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Abstract Search results of XML keyword search are defined generally as the most specific
elements containing all query keywords in the literature. The labels of XML elements and semantic
information such as ontology, conceptual model, thesaurus, and so on, are used to improve the
preciseness of the search results. This paper presents a hierarchical index for an efficient XML
keyword query processing on the condition that returnable search concepts are defined and users’
query concepts can be interpreted with the help of the semantic information. The hierarchical index
separately stores the XML elements containing a keyword on the basis of the hierarchical relations
of the concepts that the XML elements belong to, and makes it possible to obtain least common
ancestors, which are candidates for the search results, with selectively reading the elements belonging
to the concepts relevant to query concepts and without considering all the combinations of the
elements having been read. This paper deals with how to organize the hierarchical index and how to
process XML keyword queries with the index. In our experiment with the DBLP XML document and
the XML documents in the INEX2003 test set, the hierarchical index worked well.
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Hol Agdd. a" 3= £F Jd49z[6]1Y MEH

TS e 28 QdEas FHake A4 47 o)
5 3hate] A7

LE7} A

RSCi © RSG;© QC V QC < RSC,

professor

“
professor”
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student professor S— gagle;;o S— 240l 19 ;gﬁcs_ ESCIE] 20l 19 ignﬁgﬁ(nzg)ﬂ
college college I_cgu_ﬁs_l college e T T T T T T T T
MRS e || e ||| e Tl 1] Elelwl 1]
web [ ng [ fms|nyfnf Lrwloal [ [ 1]
ML Ll 1 [ | ENEN (| B male  [ofm | [ [ | |
ErO| O | (ICOE= (b) 22 oA
web Leo ol ) (Lol [ 4| |EE Lol
(I A E I A D (| M T
e B || O B W 5 W W EN EN
| || (O mie Tl T T T T
(a) 20l I HE QA (C)JI= ei=i=
a9 3 ou] 7§k AlF QY B8 14X 7)E Qld
etk 29 3(c)e ¢ 719=Y T2Ho0] UHA ¥ dolHA 719 “XML'S EFshs =28 ¢S F
AR o2 XML 94E5S Asta de grbdd <l 871 glok. 2830 F on 7§k AlF QAEXAE ARE-s)
925 Yt = At A9 15 AHFstr] Hste] RSCsell sfigste
2% 3@olA @ RSC WM =ES 29 3b)olA  AI9E XML'S E2E J19E ‘web’e] EEl
el gtEl Ao EAshe =25, O 3(c)dllA & 7 oW Hm, 29 HA FH Ax AirS FIsid
Ao 28-S FAI}E ==50] DIL +22 #4845 "rh
€ AE P88t A jbEe 8% == 2% T e zoxes dY Aded daglel T2HEY
35 vwshd e 2k ¥ 294 He 18 1 8 A gANA AAERE etk 28 3(h)e
#H3AHQC = {“paper”}, K={"XML", “web"}). Az 1 A TY B &3l 719= “XML'E ZF3 ==
o wel QCE REFFez 7FXE RSCs, RSCs, 719E “web"& T3 ==Y Ha FE AR
RSCy, RSCiiE Widoz 3tof, A 20 wa} 471¢] 22 AXS R F 11He Ha FE Ax E
vl 9 CU; = {n | n=RSC3}, CU2 = {n | n= Asks st A WA BdolA T A4t Icaln,
RSCs}, CU3 = {n | n=RSCy}, CUs = {n | n= ng), lca(ni, nis), lca(nyz, nis), Ica(nyz, ng), lca(nos,
RSCutE& Aot CULY "WHol “XML” 7]19=& nz), lca(nus, no, lcalns, nws), T WA Eo)A 449
RS E%" A2 {(nuy, migielth CUS wiwo] HAr FF Ax 3E A4F lcalng, ng), lcalngs, ns),
M “‘web” 7|YEE T =59 Hglo] golm Ica(nus, ng), lca(ng, ng)S FACE 7]E Ad oA
2, nud nir2 “web” 719EE X AuI == < 3hte] 7] 4‘27} shte] T2EE 7A1 o, 1
spe] 2FAME [ A3t He A ¥F AXR7E 9 30ddAM F 1299 Ha 3F Ax e dike] 2
WEkE] 7] grevh wEtA “XML” 71958 E38HE ny i
I nir> 98 FaUt glth CULY #Hwo]lr “XML” 7] 3.2 QlelA MM oI M J1Y
A= xgdte =259 AL (np)olth CU9 9 Al AAoE XML #A4E TAZHoE ¢JowA
Holm “web” 719EE EFete =259 FJFL {ny, ARl 7198 XEe =&y IHEEW FY RSCH
ntolth. F W Ha FH AHAXE AESHA Hok Wyt He =EEE XAES AN =S50 W
Ica(ngs, nos) = n23®]al nos = QCZF oFUth Icalngs, ngs) AF= 4= XML EZE =g 2H(preorder) 2 B4
= nxp °]3, np=QC7 @CIEE, ny/t AN AR g o =7t ZIEHE £49 2o 28 29 oA
HghE CUzo| WioldAl 7]191= “XML"S EFst XML Efed et == BSE 2t =57 BiEe
E =&Vt gleB=E CUsol PHolwA 719E “web” TAE omgith
< ZFete =5E ¢S FaUt gtk CUS HiHe] ad 4= AT AQd29 ARl HFS vt &8
A 7195 “web’S XTSI ==V flemE CULY ol(stopword) HZY 2Bl (stemming)Z o] 24219
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while (read(doc)) {
start_element() {
node_id = get_node_identifier();
term = get_term();
LABEL_STACK .push(term);
if (SC_LOOKUP.isSearchConcept(term)) {
RSC_TREE.put(term);
rsc_id = RSC_TREE.getRscldentifier();
}
}
characters() {
term = get_term();
if (term is keyword?)

} else {

}
}

end_element() {
term = LABEL_STACK .currentLable();
if (SC_LOOKUP.isSearchConcept(term))
RSC_TREE.pop();
LABEL_STACK.pop();

if IDX_HEADER.getAddress(rsc_id) is NULL)
IDX_ELIST.createNewPosting(term, rsc_id, node_id);
IDX_HEADER setAddress(term, rsc_id, IDX_ELIST.getAddress(term, rsc_id));

IDX_ELIST.putTerm(term, rsc_id, node_id);

Ak 8-S AFEHAT A9ls
W EE(SC_LOOKUP)# A" FAEe|th Al A
Ge AT s AT s Y, B AY A
Eg7} A9 IDX_ELIST, IDX_HEADERS, RSC_
TREE= 27t AF 42, A Q92 3y, &4 7))
d A EdE vekdoh IDX_LISTOl= 71955
i%%o AgEd. 54 19=E
T X280 2 A=Y $Y RSCY ¥WH =
7% ‘SMPJ E2ES 743 5Y RSCY W
2 doo ug s 722 FAE § Ui E
DIL +%[3]). IDX_HEADERSE IDX_ELISTO|
b 719129 T2EE9 AR YXE AFstL Qi
AolE BE JY=Ee IDX_HEADERSOA 1%
2o Hs Bastn Jen IDX_LISTHA &)
T X2HE A 9XE 7le]7]a 9tk RSC_TREE
+ RSCEY #AE Edf 722 Uehle g =o|th
oA XMLl thet RSC_TREEE 18 5(a)$} 2ol A
Rl

Mo
oj&

LSS . =
¥33 =&
-

b o

“start_element()”, “characters()”, “end_element()”=
Ui AIRYP, “go] AP “dA 7 ARd(event)oll 3 E
2 AE =(triggered) E<=olth.  “get_node_identifier()”
= fﬂzﬂ Had w= AEAES ket “get_term()”
e XML EA400A4 3 dolE ¢jar vt} “SC_

Qe 44 B

LOOKUP.isSearchConcept()” &4+ &A] Ef ==
o] #olEo] A i F shiteld, ‘g wigkeith
RSC_TREE.put() e d8EHe AES

RSCY &Al AF-E RSC EgolA ERlsta EAJsHA]
Rs AT *ﬂi—v— RSC *=E9} RSC WHEE XA}
IDX_ELIST .createNewPosting(term, rsc_id,
& J19= terme RSC WZ rsc_idol tish Mz E
285 At N2 AFE X" node_idE F7}
3t} IDX_ELIST.getAddress(term, rsc_id)E term)
rsc_idoll SFshE EXEY AR FAE WG
IDX_HEADER.setAddress(term, rsc_id, address)<
term@] E2H FH9 rsc_id WA G X2 F
4 addressE A7t

AE Fol == e nhAel 49 B3 At
W oot 2tk me o|d AddE A gw
)

RSCE 7} A @=t} wghd no E3hd 7)9=5o
AolE R etk mE “college” Mol &3la RSC
= {“college”}2] #Wwolty. RSC_TREE¢|= #olEo]

“college”?] =271 AT No7kA| A2 waEE 7)
Jo] glowg RSC_TREEC F7ldH+ /HE =&}
3, nFE na7tA e ==E5L8 RSCi={“college”} o] =
H7E @tk NoRE n7thA 2dEE 719=59 28
L FA3 Jgo] AFHAT} Neol dlo]E2 “student”©]
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RSC_TREE university q7) [ @) [ ) [ao]aplan]>
T
department (] (6)
¢) 7) (12)
college university paper 3)
professor 2 3) G)
@) @) ©) @ (10) (12) 8 0
student professor  department  student professor  department (11)
RSC
(3 (5 ©) (11) e
paper paper paper paper identifier QJ
(a)RSC Eeg| (b) Z2 W0 HE CU 74 0l
(1) 2) 3) (4) (5) (6) @) 3) © (10) (11) (12)
{college} | {college, | {college, | {college, | {college, | {college, |{university}|{university,|{university,|{university,|{university,| {university.
student} student, | professor} | professor, |department student} student, | professor} | professor, [department
paper} paper} paper} paper}
(c)IIE & e Fig

a8 5 A8 X

A4 A T shdelmz RSC Egd] Ad ==71
7}tk & ngE “student”dl T &3FaL “college” =
&) RSCo={“college”, “student”}¢] wWH=To|t}
“student”& “college”& #olEE 7MAle =& 319
FEoAM BHE sfdol=g RSC_TREEIA “college”
ME =9 22 =2 A" No7ZkAl A= A
A4 Jide] gleBER ngtE moZtAY =EES
RSCo={“college”, “student”}e] HWHW7} =3l neH-E nyo
oA A" NY=EY ¥AEL FY o AZH
ok Njp& RSCs={“college”, “student”, “paper”}<] WH
7F Btk NpR8E g7 ==L ntE nwZtA9
AR RSCoo] W7 Eok wEbA k=

S e R

=
\_EE“V

A HAH JI9E=E nps AL ngFE mieZhA <
F2EL BE FY 994 AgEch

AN BAHE v RS FAse A Y vl
frdel &g AAEe AL 35 HARE &Sty A
A Adg AEste T gAER A" 2% 5=

Aol 7ido] “university”, “department”, “professor”,
“paper’d W CU 74 <& /fd& o= vepdrh 29
@] “university”¥ A% RSC;, RSCs, RSCy, RSCio,
RSCi1, RSCp9] W =252 AT sk vl
fo] mHFAY. A do] “department’d S
RSCso] WY =88 74%E vl 33 RSCrd
9 ==EE2 FAEE H fulo] etk

ofm] 7|9k AF JAY2E o83 AN HHFL 39 6
4 2ok AAe Al dAA AAdE RSC_TREE,
IDX_HEADERS, IDX_ELIST7} o]&¥t} CU He=
Folzl 2ol el wal Hlu fRe FAsE ==71
AgE ExEe] BEF Fart AFH 339 wjgelok

CUlcu_num][kllcu_rsc_num]E cu_num¥#A ®x F
ol kAl Z19=9] cu_rsc_numH A RSC2l =H
HArEol ARE 84 F4 s /M odF B9,
Z9l 2 (QC={"professor”}, K = {*XML”, “male”})°l
A ¥l §439 CUp = {n | n=RSCy =& n= RSCs)
2zl AW 192 XML sl CUs
CU[01[0][0] = IDX_HEADER.getAddress(“XML”, 4),
Culolfoll1l = IDX_HEADER.getAddress(“*XML”, 5)
2 FA"Et F oA J1¥9= “male’dl] thEiME
Culol[1][o] = IDX_HEADER.getAddress(“male”, 4),
CU[0][1][1] = IDX_HEADER.getAddress(“male”, 5)&
TFAEL kA 71929 cu_rsc_numW A RSCe #
H 24hEc] EAEHA &5 4% Y(NULL)o] ¥3d
o} “rsc_ent” WEE A vlw {49 FASHE RSC
9] 7o)t} RSC_TREE.traverseO)+ X3 2T (pre-
order) 42 RSC_TREEE <3]8}= <]t} RSC_
TREE.getRSCldentifierO= RSC_TREES] @Al %<
B7F 71871 e RSCe WEE waldith. Load-
RscMembers() &= Zb 7]9=dE Bl fH&
AAstAl 2 RSCY W Eo] AAE] = EF F4a
& CU Wgo| FAgth. RSC_TREEY €A RSC =
=7 QC7F of®| ©l o @Al CU| F71E RSC7
S-S 9ugt. CUY &3 RSCrZF EAlsh= 45
CUd 23d ALEZHE FHA FF AxXE AEshe
Asks Fagith
RSC_TREES|A uF3
%ow CU #+4o] &
3l RSCE9 wiH

Ml e PAsH

TC =

® @A RSC7} QCell

AolB2, dA7A CUE +4
252 9 ARE &3
19 =e] BE RSColA w4

(RO

o,

rob
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//CU_CNT: Mol 3 7)<,

Declare CU[CU_CNT][K][RSC_MAX_CNTJ;
Declare cu_num = 0;

Delcare cu_rsc_num = 0;

Declare rsc=NULL;

While (RSC_TREE.traverse()) {

rsc = RSC_TREE.getCurrentRSC();

ifrsc > QC
rsc_id = RSC_TREE.getRSCldentifier ();
fork=0to K

cu_rsc_num+t;
else
//CU T7do] Bxow, LCA A& Azt
if ((rsc_cnt <> 0) && !check_empty_CU(CU))

cu_rsc_num = 0;
cu_num-++;

K: A9 7199= 7S
//RSC_MAX_CNT: 3tvte] Bl {318 F+43t= Rsce A4 7

// \] L
I A=
/@A R FRe) Ws

/AL e deka gl RSCe] A
//RSC_TREE®] »=E & 7}]7] EE

RS TS RSC WY AAhE] A%

loadRSCMembers(CU[cu_num][k][cu_rsc_num], IDX_HEADER[rsc_id];

LCAs = find_LCA_in_CU (CU[cu_num], IDX_ELIST)

A4 EE wiE

7+ 7=

a4 6 A

a7 s Af, o 719EY §Y Hla fus T
43 RsCel W 23S 9L
“check_empty_CU” gt 2+

£ RSCe] IDX_ELISTS] F47} ol “z& wi3lst

ol W AAES IFTE A9 7 v fFHoZRE
AN At He Hx FF ARE ZEY “find
LCA_in_ CUe 7} A9 71¥=59] Hlu fFHldA A
o Ay} He Hi FF ARE AESE ol
Z} ¥al f9S FASHE RSCY WY 9459 BEES
2 shte] xAEo g 15Ut JhEdky, Ha 3% Ax
£ AAske dugEE(34]0] A2 § Atk

nogge AFE on) S AF Auze) 7@ 7
S5 AF Aux Abgel BE B4 4% $Y A=
£ uolt o] BAL Frh B Aol ov) 7yt

= (o)

1:_]
. AA Yo 2E DBLP A]ES] XML
A9k INEX2003 E|2=8 Al[17]e1A4 A3=s XML
EAE] AMEEY. B d3e #HEY-NII 993MHz
CPU$} 17]7}uko] E(gigabytes) "¢l WlREE Ad 7]
A APHAT P& C+E XML 719= A4
Alzgls T8I o™, HEE] (Berkeley) o] o]
[18]15 AH&3ld JY2E AR YL shte] Hejof

A $57 AR Fd ZoE ¥ £33 2

e

a7}

s Hdiga ALze A Het gholth
A& A18E DBLP XML A+ ¢F 509709 =
29 AR EES H{E o 210 wrhblelE

(megabytes) 3719] &Aoot} DBLP XML A= F
E oA #-ol(fan-out) HE =& 7zH7
o] =% 29 ARJ} V|E8E FERE Ado. & zlovt
191 =29 747} oF 509k o]&th £A49] F
o|7} &aL Zo] 1o EAlskE == e e =&
2% RS ¥ vk 19 7S DBLP XML #
A1¢] DTDoIA 4%-5 LT Slelth

A2 Jid& “article”, “inproceedings”, “proceed-
ings”, “phdthesis”, “book”, “author’e]i, Aol 7@
“proceedings”d w, & 1o Yehd 4719 HJE 117
AL A EE 7He] #AAE AHKEWA “author’E Al
g UmA AMEdEL EF AE Ego|m, “author” 7Y
d3e UHA EEY] 819 AdelBEE RSCY MreE &
1070 (RSC={“inproceedings”}, RSCy={“proceedings”},
- RSCs={“book”}, RSCs={"“inproceedings”, “author”},
RSC7={“proceedings”, “author”}, -, RSCio={“book”,
“author”})7} H .

9 82 DIL 7x¢ ¥y g 8 - A

ehdich, 6709 A4 A

o
1%
[>
lo
)
=
>4
ko
>
2
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<! ELEMENT dblp (article | inproceedings | proceedings | book | incollection |
phdthesis | mastersthesis | www)*>

<!ENTITY % field
authorleditorltitle|booktitle|pages|year|address|journalvolume[number|month|url|
ee|cdrom|cite|publisher|note|crossreflisbn|series|school|chapter>

<IELEMENT article (%field;)*>

<IELEMENT www (%field;)*>

% 7 DBLP XML #41¢] DTD

$# 1 DBLP XML #A{¢l it 29

FERE FERRE AW sl 719=
Won, Kim, Relational, Query Q3 Michael, David, Architecture, 2002
Database, System, 1996 Q4 Computer, System, Architecture, 2002
2152 (DIL) —s— 28 g9 A(F aeld H=10) “proceedings” Aol Hah= flag ko] Mlamgh A
g ole A(F ThE[M 7§ ==10000) —@— A5 A ﬂlx 7534_ /ﬂ'%ol 7]_\_5_—3} . é “proceedings" 7HL§% )

AZHE)

22 7}AE RSC(RSCy, RSCH WY k=Evh 213
W Egh ¥a {FRE 170, RSC9F RSCrol W

wES7te & BE AZE AES] P4 ARE

" 2se] RSC A59h BAsH 10709) el

a A Al 99%9] &7 Al TAE B
INEX 2003 H|AE A& XML ZAd9 As =
= - _ = =
ar o a3 as A4 XML EXE7 Qoo Fese] itk INEX-
Hel 200301 125702 XML EAEo] 9o 7z XML &
2% 8 DBLP XML #Ao] thgk A4 48 Azt AE IEEE AYEd AAE =% A= yge %3}

star Aok XML &4 &he] Z7]= Hd 45 w7t vt
°|E(mega bytes)o|tl. XML #A 3htes dhte

ORISR
& dEzv) HlaEnh 10709 e 7R 28 9 XML E27h H9 1257] XML Efje] $E =28 A
25 gub ez} W@ de] $H ARES vehhgl A =EE VM= =2A XML EE 7Stk

o
ok ZEA AG7E oF 10,0000Y o B g A
of wWe Ao S Azt vt A Yehgon
4014 <F 46%9] S A7+ HAE Uy AZ

& ¥ 9= INEX2003 XML ®A4E59 DTDOA 4¥& &
9 gk Aotk

El A3 AolE A=A CO(Content Only)2t CAS(Content
= And Structure)® FEIY. B =FolA= XML £A4
)

A
9]
25 A8 A9l “proceedings” Aol &3A] &
2 o] F2E 1A Forz COod &3he 36719 A

A4 An e skl 9alA 2w

<!IELEMENT books (journal*)>

<!ELEMENT journal (title, issue, publisher, graphicc?, (secl|article|sbt)*)>
<IELEMENT secl (title)>

<IELEMENT issue (#PCDATA)>

<IELEMENT publisher  (#PCDATA)>
<!ELEMENT article (fno, doi?, fm, bdy, bm?)>

<IELEMENT fno (#PCDATA)>

<IELEMENT doi (#PCDATA)>

<!ELEMENT fm (hdr?, (edinfo | au | tig | pubfm | abs | edintro | kwd | fig | figw)*)>
<IELEMENT hdr (fig?, hdrl, hdr2)>

<IELEMENT hdrl (#PCDATA | crt | obi | pdt | pp | ti)*>

<IELEMENT hdr2 (#PCDATA | crt | obi | pdt | pp | ti)*>

<IELEMENT bdy (sec*)>

<!ELEMENT sec (st, (p | ss1)*)>

a¥ 9 INEX XML #4E¢ DTD
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o] FelA 6719 AoE Melste] APt 671 A9
o 3t =9 AL ® 20 YeElY ok 6702 A
g Aol F 49 Q1 ~ Q)= Al Y A9 719
=2 AR Hay g FdojEoln, FHo A A
MQ4 ~ Q6= Ha 57 o9 7I9=2 A 4
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A2 WAL “ournal”, “article”, “fm”, “body” ¥ w,
XML #A3Fe2RE Z /dzte #Ae v 2
k. “journal” 4 “article”, “article” 4 “fm”, “article”
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ot HA #AA A3t Zol= “journal” el 3l o
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4= AS Q929 RSC Meet 593 47)9 &
Qo] AFs st 2579 FE]HeE A
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Ao o] 719= Bk o] 719=
. . information, data, visualization,
Q1 singular, value, decomposition Q4 . .
technique, hierarchy, space
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