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A Unified Design Methodology using UML
for XML Applications based on OODB

Sung-yoon Bang” - Mun-young Choi** - Kyung-soo Joo™*

Abstract

Nowadays an information exchange on XML such as B2B electronic commerce is spreading. Therefore
the systematic and stable management mechanism for storing the exchanged information is needed. For
this goal there are many research activities for connection between XML application and relational database.
But because XML data have hierarchical structures and relational database can store only flat-structured
data, we need to store XML data in object-oriented database that support hierarchical structure. Accordingly
the modeling methodology for storing XML data in object-oriented database 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 need
to develop efficiently XML applications.

In this paper, we propose a unified design methodology for XML applications based on object- oriented
database using UML. To this goal, first we introduce a XML modeling methodology to design W3C XML
schema using UML and second we propose data modeling methodology for object-oriented database schema
to store efficiently XML data in object-oriented databases.
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Order Delivery Notice
Publication Month : date Publicvation Month : date
Quantity int Quantity :int
Required Delivery date : data Expected Arrival Date . date
Date Shipped : date
1.1 f 1.1
1.1 E<<Response to>> 1.1
Distributor E Shipping Agent
'
Order Receipt
Quantity int
Expected Delivery Date : date
Amount Billed : double
Status : string
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Notice Shipping Agent 1.1 A ARG FANE 71E8obsh
Expected Arrival Date 1.1 23 e ZAIAE I Eslord
Publication Month 1.1 =g 2% 95 Jlesiolst




A9E Als

AAAE olguo)x 7ite XML §-4-5 A%, UMLE o] &3 B3 44 e 89

#L e WA 2Ya a8
T MBE-AXE & S0 AFgrh
(28 3-3)& ‘Order’ 283 ‘Order Receipt’
ol BAARAA A7 BAE 2t dvtsid
‘Order Receipt's ‘Order’ Aol &3l 7]
g Zolrt, o] AL ¥ AAAY ¢ vk 2 of
= AY3E9 wako] ‘Order7} &LASHH ‘Ord-
er Receipt'7l £A43}7 ] Fo|t}, 28Xl (1
g 3-3)2 J ﬁﬁ%ﬂ% WA gx 27 A
R Foste ARFE 2 ARET F
43 ANE 49 ?'?_‘4 el dHE =A
3] 87] M E A A7t dasty FEA
ol th AAS9 HYE <FE 3-1>7% 23]
2y z}e) A A (‘Order, ‘Order Receipt, ‘Delive-
ry Notice)ell g &4, AMd<r, BAAEL <E
3-2>¢} 2t}
4. W3C XML Schema2| ZHAIM

W3C XML Schemav oA = E&371 213
2 AEolA e, 2 &2 uAA F& Aot
Schema?] E7|H-& AXT HAvict g
G221 AR dlojE 2 R 6kE Jg X
T, 3 AA XML 722 Hol e A&
&3 oItH18].

4

A4 Ede AnRLolN AA S0 Bae
o 1A fREY, WY, 44, ADY BAY
& 2ot o BAKES 217 XML Schemas

A EEE 5 ATH3L

4.1 SE2A

Egd#AE 71 ol&ishy] #8 @AM
olAL 3lute &7|(Container)sto] 3 A9
DEFHS Dt XMLAA o)AL E g

9 element A4 3 wIIIRAZ element £E
attributeg F9J3te Aoz wgst

42 ¥

el

A

EdrgAe a2 4 7iHE AE
&, element® EFsl= BFAAIY o
THHoz EAste AAE BT

FEBAE 23 H2A(Types)ol A& &ch.
XML SchemadA A&3zE w)$- Zhdsit
I & £ 3tk XML Schemad] 2719 7183
9] E2o] gled oA simple typed com-
plex typee]t}. 22 X% hybrid complex type
2 simple type L. 2RE] A&ttt

ATdAE 2709 BA £E £4E0) A
3o AEE XA, ol 27K FEES F
FEE XML instance documentltd] H3E A
Adeke Aol Zhesttt. olAL HABAAA R
T Y% FHE Age dYd gEEY B
8141 key/keyref€ pair2 AAgs|A A2 gt

fu
A oy

5 XML ZH&

XML ol&z]A ool 71&o] s+ XML
AA AAAAM HH9 Schema’t H=
E 37] 93M EEAA BEoly £35S =
T RS T

Schema

51 XML SchemaE #I&H XML 223

38 A ANY UML 2H223E W3C
XML Schema® £&37] 3te] ojeiel 34
£¢ AHSREH3]



90 JOURNAL OF INFORMATION TECHNOLOGY APPLICATIONS & MANAGEMENT

@D empty elements =+ empty attributesE )
3 g o ol 28] oE FE ZEA
EE go] EAA geA E 79 sUE
B3] & Y element7t ¥4 o)W min-
Occurs = “1”, attribute’} 42 o] use=
“required’2 AAZ T3 2 Fho] mAH L
= empty EAE S QAE. 2 9 cleme-
nt! A% minOccurs = “0”, attribute! 7%
use = “optional”’& A& g

©@ whitespacex instance documentd Z7]E&
aA ¢ 5 e 2 AF Fd 2717 A
AL B3 8l7] 943 XML instance do-
cumentS -T—"‘_‘B‘ T oA EgAlAo] 353-"?:1’
E3 gurr oz AN ofEAolM
dlelH :rlf"é«] 710 #3ted ozt Zﬂ
S 7H. 2%7] dEd A d=EEe
Holg ]‘?_' £3] keysd 4§ diFE
dolHHe]25e =g AT A4
Jzste 2718 A

® EA Ay 237 g A A S base
types(string, decimal, integer)E& o]-&3}o
&4 79 dol" A& AART.

@ element =& attributegtd] FLFS el
W7} 913 unique elementE A}-&3h

® documentoll A 2709] locationg& & #HAF)7]
A8l key/keyref elementS AM&-3F.

® Y Schema’t 2 2§ 253= Pys A}
£3lo] @ FYUZ sectionsE o] FAA.
ol F437 Y& FdsA HEsn &
Mol HAd=Z o] 53 sections?] Schema T
g ALH elementE ZHA &S, simple
type& 9, complex typeA 2, ZE5HAE B
F Xy e GYs M 4 3, 1
E¢& #dH blocke® £ 7153

@ namespaceE ©1t]A WA 3= instance do-
cument| A& 1™ element &% A 71F

i
fo ot

\

¢

3. a8l 2 1 location®| A 3 2 ele-
ments®) number$} namespaceE I Yo] X
e, AMZE namespace| A element?] ©]
& £939 &7 A3 element ref="“-"
element® <3

T element =& attribute’t A3 224
o2 EAEA ol oFAolaL &
tH(default value)o] EAEE ZA 753

EE attributed Ao A de-
fault attributeAt822 A% 7158

©® instance documento| A =% (derived type)
o] A&HE AL WA8t7] Y8l Schema el-
ement®ll blockDefault = “#all” attribute® X
AR,

@ @A Schemadlr AP RoZRE ojd
N2E YA FEHE RS BA87] A
Schema elementell finalDefault = “#all” at-
tributeg X EAIZ. °o|AL blockDefault®
o ARG A =AY,

AL element =

52 XML 2HE2le| o

(29 3-3)9lA ‘Order’ A} ‘Distributor’
AAE #AZAA JAFHAY o] &
‘Order’ A7} ‘Distributor' & 2t glojof 3o
mpekA ‘DistributorZe] thEA grel 1.leojzt
= AL HoF 3 gt} vt ‘Order’ 2A19) o}
4 #el 1.1 AL FEo %) A Dis-
trbutor' 7t EAE F USFE ujgd. o|&
XML 2d¥ & 37] ¥8iA= XML Schemas
A% XML 228 %y O £ 283}
XML SchemaZ 293 3t (29 5-1)3 Zth

(Z® 5-1)1A ‘Order’ A= 3702 A A4
st 1708l F2AAE 7ML ok &3 ‘Order
AR 2= Distributor HAle A2H
A& ztn YA F2HWA ‘Order Receipt’ A<}

i)



BAAE wolgol 2 7ol XML $8-¢ A%, UMLE o183 5% 44 Wiig

“

91

<element name = “Order">
<complexType>
<sequence>
<element name = “Publication Month” type = “date” minOccurs = “1” maxOccurs = “1"/>
<element name = “Quantity” type = “int” minOccurs = “1” maxQccurs = “1”/>
<element name = “Required Delivery Date” type = “date” minOccurs = “1’maxOccurs = “17/>

<element REF = “Distributor”
</sequence>
</complexType>
</element>

<element name = “Distributor”>
<complexType>

</complexType>
</element>

<attribute name = “Distributor” type = “ID” use = “required”/>

(32! 5-1) Order 2| XML Schema 222

ABJAR At typesIDE HA3}F3L ‘Order
A A GrEA] 7]&dfof gt <E 3-2>0|
2 3) A use = required® AA3}7) YA A attri-
buteZ % st}

(¥ 3-3)°)A ‘Delivery Notice' )¢} ‘Shi-
pping Agent’ e BAA A HEAA oo
o] 2lu]= ‘Delivery Notice' ZAA 7} ‘Shipping

Agent’ AAE k3 gloJof 3} ‘Delivery No-
tice’” AAe] &Aool wekr ‘Shipping A-
gent’ A7} 248 £ U o] XML B2
L 317] Y8l E XML SchemaZs 9% XML
z2d8 Y O @F H-83t9 XML Schema
2 5224 s (g 5-2¢% 24

(29 5-2)lA ‘Delivery Notice’ A A= 47

<element name = “Delivery Notice”>
<complexType>
<sequence>

<element name = “Publication Month” type = “data” minOccurs = “1” maxOccurs = “1°/>
<element name = “Quantity” type = “int” minOccurs = “1" maxOccurs = “1”/>
<element name = “Expected Arrival Date” type = “date” minOccurs = “1” maxQccurs = “1"/>

<element name = “Date Shipped” type = “date”minQccurs = “1” maxQccurs = “1"/>
<element REF = “Shipping Agent”

</sequence>
</complexType>
</element>

<element name = “Shipping Agent”>
<complexType>
<attribute name = “Shipping Agent” type = “string” use = “required”/>
</complexType>
</element>

(32! 5-2) Delivery NoticeZd{2| XML Schema 242
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<element name = “Order Receipt™>
<complexType>
<sequence>

</sequence>
</complexType>
</element>

<element name = “Quantity” type = “int"/>

<element name = “Expected Delivery Date” type = “IDREF"/>
<element name = “Amounted Billed” type = “double”/>
<element name = “Status” type = “string”/>

(32! 5-3) Order Receipt Z¢Ai2l XML Schema 22

o AAAA Y} 149 FEAAE 7R3 Ut
T3 ‘Delivery Notice' Ao A Fz3}= ‘Shi-
pping Agent’ AA < AAAAE 2 YA &
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= 4709 AAAAE TSI Jlom o]F
A ‘Expected Delivery Date’ AAE ‘Order 7
Ale] Distributor’ &8 7 #ALGE A

<element name = “Order Receipt”>
<keyref refer = “OrderID” name = “dummy”
<selector xpath = “Order Receipt”/>
<filed xpath = “Expected Delivery Date”/>
</keyref>
</element>

<element name = “Order”
<key name = “OrderID">
<selector xpath = “Order”/>
<filed xpath = “Distributor”/>
</key>
</element>
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6.3 OODB 7|0} ¥ gt of

(1) (29 3-3)7 <X 3-1>% <F 3-2>9
9} 3t ‘Distributor’ AAE ‘Order’ A< H
Alelw o] & OODB ¥# wy @ sy (2
4 6-1)9] ‘Distributor’ Elo| &2 W}

Class Distributor{extent Distributors) {
attribute String Distributor ;
relationship Order ;

s

(32! 6-1) Distributor Ef01E

(2) (28 3-3)7 <E 2-1>% <FE 2-2>9
9] 8l ‘Shipping Agent’ 24|+ ‘Delivery Notice'
MA} FgdAelH o] OODB HIH @
o oaiA (23 6-2)9 ‘Shipping Agent’ ©l¢]
B2 ¥ggr

Class Shipping Agent(extent Shipping Agents) {
attribute String Shipping Agent ;

relationship Delivery Notice ;

b

(32! 6-2) Shipping Agent EHIOIZ
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(3) (ZE 3-3)7 <HE 2-1>2 <HE 2-2>9
2] & ‘Delivery Notice’” 2242} ‘Shipping Agent’
AR e sy ME AA Aotk O0ODB ¥
Yy @ @A g3A (28 6-3)9] Deli-
very Notice' Ho|EZ #2git}

Class Delivery Notice(extent Delivery Notices) {
attribute Date Publication Month ;

attribute Int Quantity ;

attribute Date Expected Arrival Date ;
attribute Date Date Shipped ;

relationship Shipping Agent ;

b

(233 6-3) Delivery Notice Ejo|g

4) (28 3-3)7 <F 2-1>% <F 2-2>9]
98 ‘Order’ 2419} Distributor’ A= 32
A8 AA#A oty OODB ¥y @9 @l
A& (28 6-4)9 ‘Order’ Hlo|E 2 W33ic)

Class Order (extent Orders) {
relationship Distributor ;
attribute Date Publication Month ;
attribute Int Quantity ;
attribute Date Required Delivery Date ;

relationship Order Receipt ;
};

(32! 6-4) Order Efol2

Class Order Receipt(extent Order Receipts) {
attribute Int Quantity ;
attribute Date Expected Delivery Date ;
attribute Double Amount Billed ;
attribute String Status ;
relationship Order ;

} 14

(22! 6-5) Order Receipt E0lE

B (28 3)FY <E D>Z <F 229 93
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olt}. OODB ®#dy @3 @l osiA (28
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