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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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<l ELEMENT person (name, address, vehicle*, (school|conpany))>
<! ELEMENT nane (firstnanme?, |astnane)>

<! ELEMENT firstnanme (#PCDATA) >

<! ELEMENT | ast nane (#PCDATA) >

<! ELEMENT address (#PCDATA) >

<! ELEMENT vehicl e (nodel, conpany, gear?)>

<! ELEMENT nodel (#PCDATA) >

<! ELEMENT gear (#PCDATA) >

<! ELEMENT school (name, baseball-teanf, person+,url?)>
<I ATTLI ST school nane CDATA #REQUI RED>

<! ELEMENT basebal | -t eam (#PCDATA) >

<! ELEMENT url| (#PCDATA) >

<! ELEMENT conpany (nane, person+, url?)>

<I ATTLI ST conpany nane CDATA #REQUI RED>

<! ELEMENT al umi (name, year, school)>

<! ATTLI ST al ummi nanme CDATA #REQUI RED>

<! ELEMENT year (#PCDATA) >
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class Person public type tuple(nane: Nanme, address: Address,
vehi cl e: i st (Vehicl e), uni on(school : School , conpany: Conpany))
class School public type tuple(nane:string
basebal | -t eam Basebal | -t eam person: i st(Person),url: Ul)
cl ass Conpany public type tupl e(nane:string, person:|ist(Person),
url:Ul)
class Vehicle public type tupl e(nodel: Model , conpany: Conpany,
gear: Gear)
class Alummi public type tuple(name:string,year: Year
school : School )
class Nanme public type tuple(firstnane: Firstnane, | ast nane: Last nane)
class Firstnane inherit Text
class Lastnane inherit Text
cl ass Address inherit Text
cl ass Basebal | -team inherit Text
class Url inherit Text
cl ass Model inherit Text
class Cear inherit Text
class Year inherit Text
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class Person public type tuple(nane.firstnane:string,
nane. | ast nane: stri ng, address: string, vehicle:list(Vehicle),
uni on(school : School , conpany: Conpany) )

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

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

cl ass Company public type tuple(name:string, person:list(Person),
url:Ul)

class Url inherit Text

class Vehicle public type tuple(nodel:string, conpany: Conpany,
gear:string)
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Ade|HE o] F2] Ajelet Fuf, n € Noji, P& Nejl & F5+4 & PCDATA, & EAtd o]t
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A9 1 (¢35 A4 (relaxed regular expression)) #31¥ &574L ofg2] ofH 714 514
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1. ri,ra = 71,72

2. ri|ra = rilr2

3 r+=r

4. = r+|L=> r|L (3 g5lo])



5. r?7= r|L

A A 1 zg 19 4] persone] tf gt &L (person: (name, address, vehicle*, (schoollcompany)))Z
FA3)E] 1 k3l E A7 A]S &5k H (person : (name, address, (vehicle| L), (school|company))) 7}
et

d32Z 1 DTD & Enlele] -4

1 e %at® AFA = nP

2 B L Evle} M,

3: procedure Make DTD_Automata(regular expression r)

4: if r=a (a €)’) then

5 LEuEF M = ({q0,9r}, 20, 0,90, {ar )& A3, o 0= oh&3k o] B od
L 6(qo,a) = q5; {27 5}

6: return M,;

7: else if r =ri|ry then

8: M; = (Ql,zl,él,ql,Fl) — Make-DTD-Automata(rl);

90 My =(Q2,).,,02, ¢, F>) ¢ Make_ DTD_Automata(rs);

10: et M3 MyEHE M2 EwE My = (1 — {n} U Q2 -

{a2}, 22, U220, 6, @1, 2], i U F2) & A A, oWl 6 vh3t Zo] Ao
1. 0(g,a) =d1(g,a) for e Q1 —{p}anda € ),

2. 0(g,a) = da(g,a) for g € Q2 — {2} and a € 3,

3. q1,q2],a) = 61(q1,a) where a € 3,

4. (g1, 2], a) = 62(q2,a) where a € 3 _,;

11: else { r=1ry,7r2 }

12: M; = (Ql,zl,él,ql,Fl) — Make-DTD-Automata(rl);

13: My = (Q2,22,62,q2,F2) + Make DTD._ Automata(rg)

1 M9 B2 A Fi& 1, foros i (m > 1)oleh h7k. 2 Evbe} Mzt W23 A28 &
ukelt M; = (Q1 — F1 U Q2 — {q2} U{[f1, @], [f2, 2], s [fmn, 2]}, D21 U D 20, 6,1, Fo) & A A,
olu) 6= tH& 3} o] He)H

1. d(g,a) =di(q,a) for ¢ € Q1 — Fi, d1(q,a) # fi (where 1 <k <m),anda € ),
2. 4(q,a) = d2(q,a) for g € Q2 —qz and a € 3,
([fx, 2], @) = 62(g2, a) for all k(where k =1,2,...,m ) and a € ) ,,
4. 6(qs,a) = [fr,qe] for all ¢y which satisfies d1(gr,a) = fr(where 1 < k£ < m) and

15: end if
16: return M;

ol ¢3td HytH o FH DID L EvntetE th53 22 Wil o2 A gheh. DTDe] 7 A2
E (n, P)oll Aate] Pol 9819 A& A 43 AHE (n, Py)olet &, 2L FFA ni P!
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Qo Qo € QE WFE 5= )& Al (start state) S <] n)| gt}

o [ F CQE 9535l 5 Ay (final state) o] A 3He 9Ju|3lc}.
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el 1 dueE 1o o& WA EE L EnEf ML A} Exf5ta, M o] wholSo]k= ¢lo] & L(M)o]

gl staz, g Fo74) ro] el = o] & L(r)o]etx s L(M) = L(r)o|t}.
S A
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0 | {vehicle, school}
1 | {vehicle, company}
2 | {school}

pany 3 | {company}

7 7: A classification tree and a classification table

A1 FE 25 Folxl L Entete] A&+ Abe)(start state)o] 4] £ 8 Abe) (final state)74A] A AR o2
Rl A B2 S A E. eS| A transition(state)= §(g,a) = pe] Ho] 47} A&

transition(q) = pE 2818t §4E JEMATH Noef fect label = Zl Az E o ste] L7}
7HA & dolEe] dEHEE FE3ted dFE vIAA @Ge deolEe] AYFE 7HA = Mol 4
Z- S0 persone|| W) g No_ef fect_label & {person, name, address}o] ¥ =d] o] A& person?] of E

ZHE oA FR2AQ RES el & T E person A HEE o] o EFREEL 7}AIT)

dieglF 2DTD dejHE 7§ Eg A4

1 Q18 e (state) 5, 2 Evtel M = (Q,5, 0,0, F)

2 2%: 25 g T

3: procedure Make_classification_tree(state s, automaton M)
4: if s € F then

5. ARl soll S EE == 5 e AA;

6: return sl;

7: else

8 if transition(s)7} & 0]/}}-0 A & 7}A then

9: &H 8°ﬂ NS E = s S A

10: s ZEZ AT, 1 A rER wE transition(s)ql & L= wel tf s}, 01] A2
= transmon( )ell 31%:— a8 gl aE 7}x 1, Make_classification_tree(w,M )& # E
2] (sub-tree) 2 7} A= E] TE A A;

11: return 7';

12: else

13: s < 0(s,a);

14: No_ef fect_ label = No_ef fect_label U a;

15: Make_classification_tree(s,M);

16:  end if

17: end if

7% 7 H e E 29 abeh 45 DTD 2 Eveke] personol o3k 25 £2)9 85 25 o o] &
& vhebich. of & S5 DTDe) g ol 2wl £ ql persone 27} 7] &= & o] | whet {vehicle, school},
{vehicle, company}, {school}, {company}2] 47152 & v ojZlt} o]|ZA dz|HEZE FE3}H
oA AA A% Hlolet oA A% (inheritance) 0. WD 5 gtk A E Sof 1 Tol A
person2 No_ef fect_labelo]] 43} name, address& of E2| H-E 2 7} X &= AF9] &8 A (superclass)

Person} o] 2 5| A sutol 1 of E 2| HE R 7+7} {vehicle, school}, {vehicle, company}, {school},
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{company}-& 7} x| & 35} 9| & £ (subclass) Person0, Personl, Person2, Person32 2 wlg] = 4= g}

t}. o] 9} 70| school, company, vehicleo] tfall A = H-&3}e] S AE WA stH obS3 2o}

class Person public type tuple(name.firstnane:string,
name. | ast nane: string, address: string)

class PersonO inherit Person type tuple(vehicle:list(Vehicle),
school : School )

class Personl inherit Person type tuple(vehicle:list(Vehicle),
conpany: Conpany)

class Person2 inherit Person type tuple(school: School)

class Person3 inherit Person type tupl e(conpany: Conpany)

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

class School O i nherit School type tupl e(baseball-team string,
url:Ul)

class School 1 inherit School type tuple(baseball-team string)

class School 2 inherit School type tuple(url:Ul)

cl ass Company public type tupl e(name:string, person:list(Person))

cl ass ConpanyO inherit Conpany type tuple(url:Url)

class Vehicle public type tupl e(nodel:string, conpany: Conpany)

class VehicleO inherit Vehicle type tupl e(gear:string)

class Alumi public type tuple(nane:string
year: String, school : School )

class Url inherit Text

13 8 OODB 277}

o] 7] A4 7|¥F Z] 2 Person3} SchoolE B 1 ol E&|FEZ No_ef fect_labelol| 43} o E &
HE AL 7tx =9 DTD 24 Person Z#] A& QlAEAE 7}x] %] 9k vk of] School 2] 2

£ 1 dxd2g sHAA "t

4 A9 el
XML glo|ete]l tfgt "o R & oJ8] 7kA| 7} AgtE e & &9, XML-QL[17], UnQL[7],
Lorel[18] S-o] 9lt}. o] XML A o] eloji= OODBe] A | olefel XSQL[19], OQL[20] 5] 7

2 2] (path expression)S 2&3F etz & 4 gl= F5F A EA] (regular path expression)g 7| vk
o2 g}
Aol 2 (A5 A& 2] (Regular Path Expression)) A+ H 24L& HP ej 2
1. HE A o] § w= AAE EAlShE T,
9. Pl XML £ de| el 5t of £ 2| H-5 2] & o] o tf 3t F574 o] £} 5, P = label|(P|P)|(P.P)|
Pxo|tr}.
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2 o) el @ P H2AL H2A 7|uke] AA A Hlo]ehul o] 2 Do) o] & uhFy] 98 A= o
&9 F7hx) EAIE A stedof k. AA =, FF AR (P|P)el 4] 7]l 5H or el 4k 4 o]}
OODB | 7 2 4] (path expression)[19]ef] 4| &= 7] 28 © 2 or A4 2| W3kA) Yo B2 o] abg A
2]} el o] g 5t} o 22 [21]o 4] A k= ¢’ ¢4k & A 7] H (alternation elimination) 2. 2 &) 2
7}s skt Al & E9 person.(school|company).name (person.school.name) U (person.company.name) 2.
= uha 4 gtk

A BAl= RF AR Pro A 7]Qlshs A7 Aele) FAlolch. o] EAlw [21]e 4] Bl o] e}
ol T2 2oF YR E 7Hl DataGuide[13]E o] &-5tef utd Aol A 7Hedt AR
2 Aols Wgsts 7ol Agksgich S8l 0|9} v W o 2 Dataguide th4l DTDE o] &
& e Aath B =R E thewt Zo] whaslHA T dubAel XML A& Ry T3

4 9l& e A5t 7% 24| (simple regular path expression) & 2| 8tef o] whe= FF HEA o] 7|
£2] O0DBe] A2 2 npFol A& 7| & Baleh Aleksts L vlssiA F7F F2A = 44

1. H= A o] F = AAE EA el HT,

=

2. pi (1<i<n)e XML ¥4 dejtE} of E2)HES lo]&, Ei o Zo|9 slo]& o
%& i *o]r).

41 % Aol gl W AE el WY

o] Dol At %A Bola B B AZA oA ¥ date] gl A$-F thErh of Z9-& 47 ODB
o Az ulH o] A 4 Stk ol & So] B3 2& lorellikedt XML 49 % A2laheix 514

select X.name.firstname, X.name.lastname
from person X, X.vehicle Y
where X.address = "Seoul", Y.model = "EF-Sonata", Y.gear="auto"

o] Aoj= ofd Atgho] Aol A A 2 Abgdo] 7Hxl AFAe] R elo] “EF-Sonata” o] a1, 1 A
A7 AAE W& A4 1 Abe| firstnamed} lastnames &3 5t= A 2 o|th. Fo ] Ao of
sle] Aol A7) & e F 3& o] §5te] A Ao H 83 FFe A(subclass)E 7 A 3}

d 2 So], 2o~ Persono] thate] S = {name,address,vehicle}, S2 = {vehicle} o], 1
2 7o A Tlperson][0] = {vehicle, school}o] Fc}. maka Z#)~ Person0o] 8j5Hahs Q12 0ol
result_index_seto]] F7}H ). o]H Wk o 2 Folzl Ao oS3 22 AA X o] g}w|o] 2~ A
o A E Wik}

12



g3 E 3 EZF A(subclass) 2 A

: 48: from o] AFH FHWA C, AY ¢, E5F © o] & Tclass][index]
Zo: o) Ao Bog B2 2o] APl gz P
procedure Decide_subclasses(a class C, a query g, a classification table T[class][index])
: result_index_set < ¢;
S ¢ the set of child labels of C;
S2 <+ S — No_ef fect_label of C,
: for all T[C][index] where 1 < index < number of groups corresponding to C' do
if S2 —T[C][index] = ¢ then
indexZ- result_index_setol] F7};
end if
: end for
: return result_index_set;

© PN

— = =
N = O

select tuple(f:p."name.firstname",l:p."name.lastname")
from p in (Person0 or Personl),y in (p.Vehicle and VehicleO)
where p.address = "Seoul", y.model = "EF-Sonata", y.gear="auto"

4ol AoHE hA XML EAZ uhps g e (1002 e 2ol 2 582 5 sk A2 7
Lol Ao Ax}r} {(Serge, Abiteboul), (Victor, Vianu)}ebd A gk o) 25 H7}slod o3 2o
XML &4 & 9tE 4= gl

<person>
<nane>
<firstname> Serge </firstname>
<l ast nane> Abi t eboul </I| astname>
</ name>
<nane>
<firstname> Victor </firstnane>
<l ast nane> Vi anu </ ast nanme>
</ nane>
</ per son>

FY AT AL, 5 dE S 2ol MUt sle A Sel= (1019 Wl ez XML #4&

AZA A Wok EAoHe 98 e dole Az WAD 5 e e
Wi el 290t FAE DA Fabe SR F A A 5 ol A4RHE XML g elo 4
wol vhehdth ol & Sof, the st 2e A9 E AW oAt

select u
from person.*.url u

13



o] Aol FoZl DBej| 4] persone] 4 A|Eate] gl 2] 2] AR e ol R EE wle T3t &
2l o]t} [10]o] A = A A (recursion)S o] &3 4 T A A 9| (least fix-point query) & H 3 stE= 7]
He AGS AT el W HYE A o2 PATAT WAR ol v ¢ Bqao.

HhEo] AekstE 7| M e DTD 2o g o] §3to] %ol WYY & ol BE H4E 2L F of
g olgarh. oful Abgsle DID Zal =i bt o Fejolch WA, ol WAse H2E
He gneFo] HuelE 49 Rrh ¥ A4 T Aok W RRE e A 24 R}

919] A Aelol At Ry = person, Ry = urle] ©rh. whebd dnelF 4 948 A9 By x Ryl
Shstel DTD 7o) 2 Gpz el wol sl 7h5a AZE siwh

%, Ry = ¢9ui DTDY % deuEnste BE /b5
Ry 2] ohx et o o] 2 3E] Boe) Rl #lol ¥ Atole] RE 7h5t

U7 E 4o ste] 9o Ae|o ‘x’ I A2 school, company, vehicle.company?] 7 22 x| 3
2 4 gleh. whebA] bS5 lorel-like A 2] 2 W g ch.

select u
from (person.school.url|person.company.url|person.vehicle.company.url) u

o] Aol th&o OODB A2 upHch. o714 et LFe Az Wass F5e Aty
e}

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)

2 = gelAE A G doleiulo] 27k XML do|E& A, 2o & a5k E shtel 8
ol ¥ 4 9leg nalth 2 XML E4¢) F2E thehf DTDZ Y6 O0DBe| 27]0}8 4
45t XML 4 00DBS] A2 vhiol 4 Helsh 714& A ksteleh. B3, Ackebs
2 XML dlo]ej7} 7]& DBMSS| 27|vbshi @] R A A2 HES A @] 2ol 4
7] DTDZ %€ OODB 282 w4 Alo] A47lE EAE 009 A5 olgste] sl dstaieh. =,
XML dlojeje] nl g7 5l 228 Feja9 A5 olgste] AT 2N 54 o= HEs g

o] glolA A7) Null gt £ sl datn Ao A2 A= H8ai7 2k,

14



g F 4% Ak AA

1: §§¥: DTD 28 = Gp, B R=Ry.%.Rs
22 F: % dAalbo] gle A9

3: Procedure Star-Flattening(Gp, R)

4: if Ry = ¢ then

5. for DTDAMe] 7+ 8 4 (element) e do

6: Star-Flattening(Gp,e. * .Ra)

7. end for

8: else

9:  head < Ry 9| vpA] 2} & o] &

10 tail « Roo] A #ol&;

3 QF wlelsli AR £713k

12:  heade]] ¥}FE FA| sta Qo AH8d;

13:  while Q7} v]o] gl #A] ¥ do

14: z + GetFront(Q);

15: for zo AR T WE HA| Hd =9 WE BA|H RE F Ao EE WEA ¥E 2w

do

16: if w = tail then

17: head o A tail7} X 9] AR E &9,
18: well WE EA;

19: else
20: wE W BAISHAL Qoll AFl;
21: end if
22: end for
23:  end while
24: end if

XML g ¢] A2l e G5t A2 A thake] XML 27t O0DBS] A9 2 ub#x tha] e
o A3k XML o2 Mad 4+ 93¢ nelt o9 H2o MyE & 92 et wst

e Qe DTDERE 7b5a A28 AAZ & F 298 Aejehs 714 & Atata
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