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Abstract As XML has become an emerging standard for information exchange on the World Wide
Web it has gained attention in database communities to extract information from XML seen as a
database model. Recently, many researchers have addressed the problem of storing XML data and
processing XML queries using traditional database engines. Here, most of them have used relational
database systems. In this paper, we show that OODBSs can be another solution. Our technique
generates an OODB schema from DTDs and processes XML queries. Especially, we show that the
semi-structural part of XML data can be represented by the ‘inheritance’ and that this can be used

to improve query processing.
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<IELEMENT person (name, address, vehiclex,
(schoollcompany))>

<IELEMENT name (firstname?, lastname)>
<IELEMENT firstname (#PCDATA)>

<!ELEMENT lastname (#PCDATA)>

<!ELEMENT address (#PCDATA)>

<!ELEMENT vehicle (model, company, gear?)>
<IELEMENT model (#PCDATA)>

<IELEMENT gear (#PCDATA)>

<!ELEMENT school (name, baseball-team?, person+,url?)>
<!IATTLIST school name CDATA #REQUIRED>
<IELEMENT baseball-team (#PCDATA)>
<IELEMENT url (#PCDATA)>

<IELEMENT company (name, person+, url?)>
<IATTLIST company name CDATA #REQUIRED>
<!ELEMENT alumni (name, year, school)>
<!ATTLIST alumni name CDATA #REQUIRED>
<IELEMENT year (#PCDATA)>

class Person public type tuple(name:Name, address:Address,
vehiclelist(Vehicle),union(school:School ,company:Company))

class School public type tuple(name:string,
baseball-team:Baseball-team,person:list(Person),url:Url)

class Company public type tuple(name'string,personlist(Person),
url:Url)

class Vehicle public type tuple(model:Model,company:Company,
gear:Gear)

class Alumni public type tuple(name:string,year:Year
school'School)

class Name public type tuplelfirstnameFirstname lastname:
Lastname)

class Firstname inherit Text

class Lastname inherit Text

class Address inherit Text

class Baseball team inherit Text

class Url inherit Text

class Model inherit Text

class Gear inherit Text

class Year inherit Text
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class Person public type tuple(name.firstname'string,
name.lastname:string,address:string,vehicle: ist(Vehicle),
union{school:School,company:Company))

class School public type tuple(name:string,
baseball-team:string,person:list(Person).url: Url)

class Alumni public type tuple(name:string,
year:String,school:School)

class Company public type tuple(name:string,person:list(Person),
url:UrD

class Url inherit Text

class Vehicle public type tuple(model:string,company:Company,
gearstring)
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23&EZ 1 DTD LEREY] 74

4 B8 7Y r=n P,
&9: eEvlg M,

if r=a(asX) then
a9 29 o] 2EvlE} M A
return M;

else if »=rlr, then

—
@

procedure Make_DTD_Automata(regular expression r)

M,=(Q,,2,,01,4q,;,F)Make DTD_Automata( )
M;=(Q3, 29, 63,99, Fs)—Make_ DTD_Automata( 7 ,);
2EFE M\ I M,ERE ARE QErE

M=(Q,~(a}UQ:~ {42}, = U 0.8 [q1.4:], F |\ UF) =

A4, olm o0& te3 2ol Fod

1. &g, a)=8,(q.a) for ¢=Q,—{q,} and asX |,
2.0q,a)=82(q, @) for q=Q,—{q,) and acX,,
3.8lg1,0:),@=26{q,,a) where ac¥ |,

4. 8[g,,921,a)=06Lq2, @) where ac )y

1. else { ¥=r1, 75}

12: Mi=(Q1,21,8,,q,, F)—Make_DTD_Automata( »);
13 My=(Q4,2 9, 81, g9, Fy)—Make_DTD_Automata( #5);

14: M9 28 el F1& f1,fs,..
M3 M,23E Azg QErE

L fa(m=1)0l2} 314l 2 Evlet

M:=(Q,—F UQ,~lad\U[F1,q:1.1Fon o], . [ Fn a2 US 2, 8,61, F5)

g A4, ol se vkt o] Fod

1.8g.a)=61(q.a) for a=Q:—F\,8(q, &) *f (where |1<k<m),and a=3,,
2.8q,a)=082(q,a) for g=Q,—{q,} and aeX,,
3. [ fe.asl.a)=35gs.a) for all where k=1,2,..., m) and ae¥ 5,
4.8a s, a)=Ffu q-)for all g which satisfies

8:1(qg s a)=Ff(where 1 <k<m) and a=Z ;

15: end if
16: return M;
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e
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.t =r
crx = da= 1l L 39l 9JEked)
1?7 = 1 el

Al 1 29 1914 personol 3 FE-LS (person:
(name, address, vehicle*, (schoollcompany))& ZFA4+
stelsl gkslE Awdle #HeEd
address, (vehicle| ade ), (schoollcompany)))7} €t

o] gglg AHf2joz ¥y DTD 2LEvEE oo
2o wge = A% DTDY Z daUE (niPi)el
st} Piol @3lE Z7Ae HE% AHAE (niPi’)ol

O W BN

(person: (name,

2+ 8, A2 A4 niPi'Vel Wstd QEREL AIS
dueE 1o wtA AAZT J714 AAEZ L EnE
€ 4 AYUEE I FZe] 7iAe JEYHEY gt
FRINEE 220 QErlEE 93 J)Ze [16]8 o
2549 LErERE 5719 8L JiXE M=(Q, X, §
a0, o2 Jehlzzn 2+ P2 e t}eg ojmct

© Q FEA] Ael(state)o] IFE vrebdch

< 0 gEle 913 gulw oriME DTDY) Ue
v deEjdEe] ol g UERAL

+ Qo qoEQE TEete N AEl(start state)®
i gich

+ F: FEQE 9&Ese 28 AE(final state)?] 3

1) niPi’® ni, Pi’® o] Z3FHconcatenation)& ERATEH
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& ot
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AE 1 4nF 14 3] WAPEs LEvte ME
g EA5tn, Mo] welEole d9E LMozt 8
o, & A rol Yehle dolE L(nolztz shd
L(M)=L(r)o]c}.

e A,

A 2 %9 personol] Wit DTDA ¢hsld A4
< FE3 FHA (person:
«d), (schoollcompany)))ell thsld FmEE
31 1% 63

Start—» 2

a9 5 r=a B

(name, address, (vehiclel

& 3

school

company

3% 6 DTD SL.Enrle}

322 DTD LEvtels o8¢ DTD deiE9 7
DTD LEvntete 43ld Awddr Ag=genz
DTD AHit4le] Z3Hconcatenation)® OR ZAWHE
eEhA "k olFdd OR 719 E74& Jehle

REo] dYEE FES= &E71¥o] Hlm= ojd
27139 HolEE 7YsH olg Bt JdHEE
T8 4 ok

UuEE 2& oHd HolEs ARse EE 74

sk 4aElES UERdTh daEE 2= 2 A
ol4¥ dYWES] U DTD 2ErEHE F¥oz &
ol ¥ EE A%k F ¢uyF 28 Fojd 2
Eulele] A2} AE(start state)olld FF  4El(final
state)72] AAH R GA3HEA EgE AAGT &
18)&9)A transition(state)= 8(q,a)=pe] Aol &7}
P& transition(q)=pE Wsle Y& vebdch
No_effect_label s Foi3 dHE thsted 27} 71X
golgo] AUMES TR TS XA &
E“°]'ﬂ ATS 7HAE ¥golth dE
3l No_effect_label2 {person, name, address}®)
AL persond] HEIHE FolA FEHY
el & EE person dHEE o] SIE

£} person

Mo woL o rir

20 wgt AAE DTD LEvE
9] personel Wi B/ EFS 3 :‘i’—TEr glol8-2 1}
Bt & E9W DTDY 3 JdeWES person 1
7F 7 #elEo) we}t {vehicle, school),
company}, {school}, {company}®] 41§25 o]z
. oA dIUEE FRSH ol AL A AT Ho)
ZdoA Al%s(inheritance)2 & REHE 4 UG 4
Eo] 21 7oA person No_effect labeldl 43}

{vehicle,

e S

Ad3E]|E 2 DTD 84 (element)

% 7% 20 4%

1: ﬂa Mk_(Qk,Zk ék,qk Fk) (fOI‘k 12...,1’1)

2 &Y EF EF Tk (for k=1.2,...n)

3: procedure Make classification_tree(state g, automaton M .}

4:  if g=F, then

5 make a vertex g’ corresponding to a state q;

6 return q’;

7. else

8 if transition(q) has more than two states then

2 make a vertex q' corresponding to a state q;

10: let T be a tree rooted @’ and having children of
Make_classification_tree(w, M ;) for all w where
weEtransition(q) with edges labeled a in the transition;

11: return T;

12: else

13 a0 {a.a);

14: No_effect_labelk=No_effect_label Ua;

15: Make_classification_tree(q, M ,);

16: endif

170 endif
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0 [{vehicle, scholl}

1 [{vehicle, company}
2 |{school}

3 [{company}

7 229 27 goly

Y 7 %

+ name, address& SHEIREZ 7[1x= 49 =
(superclass) Person¥ o|23E Agtlol 1 JJEZ R
EZ Z}Z}+  ({vehicle, {vehicle, company},
{school}, {company}& 7}A& &9 F&A(subclass)
Person0, Personl, Person2, Person3® Rds = 4
e}, ]9}l school, company, vehicled] tHEjA
g3t gu~E YA 1y 89 Ak

school},

class Person public type tuple(name.firstname:string,
name.lastname’string,address:string)

class Person0 inherit Person type tuple(vehiclelist(Vehicle),
school:School)

class Personl inherit Person type tuple(vehiclelist(Vehicle),
company:Company)

class PersonZ inherit Person type tuple(school:School)

class Person3 inherit Person type tuple(company:Company)

class School public type tuple(name:string,person:list(Person))

class School0 inherit School type tuple(baseball-team:string,
url:Url)

class Schooll inherit School type tuple(baseball-team:string)

class School2 inherit School type tuple(url:Url)

class Company public type tuple(name:string,person:list(Person)}

class Company0 inherit Company type tuple(url:Url)

class Vehicle public type tuple(model:string,company:Company)

class Vehicle0 inherit Vehicle type tuple(gear:string)

class Alumni public type tuple(name:string,
year:String,school:School)

class Url inherit Text

a%¥ 8 OODB 279}

9714 718t &2 Person® SchoolE BW 1 fE g
FEZ No_effect_labelol 431 JEZHE ARS 714
€5 DTD 724 Person F#W2E A2EAE 71AR
&= W School F¥4E I QAHAE 7MAA Aok

4. =9l eiof

XML dlelete]l digk Zeo] dojae o7 A7) A
e o 89, XML-QL[17), UnQLI[7], Lorel
[18] %ol Ut} olzld XML Z¢] ¢ol& OODBS
Zeo]l Ao XSQLI19], OQL[20] 5¢ A=ZA(path

olefule] s 27)vh B Ae] M %

expression)& 33 ety & ¢+ Y= AT H=
2(regular path expression)% Zlgto 2 F)

Aol 2 (A A2 (Regular Path Expression)) &
Tt AE24e HP gz

1. HE A olf =& AAE EAse ¥,

2. P& XML &49] dEHEY JEZHEY gol
ol gt Aot} &, P=labell(PIP)|(P.P)IPxo}c},

e olzjd A HEAS B24 7)) A A
% "Holepulo]l2 A9 doj2 wpy] $siME w9
714 BAE sAstor o) ARE, AT F249
(PIP)l A 71Q18k= or g4t EAlo|tt. OODBY =4
ZIEHog or 94kE A

ar

il

(path expression)[19] oA =
%3}74 WomF o A Hshs Fdo] Wasd,
olAL [2116]A At I A4F AA 71¥(alternation
elimmatlorl)i’.i gkl }?5}“/]‘. s
(schoollcompany).name-2 (person.school.name) U (person.
company.name)S. 2 v 5= gt}

A #Ae A FE2AY ProlA 71Qske AR A
29| FAolt}h o] EAl= [21]0A Elolelulo] 2]
Z3A] 8% HEE 719 DataGuide[13] S ©]-& &t
AgdAlel AA t5E AzAem HE W=
1ol ARMEATE 2= o9t wsd wWyos
Dataguide ™4l DTDE o]&3 7Hg A3} =&
=RdAe g3 o] deFEAME durael XML
29g e TFE 5 Qe @ ZW F=24
(simple regular path expression)& A9l o] W&
AT ARAol 7]£9 O0DBY oz uptolxle 7
HE Bk Atele We HssA A AR
= A8" 4+ Id& Aol

Aol 3 (P AW ZEZ2(Simple Regular Path
Expression)) @ A7 2242 Hplp2..pno e

1. He A °o]§ e AAE AANs= ¥

2. pi (1<izw)= XML #A49 dadey d=gi
E9] #olE, Ee 9 Zolg FolE 948 vehis
#0]T},

4.1 HYQ0| gle B Az ool W
o] AollA= kA ot G HF A=Al ¥ A
2ol ge BTE WEth o] A 44 ODBY A9
2 vy A £ ok 9 F 2o g g2
likedt XML Aolg A=ttt 3z}

select X.name.firstname, X.name.lastname

E9  person.

lorel-

from person X, X.vehicle Y
Y.model
= "EF- Sonata”, Y.gear="auto”

where X.address = "Seoul”,
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A3l E 3 ¥FA2(subclass) 23

A=: from ol JF

g2 C, "9 o, F ol Tlclass] [index]

29 49| MA FaF RFe2d sFsls Addxel F
: procedure Decide_subclasses(a class C, a query q, a classification table T'[class] [index])

: result_index_set < g ;

: 532 « 5 - No_effect_label of C;

for all T[C][index] where 1= index< number of groups corresponding to C do

1

2

3

4

5 S « the set of child labels of C;
6

7

8 if S2-T[C][index] =g then

9: index & result_index_setoll F7k
10: end if

11: end for

12! return result_index_set

o] des ofH Apgo] A& AHA 1 Algo] 7}
) A53ke] Bdeo) “EF-Sonata”o)i, 2 JExp7) &

H2:7]90 749 2 AMY] firstnamed} lastname$
Yl dojoltt. Folx Ao uisle Fe] Azl
dreE 38 ojgsid "o Aol Wad REF
Z(subclass)E& 233}

o5 5o}, ZW2 Personol WSty  S={name,
address,vehicle}, S2={vehicle} ©]it, 28 74 TI[
person] [0]= {vehicle,school}e] €t} wahx S
Person0°l 853t 9192 09) result_index_setoll
7hEt) ol Wyog Fold Ade dgi} 2L AH
A& HoleHo]= Ae] dolz e

select tuple(f:p.”name.firstname” [:p."name.lastname”)

e m ol X

from p in (Person0 or Personl), y in (p.Vehicle
and Vehicle0)
where p.address = "Seoul”, y.model

i

-

= "EF-Sonata”, y.gear="auto”
A9 AuE oA XML EXMZE ¥lFe WEHe [10]
o WHE g HEF & gtk A H$o) A
A#7} {(Serge Abiteboul), (Victor,Vianw)}ed 33
B8 #Hulstel a® 99F Zo] XML EME WE
At

<person>
<name>
<firstname> Serge </firstname>
<lastname> Abiteboul </lastname>
</name>
<name>
<firstname> Victor </firstname>
<lastname> Vianu </lastname>>
</name>
</person>

ag 9 AA4Y XML &4

w7 EAEte AS-E
o2tk ¢l FZd fFE + ASS JehlE e
278 22§ @A Eile AMAE 85 AR
F As QAR XML delolM ®eol vehdt 4
o, o 2 AE At skak

select u from person.*.url u

o] deje Fo]z DBAA persondll A Azl 99
9 ZARH A3ty TEEHE wld F3= Aot [10]
AME AHAlrecursion)E ol&e HA AP A
(least fix-point query)Z ®&sls 71H-2 A=A
T Ao AF AL AR Hog FAFNUD W
H dox ulg B3l

¥Hol Agtshe 7IHe DTD 2 EE o] &3t '«

A W3E & e ZE FFE F2 F o)lRAg o4F
ol ojuf AMg3l= DTD 2= GA4AlE W Fujo)
th WA, W WiFEE AZE P LusFol ¥n
g& 49 2o 99 dA @9 xE  Rl=person,
R2=urle] ®oh. o EugEF 45 989 A9

R1.*R29] thsld DTD 2= G, ZHE ‘¥o] =%

= 7V ARE et

% Rl=gdW= DTDY #t dLRNERFE ZE 7}
T8 ZEE #3, R1*29 Afele R A= 8
ol EZRE R29 A Yol Alole BE 53 AR
E etk G0 ARIEE AR gaEe B )
T3 AT A28 Fevlh 41d8F 45 15 oA uE
HAol=(mark) A ZAZe} Apo|FE o]FA gdw 7
$o 2 =25 gAser o)A DTD 2T A9
tolol2E AF Fx7} US BLE YallAelh

A58 E 49 st 9e] Hele) ¥ A4k school,



XML Hiolets g AA AT dlojeuo]= £7)vp B ] A 97

Qe E 4 = A4ke] AA

AY: 2WE Gy A9 rer_x1;
9 _« dibo] gle F9
Procedure Star-Flattening( G p, q)
if ri= ¢ then

Star-Flattening( G p,e._*.r2);
end for
else
9 head < 9] v}xg gol&,
10 tail « r9] R ol
11 F Qe viojglE Az X278k
12 headell ¥ EAIST Qo 4
13 while Q7} ®lo18lA 9% do

1
2
3
4
5 for DTD/2] Z+ 2 4-(element) e do
6
7
8

14 x—GetFront(Q);

15 for xo 14T WE FA] ¢tE k& Alo]ES EXR] %= WEE E w do
16 if w=tail then

17 headol M tail7tA]e] HE2E &9
18 woll 2 BA;

19 else

20 wE WE FASL QA A%
21 end if

22 end for

23 end while

24  end if

company, vehiclecompany® ZZZ g4 4 glth
wre}A] 29 lorel-like A2 WHFECH

select u

from (person.school.urllperson.company.urllperson.
vehicle. company.url) u

o] doj= th9 OODBY #Hejz upgch 7|4
HAg RE2E HEHs AYL AEHJUch

select u

from p in Person,s in p.school,c in p.company,v in
p.vehicle

v2 in v.company, u in (s.url,c.url,v2.url)

5

B =EdXE AA A doleh o)Azt XML dlo]
IS Agsta, e £Yste & o] sl 9
4 9lee BRIt $¥E XML 49 728 Jey
= DTDE%E 0OO0DBY £7|u& AAstm XML &
92 O0ODBY| Aoz uhelx Xsls 7|He A%
sk 53], Agsks wWHe XML Holell 7)1&
DBMS9] A7|vlel= @) nAAQ JEHHEE 71X
2 %71 W&o 47 DTDE%RE OODB Z#i2 w
3 Al AVl BEAE 009 A4 o&dtd A}

gk &, XML dlolete) wiAdFEl B Z29)

Asg olgdte RHFLIH B NEIRESY ol

floid A7l Null & BAE sldsie A9 g A

A= §83tA 2t

XML A9} A g A A2 distd XML

Ael7t 00DBE Ao wm vhAl Al Aot

XML Zeolg2 mgd ¢ 3ge EQcul g9 A=

7 B8 4 Uee Yehls WS g& @S DID

=98 J15Y 428 4AZ Re ¥ 498 AYse

J1HE AT
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