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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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Nz, Nzs, Nas, Nas) “college” 9} “university” 7¥ B2
Aol At “paper” JMdele &shA dowA
“professor” 7ol &% =EE(nw, nm, nes, ue)S
“college”®} “university” Nde F& o wt 4
Hel A 27 3b)e 88 dd256]9 NEFH
TAL Jehdch 2g ddas 39 A4 dn Qo)
o] 9285 Y 24 5/ AEAEE £¥IH AP
3t YHR] YAES HIY ZoldM 24 == A
2 dEdT TS FEHd ARG o4 XML
EfoA AN Fde] H3y Hole lolth HEAM 8
A 87} 28ka 3P Zo] 19 AAES F/9 FHEHE
2 o] AR ol 19 AWA €A e 2 ¥
& =52 AWUA Mo AFHL o] 19 F W
A Y2E npdt I I =552 T ¥ gEjHd A
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student professor er
en proressor
college college collle_f oolllgge
IIHE university univerng university university
XML I l I I I l I l I"u “|1| I“zs I
B |CT| ||COiEE
web l"9 Inlil I I"HI | I I l I I"u “zsI
N Y I O P O
e |EC| B (O3
N o O

(a) 20l Jigt HE AL

519

Ol 19 A M B(n,)2 20l 12 & B 8d(ny)2

2 FELE
gl [ T [ [ 1 | I |
XML oy [e]me] [ ] Losnafne| [ 1
web [ n [oy]ng [0 [ ol Lesloa] [ [ 1
male  fofua]| [ [ | L L1 1

I
(b) 28 eia

XML [“Il I"nl"xs l"u | "‘45] "ul I
web I“n l"ls‘“lzl"ulnlnl“ul"uj
male

"‘ul“n[ | I l | l
(C)IlE gleia

a9 3 ou] A AF A, B AYA, J)E Qb

Fgct Id 30T ¥ 71959 T28o] UHA ¥
AHeZ XML 9458 AFsE = gyl o
928 vepdt

a3 3(@elA & RSCY AW % 3(b)ellA
slitel eI EAlde =28, 2% 3(c)olA & 7
f=9 ¥AEE FAFe ==Eo| DIL 22 FAH
= 7A%E MHEA An e 8% =3 2%
348 vlmstd oS 2ok Oy 2004 A9 1& 2
#8AHQC = (“paper”}, K=("XML", “web"}). A& 1
o uwzt QCE REIFeZ JIAE RSCs RSCs
RSCs, RSCuE tioz 3ded, &gl 20 wet 4749
v 9 CUL = {n | n=RSCs}, CUz = {n | n=
RSCs}, CUs = {n | n=>RSCo}, CUs = {n | n=
RSCu}& A9$h CUY #ujoly “XML” 7I19=&
et =259 JFL {ny, nirielth CULY @H o]
5 “web” 71YEE I =g FHFo] golm
2 P nre “web” 7)1Y=E XEslE ojuiE k&
stol ZF}AMNZ HY Azt He HL FF A2
wekEx) gerh gEbd ‘XML A9 XEEE
# nire 98 "art glek CUz9 "doly “XML” 7]
A=E TIE =259 ARLS (nxselth CUzS =
Holw “web” F|1HEE X 2B I (ng,
nsiolth, F ¥ Hx FE MFRE AEIA ok
lca(nzs, nz4) = nes®lil np=QC7} otk Icalnzs, nx)
= np 1A, nxy=QC7I @CIRE, nyt AM AAZ
gEth CUso ®Wo)dA 7)19= “XML"E ®§3}
7t gleng, CUsy wWHoldAr J]9= “web”
¥3sle =22 92 davt [tk CUS dxold
719= “web"S I Ele =71 gloerm=z CULL

TvoE
===,

2ot rf e

dro]HA J]9= ‘XML& EE == ¢ 2
87t goh 288ez on) 75t AF AHYAE A}
€ Ao A9 12 syl sk RSCsoh dF e
F19= “XML"¢] E2H J)9C “web”d EAET
A3d Ho, 299 H4 FTF Az g sy
k.

B dezdAe e shgol Augile] 22889
g BAd AN AHEFAE Fet ¥ 3l
A 59 BE &3tn 7= “XML'E £ k=

s} 719]= “web" & EFF =530 H& FF A2
AE A4g st S 1199 4 FF A AE

Arg 3T A WA BdolA 7He A4t lcalnn,
no), lealnu, nis), lealmy, ms), lealnr, nz), lcalnzs,
nz), lcalngs, na), lcalns, nws), F WAl o)A 499
AL FE AZX AE A2} Icalns, nwm), Icalngs, nas),
lcalns, ng), lcalng, ns)S FH3C 7|E AG 20N
£ 3l 719ert shvie] 2AEE 7EAR 9len, 1
Y 3l & 12919 AL FE HE: 4F Qo] i
233t

3.2 QlgjA MM 9 2AM IbF

A HAPdMe XML EA4E ¢AFL=E ¢oHA
Ad 719=g XTI ==vt dAEHE FY RSCH
ezt He =252 ¥2HE P =50 W
AHE €A XML EdE 22U (preorden) & B4
g W ==t 23FHE £AY 2ok 2§ 29 44
XML Egld] Jehd == ¥M3E 7} sy 2AsE
A& Yv)Fioh

a8 4 AF d929 ARl HFE vEpdT 8
ol(stopword) M2} 2AH % (stemming)d} Zo] 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);

a9 4 AF d9= A4 B33

dubd U ge ASHAT AL AT AL HY A
Y EE(SC_LOCKUP)H A8 EAEelth 4l 2
H2e= AF dd2, 4F Q92 #d, 48 A9 A%
E2)7} 44¥c. IDX_ELIST, IDX_HEADERS, RSC_
TREE: ZtZt A% 492, AZ Q492 3o, 34 7
g Ag EfE JeldG IDX LIST°ﬂ'€— 719 =59
28 Eo] ARHt Y JA=E TEF x=5L
‘3]'-7--4 F2glog FAREY Y RSCP—] 9y =5
718 shie] 28-S FA%Y Y9 RSCY 9¥d =
tEE P T UYF 722 748 7 AHAE
59}, DIL FZ[3)). IDX_HEADERS+¥ IDX_ELISTel
Azt 719 =9 22"EY AlF JAE AR ok
¥ 2E J|Y=5& IDX HEADERSHA ¥
5(c)st 2L deE B{stn gloer IDX LISTeA 3
@ 2959 A3 9Xg 7Hela ok
£ RSCE9 #AE Edf 7RI Yehlle Lot
oA XMLell digdt RSC_TREEE 1§ 5(a)$h Zol A
A€
“start_element()”, “characters()”, “end_element()"&
“Qi AIFY, “go] AR, a4 B Ald(event)ll o3 E
g A =(triggered) ¥4rolt}.  “get_node_idéntifier()”
@A 949 == AEE WEFch “get_term()”
e XML EAM60A 3 dojg o vhgdic}. “SC_

%1tk RSC_TREE -

LOOKUP.isSearchConcept()” v A Ef kxx
9] ZojBe] HA dE F dhdold, “F'E W3
RSC_TREEput() & ?HE%: Nade E¥shs

RSCY &4 o8& RSC E&|dA 81l3ln &4}
22 A% N2 & RSC :E9 RSC WEE AWAF)
IDX_ELIST.createNewPosting (term, rsc_id, node_id)
& 719= term9] RSC W3 rsc_idd] dig A28 ¥
288 AAsn A= Y X2"d node_idE F7}
gttt IDX_ELIST . getAddress(term, rsc_id)E terme)

rsc_idd] B T2EY AF FiAE WHEHC
IDX_HEADER.setAddress(term, rsc_id, address)e

term®] 28 3l rsc_id AAo) T ET2ElY F
2 addressE Aok

48 Eo == m*H ne7tA9 A9l AL 4
d oSy Zh me oud@ Adex &34 gn
RSCE 7HAA] geth wakd mdd T Y=L
A=A etk e “college” NFel &3l RSC
= {“college”}2] WHe|tt. RSC_TREEol: #o]&o
“college”q] ==71 AFET No7hA] A2 i E 7)
Jo] glexms RSC_TREEC F7lsE+ /M@ xz=v}
2T, nRE ns7hAe] =52 RSCi={“college”}] H

' HM Bk No2E ns7tA BAHE 71955 TAY

< 598 9ol At Neo| #lo]EL

“student”©]
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RSC_TREE university {7 { ® [ ® [agJanlaa]
o
s/C)\r department ( )
(1 7) (
college university paper, 3)
professor {2y (3) I3
@ @ ©® ® (10) (12 8 O
student professor department  student professor  department \ (11),
RSC
3) (5) ()] (11) ey
paper paper paper paper identifier cu
(a)RSC Eeal (b)Z HEo mE CUIL 0l
m @ 3) ) &) ©) M ®) ©) (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)3IRAE & A A 6l
19 5 A8 72
3 A Ad F shtolmE RSC Edd MY ==} CUlcu_num]lkl{cu_rsc_num]E= cu_num¥#A 8|3 F

Z7tEth. & ned “student’ol® &3k “college”d &
£33} RSCy={“college”, “student”}¢] =B|:x=o|c}
“student”= “college”& HolBE 7tAE kx9] 319
koA wAg fdel=g RSC_TREEA “college”
ME =29 A =22 HAAET NpZkA Az 34
H H4 sidel B2, netE mo7tAe k:==ES
RSCa={“college”, “student”}s] W7} H1 ng®E nwo
i WHE FIY=EY ET2EL Y HY ARE
k. Ni;& RSCs={“college”, “student”, “paper”}¢] wH|
7} ek Nt meZtA9 ==E5E nei 8 nie7hAl2l
== wR7EAZ RSC:o] w7t doth detA ==
AA LAE JNY=E nug AYIHIL netH ne7tA9
EARL BE FY d9d HAHTG

A4 AP v {FRE T DAY FY v
frdel &3 9457 HA FF5 HAZXE AEsH A
4 AdE FHEde F @Az 2AEY a9 s
A9 do] “university”, “department”, “professor”,
“paper”d W CU #4 <& /dxyoz Jehdc) A9
Aol “university”d 3% RSCz;, RSCs, RSCs, RSCio,
RSCu, RSCp9 9H =2 JAsE:s shie vz
#Ho] zmegch A9 sido]l “department’d AF
RSCs®] WY =252 F45E va §R3 RSCp9
) =52 FAEE vZ fde] zdch

ofu] 7Hk A% JdY2E o] &3 AN AAL 1Y 6
7 2ol Hae A4 dAlelAM A" RSC_TREE,
IDX_HEADERS, IDX_ELIST7} o|§¥t. CU #H$E
Folz 49l sidel dis) ¥n fFUE P =t

AZd X289 284 F47F AR 33%Y wdelch

R kA 71929 cu_rsc_numHFA RSCe 2w
LaEe] AFE B9H F& & 7RG A8 89,
A9 2 (QC={“professor”}, K = (“XML”, “male”})o}
A 49 CUp = {n | n=RSCy Bt n=>RSCs}
£ zEskal WA 719= XML ®s CUus
CUI0}0)[0] = IDX_HEADER.getAddress(“XML”, 4),
CUI0I[01] = IDX_HEADER.getAddress("XML”, 5)
2 FAEg. F HA J19= “male’ diEME
CU[0][1][0] = IDX_HEADER.getAddress(“male”, 4),
CUIOJ1](1] = IDX_HEADER.getAddress(“male”, 5)&
FAEY kEA 71929 cursc_num™A RSCY 4
H daEo] EA3A &8 A5 d(NULL)e] 3=
o “rsc_ent” W4E A Bl §HE FA3I= RSC
9 7l4eltk. RSC_TREE.traverse()+= =& 2.C(pre-
order) 42 RSC_TREEE =3)8l= 4]tk RSC_
TREE getRSCldentifier()+= RSC_TREES] &A] ¥l
E7l 719712 = RSC9 WEE whsgit). Load-
RscMembers() #4€ Z 71¢=¥2 vla fR& F
43 € RSCe] #WHEe] AFH Qe 34 F4
g CU ¥ FAAg. RSC_TREEY &4 RSC x
E7} QC7F o™ o o) @Al CUl F712 RSCt
SleS ougch. CUC &% RSCrE EAshe 7%l
CUd Z3td AA2EZRE Hi: TE ARE &3le
QS-S FY3ch

RSC_TREE®A 8tgtgl dA RSC7F QCol E§hs =
¥od CU 74°] € Aol dA7A CUE 74
3l RSCE9 W 452 A9 ZAxsE A&dr)
R f9e FASE § 1Yo RE RSCoA &
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HEAGE=E A HolEHo]2 A 33 A A 5 T(A06.10)

//CU_CNT: ®¥lZ &R 7%,

Declare CU[CU_CNT][K][RSC_MAX_CNT];
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+;
else
#CU FA o] EXoW, LCA 4& A&
if ((rsc_cnt <> 0) && !check_empty_CU(CU))

cu_rsc_num =0;
cu_num-++;

K: 49 71€9= AF
//RSC_MAX_CNT: 3}1}9] H i §42 FAst= RSCY A A%
/e fRE FASE RSC WY dag A%
/1 1A E JHRT)E 3 X9E ud

@A MR GR HE

/R f31E 7433 e Rsce F
//RSC_TREE®] =t 31U E 787l e £9F

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

LCAs = find_LCA_in_CU (CU[cu_num], IDX_ELIST)

a9 6 34 B

227t 9& 29, U 719=9 $Y W fUL 7
43e RSCY #W 925¢ 9 Bast gk

“check_empty_CU" e Z+ 71959 CU 43 =
€ RSCY IDX_ELISTY F&7b @ojd “3"g ad
ot HlE e Ao JI9=82] W filo) shy 9
Aol W dase T F 7 NE FUSERE
A4 A7t "He 2 35 MZRE 2T “find
LCA_in CU™E 2 A2 719=59] vim f3d4 J
o ZF}t e Hx BT AXE VI P50
7 vlm §9e FASRE RSCO 9 A2 22E
& s xamlow BF7) JhsEm, A2 38 4z
g AMNgle gneFE34]e] AHE & Slth

4. &8 & #@ot

2 A9 Agd 9 gk AF QY
A% AF Qs A wE F T A=
Z Hole Hd AL o B dFgdAMe 9y 7wt
AF dd, 2 JQ9x[5], DIL 7x9 71& A4
[317} vlzgch A4 tiideg2e DBLP Alo|E9] XML
B9} INEX2003 El2® Al17]04 AFHE XML
BEAE0] AMSHA: B A3 =EY-NI '993MHz
CPU$} 17171le] E(gigabytes) w9l wl=2glE& Xd 7]
AN AYP=HAE. Sl C+2 XML 719= 24
A2Ee FEATG s, B (Berkeley) Hlolehdo)x
(18] 183ty Qd2& AFSAY. 3ol A
g & AZke 5Y ALs oA £=y§ Aol

T

s g HagS AAG F7 ghelth

Agd A" DBLP XML &AM+ oF 509709 =
£ 8o AR EE2S H{F o 210 diribiolE
(megabytes) 2719 #Alojth. DBLP XML #A4& F
E ZoA #W-ol2(fan-out) HE == Zzd] st
9 =% 89 AW7t 7158 7ERE AdTh F o}
191 ==¢] 77} of 50540 o2k &Al9] Hd)
ol7b & ol 1o EAfshs == e ] &
89 g TFstx Yok 2y 7 DBLP XML #
A2 DTDoA UR-E w3T Aotk

A4 MEL “article”, “inproceedings”, “proceed-
ings”, “phdthesis”, “book”, “author’¢]x, Ag] /gL
“proceedings”d ®, ¥ 1ol vehd 47/ie] HE 17
Al A4 EE e #AE AHR YA “author”E Al
A% YHR MEES BT A2 Ego)9, “author” 7)
de UrA dEe] 39 /deleg RSCY e F
1070 (RSC;={"“inproceedings”}, RSCs={“proceedings”},
-+, RSCs={“book”}, RSCs={“inproceedings”, “author”},
RSCr={*“proceedings”, “author”}, ---, RSCio={“book”,
“author”})7} Bk :

I3 82 DIL F3x9 9t Qd2 & Qldx A
F Adze] HA 48 AL Jepdoh 6719 A4 7]
Hs 18 AN Axe H4 A Zols Lotk £
g d2e A9 sidel dEglel 9] Y IFEA
o EAldte =EE Y i FF MRE AEIA
"ot ¥ 579 28 Qd2rt vinEd. 24 A A
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phdthesis | mastersthesis | www)*>
<!ENTITY % field

<IELEMENT article (%field;)*>

<IELEMENT www (%field;)*>

<! ELEMENT dblp (article | inproceedings | proceedings | book | incollection |

authorleditorltitle[booktitle[pages|yearfaddress|journalvolume|number|month/url|
ee|cdrom|cite|publisher|notejcrossref]isbn|series|school/chapter>

1% 7 DBLP XML #A41¢] DTD

3 1 DBLP XML #A) jst 2]

EELES A9 9= EORES A9 79=
Q1 Won, Kim, Relational, Query Q3 Michael, David, Architecture, 2002
Q2 Database, System, 1996 Q4 Computef, System, Architecture, 2002

——lgtele A (DIL) —a— 2¥ YA T HF=10)
28 HA(S TEIM HS=10000) ~#—AF 22

AlZHE)

alel

2% 8 DBLP XML EAo] tigh A4 28 Al

929l RSC 759t BLeA 10702 Hejae 740 &
g Qg 2r} HlmEck 10719 FEAS 71 B Q9
2E gyt Q29 vl Ao $5 AIZHE JehiI
o SEAR L7t o 10,0007 of £ Qgs ALg
o W& @ §7 A1 BA7E ZA Jeigen A9
4907 oF 46%9 7 A1 A4S vERT A Y
28 AMEE A2l “proceedings” 7ol &£3A &=
=EES AN A9 &S 959 H3A ¥n ¥

“proceedings” @) &3t Y4AE o vimEg F
A Azl A&o] 753tk & “proceedings” MEE
A2 7FA = RSC(RSC; RSCre #HH =57 §)3)
| ddh va fHe 17008, RSCp9 RSCrel 9w
XEEZY] A FF ARE AEsld A4 ARE A
% 71 Aot AF AQU2E AMgEE A 29 69
A Ao 99%9 7/ Al UAE RYch

INEX 2003 828 A& XML #Ade] 4% Hts
A XML EAET d9So] A= 3tk INEX-
20039l& 125709] XML #A4E°] 3len 2+ XML &
A& I[EEE AdEe] AAE =% A=9 WEs 23
3t Aok XML #A4 39 371 Ha 45 971 v
°|E(mega bytes)°ltt. XML €A 3ues 3kt
XML EZ7} H9 1257) XML Ede] $E x=8 7
2 »=2 JlAe =84 XML Egg FASYL 2
¥ 9v INEX2003 XML #4159 DTDeA 4d¥&E %
g Aotk

Ald Aeoe =A CO(Content Only)9 CAS(Content
And Structure)2 FEET. B =M= XML £4
9l 72E 3SR FoBE COd &t 369 A

<!ELEMENT books
<!ELEMENT journal

(journal*)>

(title, issue, publisher, graphicc?, (seclarticle|sbt)*)>

<!ELEMENT secl (title)>

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

<!IELEMENT fm
<!ELEMENT hdr
<IELEMENT hdrl
<IELEMENT hdr2
<!ELEMENT bdy
<!ELEMENT sec

(hdr?, (edinfo | au | tig | pubfin | abs | edintro | kwd | fig | figw)*)>
(fig?, hdrl, hdr2)>

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

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

(sec*)>

(st, (p | ssD)*»>

a9 9 INEX XML #X4E¢ DTD
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9] FolA 6719] HoE Adeste] A 67 A9
o ¥ F19=9 FAL K 20 Jeh} ok 6719 A
98 49 5 949 37MQ1 ~ Q)= A Ay Ay 719
=2 7449 vingd 743 "gSolx, He A9 A
MQ4 ~ Qb)= A4 57 o3 7ez FPHE 4
Aoz B33 Aelsolr).

A4 M3 “journal”, “article”, “fm”, “body” ¥ ™,
XML EX3Fe25E 2 AEe e 3% 2
. “journal” -} “article”, “article” 4 “fm”, “article”
4 “body”, “fm” L “body”. RSCHY MFE F 47h9|
o} H4 A4 A3} ZolE “journal” Md] &3l= 9
259 Zolgl 271 "k A9 7ldo] “journal”s} “fm”
d o, 2} JX2E AMEsle] H AAE AEIE &
@ A O¥ 108 24 JEAd 248 28 HRY
A$ F 409 FEMo] EAgT B 429 s
A Axe AF 9929 RSC A9 T4 479 2
g Adxe] AeS 3 25719 FEHeR 7L
T MR AR % £8 AY92E AMgske Ae
Sl At A B AezolN BF 2%FES)
€ Al ZA7E Adn FEA st 570 BE
Qe 2o B 70%9] S AzF 27t itk A
Ad2E AME3= ¢ “journal”d} “fm”d £
A2EZH 2o A9 AQE FA Iy, HTFHoR
87%9] SHAI ZAAarl do] wom Ao 144 A
92%9] 87 Al A7t eyttt :

| —e—urelg A (DIL) —a— 2§ I A(BHE M)
E8 YA (BTN S=05) —m—AHBAYA

AMZHE)

o] Q2 Q3 Q4 Q5 Q6
el

19 10 INEX XML EXEd] thgh 24 29 A7

AR B3] =F A Holetulo] 2 A 33 A A 5 Z(2006.10)

5.4 ¥ &% A

B =EodMe vl JRE o83t AN it AL
27 Aelshe Adel AHE BF daEol &3
MEe BA AAT A dIY2F o] &dkq XML
7195 F4E B€Hozr AYsde WL 7lEstddh
71 Q£ PE g e oq FERg FEYlel M
" EE 9287 2028 Hx 3F Az A
31 A4 23 47 E AR, AF ddze
e 71929 22H AAE 94X ¥ouEA Hi: FF
Az e AY A4E 9224 8 dYxd v
A AL AE AENE F Yo AF Adas
2o el &3 d4E Y APE 2PeR F4
AIE FEst] W 29 Agd &de == AT
7t HEFE §H ARl & Foz At B
& Fo] A vt V1€ QdzdMEe Fog T
e J19=rt woldsE mejsor e d4E
Z3o] 343 ol AR gFATel 2A F7HEA
o, AZ dYAE A A SH AT F7t
Axrt duEez ZA Jesit

BE ddae 9avt £8 sde A gle) dA
f49 A4A FRWE o83y e FEdez y
7] WE AR el Ade Adglel FY dtE
Aol £ ZE 92839 27 Aol #IHET. £E

o ox

. Ydxe TEA e HFE 214G B¢ 2 714

= A7 BolAY E@e A5 Ao & Aol
Z71E e A€ 9g 5 Utk B e A9
719= /g7t Bold4E TY HEAMY &3 ==F5
9] M7t EBolBo] Hx TF AzE 1Y 94
9] o] ik o AL BF AY2E AEEE
Aol A% AYAE Al KT o WE HY A
He BY 4 Aok =271 £33 A1 AR die ¢
AHtopological) ARE FAld A3t XML 7]9=
AL a&Ho2 FYPile A7V A4 AFY Foluh
2 Az Auzo)d F RSCY wy =59 47}
4 & ol W 2 =7t &3 Y4 ARE AR
o oo fEHeR ro] TP FF AL o
&3 2l 2E2X 59 ou] PRE AH}HOZ o]

% 2 INEX XML 245 qg 2ol

ECLES 49| 719 FERES 49 A9E
. s l information, data, visualization,
Q1 singular, value, decomposition Q4 R .
technique, hierarchy, space
. . .. concurrency, control, semantic, transaction, management,
Q2 wireless, security, application Q5 o !
) application, performance, benefit
' machine, learning, adaptive, algorithm, probabilistic, model, neural
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