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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. Data in XML can be mapped to semistructured data model based on edge-labeled
graph, and queries can be processed against it. Here, we propose new query optimization techniques
using DTDs(Document Type Definitions) which have the schema information about XMI. data. Our
techniques reduce the large search space significantly while at the same time requiring less memory
compared to the traditional index techniques. Also, as they preserve source database’s structure, they
can process many kinds of complex queries. We implemented our techniques and provided preliminary
performance results.
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<I/ELEMENT MLB (Nationall American)+>
</ELEMENT National (East|Centrall West)>
<IELEMENT American (East|Central| West)>
<IELEMENT East (stadium?, name, player+)>
<IELEMENT Central (stadium?, name, player+)>
<IELEMENT West (stadium?, name, player+)>
<IELEMENT Plaver (nickname?, name, ERA?,
AVG?, win?)>
Q1 select MLB.National Central. Player.name
where MLB.National, Central. Player.nickname
= "Big Mac”
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3.2 XML
XML(eXtensible Mark-up Language)2 #H3ol ¥
Aol B nge] RFoE AYE FA R ool
. XML& I BM9Y F%E BASte DTDS AA
XML dHeoletg olFojxled] XML Heolghs 84
(element)8= &0l dA4H ez AL, FHE
4 Utk 3§, 4 84 JJEAHEE 71F 4 Ut
o]2g XML& Hiolet Aol 27)v FEE et
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Heg ¢ 9tk & B =FdMeE OEM Rde) gx
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gge o de OEM 2dd 22 J&& R¥H3=
XML Hjolelgd 48§ vjehdct
<MLB>
<National>
<West>
<stadium> Dodgers stadium </stadium>
<name> Los Angeles Dodgers </name>
<player>

<nickname> Korean Big Mac </nickname>
<name> C Park </name>
<ERA> 371 </ERA>
<win> 15 </win>
</player>

</MLB>
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Aol 1 (¢3le P F4(relaxed regular expression))
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1. rl, 12 =rl, r2
2. rlir2 =rlir2
3. r=sr
4. rx=1+] L =1} L (30] 9stad)

5 r? =r| L

oA 1 %o MLB DTDIM players] o =&
(player: (nickname?, name, ERA?, AVG?, win?)2
2 vebd 4 Az, #8E WAL HE3E (player
((nicknamel| L), (ERAIL), (AVGIL), (winl
L))o} €t

DTD 2Efels g3 #e wWjoez Qg€
DTDY & 84 (n,P)ol et poj &8ld A
2 A AAE (n,P)olE &9, M2 4
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4ielE 1 DTD EvEre] 74

Ao AstE FFA r=np
&9 LEvE M,
procedure Make DTD_Automata(regular expression r)
if r=a(asZ) then
19 29} go] LEulE} M AN,
return M,
else if »=»,|r, then
M=(Q,,2,8,q9,, F)—Make_DTD_Automata( »,);
Mz-': (Qz,z 2 62,az,Fz)‘_‘Make_DTD_Automata( 7’2);
LEvE M # M,2RE AQZE LEvIE
Mi=(Q1‘{lI1)UQZ_((12}.21U2 2,5.[01,02],FxUF2)%
A, ojd s da3 Zol Ay
1. 8¢, @)= 8(q,a) for qEQl—(ql) and as} |,
2.8q,0)=8,(q, @ for q=Q;—{q3} and a=Xy,
3.8([q,.q:), ) =8{q,,a) where ac |,
4.81q1.49:1.0)=08xXq2,a) where acZl y
11: else { r=7,, 75}
12: M, =(Q,,Z,,8,.91,F)Make_DTD_Automata( »,);
13: M2 = (Qz. E 2, 52, q2, FQ)HMake_DTD_Automata( 7’2);
14: M9 Z8 A Fi & fi. /e, Fm(m=z1)0)2} 8%} QL Ev}e}
M3 M,ERE NEL LErE
M,'=(Q\'—Fluoz—(02)U{[f1.42]-[f2.az] ..... [fma0}, 2 UZ 08,0, Fy)
E A, olif o o gol Yoy
1.8(qg,a)=68:(q,a) for q=Q,—F,,8,(q, @) *f where 1< k<m),and aeX,,
2.8g,2)=05,(g.a) for g€Q,—{g} and acX,,
3.0[frqs).a)=084as,a) for all where k=1,2,..., m) and a€X,,
4. Xgra)=1fw aslor all q, which satisfies
8:(qg s )= Fi(where 1 <k<m) and a=X ;

=R 0 NDO Wy

e

15 end if
16 return M,
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4.2 DTD QEOIEHE O)8# DTD R49 &

o] Hoxx ¢ HoA 78 Z+ 24 (element)o)
3 DTD SEdgE ol&ds 7 84AE FEIh

name,

3 nPe n, P9 7ol Z¥concatenation)& LRI

DTD A74¢] Z3Hconcatenation)® OR ZAYHE
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¢08Z 2 DTD 84 (element) 7 78 Eg A

1 ‘ﬂa Mk—(Qk,Zk,ak,ak, Iz) (for k= 12, .Il)

20 &9 2% EY Tx (for k=1.2,...,

3. procedure Make_classification_tree(state q, automaton M)

4: if ¢g=F, then

5: make a vertex a’ corresponding to a state q.

6: return q’;

7 else

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

9 make a vertex g’ corresponding to a state q,

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

11: return T,

12: else

13 g8 g, a);

14 No_effect_labelk=No_effect_labelx Ua;

15 Make_classification_tree(q, M ,);

16: endif

17: endif

Yl 2 oHE HolEg AR EfE 74
e 2ueEE Jehdd. A4E EeY RFEAX G
=T wEAR HolEe] H¥e] a4E FEE FHEI}
gt d3EE 299 d¥E DID  LErRE
Mi=(QuZdrnanFpoll 9714 ke 72+ 820 o
T LEWEE k AAE Jehdth 4328F 2v LB
ete] AF Aef(start state)olld F3 Ael(final state)
7R AAHeZ gAsHA EF Mt dndE

g, @=p2 o] Tt AU
< o transition(q)=pE #EHE= F+EF eIk
No_effect_labeli= DTDQX k#a 24o) diste] 1vt

9l A transition(state) <

7le_ #Holgo] a4 ‘fL*r-EH:fﬂ QA& XA Be
ol&9] ARE 7IAe Wl AE B9 plaver°ﬂ

tﬂﬂ' No_effect_label& {plaver name}o] Si=d o]

player®] oMEZHE FlA {nickname, ERA,AVG,

win} A4 °ﬂ*ﬂ v = da ¢k vkE —’FE A7
o de] Hz)rlol AR} AT {player, name}&- o=
A4 AR s REYRECIZZE FHeo| Az AP
A BR7r HA Rk gebd geg FRUE Fohf
71 918t o] ©AM No_effect_label S T-3ch

a¥ 4v ¢ueE 20 me 4% DTD 2Evlel
9 playerel U@ BH EY AT BF HolEE
ehdth, dE &YW DTDY § 849 playere 27} 7}
R #olEol wet {nickname. ERA, AVG, win},
{nickname, ERA, AVG}, {nickname, AVG, win} &
9] 16708 2HoE rolith

playec
Tmckeame, BRA, AVE, win]
{mckvame, BRA, AVG}
{mckname, ERA, win}
| mckname, ERA}
| nickname, AVG, win}
{mickname, AVG}
nickname, win}
faickname}
{BRA, AVG, win]
{BRA, AVG]

1BRA, win]
1ERA)
|AVG, win)
TAVG]
Jwin}

1}

1¥ 4 DTD 84

5. @9 X3} Oy

A7 E & oA 73 EF HolBL o0&l ¢
¥ dolg} 2@z DTD HXRE w}a}@l e A
717} 2= g4 HE Fols ¥ JIA 71YE A
o), HA delo} &A%l AEA(path expression) &
o33 3ol it

Ao 2 (A7 ZZ4(Regular Path Expression)) 3
T A24e HP ¥H=

1L He A% o) = AAE ZANste wig,

2. P& OEM =9 #oldo g AHwolch

%, P=label|(PIP)I(P.P)|P*o]t}.

A9 3 (¥& AW BEH(Simple Regular Path
Expression)) @4 A7 AE2XL Hppr...0,9 &
HE

1. He 4A o|§ E= YAE A8 W,
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2. pAl<isw)¥ OEM 1 A9} o),
9] Zol9] #HolE dA%KE YellE #olth

5.1 Nodelnfo

Nodelnfo 71'§-& Z Aol st £/ HARE 29
Az ANAA AFgct F, o] BF FEE S node_
infoel AAF = 198 55 23 19) OEM ZazoA
node_infog}t @& Ao|M t}E merge_node_infor} 3
7Ie 1goltk o8 Eol, =T 5% node_info O
2% 7HAA o] g 1§y 49] Y5 HolgoAM ol
2%t {nickname,ERA,win}2] e 2ol 3jggict

Nodelnfoe] A4 w82 #Hotol A(worst case)d
k%’ z} DTD &40 Ui ) 1§ Fa 33, n&

E 23 & Otkn)oltt, o}3& m 789) o= n
7H—l =g ojFold 2Xe]d Olmlog n)e EF=

7} 1-index[6] 9 ool AL Ageod Eim
7R = DataGu1des[45 Joll w1l $-43}c).
Nodelnfo 7]®& &4 At A24 & X33 do
& Hg¥g 4 Aok ‘317‘1 g HF Az sl
classification_info W4+E A43%

A9 4 Hopy.po.... p .5 Aol Eise de
A AZ4Holgkr SHAL p(I<ism) 9] classification_
infow U ol Pelgc)

L piry=*)At, p, %0l 3L, p,, & No_effect_label

o o, {3,

2. pis1#F*0)3, p i 2 No_effect_labeld Qull, { p,.,}.

@ AT 4249 classification_infos Aele] #
foll st FEE 7t ogoz Feo Hgrle &3
of| A T3 o] AA Fag ot

Aol 5 (BA #4) HA g2 AFe g de
RE guigich. o) Fasl= AA7) B AAe A
%, A9 g <label, object-id, {merge_)node_info
of the object-id>olt},

Nodelnfo el Ao Hele thgit gol 5384
oodE AT BEY Howpo....0,0 gt ZEH
€ BEE AAE = AHAAM, Ao X7t wEe
AAE ZiAe A vE B, WG #HolEo
plisp—1Ea 3pd, go] A wz =
ASs O AE e Aeoltt

info of p;-classification_table[element_label of w]

e ¢

Al

mln.‘

classification_

[w.node_info] = @.

4) No_effect_label®& ZE ko} thdt No_effect_label ] #AE
ojc}.

D loleblol 2 A 28 B Al 4 T (A0L12)

44 3 " AW ZHE24 MLB.National. West.
player.nickname& A& §lcks 3k}

o] A28 =EHw XE HAE 27 gl 13
5914 A 00, ol, 02, 05, 067} B E I "Korean Big
Mac”e] SlElg) 7]&9] gyt o Ne A% 029 A
210 A o100 BME F 1 A7} nickname 1E T
HEE 7MAA ¥8E 43, Y0 FEdU. 294H
Nodelnfo WA= A 028 @43 5 A 0l0
o W3 k& AL 9 p,=player?] classification_info2)
grel  {nickname)olx
label of 010] [010.node _info] 2}

B2  classification_info  of

classification_table[element_
ol {AVGlelth 1
p i~classification_table

[element_label of 010)[0l0. node_info}={nickname)
+00] Ho} galo] FruT)
(0 . [}: node.snfo
N”( Mmﬂr\m ‘\""\ 1 1: merge_node 3t
umm win, AVE, ayx ke, W ( |Conral, AV, mekous (Em »in, ERAT
of e iy
‘T . e
O Ap— L. N
2 lVE,Mlm\ —,
um ¢ \,?‘,L .
camg” “player
e EWA\@\ In »cx\n. AVCw\ e _jy \ts“zmu,w\
\ {o10)= \m { m @ (od’ {aas)
wu»pu smucm- p ) NY tavises” . \an
ncknafhe ke K AQQ x ERA \
\ .
@ (7)(&0 t \nﬂu) (o) @ lape @ @ @) () @

Kot DA MM g V7L T3 “Ravi e 0279 "B Mac Wk Mcwt R LM 5311 oy Cenani 38510

29 5 (merge_)node_infort #7Fe OEM Z#=

5.2 MergeNodelnfo

MergeNodelnfo ¥38-& A4 merge_node_info?} 71
#og did A AAel i FRUE JMAE 3e)
oivigl diid A si9le] RE Aol W FIRE v}
Atk 2822 merge_node_infor= A A zAle]
node_info$} 1 &4 A 2] merge_node_info?] 3
Hog Fafzict

MergeNodelnfo2] Z7)E t& DTDY #Asle 84
ol&9] AFH} No_effect_labels] HolEe] Aol 23
ozl & ® O(tn)olth. DataGuidesolXle 2 =77}
Holetujo] 2 79 ALl HHE £ AUt

MergeNodelnfo 712 & Zz 2 35 29}
A ARHE 2 " RRE HEy 4 ok
A S A A2A At pol iE merge.
classification_info& thg3} go] g2l

e 6 H.p,.bs..... p, 5 Add Exge T A
7 AgAelgtil 8 plsisn—1)ol e merge_

classification_infoe
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U iZiclassification_info of p;

2 Aeodnk

MergeNodelnfo 71¥HolMe] A Hele 3 Zo
SR @ AT F2H Hopipe....p,0 95
TgR= RE YAE e gFolA e At A
A wad GAE 7tAe 4 vE gt 81, 2
HolBg pl<isn—1E AL A wi go] &
¥+ A merge_classification_info of p, - w.
merge_node_info= @ FAL wEE= Aok

AA 4 t}39 @& A+ H24) MLB.*.West.stadium
& A3cka 3Rt

At 313 WM E Folx] AR il Y
He L 48 27 HEAM '+ o] WestE 2]
ekl A zEErt gt OFAN Merge
Nodelnfo Wolxe 1§ 59 A o0 4T o

A 0139 thald p,==0]1 merge_classification_info=

{West, stadium}o]th 2813 ol3.merge_node_info of
79 #& {Central, AVG,nickname}o]t}, w}2}A merge_
classification_info of p,~w.merge_node_ info={West,
stadium} =@ 0|22 ©Me] Fa Rtk N o239 39
Fddx 2L olFE oA Aejdcth
MergeNodelnfo 712 '|" €ibo] 1D AT A2
2g 7xe Fod olgd £ gtk WA thge WSy
E Aot
Ao 7 A9 M7l AH wze AXE A 4
A vE F48 b, H4 PQRo] T Zo| Feldrt
o P Ao &A= dolEe HAFH No_effect_
label®] #loj8 HE o] 2P
« Q == wo| ¥ merge_node_info?] wiolEe
st
« R RFEAA == wrtAld Ao EASe o)
o -
q714 P-(Q R= ¢ Z1&
= w3 o] I3
AA 5 7Hdel F3 A FH] diF vlolepujo] 2ol M At
7422} Bib.paper(.section)*. figure® #2j3tcha &=}
A vrb diolgilol 2o § AME Yehii, 2
9] &9 HA A= 21¥E JMRAA @evia 7PEskak
a#d el Hrizt A vE E4%8 ) P={paper,
section, figure), Q={section} ©|3. R={paper, section}

A 4 stk ol P-(Q UR)={figure} + @ ©] ol

DEFH = vollA x

51 A4E 7R T BEAL I d3E AR ¥ 5
ole] FiF A Aoz #Hgd F Yk

"ol FyH.

6. 9 7l
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