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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 XML 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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</ELEMENT MLB (National| American)+>

<IELEMENT National (East|Centrall West)>

<!ELEMENT American (East|Central| West)>
<IELEMENT East (stadium?, name, player+)>
<IELEMENT Central (stadium?, name, player+)>
<IELEMENT West (stadium?, name, player+)>
<IELEMENT Player (nickname?, name, ERA?,

AVG?, win?)>

Q1 select MLB.National. Central. Player.name

where MLB.National. Central. Player.nickname
= "Big Mac”

Tz "deoj= MLBolA yAHdE]l1 S3AF "o
N4 F WS "Big Mac's 7= AF9] o8& &
3l AYoltt 7|9 vAY dHolg EdoA= of
¥ A9 xrt gl /MR 7% w4 MLB.National.

East.Player.nickname? ZAZZ 93l AAE 25

>

e & z2AL nEIe AAE 2d dd a#d
XML dlelg} Aol dojx= Foix Hoo| fslyo
DTD7} t53 22 JRE AF3)

1. MLB National¥} American®.2 F&HTk

2. National 215 E% N ZRAT 29 dhjo|
o}

3. player= nickname &2
A F= ok

o3t JHE o]&3std FJ7 = Nationalg] 1

BRG] nicknames 7FH oA FAX =S
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719re]  HlAE  dlolel  Edsemistructured data
model)9] 3 A2Exz 7HFE 4= Ql7] ujiel vy

dolel mele] e} AT AL AT 4 A &

ERAME o] Zro] XML Hlo]ElE H A dlo]El
wdo] thEZ<Q OEM[7]0] wisgste] A o)s FaY3ic)

1) <IELEMENT element_name (#PCDATA)> = A2ks}

tlojefmlo] 2 A 28 ¥ A 4 5.(2001.12)

o] ¥he] Wo 2= RDBMSH| XML dlo|elE 43}
] RDBMS7t Algshe Aol dolg o gshe il
9]e] Atk o] W XML o] 27)uir} wgTt3
l wlolElE oWARE Huig FABMEA HolE ¥
e AEA7E 7Hol d4do] Hev £ =E#de A
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HIAE dolet mde] Fe doje AR A At
S XIS A A4S VIvez g oA A
BEAE 7IHez @ ojdl= Lorell10], XML-QL
[11], Quilt[12], XQuery[13] Fol Utk $&= B
AR mEHe EE AAE e 7IYe Atdt
e o] 7 it HEHE Vves e BE
oo g2 & Atk

22 Ho| Mz| 7|y
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Y3 A =2+E [34,5,61417F Tt

ol ATELS shute] HirAeR olFojx Aeut
S A F AUG 53 A disMe asds
71 & AU mE d92 A A4 FAE
Hie] & gie] ek
29 d7= XMLo| AFshe DTD2E o] 83}

e
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31 H|&¥ dlo|gt 2

2 =@dAe 2dz vty HAY vojg 2d F
g3 dolet RdS dixstia @
(Object Exchange Model)a ZIdto 2 3o ™A
E =f9A4 Atste 71
olg} EdoA 2T 8= —'F AS Holtk

OEM tl¢]g} 2L o] &9
ok oolw) Z#jze k=& AAE YEL
Ao HEHFEE He=d OEM A= Tﬂr%" z
o] F 7HA FRHE FEIEH

o 9 A (atomic object):

AA wleler gholl sigE Tk

71¥& DBMS EdoA
AL WA 9] Fh(value)

2) XMLH°]E}7} DTDE #l&3kA] &S = UAT [15]9] W
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< 2499 dolgt EJoE FH(integer), A
H(string), °]v]Al(image), 4 (sound) S°] 2
I Uth
« E3} A (complex object): 7]& DBMS Edlof] A
27]nt BRE Yehdt & & Qlvk 53 A Y
TS (= AA AEApe JFesE T
2% 18 MLB(Major League Baseball)2 OEM
42 F¥8S oA dojeMlo]2~E YeRdtE o714
Al 03, 04 T AA AA sk, A 05, 010
2 B3 Aol etk

ot i I

"Korean Big MacCparks 371 13 “Raul Mondesi” 0279 "Bic Mac" "Ntk McGwie"  Ray Lankford 0333 "Roger Clemens™ 65

¥ 1 OEM =d

32 XML
XML (eXtensible Mark-up Language)< Z o]
Aol A BA wske] FFEoz APE A Fo oo
o XML 1 #A49 Fx2& EBEARKE DTDe A4
XML dolg}2 o]Fojx=d XML Holgls 84
(element)gt= FFo] A&d Fe=2 FA=HT FHE
T Aok E=3h 7+ 2 4E JEIHFEE /M £ UG
ol2gk XML dlolet AAe] =71t ARE He=v
AAE 7HAEE OEM¥ 22 By dolg 2d
H] %’81 webx] Bgy dlelele] ez mdF uf
ot o, B =FdAE= OEM ZEdd glx
XMLe = wAMlorden) = FAI8Ha, XML 849 of
EZHER D9 IDREF[1%HS 714 gtk Ak fE g
FEE (1619 WHeg JEIREE 7HAA &=
XMLE &g + 3k
tee o 4o OEM Zda 22 g
XML Hlolgts 4575 Yehdtk
<MLB>
<National>
<West>
<stadium> Dodgers stadium </stadium>
<name> Los Angeles Dodgers </name>

oaxanr

o
=
rr

as

t o] Efell tf gt

A9 HHs3 7Y 725

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

</MLB>
4, DD 249 &8

DTD+= XML dlo]E} 2 4(element) T-F° thdk &
T2 (regular expression)2 ¥dgozZH XML dHlo]ek
o Wg 7x AEE AFI 2 =&dXe DTDE
7He XML &A% 7Pgsta, [17]914¢] DTDol th
3 Ao 2A4L HLFoZADIDE (n: P)o] #e] A
W, N2 24 o]&9 I3 neNelx, P+ Nej o

3 A4 EE PCDATA, & Exdo|th)eg #7433}
gt
4.1 DTD 2E0}e}
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YU A 3 AYAEE Do) Ae)slel Furt
97 g,

aeEg B =FdAE DTDEZYE Ao M 2
83 AR wE Bohly] 95t vt e ¢std
Atas Aogitk

A9 1 (43t9 A F2(relaxed regular expression))
gstd Bt oY oAl ZER] el ofste] a)
Ztt
.rl, 12 =11, 12
. rllr2 =rlir2
r+=r

4. re=r+] L = 1| L (39 2J3}y)

5 1?=r L

dqA 1 ¢ MLB DTDo|A playere] gt &
(player: (nickname?, name, ERA?, AVG?, win?))2.
2 el & A3, d8tE Arals 2839 (player:
(ERAIL), (AVGIL),

w N

((nicknamel L), (win|

1))e] Bk

DID SEviee thed e wWyozm 44wt
DTDe] 7t 824 (5, p)ol thetd p ol ehshe Q7
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¢18Z 1 DTD LEvFIEY] £4

AY: g3tE At =5 )
29 2EvE y,
procedure Make_DTD_Automata(regular expression r)
if r= a(aez) then
a9 29} o] LEwHE y BA
return M
else if =y |r, then
M,=(Q,,2.,6,,q,,F)Make_DTD_Automata( 5 ,);
My=(Q4,3,,8,,q,, F,)<Make DTD_Automata( »,);
SEvE %t M,EFE AR 2ERE
Mi=(@Q,—{a)UQ:—1{a2, 2 UZ2.6,[q,,4:), F I UF )=
A, olw s v 2ol BFold
1.68(q,0)=56 (q,a) for ¢=@,—{q,} and aeX |,
2.5(q,@)=6,(q,@ for q=Q,—{q,) and ac ,,
3.8([q,,a:],0=6 (q,,a) where acX |,
4.6([q1,q5),@=56 (a4, where acx. 5
11: else { r=rv,, 72)
12: M,=(Q,,2.,6,,4q,,F)—Make DTD_Automata( 5 ,);
13: M,=(Q,, % ,,6,,q,,F,)<Make DTD_Automata( r,);
14: M8 T8 BN FE oA, fu(m=1)°l2t AL L Entet
M3 M,EFE AZE LEFE
M,:(Q1_F1UQ2_{Q2}U([f1,42],[f2,l]2] ..... [fm,CIQJ},Z 1UZ 2,6,41,F2)
g A, old s& o5 Zo] HFod"
1.6(q,0)=6,(q,a) for q€Q,—F ,6(q, @) *f (where 1<k<m),and a3 |,
2.8(q,0)=6,(q,@) for ¢=Q,—{q) and acX ,,
3.5([frqsl,@)=56(q4,a) for all l(where k=1,2,..., m) and a<=2 5,
4.8(q ;,@)=[f 1, a.)for all q; which satisfies
6 1(q s a)=1 (where 1 <k<m) and a=X ;

—
<

15 end if
16" return a1 ;

*@ gtk o714 AA4g LErtelR= DTD7F Algshs DTD REvERE ¢8td AipadA AAg=glenz

HE o]&3ly Ao g Jods FERrFe=HN FF  DTD A7 ZF;concatenation)® OR ZATHE 1
X—*:flé 2o H#H3glel| o]gstA HArk ERA "ok o]FelA OR 279 E714S Ushli=
A8 1 duEF 19 93] AHHE LEvfE M2 FEo] B4 998 FEske 27130 HEZ o
Fdd EASk, Mo] Wopgol= A& LM)olztaLl st #7149 dolES 7Yshd ol Folo 848 FE

I, 3T B4 ro] veille doE Lnelzta shd g Atk
L(M)=L(r)°]tk

Z -2 At

A A 2 <] playerol thi DTDoA ¢3te 74
< AH&3 A} (player: ((nicknamell), name,
(ERAIL), (AVGIL), (winlL))dl diste] dmzlF 1
< sty 19 37 2k

42 DID QEOIELE 0|&%t DD 249 78

o] AolX= & "M 73 Z Qdtelement)d]
gt DTD REnREIE o]&std 24 a48 FE3t
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g8 Z 2 DTD L4(element) 7 78 E7 AA

if transition(q) has more than two states then
make a vertex q' corresponding to a state q;
0: let T be a tree rooted q' and having children of
Make_classification_tree(w, p1,) for all w where
w Etransition(q) with edges labeled a in the transition;

9 M ,=(Q ., 164, a5 F ) (for k=12,..n)

2 2% 2F% Ef Ty (for k=1,2,...,n)

3: procedure Make_classification_tree(state g, automaton a7 ,)
4: if geF, then

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

6: return q’;

70 else

8:

9:

1

Mi=(Qun2 16 4anFpol A7IA ke 7 240l
3t S ErEE k AAE Yedth d1eE 2 2

viele] A1z} AJEi(start state)ell A FZ  AEl(final s [iveel
state)7hA] AAZ 02 FHASAA EE AL & DED
HEFel A transition(state) = 6§ (g, 0)=p2] ol T
7b 9& W transition(q)=pE ”sl= TS UEH
t}. No_effect_labelce DTD9] k& Q4o tlsle] 1
7F 7 dolEo]l 84E FEI=dH dFS VA=A

{ERA, AVG, win}
{ERA, AVG}

10| {BRA, win}
11[{ERA}

11: return T;

12: else

13: g6 (q, @)’

14: No_effect_labely=No_effect_label Ua;

15: Make_classification_tree(q, i ,);

16: endif

17: endif

g F 2= old HolES A= EdE 74 o

s YuES yehdt Y4E Ede] 2EAN 7 T
P wmkA) PolBe) Aol 24E FRIE Yust ;
Hrk grngE 29 ¥ DTD 2LEwE 5

g dolud HAE /e wFen dE S0 A7|NE & AoA I EF HolBe ol g3ty ¢

playere]l ™3 No_effect_label& {player,name}®| =+ 2 Holgl ez DTD ARE #Hrlsle] Ao Azl

g ez playere] AEFE FolA {nickname, )5} gz ga WeE Zolk F A WS At

ERAAVG, win}2 A4 FA 7H £ 203 F 7F g0 gig Qoo ZAshs A2 Apath expression)S

A = 7l Ao AHEridl HEF AT {player, o3 o] Aolsit)

name} o= AFU AR Ve JEFFEEZ F A9 2 (A7 AZ2(Regular Path Expression)) 3

o A Ao AE7E HA 230 g Bad A 5 Az p A=

Hokg Wolll7] $)ste] o] w9l A No_effect_label& 1. HE A 0|2 = AAE TASE W4

T3 2. P OEM Z#jzo] gol&e] digt Aotk
a9 4e e F 29 = A% DTD 2 Evhe Z P=labell(PIP)|(P.P)[P*o] T},

o] playerel] Ul &7 Ez9} g EF dHolES Aol 3 (¥ AF A=2(Simple Regular Path

Bt elE =% DTDS & 2291 player= =7} 7} Expression)) 9@ B A2 Hop,p,....0,9
A= #ol&d wt {nickname, ERA, AVG, win}, Hejz

{nickname, ERA, AVG}, {nickname, AVG, win} % L HE A7) o]2 me AAE HAse W
o] 16709 2Fo =2 Yrolzith
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728 EEEL S ESENp

2. p(l<i<m)= OEM = 9] #Holg Ee 9
o] Zol9 Hol& A&E YehlE *o|th

5.1 Nodelnfo

Nodelnfo 71'H2 Z+ Ao disted B/ FRE A9
A7l A AgdE F, o] EF FE= W node_
infool AFHEY 28 55 29 12] OEM 2= A
node_info¢} ©F Aol A ©E merge_node_info’}
7t agolt) ol & E9], == 05% node_info #OE
g 7ML o] g I8 49 &R HeolsolA #Hold
A3 {nickname,ERA,win}9] ¢l& 2o a3l
Nodelnfo2] A4 B]&& Fote] Z${worst case)ol
kZ zt DTD 249 tigh A 2§ 233 5431 ns
== Fgta 3 Okn)olth o]Z12 m 7§ oA n
M) ==& o]Fojz T A O(mlog n)o EF=
& 7FAE 1l-index[6]¢} He] A AFse BEZJE
£ 7}A= DataGuides[4,5]°] ¥l $-4=3}th
Nodelnfo 71H& @< A+ A22 vhs 2331
& AT £ dok WA @ AP A2 o
TFE At

B4 Hopipy.... o5 Al EAlshs &
A AEAolgtn A pl(lgz'gn)/] classification_
info= Ha3 o] Aojdnk

1. p,=+°1 A 4,

No_effect_label & ul, {3,

2. p o =*°13 p ., @ No_effect_labeld Ao,

P

A

O i,

S

classification_info ¥

5

[e] !
D i F* 1, DinE

ik

G A A2 9] classification_infoe & 2]9]
Fol U3 ARE XY ggos Ao sl #H
oA TheE o] AA &4& gtk

A 5 (AA 24 AA g AA Y FgEs He
AL onjsitl. oju) ®AEE A7t BEIF AA A
£ AMA) kS <label, object-id, (merge_)node_info
of the object-id>©]th

Nodelnfo el Ao A= ths3 o] 344
o owE AT B2 Hopip,.....p,0l ddt =9
He BE AAE e AAFdA o A7t wE Y

o

El

AAE 7Ke AA vE B, T #HolEol
p(1<i<n—DEL Y Bl AX w2 FZH=
A= o2 S wESste E9olth classification_

info of p ,~classification_table[element_label of w]

[w.node_info] = @.

4) No_effect_label& R kol thd} No_effect_label] 3

tlojefmlo] 2 A 28 ¥ A 4 5.(2001.12)

dgA 3 @& ¥ F=Z4] MLB.National. West.

player.nicknameg =] 2] 3tc}ar &}xL
o] AR EUEHE EE AAE V] HsiME 2"
5014 A 00, ol, 02, 05, 067} BME 31 "Korean Big
Mac”o] gEEth 71& guk Ao A= A 029 &
Aol A 0100] ©AE 5 1 MA 7} nickname °fE 2]
FEE 7HAA &es %L-T-L galo] FzHEck 1y
S gAs= F AA ol0

=player?] classification_info2]

4ov

RETE
ko] {nickname}®]3l classification_table[element_
label of 010][o10.node _infol9] kel {AVG}elth 18

22  classification_info of
of 010][010.

p ;~classification_table

[element_label node_infol={nickname}

#+@ol Ho] &4o] FRHCh

"Kotean Big MacCpark' 371 15 *Raul Mondesi* 0279 "BicMac' "Nark McGwite"  Ray Lanklord 0333 "Roger Clewens® 265 20

13 5 (merge_)node_info’} F7}e OEM 13]=

5.2 MergeNodelnfo

MergeNodelnfo *'H-8 W< merge_node_info7} L
#oF it AA AAel g RIS JHAE B0
ofzt it AA ke EE AA tigk JRE 7}
At} 2HEE merge_node_infor WA A AL
node_info®} 2 A2 4| 2] merge_node_info2] &3
Foz Ik

MergeNodelnfo9] Z7]= t& DTDO EAsl= &4
o] 2] 33} No_effect_label2] #|o]E-<] HFte] 2
olgl & ) O(tn)olt}h DataGuidesdll A& I =77}
tlojefw]o] 2 F 79 AfFof vlEE 4 Utk

MergeNodelnfo 71'H-& @& A22S ¥33 299}
A BEAS 2FS Ao ERE AT § o A
A e A BEAA st p ol tidk merge
classification_infos tha} o] “geostct

AN 6 Hp,ps..... p, 5 Ao EAlse &
T AEAolZtal A 5 (1<i<n—1)O T merge_

classification_info=

s

&
0_\_4
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"~ lclassification_info of p,

2 Zojd.
MergeNodelnfo 7]Ho A9 A9 AHZle o33 o]
TR 9 B BEA Hoppoe.... » 9 o3t

dr= B AAE Fe BHANA Ao AHYU|)ot A
A w2l o AE VA AA vE "HAsta i, 1
HolES p(1<i<n—DE AL AA wE FHo] 3
A== %9 merge_classification_info of »; - w.
merge_node_info= ¢ ZAE WEE= ZH9olt}

dA 4 L9 v AF A =Z 4 MLB.x West.stadium
£ Atk sk

gur7 ek WA= OVI AR ot =g
He EE AAE 2] AEA 0 oo WestE 2]
et AA o=yl gaEd 28R Merge
Nodelnfo W= 28 59 AA] 002 &8 w 2
A 013l tigte] p,—+°]3L, merge_classification_info=
{West, stadium}e]th. 28]l ol3.merge_node_info of
» & & {Central AVG nickname}°] k. @WetA] merge_
classification_info of p ,~w.merge_node_ info={West,
stadium} @ ©] 22 o] FgHETE A 0239 3
GIx 2L ol f = g A ALgHET

MergeNodelnfo 7|H-& ‘| dite] gD A7 H=
A& NHAE Aol o] 8E F Atk WA T W4
5 Aejgith

A9 7 Ao APt AA wRe dAE A= A
A vE E4T o, W PQRe| th3 o] HojHnk

o P Ao EAsIE #elE H3FH No_effect

label®] #lol& F3 1 AAF

+ Q == wol ™3 merge_node_infoo] #o]E2

A%

o R FEA =& w7lAY AR &A= #o)

£9 %

4714 P-(Q R)= ¢ Z71& B == volA =
= w2 g&do] gdr:

A A 5 71de] 3 XA st vlo|epw o] 2 A Hf
742 2] Bib.paper(.section)*. figures = 2] 3tctar 3=k

A v7t dolepdlo] 2o A g APE YERT 1
9] 319 AA MAE 2¥E 7HAA geva 7PEskA
a2 A A7z AA vE "EAE W P={paper,
section, figure}, Q={section} ©]iL R={paper, section}

ek ol P-(Q | R)=(figure} + @ °] HoiA

.
g4 5

5) ') A2 A AF AZAL | AXS 7RA] 2= T

t o] Efell tf gt

A9 HHs3 7Y 729

6. & 7}

6.1 H|& At

HZE dolgt RedXe A FH2EY &FH}E
47 FAE7] wEoll4,18] ZF W HlgS AR
f5te] AA g FE AL Blo] e Aol wet
A naivedt i3 Nodelnfo, MergeNodelnfo®] 794
2§ FE A s 2t o, O FE22

a1 T=

Hopipo.... b= AT 33, p (0<i<n), HOl
vl gE e 1112 vehlle M5 22 g, ol 3R
lop 1S op,o HRRIGEE 24 £ et d2
9 104 o Az

MLB.National. West.stadiumell t3} , =National©]
A {olold3}s YEhle WEoln
Fanout( yp )& WHF yp ol vRIE=E AA A &
ol 12 =EEE #Hd AA Foltk

Cost yoive= Fanout(vH, p ) +vp |Fanout(vp ,p )+ ...
+lvp 1| Fanout(vp 1, ,)
= Fanout(vH, p ;) + Fanout(vH, p ,)
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