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This paper proposes a method for transforming database systems from an Object Database into
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semantics and functions. Both Object database and Object-Relational Database are based on an object
oriented technology but they are different in the encapsulation concept and elso many features in an
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Create Type PERSON_T(Name varchar(30));

Create Type EMPLOYEE T(Salary integer, StartDate Date, Address varchar(30))
UNDER PERSON T;

Create Type STUDENT T(Gpa float) UNDER PERSON_T;

Create Type STUDENT _EMP_T(Percent float) UNDER EMPLOYEE T, STUDENT T

¥
=

2. afumnaiiesesiudoyaiidesns iy Tasld1da Create Table
Create Table PERSON of type PERSON_T;
Create Table EMPLOYEE of type EMPLOYEE T under PERSON_T;
Create Table STUDENT of type STUDENT_T under PERSON_T;
Create Table STUDENT _EMP of type STUDENT EMP T
under STUDENT_T, EMPLOYEE_T;
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Select name from emp where salary=10000;

HARNEA1E 92079 name 73910 emp LAY student_emp Y30

Select * from PERSON;
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1

2. wesdeyammwizdunisiiog

Select name from ONLY (emp) where salary=10000;
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1. @319 Function ﬁﬁ’mmﬂ%’am ﬁ?UﬁWﬁzﬂ Create Function
Create Function OVERPAID(Employee T, Argl)
Returning Boolean

As Select Argl.salary > (select salary from EMP where name="Joe’);



End Function
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Select e.name from ONLY (emp) e where OVERPAID(e); 92 lammwizfoyalu EMP

Y-
Select e.name from emp e where OVERPAID(e); %z'lmaya“lu EMP +STUDENT_EMP
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wwnui madszunanadeyaludnuaziiu Ageregate Calculation 948313590591
miiderdeatanuaton uazdman (1aondnn1s Ao italization = Tieration =

= @ W é o LY a a
Finalization) %99¢%1 19152 @nTnnvesssuvanad

2.2.7  M3anvayu Complex Objects

szuugudeyaFeingduius aduayumshaududeyaiifianududon fu Type

L

=Y 1 1) 1
Constructor FHAA 9 1AuLA

1.

Rows as a Type Constructor 14 N15&3 Nﬂmﬂm’l’au”aﬁﬁﬁﬁﬁlwﬁﬂ“fu (Type) 15U
Create row type PHONE (area varchar(3), number varchar(10));
Create Table TEST of type PHONE; Tt TABLE 921514 Containers Mifiudoya
Sets as a Type Constructor #30 Collections 1At Set Type 123 4 anvae 1AuA Collection of
BASE-TYPES, ROW TYPES, COLLECTIONS, REFERENCES
References as a Type Constructor 1aun ms ﬁﬁuﬁqumﬁ 19 Reference 130 Pointer Lﬁﬂgﬂ
ﬁﬁ%ﬂgaéuﬁlﬁ'ﬂﬂﬁﬂd Tawil 3 dnwae laun Reference to a ROW, to a Collection, to a
Base Data Type A10819M5 314 Reference
Create row type DEPARTMENT(

Dname varchar(30),

Floor integer,

ManageRef reflemp t) —> Reference "lﬂﬁﬁ'éagaﬂizmw “emp_t”
References(emp) > Reference Iﬂﬂf]}y"lﬂﬂ Table “emp”

Workers set(ref(emp _t) —> Set Y84 Reference U521AN “emp ¢”
References(emp)); —> Reference 'Iﬁtl%yulﬂﬁ Table “emp”

Create table TEST of type DEPARTMENT;

2.2.8 m‘s%’ﬂm‘s%ydlu Row Types (Manipulate Row Types)

1.

1% UDFs U114 Argument #3® Return #1910 Row Type
g yp
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20019 ad1eilerFusieR I bonus
Create Function bonus(employee t argl)
Returning integer
As Select argl.salary * .01;
End Function;
Tond iodeen1sn1dn “Mark” 1452 Bonus il #1515091 14 Taomsdan Argument
f® e.name="Mark” Ilﬂ‘ﬁ UDF ‘?J.‘EJ bonus
Select bonus(e) from emp e where e.name="Mark”; Nﬂﬁwf 221471 Bonus 4849 Mark
2. 14 UDFs “?;ﬁmi Return 1994 Row Type 11159919 B 1Y from clause ¥4 SQL 18
19U select e.name from emp e where bonus(e) > 1000;
Fodauna 1519 Taur1u from clause 11 SQL Statement vz@oe5z1uTo Table nio 19
UDFs ‘f’lllﬁﬂ"li return ﬁ1ﬂﬁﬂ1u§ﬂ row type U
afailatduitonimanoma Insdwe
Create Function shoe phone()
Returning (phone _t) = Auanduudy row Type
As Select phone from dept
Where dname="Shoe”;
End Function;
729819 Select number from table(shoe . phone());
Sowaems I Houldsuns 4 Nested Query
Select number from table(Select phone from dept where dept="Shoe”);
3. 19 Cascade Dot Notation 91904 Attributes #14 9 11 Row Object 10?1! %) (Path Expression)
Select phone.number from dept Where dname="Shoe”;
Iﬂtl‘ﬁ phone (T Attribute 114 Table “Dept” Tag Type U949 Phone Ao Phone T é»‘l phone
{u Attribute 0001 Phone T 33m1581auil wildnvuzadwfumssrslugduuy

Embedded Class, References Class 1Ty Object DBMS’

2.2.9  M33ANIVIYAVY Collections Milu Rows Types
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umssams Rows Adnvazily collection ¥ilama  Tnednsmsdoyafimmzauiios
vy Coltection nazifludioyait lussslimsn/feuntas nie liwavuuas
1. UDFs W14 Where 1% Select dname from dept where has85(autos); :
§lun15M1%e dept name i1 1985’ Automobile Tawk1u UDF AN return AN
Boolean
2. UDF #1U From Clause %4
Create Function Tran_Auto()
Return set(Auto T) — Return ﬁimﬁu'lug U049 Set D4 Type %;E! “Auto T”
As Select autos from dept
Where dname="Transportation”;
End Function
iedesmsfumiesoludl 1989 114
Select name from table (Tran_Auto) where year=1989;
3. UDF W1H Cascade Dot Notation
awsoon iy lanaiodnyne 1y
Select dname from dept where 1989 in autos.year;
Tao idou'la e
Autos 151ud® Attribute ﬁagﬂu dept 10eT Type 14 Auto T
Year 11U Attribute 808 ﬁﬂ@:‘lu “Auto_T” Type
Select dname from dept
Where autos.(year=1985 and name="Ford’);

N30 Select dname from dept

Where exists (Select 1 from dept.autos where year=1985 and name="Ford’);
2.2.10 ms%’ﬂmﬁ%gmwu Collections N1i)u Reference Types of Reference Types
a o o o& ' =
M3 14 Reference 93 19%umu PR/FK TuszuugudoyaFeduius Favzdroldszud

& e A 4
1sLANTNINLINGIUU e

AD814
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EMPLOYEE DEPT

Name [PK] Dept [PK]

StartDate Manager [FK]
DName

! v
51/ 2. 3 uaAIN1T9190990YAAIY Reference

#1@04n1511 StartDate Y99 Manager 1| Dept="Shoe” 1z#0 1M1
Select e.StartDate From emp e, dept d Where e.name=d.manager and d.dname="Shoe”; Tavn@
A L} s 1 4 y
RDBMS 3¢9t Referential Integrity #392%305U594 1431 FK Values ‘ﬁﬂﬁ’lﬂg‘luﬂﬂ Dept 1A

ﬂswng“lu Employee “1ugm3 PK

» [
2 A

TuszvugmdoyaiagiFeduiug (ORDBMS) aweygaldifual oD vesdeyadui
forteslumsedu 4 niesnionils nuwanud1 opbms oyanalild oId 3o Pointer 1u
mathedadeyatu 9 14 unu PRFK FadeRvoanis1d om fe dawliiulelddd1om ag
unique uamﬂfﬂ;uuuﬂm"lﬁ‘lﬁ’ AI0U19 Dept Table ﬁﬁ%'%‘lhﬁ 923 Attribute ‘#El Workers ﬁsﬁu set
U4 references ﬁ%ﬂlﬂ‘ﬁ Employee T

Create row type DEPARTMENTY(

Dname varchar(30),

Floor integer, i

ManageRef reflemp t) -- Reference "lﬂi’fmgaﬂszmﬂ “emp _t”
References(emp) -- Reference Iﬂﬂ%y]lﬂ‘ﬁ Table “emp”

Workers set(ref(emp_t) - Set D4 Reference 152100 “emp_t”
References(emp)); - Reference 1 Ugvlﬂﬁ Table “emp”

2.2.11 —‘S:ﬁ‘ﬂ1§§’ldaﬂ%ﬂz‘.}ﬂllﬂﬂ Collection of ReferencesType
1. Taons 19 Select Statement
Select workers from dept where dname="Shoe”;
¢'l& A1 reference %38 OID Y9 workers 11LHUN “Shoe”
Select deref(*)

From table(Select workers from dept where dname="Shoe”);



27

214 doya workers Tuumun “Shoe”
Select deref(*).StartDate
From table(Select workers from dept where dname="Shoe”);
9214 A1 StartDate Y84 workers TuinUA “Shoe”
2. Taums 1% UDFs
Taum 3313 UDF uagSuarin Argument i 1difuidonlvlumséredsdoya
Create Function get_mgr(Varchar(30) Argl)
Returning Employee T =k Return type iy TYPE
As select deref(manager_ref) from dept where dept=Argl);
iodesnsiFunldan annsoldmds Select tazszyar Argument 18 1noase
Select get_mgr(*“Shoe™);
3. Taams 19H1u Dot Notation
Select deref(manager_ref).birthdate from dept
Where dname="Shoe”;
130 Select deref(manager_ref).StartDate, deref{manager_ref).salary from dept

Where dname="Shoe”;

2212 M3 Query Yoya
Select d.dname, e.name, e.salary From emp e, dept d
Where e.dname=d.dname and d.name="Shoe”;
Tunsdifidoyn return nduanTuguves set of rows msaangy14 fafi
Select d.dname, set(e.name,e.salary) 9 set YDd emp e
From emp e, dept d

Where e.dname=d.dname and .name="Shoe”

Order by d.dname;

Y
2.2.13 M3 Update @150 1dnaluuuuiduiagzriiy op
1. NSMNIT Update 1ABATI 191

Update dept Set manager="Mark”
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Where dname="Shoe”;
2. NSNS Update 1ay OID
Updete dept Set manager ref=

(select ref(emp) from emp where name="Mark”);

y i&:‘l]‘ll@‘”“i’fﬂgm%ﬁlﬂq (Object Oriented Database Management System)

a 4 <

gavosszuugmdeyaya lnil Aadunuiiosisudilynimarsszas Assuugudeya

el o

= ] Y & ] 9 9 a w 4 a ] )
uuuiay e lueivayu niemId lddin szuugudeyaiFeing FentmwaTemunsouia’ld
| a o v @ T & a
W2 uwamaldun ssougmdeyaiFaingduiug (Object Relational) Faldimalulatida
v w a 1A a4 a w . . &
duiutuuuan uaiuaNuaNIsaNeduma IuTaBiFeing 30 Object Oriented H9%70
ar 9 Y P 9/ o a 9 Pt a -
afuayulisesiuszvvaugalnindeyaidnvardudonldd uazuuineiiaes fio szuu
9 a . a A @ =1 =] 3 3 e
3UYBYAIHIINY (Pure Object Database) NoonUUUNUANDIBITUNITIAVUAZMIEonlddoyani]
@ 9 9 L] = 1 ] < 9 a o 1 1 =
AanusuFouLn Iaidued19d uaeoelsanw udhuma Tuladsendn wzgneanuuuNiued19d

esesfununiianududou Faiidesinsanduiu fis nMseenuuuszuugudeyaiFeingy

q

9NADY

]
u

@ J = o - ow o o Py o
Taenm Tszvuansaumedng g Mooy Tueadedunus dnezdhfeisuauniediu

a ar ] 3 9 T o o 9 Hq o = [} 3 a ar
N15U5M139AMNS3, Invoicing 1Hluaw uadmivszvugudeyanldma lulaglny A lumagaing

U
1

v w d ;7

U woe Tunadaing uewndnau vzaseunquiasesteyatsyianlnl o 1wu 3aTe, ms

W a

%ﬂﬂ‘liﬁﬂlgﬂﬂ’lﬂﬂﬂﬂﬂﬂﬁ:ﬂ?ﬂﬂuuﬁﬂﬁlﬁﬁdw ¢, Time series analysis, financial analysis,

< a9 ° W w Y

. . { o & a
scientific databases 1509141 T NdosindusTouani) nyazdudou Felsusenuuuld

QU

o 9 Hq ¥ aa w
MaImvuszvugudeyan ldma ulatizedag

SN UARYAFIIAqFURUT (Object Relational Database) gaiiuaunlanldinasgiu
SQL:1999 TuvmeiiszuugmdoyaiFeing (Object Oriented Database) 3% 1Huasgriuiinaue

Tas ODMG

sQL ilumnasguiinanslag ISOAEC uay ANSI tiolddmSuszuugmdoyaiss

v w J s o

(=3 s Q/ €§ ar
duus g BneaFaduiusminauslas Codd Funasgmiloniug 14 SQL:1999
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k4
WINTIIU SQL ATausn asvaeu las ANSI 1ud .¢1.1986 1az lavdso 1uil 1987 doun

[

1uf 1989 W1 ANSI uag ISO TRoomnasguAdinduluuiy Addendum 1452070
anuawsaluised Data Integrity 33191 10 aniuluildon ANSI Yszgmaninsgiu
{AUI71 Embedded SQL mmfuﬁmﬂ“lé’faaﬂmmgm‘lﬁﬁ fioatud SQL92 law IS0 uay
ANSI

SQL-92 Hﬁwmmmmmsaiuﬁ'm Semantic UD9 Relational schema, 131U
operators Tna, MSWAIUA Error Handling }18% embedded SQL, Intermediate SQL, Full SQL

143 1999 SQL 3 ED) SQL:1999 "lﬁlﬁummmmmiué’ﬁu triggers, roles, recusion,
object-relational 1%U User Defines Types, Structured Types, Type Hierarchies, Table Hierarchies,
Typed Tables, Collection Types ludu 5audh 1) sandsmsmiveyuau SQLMM nienudu

L

~ A
yanulay

2.3.1 3‘ﬁn1s1ﬁ1muawﬂumm§ﬁﬂt;sﬁ'nﬁ'uﬁ' (Object Relational representation)
L J
1. Multi-valued attribute uTunaiFedusius azgainaue Tavmsadraduamsralng udly
Y o o MY A a w
YoMNUAYDI SQL:1999 ensariuauelugdvesonsdld iesnin luTuaaiFeing
v o d Vo aw Y o [ n,;r J aa o AN 9 1 &
duius lddedudesimua INF daiu mlunenn3iad awiseil ldunndmiad
{59071 ABALAAYY (Collection)
i d o 3 F a aa day
2. Relationship §n1i a0 1AuN151% Ref Attribute Tagn151A VA1 OID Y0UONNTTITNE1S
& 1 LY ¥ 4 4 o at
D9 ¥992uAnA1991A5 1 foreign key 108 Ref Type aziludimioiounnuduiug 1
g dd 5.
YIMTNNUFOUDY (Join Table)

a

3. Composite Attribute §n1iuaUB U309 Row Type Tavaziianumzadis C++ Structure

type
b
4. Generalization 1 naue Iaun1s 1‘]??}me 1A Inheritance 1149 Types 11z Tables

o

232 @i muaanUaiBIng (Object Oriented Extension)
T P=} 1 { [ ar 1 = a 1 =0 a
Tudnives sQL narwdaud ludluing uddes Iddmaindmintluiags it 1oy
s [ o Y] a u; ar o]
SQL A1 SQL fapsnnuansalumsinuiu Tuaadaduius 18 Taslu sQL:1999 Yoya
3 w s o g/ [ v 3 s I~ 1 aa
navua denagnianyluglarse ududdeyaunsdiusziiluingiain ludiuilinisvee

Vv o A
ANUAWITOATUIAY UN15NN User-defined types 1A reference types 1Y
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1. User-defined types Haeaszian1Aun distinet type LI0¢ Structure type AA19A0 Distinct
type wwoyanaliinsadiadoyasialn Tneld SQL built-in primitive ANoAN Las
Structured type 930AMYINATANUN1519199 programming language classes TavoyaIA 1R
#5149 complex data types ﬁmmmi%"lﬁﬁa column types LD row types Taannidlu
column types dzoyA R 1duLONNS TaF i any ueFuden 19y time series, point 1il®
WuanuammsadmivauTaaide soumv)  anilunsdl row types dzoyAA 1A
DOAUUUTINSY entities AU AURUTUAZ behavior Lﬁmm%'ummé’fmmsﬁlugm
#1115V business objects
§11 Y structure types oy sub type U84 user-defined type ?';u € ﬁ inherit In598319210
super-type 31.! 9 ?‘lnlﬁ’ 13U create type MANAGER_T under EMPLOYEE T D
Create table MANAGER of MANAGER_T under EMPLOYEE

dmfuwasen safluilafsusianils Fuynfafu structure type Ha9zdl signature
waraa 13y structure type

2. Reference type 1a8UNA structure types 19aM U314 table types A2 HaNNS T ¥4
il aznareiiuneduilumss Tavnodind sedmuant REF 451 row 174 9 Bunh
Object Identifier 11a2fA1 REF mmsmﬂuqﬁﬁq user generate LDE system generated “ﬁﬂ k4

LUANFA91A referential integrity constraints

23.3 ODMG

]
[ = o

maspudmivszvugudoyaFaiag Aduauslag ODMG  (Object Database

Management Group) lasiiingilszasanan Ae iNe1Wd1d aunsalduenndinduswiuld Tae
data schema, programming language binding, DML, Query language veAnalidnyaly portable L0
A 1 9/ 1 o " ar Ll
o 1iuAag products s miula

sz uusn Usemelull .7.1993 iv ODMG 1.0 uaziimsiaunisosieiu 1.2 143
Msiuises 0QL 591 1388 Aeanluil 1997 in1509n ODMG 2.0 i3 83 Collection types, Java
» u = 2 a LY = o a -3
binding 1a¥1l 2000 887 ODMG 3.0 Feiinmsfudgennuensodn i 1dasety sauis

. W L . . é . ] -

Java binding UDZ@UUTYU Object-to-database mapping mmgﬂunﬁ”lﬁ' objects Lﬁuagclu relational

database '19?"
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2.3.4  Whanwed ODMG 3.0

1. Object Model: WAIMIUNIING YD TNAAFIIN)UBI OMG (Object Management Group)
Tasmstiiugaiauiifens q iemiuayuaudsn1sves DBMS

2. Object Specification Language: aeedau 1aud obL 1¥dmua Object Types Tagnaun
{in91n IDL Y89 OMG wazdauitaes Ao OIF Wudedmuan1sdmiuns dump, load
Yoya

3. Object Query Language (OQL): Fumudmsunsi Query ling Update amnma 9 Tag
wuuwugmmm SQL IFUAY LA semantics ﬂ‘ifnmumwummaﬂu Tay OQL 9%
ﬁuuwuwaawﬂuaﬂymzmi‘lu Collection types 18 us SQL %xuaﬂummﬂumswmm

4. Language Binding: iudodmuamsaifuayun1u C++, Smalltalk, Java 5958 9nalnns
5on14 OQL  uaz Procedures T UUITVUFIUTOYD LATMITTAMINIIY

& da &
LEATHNINAUY

2.4 XML

Extensive Markup Language (XML) flun1wfilfanudanulumsi¥swasiSoafvaiu
foya uazmanldsulasdoyn niondlad uesiwniiefureiisvazBenvoslasaatis
waznvvvesdeya Tavezvnududoyalasass nadnuaemaineuesaziden wagmsth
foyanann Inssadredoyauuans18lugiluy Text suma HTTP #idalddeyatulmiuas
fianwannsalumsiadoya’lddndss XML iudiunilawes Standard Generalized Language
Markup Language (SGML) ﬁx‘flwi’faf‘h‘Huﬂ111m'sﬂ%’ww%i"fﬂﬁuaﬂ'fhi“lugﬂuuua?mmaﬂnf?ﬁ
fmualay W3C 130 World Wide Web Consortium

XML wiiluanuazaanlumsiamsduszuunsiadosudldinlassadravesdoya
mnsmhdeyannuarsunasaawwanazdszuranaiiuduld lideadudeyagadi
Twmsdade Hamsity nomsiudsziudeyansszdon swmsdudmSedoyamsauma
Suq Aewsoutasliiu xvL 1 uaz ludnvestoyasmnsodSuldidu HTmL e l3uans
wa ldmuanumunzgeay Taslunszuaumsiidoya XML u14amlu Application Suagd XML
Parser iudnaelumsfsdoyaniniendrs XML uay Application Fusiu API ¥ilaniis Tao API
HoufuuINA® DOM 8911910 Document Object Model 1iag SAX 89171917 Simple API for XML

daaa 1 1 [ w b
3A9NTIT lumsfsdeyaiiuanmeiufio DOM szueaena1s XML ludnbmzvedlnseadng
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s 3

3 9/ 1 ] o A A o

ssau'lu (Tree) Iﬂﬂﬂ'\'ﬁ’ﬂ’lumﬂﬁ'ﬁ XML mﬁlu Tree 11!1’?1.1']Uﬂ':l"llliﬂ‘l.lﬂﬁiﬂ’iﬂ\i'ﬂﬂ'lﬁ\%‘l’l’l\‘ﬂu
Y A . ' Y 2 9 2 a A Y ' &

‘]J'i?u‘ﬂﬂ‘ﬁﬂ’w Element 1158 Attribute 9114 mswmwagawﬂumsmu'lﬂmuﬂamumm NAULUU

1
o o 1

4 A A 9 a gy 1 S’ 9 P ] o =} 1
HUUABLHDY 13981984 N 14 at19 1507 Fesiiaves DOM agivwianitsanuiweuaiesiteg
w g Y A o ' o 3 <
aursosessudeya ldifiosla Melliiossin DoM  zstiniseudeyansnuauudy 131y
' oA u’: = Y aM ' ' = o w ' ﬂ a [
miwanuIniensuae 4eane NedemsWougaiid uozludiuves SAX iHuismsians
E
. [ 9 o " o
19AT3 XML 42811479019 Event-Driven 108 SAX 12 ligwdoyateanuadunlumissanui
v v ¥
UAYZEIUIDNTTUAY Uaazin15a519 Event naunu Tsunsudeeimiini dndu Event imanil

¥ ]
feu nuIsiamsiudeyaidons
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sz HtyanldlumsIde

3.1 IBM DB2 Universal Database
1BM DB2 iiluszuud§idnmsgudeyaifeingauius (Object Relational DBMS) W
Tagu3n 1BM mwsavhouldvasuwanlesy aivayumsldmdwaznalodn 9 s

U191 SQL3

3.1.1 dszanvesingililuszuugiudosya B2 SaswazBuasie

3.1.1.1 Usziandesya 150 Data Types uiuilu 2 dszianlng 1dun

IBM DB2 Built-in data type ity 3 Usziannan 1dun
1) NUMERIC l&un Integer, Decimal, Floating Point
2) STRING 1A Character String, Binary String |
3) DATETIME l@iin Date, Time, Timestamp

User Define Data Types éﬂuﬁx‘ldﬂﬂuﬁﬁﬁﬁ
1) User Define Distinct Type Li‘lumiﬁmuﬂuu%’mpﬁumu
2) User Define Structwre Type iiumssimuasiadoyafiiulaseads

Usznoudsuennsiidyiiaga

3) User Define Reference Type iiunsdisiiedoyalun1snsdu A4 User Define

Structure Type

v
=

3.1.1.2 Tables iilummyesdoyaii litin1sSusdrdy Tavilsznoudas row, column Ty
M1519% 3 Uszian laun
1) Permanent base lav1nnsas1alas14f1ds Create Table
2) Temporary declared iNAINMSNA 1 F130 wonwamBuAaIvhaIU
3) Temporary derived
3.1.1.3 Schemas
U ar i Y e Y Y ar =)
iWunissaunguuesiagaie 9 lugrudeyadr 13808y Taodfigduvy
" 2 a g 14 A Y . .
Schema name.object name mﬂﬂﬂﬂnmm"lmmsﬁzu %9 Schema % 14910 Authorization Id %10

v i o w
Apamaasu minsasey 1alaolHR1d9 “set current schema” 18
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3.1.1.4 Table Spaces
[y 3 - S g 3 ' 24 v g 3
iWlusedndu (Logically layer) 31991524314 database 1AZ tables Fagnianueylu
database 1% IBM DB2 (11i9 Table Spaces 18 2-sz0m 18un e

ot

® System Managed Space (SMS) Ao IWafignaruguuazIams Tasszuvlfianms

£

¥ '
A A

® Database Managed Space (DMS) fie fiuilumsianudoya aruguuazianisla
DBMS

3.1.1.5 Views

HumsredtIdninmsaemininmssu q Tavaunsadmuadnilunmsdhdadoya
WWIEEN 1Y venedwd Wudn wazmusodimuadnsmslFauld 1w Delete, Update,
Insert, Read-Only Hudu

3.L1.6 Indexes

dhiinguiianits Segaatretunazadiueiely 1 mse Tave19d ndex léwarodaluud
aza1319 manalunsadie ndex Ao iiegaeltiulelddeyaisaives lidrdoudy
(Uniqueness) uaz sauiftutszAngnmlumsdumdeya Index 11 DB2 wwannsadmualéin
1YY Ascending, Descending Sﬂnﬁdﬁ1ﬂuﬂ1ﬁUnique, Non-Unique ﬂaam,umm'ma%’ﬁlﬁ’nu
aoffunliAes nienaronedulsauiui1d uazansaithdedoyaldi forward 1az backward
UBNAINT Indexes 1zgnauanugndeslay DB2

3.1.1.7 Packages

L"flumsmuﬂ@:mm SQL Statements éwzgné’nmﬂ DB2 Applications

3.1.1.8 Transactions

v d

P o w a ° &

Whuavesdids SQL (@1niididudor nFonaremided 1) Segnilszanananioluau
=) Y ' . a 1 P o v g : '
19821 (50771 Unit of Work 18Ran55uA19 9 1 DBMS 1 3230101 1311 Database Log Files 13
(=) 3 o o g 1 ny 4
NRINTINNY vdusanse lunam Taeunas Transaction 9z @ugAIiiolin1s Commit, Rollback

3.1.1.9 Locks

[~ ) = A = ~ 1 9 9

Wunszuunsigivannnuianain nienandesilyniais q lunisldaudeya
o o a w P o v v v g v,
woanulunandeiiu Tashiasnsaiiauldgndes Tae DBMS  azdanunis locks 131w

. 4 ar o a
Database Server Lock List memory 9 DB2 @UUTYUNIT lock 8ANA1I1N LALTEAY row wazly
L ]

na 1n Isolation Level g 1mshamgndosuazitlsy #nsamunntsiy

3.1.1.10 Log Files
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v 3 ]
Wunguuesududeyafifaduluymgs DBMS 1/5v10ama9n SQL Statements #1149
=Y H L] é T nll T
Taw DB2 93 1H1mAtinfisun11 Write-Ahead logging method Fevz401diuls Iddeyassiinig
ar d' = s . ' I-a 43 - ' g =
YSulasuliess Tavmstuinmslasuudasaie o Mifaiuas Log Files nou 91ntiuduion

=Y o
9590971 Database Tasuuiavsd laaunsovee’ldng 32 GB.

3.1.2 Constraints
un Fommuaiiszy Blumsadnioudlvase 18un
3.12.1 Unique Constraint 328 Tmvesdoyatinnudumilufien lifimsdrdon
3.1.2.2 Referential Integrity 3209uaaugnAesluynzfifinis INSERT, UPDATE,
DELETE Tngsauguannugndesueadoyaiiiiu foreign key Taoldnginmat 3 szinn
A6 INSERT RULE, DELETE RULE ihunglumsaudeya Tasfidew'ly &4l RESTRICT,
NO ACTION, CASCADE, SET NULL 1ia¢ UPDATE RULE iflung@ildlumsudladeya
Tnufiitou'ly Ao RESTRICT, NO ACTION
3.12.3 Table Check Constraint quiamsilfeuutasvesdoya iite luiiungnaainge

ouly

3.1.3 M3dansUoyas1Inga s IBM DB2 A8 Structured type ifaz Typed Table
Table mmmgnﬁmuw?aa%’wﬁuTﬂﬂlﬂ’f Structured Type (36091 Type Table Ay
Structure A4 HINITDI Sub-Type 18 nneda ansoaia étructure ﬁaﬁuﬁwﬁu%u (Hierarchy
of Structured Types) 32Uf1 Structured Type U 9 TaglFnmdusiug luglues Super-Type uaz
Subtype c‘fiaﬂﬁaﬂ“lﬁéwfm'amsaammurﬁmm%’uﬁ'ﬂymz%ﬂu‘,aua:mmﬁuﬁuﬁma a9 ved
s2UDNATOYI3s Structured Type ansaadialneldfnds Create Type uazldinausluglves
Column Type N30 Row Type A1 dretnamsada Structured Type
CREATE TYPE Person_t AS
(name VARCHAR(40),
birthyear =~ INTEGER)
REF USING INTEGER
MODE DB2SQL;
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#10819715e519 Typed Table
CREATE TABLE Person OF Person_t
(REF IS 0id USER GENERATED);
INSERT INTO PERSON (OID, NAME, BIRTHYER) VALUES (PERSON_T(1),'JOHN’,1771);
#5308 INSERT INTO PERSON VALUES (PERSON_T (1), ‘JOHN’, 1771);
NN Typed Table 93 column WiAfY ﬁgﬂﬂ%’waguwﬂu column 15AI3ENI1 OID column

b Vv
Tavarlu column Hesfidnume Unique Ao lidndu dnvazvssdoya OID column iiu

REFERENCE

3.1.4 M3T3N Structured Type
Structured Type ﬁﬁumuimm?muuuﬁﬁu%u (Hierarchical Structured) 911130
a5131u31v09 Sub-Type ¥4 Structured Types 5u 14 dazldsunsaeneauenn3tidais
mugai Az unT Inheritance
«AS” 1981MuA, attribute 7199 TRV Type
“UNDER” 198 wiualugiugaos Subtype 499 Structured Type B
“REF USING” 198 muaiile Structured Type iy Root Type wagldiuauonyy
Reference
Type Table 924043} OID Column uaziiiedesnsmmuamldun om wwdewiiieglu
E’lJ Casting Function ﬁ?&mﬁuﬂﬁl‘]ﬂ Ref Using 14 Root Type #M5VUA1 Reference 1130971 OID
AINAN mmsnf‘imuﬂTﬂU“l%’ﬂmnm’fﬂu“aﬁ:ugm"lﬁufi INTEGER, SMALLINT, BIGINT,
DECIMAL, CHAR, VARCHAR, GRAPHIC, 138 VARGRAPHIC Ty Default 3211y VARCHAR
(16) FOR BIT DATA :
“MODE” 1«%’f‘imuﬂgﬂmaaf‘h§q Type 18 DB2 @1i1a114 MODE #iGun31 DB2SQL
CREATE TYPE Person_t AS
(Name  VARCHAR(20),
Birthyear SMALLINT)
REF USING INTEGER
MODE DB2SQL;

CREATE TYPE Emp_t UNDER Person_t AS
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(Salary INT) e
MODE DB2SQL,;
CREATE TYPE Student_t UNDER Person_t as
(Major VARCHAR(10),
Archivm DECIMAL(S,2))
MODE DB2SQL;

3.1.5 mswdsunasdassahs (Altering Structured Type)
f1d1 ALTER TYPE 19dm5uudlu Structured type Hiardraandouuds Taolddds Add
Attribute Tumsifiy Attribute Tnad 1102198184 Drop Attribute Tumisau Attribute 7 ldeanis00n
910 Structured Type Msud luInssadralaeldids Alter Type 92 lias0i 1887 Structured
Type aana1gniunlea319m1519 (Typed Table) 15U
ALTER TYPE Person_t ADD ATTRIBUTE Tel CHAR(12);
ALTER TYPE Person_t DROP ATTRIBUTE Tel;

3.1.6 M3A319M1519 Typed tables
Typed Table L‘i‘_lums‘mﬁgﬂﬁ%’nm’xuiﬂuﬁl%’ Structured Type 19 Typed Table 9199¢ 1131
woaTnsaadraunud§uFu (Hierarchical of Structured Type) ¥ Sub-Table v2l45UnNsehenea
Attribute 114 € 971 Super-Table Y110 Table 1a 9 1ai% Super-Table {58771 “Root-Table”
CREATE TABLE Person OF Person t
(REF IS OID USER GENERATED);
CREATE TABLE Emp OF Emp_t UNDER Person
INHERIT SELECT PRIVILEGES;
CREATE TABLE Student OF Student_t UNDER Person
INHERIT SELECT PRIVILEGES;
NN Typed Table 3¢ Column OID taw® Iay OID 1zgni1mua lay Root Table d1 Sub-
Table %%I‘lﬁgﬂﬂ'liﬁiﬂﬂﬂﬂ OID 11978 (%ﬁﬂ%uaiu OID Colurﬁn ﬁ’t) Reference
“User Generated” 19 muniiiodesnssmunamlifiu oI Column IﬂU%ﬁ"lﬂuﬂﬂﬂﬂ%ﬂ

19115 Insert Yoyalni Tasm1 01D fsnan luawnsoudluld
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]
=1

“Inherit Select Privileges” Wungaamsmonaadntlumsidiida Select illoglu Super-

Table 19111 Sub-Table Nignai1alnai

3.1.7 mM3ad Typed Table (Dropping Typed Table) &
M504 Typed Table 33 14 Drop Table wiiloumsaumsalnd Tavazdvaunilaili
1 Sub-Table 199 YNBYAY Typed Table ‘nmmmian iiofin15a Sub-Table ﬁ)wmwai‘wummu
Y03AYD3 Sub-Table fioglu Super-Table ponfianua dideamsau malulassadiese Fud
s

4¥UA (Hierarchical Table) ﬁlﬂﬂiﬂﬁfﬁ DROP TABLE HIERARCHY 151 Drop Table Hierarchy

Person

3.1.8 mﬁn‘»‘;u%yn (Inserting Typed Table)

mstiindoyaldmida sert iipazsmuafIag OID Column W30 Reference Type 109
wdeelF3smalasalieglugiuee Reference Type 1% 4 fiou Bun Casting Function Taw
argument Y94 Function 91311 Built-in Data Type ﬁﬁ’muﬂiﬂﬂ “Ref Using” (“TJ’I'B Casting Function
ﬁlzmﬁﬂu%ﬂ Structure Type)

INSERT INTO Person(oid,name birthyear) ,

VALUES (Person_t(10),’John’,1968) Tab Person_t() ﬁﬂ Casting Function
INSERT INTO Emp(oid,name birthyear,salary)
VALUES (Emp_t(30),"Pat’,1970,60000)
INSERT INTO Student(oid,name birthyear,major,archivm)

VALUES(Student_t(30), Franz’,1976,’pol’,2.5)

-
3.1.9 M51@aen ROW 210 Typed Table (Selecting a row from a Typed Table)
=) 9/ A Yo w 1 a [y o 1 A
madendeyaiftouaana w2ldiids select wuRnIUMTINI ualunsdifiass
= [ J
1§ Hierarchy 32iiounnd19 na1IAD
Select * from (Type-Table)
v o 4
#lddeyalumanslnseadrananuansly @udonanmsneiidlu Root-Table 914
kY g l:!I I~ 9 [ 3
Yoyananuaiiulassainsziudu)

Select * from ONLY (Type-Table)
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w2z ldmmizdeyaioglumsiafissy
Select * from OUTER(Root-Table)

9 g aa oa 1 1 g ar 3
w2 ladoyannuennsiavned luudazmarlulaseaineszauduy

Fodane Wollmsadramsranidnyaily Hierarchy 1l01a DB2 vzadianisialnid

o 2 aa ' 9 W 1 .
‘ﬂﬂkﬂﬂ‘Vlﬂl!'ﬁ]‘l’l‘nﬁll']‘]f‘ﬂ@ﬁlmﬁﬁiﬂ’lﬁ%ﬂuiﬂ‘iQﬁi'l\‘iﬁ'zﬂll‘]iuuu o (5071 H-Table 130 Hierarchy

v v

Table Tawa1519{] vz liawrsoudlansodFurlgalddrof1da SQL - Statements Sagiszaan
[ ]

3
o o =

dwmsumseil ieruisgdninmlumsididedeya Taedoyalun1s1e H-Table 9zl Tnseadian

o 1

ffiggnanafe Column usn 2218lu TYPE_ID iuamiiiuA1v99 Structure-Type 4949 Typed Table
3 =

b 1
@oyafitaiiuil 0214910 DB2  System  Catalog  tables %® SYSCAT.TABLES L@y

SYSCAT.DATATYPES

3.1.10 Reference Columns
Reference Typed Table %30 Typed Table 1AY Reference Column 24fUA1 OID (‘Bﬁﬂ’{’;@gﬂ
Y94 Reference Column A® REFERENCE) 1A% Reference AMONY Foreign Key ﬁh&ﬁumaﬁ"lai
@178 Insert Update Delete 14 1ifofimsar?1ams1auazin1sfinua Reference Column 924043

' k4
MsiMUARINa Scope TiArnnasa

DEPT EMP

OID NAME LOCATION OID NaME SALARY | DEPTREF
45 ADV  DALLAS 23 JOEN 45000 - 2
2 ADM  AUSTIV §7 MEL £0000 28

gﬂﬁ 3.1 01519019 Reference Data Type

CREATE TYPE Dept_t AS
(Name CHAR (40),
Location CHAR (20))
REF USING INTEGER MODE DB2SQL;

CREATE TYPE Emp t UNDER Person t AS
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(Salary INTEGER,
Deptref REF(Dept_t))
MODE DB2SQL;
CREATE TABLE Dept OF Dept t
(REF IS oid USER GENERATED);
CREATE TABLE Emp OF Emp_t UNDER Person
INHERIT SELECT PRIVILEGES
(Deptref WITH OPTIONS SCOPE Dept);
NNABYIIUAIT Emp 1 Reference Column ‘?;E) Deptref 51\3nlﬂ17i Dept L‘f}ﬂﬁgwmﬂﬂ
ae@palimafmua with options scope iite 198198980y afifin1s Reference
Lﬁ@@’{mﬂ’li 5’1&5&%@1&6%@@1‘! Reference Table ﬂﬂ%’m?mmﬂﬂ -> (Dereference Operator)
195U
SELECT E.name from emp E
WHERE E.Deptref -> location = ‘AUSTIN’;
Ta Location 1§u Attribute fioglua1319 Dept
A19819mM5e314 Structured Type
CREATE TYPE Person_t As
(Name VARCIIAR(20),
Birthyear SMALLINT)
REF USING INTEGER MODE DB2SQL;
CREATE TYPE Emp_t UNDER Person_t AS
(Salary INT)
MODE DB2SQL;
CREATE TYPE Student_t UNDER Person_t AS
(Major CHAR(20),
Archivim DECIMAL(5,2))
MODE DB2SQL;
CREATE TYPE Dept_t AS
(Name VARCHAR(20),



Budget INT,

Mgr REF(Emp_t))

REF USING INTEGER MODE DB2SQL,;
ALTER TYPE Emp_t ADD ATTRIBUTE DEPT REF(Dept t);
CREATE TYPE Prof t UNDER Emp _t AS

(Speciality VARCHAR(20))

MODE DB2SQL;

#129819M 58319 Typed Table
CREATE TABLE Person OF Person_t

(REF IS oid USER GENERATED);

CREATE TABLE Emp OF Emp_t UNDER Person

INHERIT SELECT PRIVILEGES;

CREATE TABLE Student OF Student_t UNDER Person

INHERIT SELECT PRIVILEGES;

CREATE TABLE Dept OF Dept_t

(REF IS oid USER GENERATED, Mgr with options scope Emp);
CREATE TABLE Emp ALTER COLUMN Dept ADD SCOPE Dept;

CREATE TABLE Prof OF Prof t UNDER Emp
INHERIT SELECT PRIVILEGES;

3.1.11 ngaMnI5a$19 USER DEFINED STRUCTURE TYPE
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o & 4 aa a aa o 4
3.1.11.1 e Create Type ¥0'In{l AS (uonn3tiad siladoyavouennsiag, .. 51080

aa o a9l & 1 A = Y A A
LLE]WV]‘S‘U’J“MWWHUWU’E]Hﬁ) lﬂU‘ﬂgﬁ)Qﬂ'lUGluEﬂiﬂﬁﬂNTU’NL’ﬂ‘U 1‘1)’Lﬂiflﬂ"ri1ﬂ£lﬂﬁliill'l IND

aa o a
HINUDNNTUINUADETUR

1 dd'. L
3.1.112 UNDER %0 UDT l9nsfifidesn1sszy Super-Type 1At IBM DB2 UDB

Ay WU Single Inheritance

¥ E Y
3.1.11.3 REF USING 1ija TYPE 1y 151 ROOT-TYPE w117y

3.1.11.4 MODE DB2SQL fossziananmeilse luadd
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3.1.11.5 51p@p9n1391984u TYPE du w14 REF (¥e UDT) iedeamsud iy TYPE %
v 1 EY Yo o Y A aa o a g
a3enouudl 1dMide Alter Type 1auld ADD ATTRIBUTE %®uonn3iiadg silaveya
VoONNI edesmsinuennsing uazld DROP ATTRIBUTE Fouonn3iod
[ ]

MHSVMTAU

3.1.12 ngiNBIIN5a519 TYPED TABLE

3.1.13

3.1.12.1 ﬁ"lf% 3 Create Table ‘T)'.'E] Typed-Table OF %“8 UDT
31122 521 OF §0 UDT i mua UDT fidpemsihunldadronisis
3.1.12.3 UNDER Typed-Table 92 14ifioasafimideadrailu sub-Typed-Table
3.1.12.4 521) with options scope Lﬁ'aiﬁ'ﬁmﬁaé’waﬁaa’fayjaﬁlummaﬁ Reference 11/fa
(31932 Idmonds Tauns19ds ALTER 13)
3il:12:5

drudeimun Beunmuldinsoanuoiady Uszneuday
3.1.12.6 REF IS Souenniiadiily o iieidlu ROOT-TYPED-TABLE wve uay
120 USER GENERATED dushu Inuansede OID
3.1.12.7 Constraints 14 9 521 18neldinTesnmerady Taudoudonn REFIS ... Tay
1S oamnenemnausznsneuEasuiidazds
3.1.12.8 INHERIT SELECT PRIVILEGES tioms1aita31aiilu Sub-Typed-Table oejuian
208y Tavilnfezdiiy 13Mesada

Y o

3.1.129 msudludosmuadis o ves TABLE fad1auds 9219 ALTER TABLE o
TABLE dlusdeildudly

3.1.12.10 ALTER COLUMN #® Column LAZA1MA8 “ADD” Wiedasnisifiu
Constraints @19 9 71AB9NI5 194 ALTER TABLE Emp ALTER COLUMN Dept ADD
SCOPE Dept 1iudu

31811 ALTER COLUMN #p Column uazaiu@is “DROP” Femeduiile

Y . v 1
MBIN130Y Constraints A9 € NAvans

° aa da
ﬂ15ﬂ1ﬂuﬂllflﬂﬂ‘iﬁ?"ﬁﬁ!ﬂu Embedded e

§ o aa o 1 o _ o
3.1.13.1 Wefimuauenn3iing ludoeszy Ref sy
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3.1.132 M3 Insert 9¢ADA1Y Typed Constructor lumsiiudoya 1Wu INSERT INTO

Person values (‘John’,Address_T()..city(‘Las Vegas’)..zip(81200));

3.1.13.3 M35 Update, Select ¥¥auonn3dadlumssnstiadoyn 19U SELECT Name,

Home..city, Home..zip from Person;

Update Person set Home=Home..City(‘Santa’) where Home..zip=90102;
5 i L]

3.1.14 Mammuauenn3DIwilu Reference

Tuas 190314 Reference nemn3tadndrauasld Reference vedveszly “REF”

y . . o w A4 ¥ =2 g ' aa o

Keyword 1182 5¢1) Constraint “with options scope” NNUA1I LW'B?J‘NN“UE]uuﬁluuﬂﬁmﬂﬂﬂ‘iﬂ}%

A Ay 8 Y
1‘1’{‘]EﬂuGﬂi'Nﬂ’ﬂ"l\?ﬂ\‘i’]_lﬁ'lm’l'lﬁﬂ?mﬁﬁﬂ
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3.2 Caché Object Database

Caché ,“AN¥” s3UVU{UANISgIUYeyaIFaTAY (Object Database) Waru1 1y
InterSystems an3gowin iuszuugmudeyaiguantfnanhszuusadumuanuufy aus
ar s oo d‘d ar é ) o \ L
Taluszuugudeyaideing fillanuansadmils Tasdnd naiszAadedugudoyaluaa

=] a 1 3 T 1 —

Ta NazfAndon1e Logical View ¥93lumaaiiy o) 19y 818U Relational Tuiaa iy Logical

g , L dvawd . : g
view nuziilun1s1a niena12 1831 deiidldifiude Logical View veagndoyaluaatiu Tums
Ufidensadndsdoyaluaus lddemumedioiu @agl) ilesvnaugesnuuuusesfud 1y
o ' 1 ¥ gy Ya o 4y v
Atlnnumainraty wneanuh aug awnsovesdeyaiiuesunndld Sindunuadld nazues
iﬁlqul q';duly1u A A W A |11y| " a P & .
Wudad lawugun lagunu vieanieniana1adn A aedfada3 119 Ao Object,

" o gs . aaq d v dd o

Relational, Multidimensional 151815150 183903aA035 1N 19 T ldnadningndeamiiounn

Tudauiiiu Physical Augimunguuumsiiudoyagil Multidimensional Array

Relational

Multidimensiona
Direct

Multidimensional
_storage engine

310 3. 2 Twaadoyavosnuy

=S w

' = dw 1ar | 3
90191507 dnuagil 133aTu Object Relational DBMS 15194910 d1iJu Object Relational
a al .3‘ [ 4‘: - 9/ - - ] ] 9 =
DBMS 9a038314 Typed YUNINOU INUUIIILAIN Table Ni38NIN Typed Table 992 19101
3 1 v 3 =
Joya 8190¢ 1u311DU Column Type %30 Row Type AUAILAILDOALLL MINWUILADITNS

A 3 @ o
1o o9 MY (Synchronize)
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3.2.1amilnenssudoyaveany

T e e e —.....-.1 1

' Direct

R e e

~ Dictionany . cepazal™
Storagz Manager

b 7, S, Pt
T D

gﬂ‘ﬁ 3.3 ma U 1ad Unified Data Architecture

9

Ay eygnaliiseenuuutazdansdoya ldnuuuesuen uazuuuSmdunua Taod
A = ) o 3 A . . 4 A A o o W
wipledmsusenuuuldluuuUeoU9n 0 Caché  Studio Fuiumnieeedmiudanis
¥ a o & ) v ' A A & P
Tassasdoyanaziougamds Taosiawnsaadelassadedoyalaoriuniosiiot a1niiu
' o s ¥ .. o A A vy &y ¥ &
angziinisnon Induazad1a Data Dictionary @aden Noygnaldididedeya’ld 3 nis fe
e
Direct Multidimensional, SQL, L181& Object Taomna Tu 1adili59n021 Unified Data Architecture #1350
Ao q a A .. ' Y 2 g ¥ @ \
UDA #%11# 1 Database 923itfie4 1 Data Dictionary uaeuisadidadoya’ld 3 maiues dau
ar a s
msdanudeyanamoam sziiumssafuuuy Multidimensional Array
g 1 9 =1 3 as ] a & FUR] = 9 ) ar
ud1 a1y ez ldmadenlumseenuuunsaeads uanadnsn lddeulidounna1anu
na1fe deenuuy luvuuTueaseuna augezyiimsadiems1eld laesa Tugaaunannsii
L @ ' =t " | o = =]
woila Tawd 1959 N30l Multi Values 818 uSadunua vedsadradudnasis ausnezadeld

TauoaTusia

Automotic

/ v da a o
U 3. 4 wadansi Idanmsadede TumaFaiag

'y o oW o dAn Y & o 9 &
me'ﬂﬂﬂLLUﬂiuaﬂHmzﬁLﬂ%uLLuﬁ Nﬁﬂ‘wﬁ'ﬂulﬂilxlwNﬂuﬂﬂﬂ'ﬁﬁi'Nﬂ-ﬁ'N 0 1 A19713

=) 4=§ @ r = o = ' ]
Av 1 Aand cmmm:ﬂumﬁmtﬂauﬂ’fmal,amniummmﬂnuuuammi’hmgmm
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Relationol

Automaotic

sun 3.5 wadnEn 1d01nms a2 1adn lunaFadurus

Titwgatedwislanau mathiedeya fuzidludeyadidoafuaue Tudiuvesns
atalassadiel@nniniesile 4891 Caché Studio nipe1983131ABNS Import 1133 CDL (Caché
Definition Language) n3eeruiluuily DDL (Data Definition Language) A4 mmfuﬂwﬁﬁ)s
neulndiazad1e Data Dictionary #aifien 1y fl¥amnsaiienldh widhddoyaldlauis

Fl J 9 =) o 3 ar = a A :3’
clﬂ qﬂumumfl*v%wmsm ‘m”l‘ﬁmswmumawwmmuﬁzmmwu

Glass Architect CODL il DDL

Caché Class Dictzonary '

- Object | Relational
! Access

 Access |

Cache Database Engine
310 3. 6 uamamadndadoyadieiinsnie q

3.2.2 MATHIUVDIAUY
AT AIUAYUNIATFIU ODMG LAz ANSI SQL wenaINfNs 191 SQL ALl
Optimizer l‘ﬁ;ﬂ‘h"')tm1ﬂ‘ﬂ1\‘1Lﬁ’ﬁ]ﬂﬁluﬂ1SL%WSQ%BMﬁllﬁlgﬁLLazﬁﬂ5$§ﬂ§ﬂ1W 117U Recovery
Control mmﬁuuﬁu‘umsm Before Image Journal (BIJ) Aladmsunsi Undo URg After Image
Journal (AL)) #419@M5UN5¥ Redo UBARIN] mﬂwmmﬂmﬁ’mmm Coneurrency Control

n3onsldaundoudu augmiveayu ISOLATION LEVEL uiluinasgiuiildaiuguany



47

o i v :
gnAvIveIM s 199eyalused Read Committed 1350 Cursor Stability HeouddaymluiFes

Uncommitted Dependency Problem it

3.2.31sznvesnenn3iiag

3.2.3.1 Data Type Attributes

TRun uenm3Thdszmndeya Tavaunsalfiuasealunmsnsiaden (Validation), nay
A1U1T0AIMUA Parameter Constraints A4 9 1A 1T MaxLen 79N15R1M1#AANEIAITAUDS
3
Yoya

3.2.3.2 Reference Attributes

13un wonmsad Mfudin 1D u3e oID AdwdTagiineItes

3.2.3.3 Embedded Object Attributes

8 J aa o a YA o . e . A A 9
18un nguvoaenniiag Aeenuvuliiidnyme Serialize Objects Ao 1ozl
¥

o aa 1 A | . ar o s 4

wdvaiwennidagnguil 15 (Embedded) 13lunmandn (Class) Taonissmuanedui]
ar A ot d’.d o

Usziandoyalunmandn Wilunarauuuile (Embedded Class) Famivayudoyafifdnumey
oY (Complex Data)

3.2.3.4 Reference Attributes

' an Jdaw o 1A : { A w g 1
Taun wenmsdasfitanumiidrsdaingdu q MReades Tasmsiaifiuat 1D wie om

[

[ ! v 2
Y93I NYNB19D4 (referenced object)

9 “

3.2.3.5 Array Attributes "

1aun wonnidadhiidnuuiy Collection Ao awisaifudoyaldnaromlunenns
a o % @ < ' 5 9/ v w
U (Multi values) Tnodnuazmainuazeglugiuuy Child Table Usznoudivar ID vasdnglu
ARIAMAN (Parent’s Object), Element Key A fi1 Identifier ¥837130q, Siblings 1auA Aussdoya

L L 9 Y (] . v

(array member) l.m:mﬂwawau"a‘luﬂmﬁmn Wi (one that contains no elements) A1UDY
1D vz liisnglunaragn

3.2.3.6 Stream Attributes

3 P

9 1 aa o o 9 =y [} A P=% - 1 1w w
llﬂllﬂ HWaNnIUIY M‘mnumamwuaﬂymmamm LLﬁzilﬂ'J’liJU']T‘ﬂnllJLluﬂfﬂ anNYMe

U

9 =Y c:t ] [~ 9 1 . v 4
Yoyayiail uiseoniilu 2 dszian 1Aun character stream 1A% binary stream lavvzdaRyly

ANYML LOB (Large Objects)

3.2.3.7 Methods
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o

lAun gadads

3.2.3.8 Query

=
nant

Q

a &

mﬂwmmz'san"lﬂuﬂmﬁ

=y = é C;. 1
Whumasoadnsianiia fieglugiliuy SQL STATEMENT

3.2.4 MSAAHBBNNANTU

=
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{ 3) 1 ‘ 2 dl.
Mg luany awisoldldvaioniun Ao Caché  Object Script NUAULLVNINN

3/ [~ 4 = a . . Yy
Mumps %39913190181 SQL 1 1@ nagaige guaimisalouniuuuda (Basic Script) 14d00

¥ 9 o
iy el 1indeyaves IDC wun muimlandenly 5 sudvdu q g dwawdn

v b4 3y
i lasuanutiougs Aniu augde ldwaun 1d g dneawnim Taemusaidoudaoniuila

1 v o ' ' a a y 1 1
18 niovzdousuiudld lillanuuandredlse@ntam esnnaurzulalieglugl

e
Native Code AR5

3.3 mafSeueuguanlifaingszya1a DB2 uag Caché

v
szuulfianmsgudeya fsrwaziBuan/Souifiou duansdedelli

1
=

M319% 3. 1 uaaamslSouivugueantavesssuugudoyaildluauise

a
pRliGGlH]

DB2

[
Caché

Y =
AR

IBM

InterSystems

¥
sziangudeya

Object Relational

Object Oriented

Platform Windows, Linux, Unix, IBM OS | Windows, Linux, Unix
nwngmﬁj"qu SQL3 (X3H2) ODMG 2.0 (X3H7)

e 7o SQL Caché Object Script, SQL, Basic
Logical View Relational Object, Relational, Multidimensional
Physical View B-Tree Multidimensional Array

Transaction Recovery

avuayu AL, Bl

atiuayu AL, Bl
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=
Jgazioan

DB2

Caché

SQL 92 ISOLATION LEVEL

Serializable,
Repeatable Read,
Read Committed,

Read Uncommitted

Read Committed (Cursor Stability),

Read Uncommitted

Backup Type Volume Backu;;, Volume Backup,
Cumulative Backup Cumulative Backup
Large Object BLOB, CLOB, DBLOB Binary Stream, Character Stream
Query Optimization Cost Based Optimizer Cost Based Optimizer
Index B-Tree B-Tree ~
Index Type Dense Index, Bitmap, Cluster Sparse Index, Bitmap

Bi-directional

Encapsulation

Break

Full

Inheritance

Single

Multiple Inheritance

User Defined Function

afuanu Taun1y1 SQL, Java,

ﬁﬁuﬁqu TAunTH1 Caché Object Script, SQL,

C,C++ Basic
User Defined Method adueyu Taon1w1 SQL, Java, | aiuyu Taun1w1 Caché Object Seript, SQL,
C, C++ Basic
User Defined Structure Type ﬁ'LT‘iJ’rTl;u ﬁﬁvmu
User Defined Reference Type ﬁﬁuﬂqu ﬁﬁwuu
Object Identifier (OID) User Generated System Generated
Object Identifier Data Type String, Numeric Numeric
Collection Type ‘hiaﬁnmgu Array, List, Relationship
Composite Attribute vy Ay .
Import/Export Import, Export, Load Import, Export
OID Imported TieniuemuTaningosilo vy
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UNN 4

o ad kY LY
nanuazIsmsulaslnssasisdoya
FnvaTnssadadoyaiieslfinlag

= 2 o
lunszuaumisudas 121dlnssadredoyavinszuudy Hudeyarindronszuy

v & R § ' . '
gwudoyanus Fil 2 jUuuy Ao LuVAN 59097 Caché Definition Language (CDL) taziuuii

1w & 3 :? =)
aoviflugduunin fafulugl xmL dsTassadadeyaisaesgluuuil wwuanssiwazidon

NYINY AAE, LENNTTIY, LaZATEAAN 9 auaae iz 4.1 uaz 4.2 muddu

Property Howa As User.iddress;

Fropezty Maxa As Mlibracy.String [ Regulsed 1

Fropersy Fhons Aa sLibrary.Sctring:

Propexty Plcture As 3Library.Streay [ Collection = binarystress ]: L]

Froperty 831U As slibrary.Sering [ Raguized };

Fruoperty Sex As %Llbrary.Scring(DISPLAYLIST = “eMule, Temale, v, wila, MANLEN = 1, VALUELIST = “,M,F, 5" [ Regquized 1:

Foopexty Spcuse As Usex.Ferson’

Propercy Total3ill As Usez.IiCurrensys

Index NazeDOBS3SN On (HName, DOB, 33M):

EMechod AgeGern{) As 3Library.Inzeger
{

}

iz

+ « DCBm™* qude =™

guUlt $h-..D0BE\365.25

311 4.1 Ared1eTaseadradayaninauy uuy coL

<?xml version="1.0" encoding="UTF-8" ?>
- <Export generator="Cache" version="9" zv="Cache for Windows NT (Intel) 5.0 (Build 462)" ts="2003-03-13
15:02:59">
- <Class name="User.Dog">
<ClassType>persistent</ClassType>
<Super>%Library.Persistent</Super>
<TimeChanged>59172,489.076</TimeChanged>
<TimeCreated>58923,42926</TimeCreated>
+ <Storage name="Default">
+ <Property name="DogBreed">
+ <Property name="DogName">
+ <Property name="DogPicture">
1 <Index name="DogNamelndex">
+ <Method name="Populate">
+ <Query name="ByName">
+ <Query name="Dogs">
</Class>
<Checksum value="3176747157" />
</Export>

s 4.2 dred1elnseadradeyaninnug wuy XML
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42 wnannammsudag

aw - i d; | { =t
Tunudde 19 lassaindoyandanulugluny XML Wil esvnidumasgumduin
L
ar v ! a 9 o ! v
yousY uazdgrensiaMIuazaseaoudeya Inolnseasedena1n wwlsznouds Inuauas
aa d & a o aa dd 4 9 Y
HBNNILIEA 9 MIANY Fansudaegdingey Inuauazuennsiisnnetos uazualasly

v b
Wlufidslugduuy pB2 Taelinasimsinsande' Ui
=
4.2.1 n3d Class

cLASS vzdpsadruilu Typed Imiideuiaue nmiuieszinsandingdosadiaiy
319U 130 Extent W30l na1afe <ClassType> /U serial werasnatad Sz
Embedded Class 1#e319 Typed Iny ud'lidoaar?1ediadu ifios91n Class & asiignuaizuuy
Column Typed wazlumandusy d <ClassType> i persistent UaAI9N Class Nanymidy

' Ed
Persistent Class 171319 Typed Tnai uaga1e3induInaidan dnvaizuuvil 5un91 Row Typed

«Class name="User.Dog">
«<ClassType>persistent</ClassType>

UM 4. 3 uansonmauazdszinnvesnaa

Type Create type ADDRESS. Tas R T IR
(city varchar(15),

zipcode varchar(15))

ref using mteger mode db25q|

c A B
L B L ] M I R R

o
et
aer
wer®
.
e
.
,,,,,
cant
e
s
.
s
.
wer
.
e

Row Type "> Column Type
Create table ADDRESS of ADDRESS_T Create table PERSON ‘

(ref is oid user generated); (NAME varchar(15),
s i SURNAME varchar(20),
My_ADDRESS ADDRESS_T);

gﬂﬁ 4.4 UAAIANYMUY Row Type 1% Column Type
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ADDRESS PERSON

| OID | CITY |ZPCODE| | NAME | SURMAME | MY_ADDRESS |

511 4.5 Anuuza15197 19919113851991519052190 Row Type Uag Column Type

neme Mdalu DB2 vz 1dunndreiussnieriiafidly ROW TYPE wag COMPOSITE
TYPE Na1fe
A Y o w WYY
- nsdifuilu ROW TYPE adasey) REF USING iy 13de

- usdnuiu COMPOSITE TYPE 'liidea3z1) REF USING 13
4.2.2 n581 Object Identified (OID)

Tuszuugmdeyanus 1 0D sxfmualasszuy uaiidnuazuariduisvsddy
J o Y wa ! g  w 1
vntioslunn uazaezgnimualaesn Tudd Tuvmed DB2 Amivayumsld o udeziy
o A o vq ar 3 A'i VA w A 1 = ar
User Generated WuA® fvualasdldau duiu maldiidnyagaisiiumuou@oidy
I ' o ' w ' o
a3 197anHu Generate Unique() 338 Tumsdmuad oD fana1n1d wie ondmualassey

U an Y Y
lasasan laruny

Object Identifier (OID) OID 484 ODBMS uaaga1w I3uuunisiafiu oD uand1aiy
e nuBanguluniseygialddsmualdiosununissimualas DBMs  §nsy
InterSystems Caché a3 OID 1 Tauda Tusid Tnaiflumiduauswaudy Suan 1 uaziiius
fufias 1 uazdmy M DB2 oyaa W USER ifudfmuagiunumsianudonues Tasld
Afl35A USER GENERATED lauaunsofmunalaold Data Types wiinn1e 9 18 19 Integer,

Double, Varchar rfluc?f U
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o ('adl - Global View - TRATH Ramespace *
 Gkbal Search Mask:

L )

51U 4. 6 F99819310D Object Identifier 114 Cache’

ms1¥aauiia oD vxldidednmsathe Type Tty Taodmun 2 Suneu e

1. mM3ad1e TYPE 9Aafimun Ref Using 103331 48913519 Basic Data Type 1y lauagd
i la Tagvzdsa laiuinn1 255 194 REF USING INTEGER H18A21031 @09m15AUeA
oD Tasld)szinndeyaiily INTEGER 138 REF USING VARCHAR (13) FOR BIT DATA
nuneiia deamsiiuar op Tasldlsziandeyaiily VARCHAR v 13 & Taufudy
o dudu desdade  lumusasmualszmduLONG VARCHAR, LONG
VARGRAPHIC, BLOB, CLOB, DBCLOB, DATALINK i1a¢ STRUCTURE-TYPED

2. mM3a319A1579 98ADIRIMUA Ref is OID USER GENERATED Inaw OID vziiluienonn3iag

il Object Identifier fauansirot1aluzUi 4.7

db2 => insert into person{oid,name) values (person_t(generate_unique()), 'John")
DB20000I The SQL command completed successfully.
db2 => select oid,name from person .

x"'20030310162804677317000000" John
1 record(s) selected.

s J

31U 4.7 dr061981 OID 11A91N generate unique () 1u DB2
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4.2.3 N9 iﬁ Inheritance

[ ¥
Taom luszuugudoyaifeing sxaiuayumsaenoanamuli@anaiuy Single uas

¥ ¥
Multiple fMTUNTAANY SiUaYUNIADUIUY 18 DB2 @D UIRNIE Single Inheritance 11171

i
ar o

o EY ) aa 3 [ 1
ANIHU ﬂ'l‘ill‘l.lﬁ\‘lﬂ'ﬂ‘ﬂ“ﬂ@ﬂll'llmﬂ‘l’l‘5‘]J'Q“lﬂLﬁzmﬂ‘ﬁ'Elﬂ“ﬂ\3‘Hi.lﬂﬁJ‘ENﬂﬂﬁﬁuﬂJlLﬂﬁ%ﬂﬂTﬁN’]‘iﬁﬂJ"l’g
B ar

I=Y dad ] o ar {
Awnu TauinsanNAdIsa “SUPER” 15U super = %Library.Persistent; @115 UAAENI Super
v

Class 11J1 System Library ¥ilad 9 (guinamafiiududis %Library) vzendu'livihunulag
iiesnniluamavesszuy

Class MyApR.Person Extends SoPersistent [CRsSTyne = persistent]
L Property Name As 86String(MAXLEN=100Q);
Property Home As Address;

Class Myapp.Emrieyes Exxends Persen [ClassTvne = persistent]
{.Broperty Salary As %sInteger(MINVAL=0, MAXVAL =100000); } 4

3UN 4. 8 MstwneameausAluuuy coL

ID | Name Home_City | Home_State | Salary
Divad, Gino |Irvine cA 22000

w

! s o {
31 4. 9 fMeeharadniinmsadiansanngli 4.8

<Super>%Library.Persistent</Super>

31N 4. 10 uaAs SUPER TYPE Tug1 XML
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4.2.4 ﬂitﬁ Collections

" A o o v £ = aa o 1
COLLECTIONS niefnamnsadany lavnadmilsalunilauoynsiag 14un Aray,

=

Qo a 1 r " ar sy Yt o
Bag, List, Set fMIUAUSAUUAYY Array, List 100 Array Yoyavegnisoslaodn Iudd Tasldnd

a

¥
' s 3 =
W30 Subscript Item lunmsdrdedoya ludwves DB2 miveyudeyadsznniiimnie SET

k2
o s

) Y Y o o r A g v ' a
aafu Tumsudaslaseaiie szdesadisSndulninonseni ofusid1s q vesudasdue

r o 1

uauvi dnwaigdoyailszinn Collection- Array lunud fisnumeiilugavesdoya Adiwurounds

TaifiToddey

= «Proparty name="0ogs™>
<Type>User.Cog</Type>
<Cellsction>array <C cllection>
<Progarty>

31 4. 11 udAs ATTRIBUTE fiffu ARRAY

b
" =Y g = . "—b
wanuagIsmsuilasdeyarszian Collection i 9291581910 THpA Collection 99
" ) J
Usnglu Property 1fudiy TaeldafruduSadulng 1¥5duvumsddediasulng Ae 19

= ' an da { y aa o ) as -
A saTwenns TadAuiuilu Collection Fouonniiador 15 iwisaufiu “ARRAY” Taold “n

1 aa o4 o v A
AUNAI 15U wennI ¥ STAFF Idadruiluiiadulna ¥o STAFF ARRAY 15lugu Taoly
= & Ay ’ dy 9 aa oo 9/ @ a = =4 YR | :3‘
siaduIniiadeil wwdszneudrouenmithdngnaiie 3 & Taefiswazdeaniniy fadelai]

® ParentOID 141tA 71 OID 910 Row 1451a4Un 8N (Parent Table)

o g gk 9y

® Identifier laun Mddudeyalugadoyn

[y

] d:i d e
®  Value I Toyaniafiuase

U



[o]]e]

PROJECT NAME

STATUS

10

Personal

E-Commerce

PARENT OID | IDENTIFIER ITEM | STAFF
10 1 Claudia
10 2 Tom
112 1 Bobby
12 2 Cindy
12 3 Greg

517 4. 12 uanamaianisulaslnssadhafidiu Collection

a dt o aa o ar aa s’dya a
U Ininitaenn3ingsesy laswennsiingd twiadoya

56

aw 1 9 =) & T 9 P ad Y a
VINNITIVYNWUI uaﬂ%1ﬂmiﬁ51\uﬂusm‘m1ﬁm1m sl deuls lagasrauenns

£

flu LOB fufU Identifier Item +

Value Az @319 UDF tiodanisdeyaninan Idmudu dag1 3.13 uazaframasensesiuiiie

Y =2 a 9 @ 1
IDILATIANTTUDYDAINA T

2oy
oD PROJECT NAME | STAFF STATUS
10 Personal 1:Claudia,2:Tom H
T A e
12 E-Commerce < 1:Bobby,2:Cindy,3:Greg ) C

H a < . & an
310 4.13 uamamaiianisinudeyauuy Collection Taemssauluniaennsig
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4.2.5 NSANATOA (Method)

1 Aé = i % b4
Tunuy Diasea Fulisudenim1 COS, SQL, Basic Scripts a11150%118 waauduwas

BAHIAYINY 1AINITUIN IHUAATOA

o s

" aw dy 1 [ = 9/ a 4
dmiumsulauuases luaseunquluauidvil udwziawiouwaseald TavSinszed

i | a L4 o @ ' o w 4
mdwiiduiomasen, windned uasgadids Taemsldmnomahiuly ) weld 419

ar 1 4 { 1 s =1 Y 1
Ysuudluneu e nnuildly Cache nay DB2 anuuanarasuluraiols=sy daoths

'
@ =

Mdanldlumasen uaasdagy 3.14

- <Mathed name="Populate™>
«ClazsMethod>1< ClassM athod>
<FormaiSpac>Count%Library. Integer</FomaiSpes>

- Umplemanition>
= <CDATA

naw nbokdiridflef

®ll *User DogD,* User. Cogl * User.Dog3

st n="Frad, i2 Quesnia, Spot, Maloue, Foppy Halmut Faich”

2t n=n_" HisM Woof Kelly,Sweate, Lobinho,Nosay P uddia, Ralf'
s=tn=n_"Mich vtz HushPuppy,Spitz, Tibo, Tobi Vision, Why Yorkiz™
set b="BasseiHound Baagle, Chow Chow Dalmatian, Coberman™

zet b=b_".EnglishSpanial BermanPoinier, GoldenRatriaver
setb=b_"GrestDane, Hound Kelpiz LabradorRetrizver
setb=b_"Lobinho, Pointer, Poodls,Ralf Rhodesian, S chnavzer

setg- br",!Spaaéd.Spiz Tibo,TobiVesla, Weimaranar Yorkshirs™
zetdir="J r

Br i=1:1:3g2t(Count,10) {

s2td=ssolass{Dog) % Naw()

satd.DogName=3p(n."," &Si(n." 1

setd. Dogsmd:Sp(b.".".il'Si@.".'}*fg

szt file=gir_d.CogBraed ".jpg

if smclas 5% File) Exists{file} { do d. DogPictusm. LinkToF l2{fis) }

alsa {w !, il2," dozs not exist

dod. %Saw()
;!o d.%00sa()
quit
P
Ampemantstion>
<Mathod> e

UM 4. 14 wasenluuuy XML

4
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4.2.6 N39IA23 (Query)

o W 1A A oW & A v s/
dmiuaus 795 Saduwasentsznnwils fleygaldidrdedoyalasldnim soL i
dnpuzdums Look up Yoya ansaulaaldeyluglveanasenld
[ ar = d' 1] =X cf ' (-7 = Y
dmiumsulasvaseauuufis luaseunguluauiseil udwdawssuwasoald Tao
a o 1 P A = o o @ v o o 9
Inszimimmedmiiuiomasen, wisiilined uazyamida Tasmsldnmomasiio 3
4 o 3 1 1 ar
el AldUSuldeglugduuniminzaudy DB2
» <Querny nams="ByMNama™>
<Typa>%library. SQLQutryQTg{'p:i*
<FormalS pee>Name: % Library. String</FormaiSgac>
<Egu=n>SELECT ID, DogHame, DogBreed FROM Dog WHERE (Dogiame 3 STARTSWITH
:Name)<SgiCuans>
<Paramzir nama="CONTA INID" 'slus="1"/>

<Paramenr nama="ROWSPEC" valu2="1D,DogName:%Library. 5tri ng.DogBreed: % Library.String’ />
L Quany®

31N 4. 15 Ared1awaten Yszaniag Woudaeniw SQL

G

4.2.7 n30d Large Object Binary (LOB)

' ' a ' ) v g
luanaf wieilszianves LOB il 2 wila 18R Character Stream dm$uiiudeyarlszian
4 9 ' . ' o L= a9
AT MIoveYaIUIAINg Uaz Binary Stream dnSuiudeyaiszianluuns wu gunm,
] Vv
doe Wudu lumsudaaiiu DB2 amnsaulas1dTavnse idesen b2 mivayudoyarames
Uszinn na1de uaadiu CLOB uaz BLOB mudidy
: <Progerty name='DogPicture™>
<Typa>%Library. Stream </ Type>
<Czllection>binarystream<Callzction>

<Parametar nama="5T ORAGE"valua="FILE" />
<Proparty>

q; o i = an oo
Ell‘ﬂ 4.16 G"I'J’E]EJ"I\‘!51Uﬁglﬂﬂﬂklﬂﬂﬂiﬂﬁ°ﬁﬂlﬂu LOB
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4.2.8 N30 Index

INDEX 1135031 Index MAinilousiu Index fflogidnluszuugmdoyaideing lao
L)

M35 19T CREATE INDEX %8INDEX ON %8715 (LWONN519);

= <index name="UDogNamsaindeax>
<Desoripticrs> indeax for proper ty DogName<Des oription>
<Properties>DogM ame</Proparies >

< e

317 4.17 dormun INDEX

L =) 3
43 maeunealsziandeya

¥

9 aw A { ] ar
Tumsiasiassadedoyaluauddell  ldasnafioulszandeyaiiuandreiuves

ODBMS 7431 4.18

szindoyanuy Usziamdaya DB2 o
Y% Currency Decimal
YeDate Date
Y%Float Floating Point
Yolntagar Integer
YeNvmaric Numearic
oString Varchar
% Tuns Tima
%BinaryStream BLOB
%% CharactarStraam CLOB

311 4. 18 uerasmsifisuilsziandoyaserang Cache uay DB2




~
UNnn s

ﬂﬁﬁ'mmm‘%‘mﬁmmzmsﬁmw

g MNSINNTITMOIU

o ¢  aw aw ' s w v a

Inquszasdndnvesnids Tdun msbwszuugudeyaFeiaquigrsuupudoyads
or o ar 0‘ é = o ¥ 4 s i
Ingduiud Feluandieiildszuugnideyn caché uas DB2 dhuasesflonamey dagil 5.1

' L 9
anpazianTEUIuMI lassaufe  szsunmideyaiifeadeaianuaeonain Caché  Whd

U

Y o P 1
nssvumsudasszuudeya  uazihogaihdeyaiilAsnmsulas  wudhgszuugudeya

:::4 kY S v @ d
Yanems Tuiil Ao szvugiudeyaFeingdusiug 1BM DB2 Tasnszuaunisutas

A ; )
g‘l.hl 5.1 mwmmmﬁuﬂmswugmmmga
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52 pszuumsulasszuy

a o ' a w v @ d
nszuauMsilasssuugdoyadeing Caché wngszungmdeyaiFeiagduiug DB2
4 v
Usznou Awtuneundn 3 daundn (anslugUi 5.2) 1dud
1 =t ¥ £ Y a W . Y o ¥y ¥
1. @umsessuveyadunennzuugudeyaiFeiag ( Caché ) 1dud Tnssadradoya
] ¥ ¥ "
(Data Definition) tazdmiiiudoya (Data) Tuduneut 9218 amaafiuiiidesns

2. dwmsinseiuaziamonTnssadinlugl pB2 Taomissiulassaisdoyadildnn
dawit 1 uazlaahifusmidadmivadalnssadisdoyaun DB2 madniildluduaoy
il #o DB2 Script oz 1114

3. dwmsiamaiwideyadaemevuszuugudoya pB2 1dud  msatialaseadas

(Create Type, Table) Llag ﬂwi’hi’fay,a (Import Data)

- ORDB Definition ﬁle

ODB Schema File

SRS RS

nszurunsuadlasIdsI

310 5. 2 nszurumsuaslasead
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c‘! s d'l. )
5.3 INEINVLIATDIND

nnmsatsnutediiavesmsiunmelszns wu msmfumumsSonld Ap1 ves
g #‘ o ] Yy A 1 o = " A W
szvugudoyalasasuiedhemuisedis Wil lildnienndemsi  msfaseniosanis
9 3 o 1 A A& da & IR o & 2 Y a ' ! ° )
Ty szaonirwnIeslenAadn iy duin meldifannudiodemsyinu Jeads
2 A P . oy =t 1 @ o
(50318¥WMTUU932VY ¥® Transformation Control Center JuMTiaziSuni1 TCC Warnd e
o 4 ci;j 14 = Y A A A4 g =2
My lag TCC awimihidluguinatslumsSonldinsosiionis o Mfvades saudans
a d o @ A v Yo
Annenuazaingamdangndosdiudly
o = a ¥ A A ¥ , A
M3sMuYes TCC wlimaiunlfinToslovesssuugmudoyn Caché 1oM3 Export
Tnssaauazdoyn uaziSonldniesilennszuugmudoya DB2 Mo Import Tnsaartiauaz
v
LRI .

U

o o d'l 2
54 A1UNIMNUVDIUNTDIND TCC

3197989 TCC 30 Transformation Control Center Usznousislugandnsay 4

Tuga Sesdraumsitiau szl 5.3

=Calling CStart CACHE
«Calling CStudio.exe
*Calling CSQLmgr.exe

Start TCC

* Input a definition file
= Input a data file

Export

* Analyze a definition file
» Ganerate DB?2 schema script file

Analyze

) )0 )

«Calling DB2Start
*Calling DB2CmdCtr
-Calling DB2CC

Import

310 5. 3 nansTuganazdrdumsiau
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55 luganazlidsunsuiheaves

5.5.1 Taga 1: Start TCC

TCC Console Manager wyimihivanlumsdszmumsiausznnedld uae
1 I A 9 eﬁ 9 - "
TsunsunTelugadne o ifeades Taegldredesseydoyn Feveldlumsiiundenuas

Tams Inssasasdoyanuiideans daaaslugilii 5.3

' 4

mahamsudu Tas ToC willansanderuszuugmdoya Caché nou Tavludil

wiimaSonldiniosilonn caché 3 Tsunsy 18uA CStart shmihfidlanisfadedt Cache |

CStudio mihiigasadredodmuanmaly cachs lugim XML @waasluglit 5.4) uay
o 8/ ~ 9 , . ar =

CSQLMgr vhmiicgloudeyaseniin Caché lugiuuy Text File (Fauaasluglii 5.5, 5.6,

1A 5.7 AUAIAY)

£& Console management =

souce. | Main Cache Definition File
: L Dlrectoryfcarrelated Inputﬂ e(s)

Target | Dlrgctorytu save caurputnle

Fxle name ror 082 Scrlpt ;

VUSET name

8
i |
. DB2 Connect | Database connection name |
l

Password




i

" aa oo 1
Ui 5. 4 Benuenniiadidesmsdioen

64
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B Cach? SOL Export Wizard - Select Delimiter 1 2ix|
What defimeter seperales your cohumis? Select lhe approprisls defmiet and see bow your test i
Cohumins ais delimeed by ~ - B i
[ ¢ Isb T Space € EoedWidh @ Chaseter [

I Expert cobumn headers

Sarple for SQLUser.Doctor:
Faze [spacialzy B
Fripp, Saxar T£737 o
Black,Xo D NS0BS
2ut;_b|:=.o.‘.\ﬁ 5’3639
Cosks, Xavie ¥7707

Bamdta FamaTMACS

alefwlole

| Camedt o [ eBaek . |[ o> ] 1 EvaRL ]

2 i Ak o o T I 1
A §oid Siagl AL BV W S o AL S T W

[
= ] o

514 5. 5 uansdeyafivzdioenuazfimua Column Delimiter

o I 9 qy g/ 1 " =) g s o
waansh lnnnlugadl 1dun  caché amaaulugd XML feaaandn waznaad

4 9 Y a4
e, udludeyaiazaisTou

5.5.2 T‘N(g]flﬁ 2: Export

1

Tugadiu EXPORT asfminiudoyan1e 9 (Parameters) iivodslifulugai 3 Tav

a
]

Vv cv ) ¥ @ A

Joyansudmuioonitlu 3 daldun Source ldun Yoyaduma Fldazdosszynarandni

v 9 o

A A ) 1A =
mmmsuﬂm Llﬁxqﬂliﬂﬂﬂiﬂlﬂﬂﬂﬁ’lﬁﬂu 9 VNYAIUVDY, FIUNTDY Target "lﬂuﬂ hlﬂliﬂﬂﬂ’i‘ﬂ%&
4 v o o A 3 ci o ¥ v oA
Lf‘l‘i.l‘llﬂﬁ;{’ﬁﬂﬂ’ﬂﬂﬁ memrﬁumayamzmmammﬂaﬂmmsm, HAZaIUNTIY DB2 Connect

1éun ¥ogmdoya DB2 idesnsdnde, ¥odld uaysiaru (Fauaaslugili 5.8)

& Console Management =

Souce - | Maln Cache Defintion File | Browse
Directory for related input file(s) li‘
Target Directory to save output file

File nama for DB2 Seript

DB2 Connect | Database connection name I

User name

Password l

A 1 o
s 5. 6 daumssudoya
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5.5.3 iu@aﬁ 3: Analyze

: VW 2y v Ju v " & e d
M3 Analyze iudaumsedeyai1dnnTugad 2 Tasdoyamaniu Sy Parameters
Py a s s 1 v
neglilszneunmsimaziuasulasiassads TaondamsudaseslditemInuama q 9n
= v da d o . &
Taseareiily XML uazudasna Taewadnianld ssfutiuiinl3ly DB2 Result File G99y
1114w Tugah 4 de 'l
qy 1 dy ' Ay ¥ 3 1 Ao Sl
nonnil Tudmil Tugasge1n Input Data File 718910 Caché Hanuaiisimuiumila
wazazainyadiduiiowiondmuad oD ldududaz ROW iflesnn DB2 wliFlHdug

o 1 3 A 1 ﬂ{ o ray
fIMUAA OID 18aNNATI FIUANAI99IN Caché 1 Caché vz 1al¥ios Taudhn Tuia
5.5.4 Tugnﬁ 4: Import
umsadilnssededoyalmivugmdoya B2 TasmsSonniesiiovss DB2 Fe

d'l 4 ] s [ . Q . . <
DB2CmdCtr Fuilunoeiiodm5umsiaunuy Interactive Taeth DB2 Script File 7 1dana1a

¥ '
naludau TYPE waz TABLE ld50udow waziSun SCRIPT MiwsonB3dwmsumsadis om 147

Maude

Comana Carmr. preracon Bom oo gien et ; :

L T B B Hom® gl Mm@ In & & D ; 4
LIS shebernentt 3 DBY CLF Comimands | y k

|1 Mg npminm fomimance

S e S T
i

U 5.7 M3i5un14 DB2CmdCtr 1io81M Script
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1 1 o 2 d‘ A
dadennilumsideyadh Tce szfunTdsunsy DB2cC (Waugmaluglit 5.10) 4

il Control Center #1131 DBA 91 Taveg 1 lumsihdeyadhg TABLE fiadhawen 13neu

¥ , ¥ N Y Sy o '
LR 1uﬁ’)uﬂ]'ﬂ&ﬂ151‘]ﬁ'\ﬂuE;li‘]ﬁlzG]'ENLﬁBﬂﬁ'I‘H‘Ui’]ﬂ,l“ﬂllﬂxﬂﬁ’l\?ﬂﬂﬂﬂﬂ'ﬁ“ﬂ'lﬂ'mﬂﬂu
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Abstract

Object Databases and object relational databases are
both widely used in industries. The major differences are
mainly the level of encapsulation and the language supported
by individual DBMSs. Object databases are fully encapsulated
and allowed only the use of methods to communicate with the
objects. Object relational database, on the other hand allows
the use of object-oriented SQL on open attributes. Both
databases support the use of reference pointers and subtype
hierarchies.

Major software tools such as information warehouse
software are now available commercially in the form of object
relational representation. The purpose of this research project
is to transform production-level systems on object database to
object relational information warehouses.

Keyword: Object database, Object relational database,
database transformation

1. Introduction.
At present, several models of databases are used in the

industries. There could be several database management
system products operate on different hardware and operating

system platforms. During the last decade, most databases are
relational and the transfer of data between relational products
is a trivial activity. Recently, objects and object relational
DBMSs become more common. Major DBMS vendors move
towards the object relational model [1]. The ORDB seemed
like a smooth transition towards pure OODB at the beginning
but nowadays it looks like they are here to stay. Object
relational databases have some features in common with
object databases without the requirement to be encapsulated.
On the other hand, new DBMS vendors jump direct to the
OODB and new generation users greet them with joy. In an
organization, there could be a mixture of relational, object
relational and object databases. Since some DBMS products
have available software tools different from others, database
transformation is a good strategy to fully utilize these tools on
different databases.

This research project presents a transformation from
an object database to an object relational database. The source
system is an object database based on InterSystems Caché [5]
and the target system is an object relational database based on
IBM DB2 [3].

2. Object and Object Relational Databases.

' Graduate Student, Information Science, Faculty of Information Technology, King Mongkut’s Institute of Technology 1 adkrabang
* The Director of Computer Research and Service Center, King Mongkut’s Institute of Technology Ladkrabang and Associate Professor,

Department of Computer Engineering, Faculty of Engineering .



There are various database models which are supported
by commercial DBMSs. The most popular one is the
relational database model [11]. Object relational and object
databases are increasingly popular. In fact the object relational
database model is a superset of the relational database model.
The object features are introduced to existing relational
products. Some implementations are more relational than
object but some are more on the object side.

Basically, each data model is distinguished by the logical
data structure(s) that the model support and the language used
on the data structures. In the relational database model, the
only data structure is the relations. A relation is defined to be a
subset of the Cartesian product of domains. This abstract
notion of a relation is commonly represented by a flat table
with atomic data items. Each row represents a tuple of a
relation. Since tuples are members of a set, the rows that
represent them are unique and unsorted. The language that
works on such relations must be relational complete. A
relational complete language must be at least as powerful as
the relational algebra or the relational calculus. A popular
relational complete language is the Structured Query
Language (SQL).

The object database model follows the object paradigm.,
An object may have non-atomic attributes such as sets, lists,
bags, arrays and structures. Each object is uniquely identified
by an object identifier (OID) which is generated by the
DBMS. Reference attributes which point to other objects are
used instead of the traditional primary key foreign key
relationships. The most significant property of an object is that
all these attributes must be encapsulated. Users and programs
that use the objects cannot see the attributes. The only way to
which these objects are communicated is by calling the
methods. Methods are functions or procedures defined by the
object creators. Attributes and methods can be inherited down
subtype hierarchies. Polymorphism and multiple inheritances
are also supported. In summary, the data structure of an object
database is the encapsulated object and the language is- the
method calling. The programming language that is used to
implement the methods is product specific.

Information systems developed on object databases are
easy to be maintained. Business rules can be coded as parts of
methods. So, when such rules are changed, only the methods
need modifications not the application programs. The price we
paid for the ease of maintenance is the lack of ad hoc query
facilities that relational products enjoy. In SQL, one may issue
ad hoc queries on open attributes in the interactive SQL mode
as well as routine queries in the embedded mode. Using object
databases, since all attributes are encapsulated, the use of ad
hoc queries is not possible and only the method-calling
embedded mode is allowed.

Object relational databases try to fill the gap between
relational and object databases. The logical data structure is
objects without encapsulation. Attributes may not be atomic
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and can be referred to directly by application programs. Not
all products support all collection types namely set, bag, list
and array. Some ORDBMS only allows nested relations. The
use of object identifiers and reference pointers are commonly
supported but multiple inheritance is product specific. The
highlight of object relational database could be the support of
user defined data types which allows complex data types to be
conveniently implemented.

The object relational language is an SQL-like language
formerly known as Objeqt SQL. There are two popular
varieties: the Object Query Language (OQL) [7] and the SQL3
[7).[11].  The latter is more popular among commercial
DBMS and is considered a superset of SQL.

3. The Transformation Process

Most literatures concentrate in the transformation from
relational ~databases to object databases [6],[12],[14].
Interactive transformation tools that allowed users to
dynamically modify database structures are suggested [2],[8].
Data structure and query transformations from object
databases to relational databases are also discussed [4],[10]. It
has been mentioned that the object relational databases are not
only more suitable to handle complex objects than relational
databases but an object relational DBMS also support better
transaction processing facilities than a current object DBMS
[91,[13]. So far, no literatures described the transformation
from object to object relational databases are found. Our
transformation technique describes a general transformation
but the examples are the transformation from an InterSystems
Caché database to an IBM DB2 database. The transformation
is as follows:

®

1. An object class is transformed into a row type. Instances
of the class are transformed into either a table or a
collection depends on the type of the class.

e If the class is a persistent class then a table is created
for an extent (instances) of the class.

e If the class is an embedded class then the
corresponding type is a collection type of the row
type and no tables are created.

2. Object identifiers generated by the ODBMS are
transformed into user-generated object identifiers. In
some systems the user-generated OIDs can be generated
by the ORDBMS provided that the data definitions refer
to the system generated option.

3. Multiple inheritance if not supported by the ORDEBMS
requires the creation of attributes that appear in all the
parent classes which are not inherited.

4. Collection types (set, bag, list, and array) if not fully
supported by the ORDBMS need to be simulated. The
simulation of these types on an ORDBMS is product
specific.

5. Methods in an object database are transformed into
methods. The choice is product specific.



4. The Caché to DB2 Implementation.

As earlier mentioned, our source system is InterSystems
Caché ODBMS and our target system is DB2 ORDBMS. We
first obtained the source system details from the Caché system
catalog described in Caché Definition Language. An example
of the definition is shown in Figure 1.

i Class User.Person Extends (%Library. Persistent,
%Library.Populate) [ ClassType = persistent ]

{

Property Dogs As User.Dog [ Collection = array J;
Property Home As User.Address;

Property Name As %Library.String [ Required J;

;{/}ethod AgeGet() As %Library.Integer

{
I_-f‘"DOB=rHr quf‘ e
quit $h-..DOB\365.25

Figure 1 An Example of Caché Database Schema

Row Type
Create type ADDRESS T as

(city varchar(15),
zipcode varchar(5))
ref using integer mode db2sql;
create table ADDRESS of ADDRESS T
(ref is oid user generated);
Column Type
Create type PERSON T as
(name varchar(15),
surname varchar(15),
home ADDRESS_T)
ref using integer mode db2sql;
create table PERSON of PERSON_T
(ref is oid user generated);

Figure 2 shows the creation of a DB2 row type
ADDRESS_T which is used as a type of the attribute
My ADDRESS of the row type PERSON TYPE. The type
PERSON_TYPE is transformed from a class in Caché
database and the corresponding extent of the class is
transformed into the table PERSON

Figure 2 The implementation of Caché classes in DB2 row
types and tables

An object identifier (OID) in Caché is system generated
but the DB2 OID is user generated. The function
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GenerateUnique() in DB2 provides the same functionality
within a table.

Caché supports multiple inheritance but DB2 only allows
single ones. New attributes copied from the non-inherited
parents have to be added to the subtypes.

DB2 only supports composite attributes and not
collections. Caché collection types have to be simulated.

A table is created to handle each such type. The table
comprises 3 columns. Each row is a triplet (OID,
IDENTIFIER_ITEM, <ATTRIBUTE_NAME>). An example
of this implementation technique is shown in Figure 3.

Ny

OID | PROJECT NAME | STATUS

10 Personal H

L E-Commerce Cc

PARENT OID | IDENTIFIER ITEM | STAFF
10 1 Claudia
10 Tom
12 Bobby
12 Cindy
12 Greg

w|n =

Figure 3 The simulation of a Caché Collection Type using a
DB2 Table

There is another possible implementation of collection
types in DB2. The collection attribute can be implemented as a
DB2 Character Large Object Binary (CLOB) attribute. A user-
defined function is implemented to extract each item from the
attribute. Figure 4 shows this implementation approach for the
same collection type of Figure 3.

2N

oD PROJECT NAME | SPAFF STATUS

10 Personal 1:Claudia,2:Tom H
|

12 E-Commerce < 1:Bobby,2:Cindy,3:Greg ) C

Figure 4 The Simulation of a Caché Collection Type using
DB2 CLOB data type

There are two types of methods in Caché namely the class
methods and the instance methods. Both of them can be
transformed into DB2 methods.

The Caché Query facility can be transformed into
corresponding DB2 method.



There are two types of Large Object Binary (LOB) in
Caché namely the Character Stream for mass data collections
and the Binary Stream for binary data collections such as
images and sound. The first one can be transformed into DB2
CLOB and the second one to BLOB.

Person
_(from User)
oﬁge %lerary Integern
& Colours : %Library. S:nng ="
©DOB : %Library.Date =™
oHeight : %Library. Numeric ="
©HeightinCm : %Library.Integer ="
oName : %Library.String =™
oPhone : %Library.String =™
oPicture : %Library.Stream ="
&SSN : %Library.String ="
oSex: %Library.String =™
o TotalBill : User.DtCurrency ="

7 <
+Persgn! Zf“ 0..1*Spouse

AN

b
N

+!7H|5tdry
/ o L I
EHlstory |
(f;om User)

oCorrlpany %lerary Strlng =" |
oFromDate : %Library.Date =
JobDescription : %Library.Stream ="
oSalary : User.DtCurrency = ™' ‘
oToDate : %Library.Date =" ‘
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Both systems support the use of indexes and the

transformation is straight forwarded.

Addmss
3 (1rom User)
) oClty %LnbraryStnng =
oState : %lerary Smng = |

+Dogs Dog

(from User} } .
oDogBreed %leraryStrlng—
oDogName : %Library.String =
©DogPicture : %Library.Stream ="

* Figure 5 Personal Information System Class Diagram

create type DOG_T as (DogBreed varchar(15), DogName varchar(15),DogPicture blob)

ref using integer mode db2sq;

create type ADDRESS_T as(City varchar(15), State varchar(15), Street varchar(15),Zip varchar(5))

ref using integer mode db2sql;

create type EHISTORY _T as (Company varchar(20),FromDate date,JobDescription clob,

Salary double, ToDate date)
ref using integer mode db2sq];

create type PERSON_T as (Age integer, Colours varchar(10),DOB date,Name varchar(25)
Height double, HeightInCm double, ,Phone varchar(20),
Picture BLOB, SSN varchar(10), Sex varchar(l)

Spouse PERSON T,
Home ADDRESS T,
Ehistory EHISTORY T,
Dogs DOG T)

ref using integer mode db2sql;

Create table dog of DOG_T (ref is oid user generated);

Create table ehistory of EHISTORY _T (ref is oid user generated);

Create table person of PERSON_T (ref is oid user generated);

Figure 6 DB2 row type and table definitions



Figure 5 shows a Caché class diagram which is our
source schema. The corresponding DB2 row type and table
definitions are shown in Figure 6.

5. Conclusions.

This research project presents the transformation from an
object database to a corresponding object relational database.
The prime motivation is to allow the data to be transfer
among DBMSs of different data models in organizations
where multiple data models are employed. A transformation
procedure is proposed. An interactive software tool that
transforms a Caché object database into a DB2 object
relational database was developed. The transformation speed
depends on the size of the schemas and not on the size of the
database.
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« CONTACT IEEE_

(3:00pm - 4:30pm)

Session 1A.1 - Hanover (North)

REMOTE DATA ACQUISITION, CONTROL AND
ANALYSIS USING LabVIEW FRONT PANEL AND
REAL-TIME ENGINE

N. Swain, J. Anderson, A. Singh, M. Swain,
M. Fulton, J. Garrett, O. Tucker

School of Engineering Technology & Sciences
South Carolina State University

Session 1A.2 - Hanover (North)

OPEN-SOURCE SOFTWARE COMPONENTS FOR REAL
-TIME LINUX TESTS AND EVALUATION WITH A
MOBILE ROBOT APPLICATION

M. Silly, T. Garcia, C. Plot
University of Nantes, France

Session 1A.3 - Hanover (North)

K-MEANS AND ITERATIVE THRESHOLD SELECTION
ALGORITHMS IN IMAGE SEGMENTATION

Chih-Cheng Hung
School of Computing and Software Engineering Southern
Polytechnic State University, Marietta, GA

Glynn Germany
Center for Space and Plasma Research
University of Alabama

Session 1A.4 - Hanover (North)

A TRANSFORMATION FROM AN OBJECT DATABASE
10 AN OBJECT RELATIONAL DATABASE

K. Niyomthum

Information Science, Faculty of Information Technology
King Mongkut' Institute of Technology

Bangkok

S. Chittayasothorn

Faculty of Engineering

King Mongkut' Institute of Technology
Bangkok, Thailand
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