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Object-Relational Database Applications
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ABSTRACT

Nowadays the information exchange based on XML such as B2B electronic commerce is spreading.
Therefore a systematic and stable management mechanism for storing the exchanged information is
needed. For this goal there are many research activities for centering on relational databases the
connection between XML application and databases. But when XML data which has hierarchical structure
is stored as relational databases which are expressed as relational information, a set of 2-dimensional
table, there is a limitation essentially. Accordingly the modeling methodology for storing such structured
information in the form of object-relational databases is needed. In order to build good quality application
systems, modeling is an important first step. In 1997, the OMG adopted the UML as its standard modeling
language. Since industry has warmly embraced UML, its popularity should become more important in
the future. So a design methodology based on UML is needed to develop efficient XML applications.
In this paper, we propose a unified design methodology for XML applications based on object-relational
database using UML. To reach these goals, first we propose a systematic three step methodology to
extract UML, second we introduce a XML modeling methodology to design W3C XML schema using
UML and third we propose a data modeling methodology for object-relational database schema to store
exchanging XML data efficiently.
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E 1. UMLZt XML Schema(1)

# 2. UMLZ} XML Schema(2)

Anenum : (vall [val2|val3)
Required : CDATA

<enumeration value="val2/>
<enumeration vale="val3/>
</simpleType>
<attribute>
<attribute name="equired’
type='string’ use="required/>
<feomplexType>
<felement>

af1} /

\ c{s}

<<DTDElementEMPTY>>
a

<<DTDElementEMPTY>>
c

UML +#% XML Schema UML +*z& XML Schema
<<DTDElementPCDATA>> <element name='s3> <<OTDEiement> Cement e ontat>
pedata <complexType content="textOnly’> content element name="conten
<JeomplexType> <com131exType '
<element> \I/ contencare | content=elementOnly >
<<DTDSequenceGioup>> <sequence>
<element name="any> (o comant) <clement ref='a/>
<complexType> . / \| oo <element ref=b/>
<any minOccurs="0’ <fequence>
<<DTDElementANY>> maxOccurs="unbounded’ <<OTD I TY>>| <<DTD Iy Y>> </COIT1D]€XTYD€>
any processContents="skip/> </dement>
<anvAttribute
processContents='skip/>
Zzﬁ:;pelsg e <<DTCDOEnl§,mme s <element name=content>
<complexType
<<DTDElementEMPTY>> element name="empty > \I/ e conl<en}§=‘ele>ment()n]y>
empty <complexType content="empty”> Rgisier i e
<feomplexType> (from content) <element ref= a/>
<Jelement> / \ . <clement ref=/>
: <choice>
<element name:‘emp[y'> <<DTDE!Em:mEMPTY>> <<DTDE\embemEMF'TV>> </COI11{)1€XTYD€>
<complexType content="textOnly’> <felement>
<attribute name="notrequired’
type='string />
<attribute name="avalue <<DTDElement> <clement name="content’>
type='string’ content <complexType
<<DTDElementPCDATA>> use=fixed vale="fixedval/> content=kmen tOnly'>
sub2 < . = N \|/ Content_grt
attribute name="anenum> <squence>
Notrequired : CDATA <simpleType base="NMTOKEN> CCDTDSeavencatioup>> Selement ref="2
Avalue : CDATA=fixedval <enumeration value="vall’/> (from content) minQceurs=0/>

<clement ref=b’
maxOccurs= unbounded />
<element ref='c

12156

mindcours=1)
bl2} maxOocurs= mbounded/>
<<DTDElementEMPTY>> <fsequence>
° <eomplexType>
<Jelement>

<sequence>
<element name=‘a’>

</element>

</sequence>

</complexType>
</element>

<element name =‘content’
<elementType content =‘elementOnly’>

<complexType content =‘elementOnly’>
... .</complexType>

gHAEE O @F A 83y ¥ 13 % 28 AHE
3}o] XML Schema® 298 3@ 19 129 o)

19 10014 “Employee” A 9} “ContactInfo-
rmation”, “PersonalRecord” A& BAAFANA

g #Aelw o

vl

“Employee” A7}

“ContactInformation”, “PersonalRecord” 24| & z¢
3L )ofof 8} “Employee” 24 A 9] &) of Feof| wt
2} “ContactInformation”, “PersonalRecord” 74 # 7}
EAE 4 At o] XML 2d ¥ & 3] gale
% 113 UML 719+9) XML 22 8-S $)3F fgf
2 O34 @ HL3y X 19 % 28 783t XML
SchemaZ® 2R3 stH 13 133 2t

1% 1394 “Employee” ZAA) &= 3708 =141 A )
9ok Fx AAE 7R 9ok =3 “Employee”
7 3| o] A 2z “ContactInfor-mation”,
“PersonalRecord” A A= A4 AAE 2t1 YA &

2 A “Employee” Aol A ¥k=A] 7)&3) o} sl
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<element name="Company” type="Company”>
<complexType name="Company”>
<sequence> .
<element name="CompanylD” type="Int"/>
<element name="department” minOccurs="1"/>
<element name="Office” minOccurs="1"/>
<complexType>
<element REF="Department”/>
<element REF="Office”/>
</complexType>
</sequence>
</complexType>
</element>
<element name="Department” type="Department”>
<complexType name="Department”>
<element name="DepartmentID” type=“Int" use=
“required”/>
<element name="name” type="String” use="required”/>
</complexType>
</element>
<element name="Office” type="Office”>
<complexType name="Office”>
<element name="OfficelD” type="Int" use="required”/>
<element name="Address” type="String” use= “required”/>
</complexType>
</element>

2] 12. Company Z§#|e] XML Schema2 22!

<element name="Employee” type="Employee”>
<complexType name="Employee”>
<sequence>
<element name="name” type="String” minOccurs="1"/>
<element name="employeeID” type="int” minOccurs="1"/>
<element name="title" type="String” minOccurs="1"/>
<complexType>
<element REF="ContactInformation”/>
<element REF="PersonalRecord”/>
</complexType>
</sequence>
</complex Type>
</element>
<element name="ContactInformation”>
<complex Type>
<element name="address” type="string” use="required”/>
</complexType>
</element>
<element name="PersonalRecord”>
<complexType>
<element name="JuminID” type=“string” use="required”/>
</complexType>
</element>

12 13. EmployeediAie] XML Schema &2

2 use="required” & 2 A 3} 7] ¥ A attribute= 3
o3t o}
5.2 Hiojef 22

o] A& UML E & tho] o] 14 & A}8-5}

AR -FAF el oleulo] 2
&g Attt

27)at2 A7) 94

521 UML 2204 A4 BAE dolgu o]z
27)vtze] WA

3% 109] UML S8 45 o] £3 dojg 2d3
#ge] tlololayL a7 149 2}

Y 1494 AA-FAF wlojEE o] 27w}
5L 9% voly Zdyge W WHe g9
WS ALES

© AA FY2E FEaE AA B9e A4,
Holda AZste] Bl e 174w o4 A Ho|
2o A 227t HES T

@ A2 BYe AHeA Aol Bl AY, 4
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220l AA $4E AR BANA ) &

m[o
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44,

@ ol HolEoly AX == EF E}%}Oi
HEy S AR &4 e9)E AA gY &

EF Q.

® AR £Ao] NULLAYGZZAS 7FAE NOT
NULL #AdzAx 713,
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ULT#E 3743
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@ Ztzre] a3 Atz A S 98 CHECKE 4
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@ ZAFsi=d YA Zhe] 0.1, 1.1 HEE 9
g ZAZ golBdA Y7 AF S AT IR
o AR EojY A S AT 1 A2 el A &4
o7 AAE AU Yt AA etdol F2E
AME e OS5dA AAE Y3 Fx vigE
AR E AA57] 95t AA ol F2E AMEE

@ AT HolEd A7 E 71 g5 JAZE 9
3 71 BEIE B, VRIE g BE S F18
o, "ol <ol A 1 HEF-& A8} & AA e
S AL 3 9d AAE A AA £4 T
AHA-E F39 wjdolyd FH dolEE A8

@ V5§ Zol o]F3siA He o7 A7 FHaE

® AN E ALE-5te] Aol U8 EH29) A
N : N Zge B4 eolE&g 44T

® N:N ZgoM 98 HojE o 7|2 HEH 7|&
7], lH e At 2H1E AT

@ AA FAx9 Ad 8-S A3 AA gD
Hasd A4

UNIQUE A ¢}z 710

522 dolg muael o
a8 109 “Company” A& = 219 149 ORDB
W3l vy @, @M FAe wet “Company_t” 7

SQL> CREATE TYPE Company_t AS OBJECT (
CompanylD Int,
Department Department_t,
Office Office_t );

SQL> CREATE TABLE Company OF Company_t;

12 15. Company Hlo|&

SQL> CREATE TYPE Employee_t AS OBJECT (

EmployeelD Int,

Name string,

title string,
Department Department_t,

ContactInformation  ContactInformation_t,
PersonalRecord PersonalRecord_t );
SQL> CREATE TABLE Employee OF Employee_t

13 16. Employee E[o[&

A 8y £4¢ A3E “Company” HolEZ 14
15¢} Zo] WggE}

18 109 “Employee” &= 13 149 ORDB
HE WY @), @9 AR el “Employee_t” 2 A
Y] &4S AAst= “Employee” Blo] E2 1§ 16
¥ o] ®WEHU  “Contactlnformation_t”,
“PersonalRecord_t” 2d B}4& XL ¥t}

6.2 E
#A UMLS AA R ’\léﬁl A A XE

Zel W E 02 OMGY $°9
(UML eXchange Format)A Z7Zo g UML 2 £
tlolol 134-& g3l B2 Fobof HEE & UA
Ak
FH, XMLE o] 71F A|2"7e] #A4 2§S 9
3 g sg e, SGMLY dd-& FE3a g4
I FAM 9 F2EHJ XHe] BrhEe HTMLY &3
S BOE A2 ARl EFo2 Ao} 7t
Atk B&o] XMLE ok Heo] FAgte thek
A md ol 7t A stolHE AE J%
2 B Y e 26 JHE et Alg3le
EAQL AR Yok =3 BA9] AAEA o] Hel
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& H4A AR #AE £ 30 Aol
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