, TimeInterval
S EXTENTQUERYSPED
& EXTENTSIZE 1QOnGo
SR IDENTIFIEDEY

te:Temporal, Timelnterval
te:Temporal, TimeInterval
B PROPERTYVALIDATION 2

WS SR

§ﬂﬁ 6.1 Class TimelInterval

2. @319 Class = TemporalValue
= Jaudonwiinves Class 1111 Embeddable
. rﬁu Properties
i, String myValue (9394 t42A259215]U Parameterized Type T Ui 1u
Cache '135iM3 Implement Parameterized Type)
ii. Timelnterval validTime
iii. Integer version

v
B Class 1 1343 Method
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o

SR CRPTION
W& EXTENTQUERYSPEC
W EXTENTSIZE 1060000
wB IDENTIFIEDBY
myvalue mhuy.sum

w% PROPERTYVALIDATION 2
Temporal. TimeInterval

version %Library. Integer

31 6.2 Class TemporalValue

3. #3714 Class-> Temporal

= Jagidenaiinved Class 11 Embeddable

® W1 Properties

i. TemporalValue history

ii. TemporalValue latest Version

iii. Integer my Size

® Wy Methods

i
ii.
ii.

iv.

TemporalValue version Projection (Short version)
Temporal Value time Projection (Time)

Temporal interval Projection (Timelnterval i)
Void new Version (String value, Time event)

Void close Version (Time event)



E % Local - Caché Object

W& CAPTION
closeVersion event:%Library. Time
W EXTENTOUERYSPEC
w® EXTENTSIZE 100000
history Temporal, Temporalvalue
S IDEMTIFIEDEY
intervalProjection i:Temporal. TimeInterval
latestVersion Temporal. Temporalvalue
mySize %Library.Integer
newVersion value:%Library.String, event: %Library . Time
wHPROPERTVYALIDATION 2
timeProjection time: Yolibrary. Time
versionProjection varsion: %Library Integer

e

Z\X

B L B

WP HIER

R R

v |

51 6.3 Class Temporal

P 1 P '
(ii0'l¢ Class Temporal AL ML&3 11013192 1 Type Temporal 1w Class 1 fiigaue

9
fimun Type Y04 Property v liiu Temporal fiag!



Temporal, Temporal
IgiPacy. Temparal

o
o

gﬂﬁ 6.4 LAAIMIMYUA Type Y84 Property 1¥itily Temporal

: ' o H ' @ o ' d‘ J A
Tuduasude'll fieri Temporal Type &l 11/ ldsmfussvumedisisadnvumen
. ' v
asnaaes (Fregenmiadeiiugda 6.)Tasszuuisiadraiud Class g 3 Class Awfiufe

Instructor, Department, {ta& Course
& ° % . 9 o ;
@iorimnea$19dne Object Architect U84 Cache 9% 199aH



"% Temporalvalue
““% Timelnterval
H- i Test
-\ g User
& Course

%YoLibrary.String
Temporal, Temporal
Temporal. Temporal
%Library.Integer
User.Course

ars
User.Course
%lLibrary.Integer
Temporal, Temporal
User. Instructor
%Library.String

§‘L|ﬁ 6.6 Class Department
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ghemallsunsanlszgne

ilos 10 TnsemswannszuueuiEumsAnieafudu Object-Oriented Database
&adun i implement Anaseziiiun1umied i Object-Oriented milouiu Fanwlu
#1U Object-Oriented 17'1‘lﬁﬁ"ummﬁuumnﬁqﬂ'luumzf:m'lﬁﬁ'umm Java 312 13199
1% 07191 Java 1unN15 Implement 5V SafemIRieuszning Object-Oriented 11 Object-
Oriented 9271111 Performance iN31 A3& Map 111471 51319 Object-Oriented 11 Procedure-

Oriented

7.1 WannTdsunsulszgndd muszuugvdoyaSeinguiiadasndinn Java
i 2 madenlumsad s Java Application i1l CACHE #i8
1. 14 SQL — 1% Java application access i1} CACHE Database 1aH 11 JDBC ¥30
ODBC
2. i1 sQL - fife 1dm3idhils Object Taba391n Java Object
(°lumsﬁ'mmszum‘3ymw‘li’ﬁ‘§ﬁ 2 (uduing ms123%usne2iia Overhead fins

11971994 SQL JDBC)

910 Classes #1499 M131273 1911 Object Architect Y83 CACHE @14158 Export 80031

A : o A A o @ le {
§lu Code N 111 Java 1 tive#i 9217111 Tmplement #e Fis1Avidaiu nazis192 14 Classes i

Export ponNdd
Class Properties Methods
Temporal m_history. Temporal(ObjectServer)
m_latestVersion _close()
m_mySize gethistory()
sethistory(ListOfObjects)
getlatestVersion()

setlatestVersion(Temporal Value)
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getmySize()
setmySize(int)

Temporal Value m_myValue Temporal Value(ObjectServer)
m_validTime _close()

m_version ' _initClass(Hashtable)
getmyValue()
setmyValue(String)
getvalidTime()
setvalidTime(TimeInterval)
getversion()

setversion(int)

Timelnterval m_endTime Timelnterval(ObjectServer)
m_startTime _close()
_initClass(Hashtable)
getendTime()
setendTime(Time)
getstratTime()

setstart Time(Time)

#1319 7.1 uan Classes, Properties 40 Method 499 Class Temporal Tunun Java

Class # Export 80n31 921011314151u Mmterface Tuns@ndefiy Database Taoviinisds
1828 Method get 1taz Save #1928 Method set TaBIs 192 suIRMIZdIUNTNNTO Business

9
Logic fil GUI iy

28619 NM3111 Temporal Class 9114 11] Implement 1 Class Instructor
AddInstructor.java

import COM.intersys.util.*;
import COM.intersys.objects.*;

public class AddInstructor {
public static void main( String[] args ) {
ObjectFactory factory = null;
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Instructor instructor = null;

Temporal. Temporal Value latestVer = null, oldVer = null;
Temporal. Timelnterval timeIntv = null;

ListOfObjects history = null;

try {

factory = new ObjectFactory( "cn_iptcp:127.0.0.1[1972]:USER" );
System.out.println( "Connected." );

//instructor = new Instructor( factory, new SysList() );
instructor = new Instructor( factory, "1" );

instructor.setname("Chavalit Chanchaisirivet");
instructor.setssn(1111111);

System.out.printin( "Instructor” );
System.out.printin( "Name: " + instructor.getname() );
System.out.printin( "SSN: " + instructor.getssn() );

Department department = new Department(factory, "1");
instructor.setdept(department);

System.out.println( "Department: " + instructor.getdept().getname());
department._close();

// dlszmsdanls salary Aiusiia Temporal
Temporal. Tem, salary = instructor.getsalary();
salary.setsize(1);

latestVer = new Temporal. Temporal Value(factory);
latestVer.setversion(2);
latestVer.setvalue(String.valueOf{30000));
salary.setlatestVersion(latestVer);

history = new ListOfObjects(factory);

oldVer = new Temporal.TemporalValue(factory);
oldVer.setversion(1);
oldVer.setvalue(String.valueOf(25000));
history._insert(oldVer);
salary.sethistory(history);

System.out.printin("Show Salary" );

System.out.println(" Size: " + salary.getsize() );

System.out.printin(* Salary: " + salary.getlatestVersion().getvalue() );

System.out.println(" LatestVersion: " +

salary.getlatestVersion().getversion() );

System.out.println(" HistoryVersion");

history = salary.gethistory();

for (int i=1; i <= history._count(); i++) {
latestVer = (Temporal. Temporal Value)history._getAt(i);
System.out.printn(" Element #" + Integer.toString(i) + " ->
version:" + latestVer.getversion());

}

Temporal. Temporal rank = instructor.getrank();
rank.setsize(1);

latestVer = new Temporal. Temporal Value(factory);
latestVer.setversion(2);

latestVer.setvalue("rank 5");
rank.setlatestVersion(latestVer);

history = new ListOfObjects(factory);
oldVer = new Temporal. Temporal Value(factory);
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oldVer.setversion(1);
oldVer.setvalue("rank 4");
history._insert(oldVer);
rank_sethistory(history);

System.out.println( "Show Rank" );

System.out.println( " Size: " + rank.getsize() );

System.out.printin( " Rank: "+ rank.getlatestVersion().getvalue() );

System.out.println( " LatestVersion: "+

rank.getlatestVersion().getversion() );

System.out.println( " HistoryVersion");

history = rank.gethistory();

for (int i=1; i <= history. count(); i++) {
latestVer = (Temporal.Temporal Value)history._getAt(i);
System.out.printin("  Element #" + Integer.toString(i) + " ->
version:" + latestVer.getversion());

}

instructor._save();
latestVer. close();
oldVer._close();
history._close();
salary._close();
rank. close();
instructor. close();
factory.close();

} catch (Exception ex) {
System.out.println( "Caught exception: " + ex.getClass().getName()
+": " + ex.getMessage() );
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jﬂﬁ 7.1 Menu
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Add and Edit

(AN "B AN RS 7 § ot v 5

317 7.2 Add and Edit Instructor From

2001-03-11 21:46:19
2001-0311 220310

jﬂﬁ 7.3 List Rank History

76



View and Query

jﬂﬁ 7.4 Department View
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PImplementation and Problem
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Prerequisite

Prerequisite

P Object-Oriented Database
P Temporal Database
PJava

B Parameterize type (Parametric
Polymorphism )

Prerequisite

P Parameterize type (Parametric
Polymorphism )

public class Stack

{
int data;

void push(int data);
int pop(;
}
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Slide 6

Slide 7

Slide 8

Prerequisite

§Parameterize type

public class CallStack

{
Stack sl = new Stack();
int iJ={1,2345}

sl.push(if1]);
s1.push(G[2]);

System.out.printin((String)sL.popQ);
System out.printin((String)s2. popQ);

Prerequisite

F*Parameterize type

public class Stack
{
String data;

void push(String data);
String popQ);

}

Prerequisite

P Parameterize type

public class Stack<T>

{
T data;

void push(T data);
T popQ;

}
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Prerequisite

P Parameterize type

public class CallStack
{

Stack<int> sl = new Stack<int>(;

int if1={L23,45}
Stack<String> 52 = new Stack<String>();
String str{] = { "one”, "two", "tree" }

s1.pushG[1]);
System.out.printin((String)s1.pop();
s2.push(str{1]);
System.out.printin(s2.pop());

Temporal Object-Oriented
Data Model

Temporal Object-Orientéd Data
Model

P Data structure oz Data model wiiousy
Object-oriented database

P Temporal udwwswnweweves OODB
Whivgumiavos Temporal data

Pty class Temporal<T> (itwilu data
type Bumazey properties fikoany Wiy
temporal)
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Slide 13
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Temporal Object-Oriented Data
Model

P Temporal Properties
P Syntax : Temporal<T> propertity

public class Instructor public class Department
{ {
int ssn; int dno;
String name; String name;
Temporal<float> salary; | Temporal<Instructor> head,
Temporal<String> rank;; | }

}

Temporal Object-Oriented Data
Model

P Temporal Extension on OODB

public class Department public class Instructor
{ {
int dno; int som,
String pame; String name:
Tanporal<Instructor> head; Temparal<float> salacy;
ient Set<h i Tempora!<String> rank;
transient Set<Course> coursesOffered, transient Department dept;
} transient Set<Course> teaches;
3

public class Course

{
String code,
String name;
transient Department offeredBy,
transient Instructor taughtBy,
transient Set<Course> isPrerequisiteFor;

}

Temporal Object-Oriented Data

Model
P Temporal Extension on OODB

. N = —
ossn:l‘::l:“eu'u-0 u/.\ frorn U9
oname . String <dno: nisger

 Tempera<toat gaeme: Sting
ﬂrm‘"‘pm ¥ogs | T 1] oheed : Temporal<inatucke

0.1

0.1
+“aughtBy
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Slide 16

Slide 17

Temporal Objedt-Oriented Data
Modd
P The Tenparal Data Type
public dass Temporal <T> i{ma'faoedassTimeIntavd
¢ public class TemporaVaue Timestamp start;
{ Timestamp end;
Timelnberval validTime;  |{}

int vasion;
T value
}

TempordVaue laestVersion;

List<remporaVaue> history;

}

Tempard Jatestverdonvaue
Tempord JatsstversonvaidTime

Terpord JaestvasionvaidTimestat

Temporal Object-Oriented Data

Modd

P The Tenparal Data Type
?ﬂcdﬂﬁfvﬂﬂ’ riewface clags Timedrierval
public class TerporalV e Timestomp start;
Timestamp
ThreStaval valdTime '\
Irt verslory Ihager duration();
y T valug Il:;!'uvi msed(nn:usvi ey
TerporalYalue latesty erstor; S e by
List<TempordVaue> isory; Boolean before(Timettarval te);
Boclemn comans(Timelnkerval te);
TemporaiValue versiarProfection(int version); }
TevporalValue imeProjecion(Timestamp ime);
Termpordl <> fection(Timaintarval f);
nawvergon(T valve, Timestarmp evest);
) closeV ersion(THmastamp evert);

Temporal Object-Oriented Data

Mode

P The Tenporal Data Type
T L T L
Ternporal - ~—T—_‘mwdva_n - Timelrdenal

Hlatestersion ; T IVatue<T> owive:T ostart: TimeStamp
Qhistory: ListcTemporalVelue<T>> owidTime: Tmelntenat gend : TimeStamp
ostm : Integer oversion integer

. Shefore()
‘SversionProjecton() Scontains()

eProjecton() ’dumi'?)no

. 81() -

M!Prokalono "‘“’emﬁ A

cioseveréion) “Soweriaps()*
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Slide 19
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Temporal Object-Oriented
Query Language

Temporal Object-Oriented
Query Language
£0QL
Peanple

select i.name, i.sdary.laestVersonvalue
from Insbructor i,

ideptd
wheedname ="IS"

sdlet i.name, i ranklaestV ersionvalue
from Instructori,
i.teacheslaestVarsionvaluec
where cofferadiBylaestVeasonvauename ="I5"

Temporal Object-Oriented
Query Language

POQL
Peanple

select i.name, rvaue
from Instructori,
i.deptintesva Projection(
struct:1/1/88, end:1/1/90))-history d,
i.rank.interval Projection(d.validTime).history r
where dvauename="1S"
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Slide 22

Slide 23

Temporal Object-Oriented
Query Language
POQL expressions trandlataed into
TOQL syntactic constructs
struct(starttine, end:tims = [timd
sruct{startinet, end:tined) => [timet, time?]
eversionPrgation(vasion)value => edvarsan
etimePrgjection(tin®).vaiue = e:time
elntervalPralection(intenal) hisiry => e: interval
evalidTime =
eversion = #v
Temporal Object-Oriented
Query Language
FTOQL
Peample
selectiname, r
from Inetructor i,
i.dept[1/1/88, ¥/1/90],
i.rank:?d
where d.name="IS"
Prosand Cons of Temporal

Object-Oriented Database

- 89
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Prosand Consof TOODB

FTenmporal Extension ves Rdational DB
Wimunzald attribute trrestamping 14 o
vedrhinsenudy data strudiure v
relational database

P Termporal Extension ves Object-orientisd
DB ¥ attribute timestanping ¢

Slide 25 )
Prosand Cons of TOODB

PTerporal edension an rddational DB
Tupletimestamping
Srith

Srith
Brown

997-958
958 - now
8%-657 | Athibute timestamping

B2 %

6|80

Snith | BEFT7-mw) | 3K (J97-958)
48K (958 -now)
Brown |c4556-657) | 3K (596-647)
S(697-now) | 4K (857~ 1/39)
4K (/59— now)
Jone B (198 ~now) 80K (1/98-row)

Slide 26
Prosand Consof TOODB

£ sudilynwes tiple timesampingiu
Rdational DB fis unn table ooniidy table

voy9
Funidnilymaniio $1mywdo JOIN uamidou

QL omiu
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Pros and Consof TOODB

P Tenporal edensionon OODB
Attribute timestamping

Implementation and Problem

Implementation and Problem

Flnplementation
Fatn Temporal dass e Cache

Pahn Parsistent dass v Zves database Taeil
msth Terrporal dassintéie

B fouTsunsudrennn Java daseiy Cache
BatnUser Intaface
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Implementation and Problem
Lot Temporal dass 1 Cache
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Implementation and Problem

£pPrablem
PCache 1 suppoit parammeterize bype
£ Cache tirunsafu data type iibiniuoud
£ Ralationship 1 Cache suiwi Oneto meny
P Cadhe timanse qQuary éiditu abjject W wu
Sarbeddad object womir 1 §u
Fproperty idu list (collection)

Implementation and Problem

PSolution
B amun a3 type T il NG ua: 1553 Sevialize
olbyectiisulasyng déita typedh ring
Pain dass Tenparal ewsisinnlsion s
Terporalring, TarporalInteger,
TerrporallInstructor ...
P List<T> um Temporal<rT>
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Summary
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