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Abstract The Hippocratic database model recently proposed by Agrawal et al. incorporates
privacy protection capabilities into relational databases. Since the Hippocratic database is based on the
relational database, it needs extensions to be adapted for XML databases. In this paper, we propose
the Hippocratic XML database model, an extension of the Hippocratic database model for XML
databases and present an efficient access control mechanism under this model. In contrast to relational
data, XML data have tree-like hierarchies. Thus, in order to manage these hierarchies of XML data,
we extend and formally define such concepts presented in the Hippocratic database model as privacy
preferences, privacy policies, privacy authorizations, and usage purposes of data records. Next, we
present a new mechanism, which we call the authorization index, that is used in the access control
mechanism. This authorization index, which is implemented using a multi~dimensional index, allows
us to efficiently search authorizations implied by the authorization granted on the nearest ancestor
using the nearest neighbor search technique. Using synthetic and real data, we have performed
extensive experiments comparing query processing time with those of existing access control

AFE AUPUILATANE Folo) QITRADo2NH AQE Y 23Q : IEREIEY AV we

ulgre HIPEAN2ATAE 2%
t s - @FZHEVEY At/ A B ed FAlE kywhang@mozart.kaist.ac.kr
jeglee@mozart kaist.ac. kr =844 0 20039 12€ 239
 Fas9 - A¥dga AFRE TR Axrgka : 20049 8¥ 3Y

wshan@knu.ac kr



S Ezgde| 2 XML doledjo] 2 2l gl AxA Fa) HY 685

mechanisms. The results show that the proposed access control mechanism improves the wall clock
time by up to 13.6 times over the top~down access control strategy and by up to 20.3 times over the

bottom-up access control strategy. The major contributions of our paper are 1) extending the
Hippocratic database model into the Hippocratic XML database model and 2) proposing an efficient
access control mechanism that uses the authorization index and nearest neighbor search technique

under this model.
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A% Bt 2d[13] & XML dHoJehilo] A& 9§ B
ot RH[6]ojA Yoz AYste sfdSo|tt

tlolet AHgRle @Al ZEtolHA] HIH AFA
oAl Agto] BF Hojd AAUETHE AN
4 Aok

o 2. 1Y 4= #A ZelolWA] A AFA =
gholHA] HFo] RA"H o Jehdd ¥ 4(2)9
hospital.dtde 19 4(b)2] hospitalxmi®] DTD o]t}
9 4 (@)9A Bt ZebolHAl ik users, document
(“hospital.dtd”)/hospital, analysis)S hospital.dtdd] -
AE B2 useras ©] DTD9 A2®I22] hospital.xml
9] hospital QYNE 2L FT& JAHEES analysis
AFREAHS A3 A2 5 Uk aF 4b)elA
hospital.xmiol ¥AE AFA ZelwA] A (docu-
ment(“hospital.xml”)/hospital/patient(0], analysis)<
hospitalxml®} RAA patient APE R T& dg
HEEO] analysis AHEEHE 93] wlojgt AFAER
H AZFHNLS Jeid o282, dolg AR
usera® WA ZEolwA] AHF AFR} Zloju|A
HFo] BF 2o hospitalxmiel RANA patient A
AHE 9 F¢ JUESS analysis AHEEEE 93]
Y2 5 Qi O

3.1.2 Zglo]ujA] AFte] Wl X (implication) 3

#EA zetolwA] AR AFA ZElolwA] AL
3| xAgte|~ XML dlojgldlo]~ Rdo)] Exjdl= F
A2 AlF 7 delet AF TR AMREA AF
T2 W FHE JRY. 8z ZaelnA @
g A)FA ZElolWA] AL FUE UE FEHL v}
A7) A&, B HoMes @A ZEolHA Ao
A8 X 7H& o3t

B3A ZetolH A A
(user,, document(”hospital.dtd”)/ hospital, analysis)

\4
hospital

*

patient

/1/'1\\
name illness  therapy
drug
hospital.dtd
(a) BE}A} ZaEjo|yiA] @Fre] Ry

¥4 1t dolg AF FXAe) ZelolulA] AT
WE 73
(lLa) 9499 s, poll 3t o7t 8 24 AUE
o|¥, (s, 0, p)E (s, 0, p)E WEFT}
(1b) 999 s, pol W3 o7} g9 23 dUE
old, (s, 0;, —D)E (s, 0, —p)E WEFT}

T+ 19 o3, volel AF TN 54 dHEHE
of Bojg BPAF AT F& AYUEY g Y
AFL WEFT 7|2 XML B 2AB6]E o)) d
WE FH7 9T A X 73AL A F, 7
£9] XML RS mdle 27)op o] A Q2H
2 del Agel 73 1% FY9¢ I WX 73
ZR il

T 2: AHEEFH AF TxoAe] ZeloinjA] A
Uz 73
(2.2) 899 s, ool 3t p7t piol A AREEF
oI, (s, o, p)e (s, 0, p)E WEFT}
(2b) 429 s, 0o W&t p7t piol A9 AHEEF
ol|, (s, 0, p)E (s, 0, —p)E WEFTH

T3 201 98, ALSEA AF FRAN FAF =
o)¥A) P I 3] AHEEFE AT THAH ol
WA A Esiy, 1A =ejo|wA] HAge 1 A
Y AHEERE 98 23 mgolwA] S YEF
o 73 2bE F¥Foz Mysid oy #oh A}
454 prt po 3 AHEEFHolgka sHYEd, w3
(2a)el sl BE (s, 0, p)= AEERH AF FRAA
pi¥] BE 819 ASEAE AT JH2E e 9
Z(s,0,p) =(s,0p) A (s, 0 pHZ FANE 5 2

AF2 LeolA P
(document(“hospital.xml”)/hospital / patient[0], analysis)

/ hospital
patient ssssssanas patient
name illness  therapy name illness therapy
text  text drug drug drug  fext  text drug drug
text text text text text

hospital.xml
(b) AER} ZelolniA] Ase] Bo

7Y 4 ZejoluA) BE Rl of
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on, pie poll 93 UWEEHE AMREH FolA pE
A% ASEHEoITE A7)M (s, o, p)E 7t 0F
AEEA pE 8 G2 F S-S VYERlE 2o
th (s, 0, =) = s, 0, p) = —(s, 0, p) = (s, 0,
—pelRg, 3 b7l AYE 74 2' AAXF
diojetujo] 2 B 2al[13]9] #EF e AF FRA
o WX 7HE {8 Ak, & =RAME o8
AR AZE 2 HEsyrh

313 Zejo|wjA] Ay FE(conflict) E F2A

HAIF Zgtoua] o] RAH] gl dRE
02 9AY =ZzoldA] de RA3H & AL F
PAF oAl AF T FEo] BAY 5 Ut
Z8o] B F7MEQl WAIH Zalolwa] A
Hoe AdEHn, 2384 o F7HEQ HAF =g
olHjA] @3] Ryt LA AMSEHY @ E YA
F =ZzlolyA B e FEL2 B 17 Zo] FYFth
E 194 T FEo TS 9nisla Fe 5850
TS A] Fe-S Ariditt B 194 ARREFH pie A
53 pol B9 AHERo 71t

3 1M 5 WAE ZgpolwA] HUFke] #ATE A
3 3o AEH duw FEo] WA Feoh B

2 F71 ZEpolyiAl A AMEEZ0) J|E Egol
WA gty AMEEAHE Fsigce duojtk. HEFH
A ZpEl AT g oulE Fr7 ZEjolHA] UG
AHE-E-R o] 7)& xelolmA] ARY ALE-EH ¥
the oulojtt. FYAL 71 ZelolwA] AR AHE
E3o] 71& Zlo|HA] A AMEAT FYdits
oulojt}, RgFL2 F7} ZElo]HA] AFEY AMEEFo]
71E€ ZaElolvjA] A AREERA REdthe v
o AEA2 F ZoolyA] A AREEZH0] AE
72813, ¥y, $UF, E&E gu] glo] AEG 5
Stk 9ol

B, BAFH oA ZololwA] o] RAH e
dANEY & 9YAF ZIlolyA] JFL FH3),
71 9GAlH xelolya] AT 7IEY FEAF =g
olHA] UFE ewelelx ot F 89 dUE]
Halg HAlA Zalo|wA] Agte]l A9 dviEe] H
o WA ZelolWAl AIRE uHElo|= 3, °|&
HAx FAF o) =(most specific overrides)[5,6]

HAolgt e 71&9 XML E 2dodyx o9t
U3 AL Agsin Uk

3.2 Zaj0|HA] M5 U ZaIO|HA] H o

321 Zalol¥A] AF L xalolniA] Aol Ao

s xagte 2~ XML HloJElujo]2 Rdoi] Zalo|H
Al AL wlolete] £ 2 AMS-E 9§ tlojel B
Zrel AEe vellin, zeloly|A] AzE dlojel A
el dug vehdch 2 xndol TgoluA AF #
RAAL 3| xades FAY vlojehulo|~ wule] x}
oAl A& 2 AL DTDY doe e o
A & IEE FFF Aolu), TetoHA] AEe} =&t
oltjAl AAL BAsledlde FF59 DTD7 A4
2)=3

Ao} 3. =aol¥ Al AIJ (privacy preference)s} 3
o)A BA(privacy policv)& 4-%F (o, er, 1, p)
2 Aok
» o DTDS) dejBES APl B2 (path expression);
cer: HolElE WE £ e 9 FHAEY HF
«rt HolEt ARHE 7IHE YEtE 2R 7I3h
+ p: dlojete] AR5

ZglolHA] dE ¥ AHL ZgholwA] AstelA e}
Zo] A F(explicit)/E A F(implicit), Z3(strong)/%¥
A(weak), 33 (positive)/F3 3 (negative) ZetolH
Al g R AHoz v ARFez FRdr) oy
79 o) ZetolHA] AZNAM 9 ov]et FUs )
3, ZolHAl ME 9t oAl P E Zijol
Al A8 X 737 U WE 7o FEgh

322 ZetolHA] As5st ZejolvA] P ufX)

dlojel AFTAZRE Holets: +F3}7] SAdAMEe +
JstHE dolge] BWAE metolA] HdE dz X
e ZtolWA] Aol Exof et ZetolHAl A
39 ZetolWA) FAe] A= Ao 494 o).

A9 4. mgo|HA] MBI} (05, en, ri, p)ol Ze}
oAl Aol (0, er;, rj, p)Y o, T2 Ul 7tA =
AL BT U531 ZgolWA] Al ZEloluA] A
Aol wixgctn gtk (1) o9} o7t LAY &

B 1 ZoyA] A FE P37

71EN\ §7 Di pi —pi —pj
pi T (593) T (HXFH) T (2&3) T (2&3)
Di F (78 T (5Y3) F (3&3) T (R&3)
—p T (253) F (3EF) T (5Y3) F (33
—p; T (2¢3) T (&%) T (9 £§H7) T (3Y3)




692 ARG =E A doleuo)lx A 31 A A 6 T(200412)

L o7} 08 A dYBES|L, (2) e} ernB ¥33}
I (eri 2 erp), 3) r7b R 20 71F0|Z (i > 1y),

) pist p7t YA prt pol B9 AH§ R Aol

R 4= ZeolujA] Wz Zajolwa) Fo] N
W2)57] ANAE o, er, r, pol Fol A% HA ok
#ohe A¢ Suldth ojm oo) A, ZajolmAl HE
7 mefolulAl BAnTt o A@Aololol Ty 23]
Qrhd mejolwal BHo] BAHA g wolEt &
A 4 Aok W er, 1, pol B, Teolwa) Bo)
Zafolw A dERT o ARHololop @k 1¥A &
el dlolel AT HFeA ghe wAoz Hole}
7t A48 4 7] @Eol

4. 5| E32lE A XML HIOIEIH O] A0A{ L] of
Ma SH 2

B AolMe sxaglels XML wolelwlels mdl
o] dA2 FA S A9t A 41 AoNe =g
olHAl HE YW A/E At A 42 FBAME
Ao} A FHAojre Zglo]WA] HI) AMEHE @
g QQedxe] FRE ARG & 43 HMe B A
g9l g Fog EE3= EL£FY dA= FA
g ARt o|FREE #EA Zlolwa B
A ZetolwA] AL TR} & HLE A
e Ahe HEAE st 7ed] AFolzstn A
A REDL

41

a9 by ZEelBA] H3E 9§ dETIAdEHX
XML Hlo[etwle]29] ol7|elA g ehdich. 3| A ete
2 XML dlojgldjo)|=E 42 Zelo|mA] QA AR
(Privacy Policy Checker)®t #& ZHAR71(Authori-
zation Checker)oll 93} dloje} =33} A9 A7 A
ZZo|HAl HEE g XS A3 & mldA
XML dele XPath[12] ¥&-& AM&3le] HA|gh

zalolAl AW Haprle dlolet 3 Aldl dlole}

3) ¥ 3 2}el 2~ XML DBMS
o] l— xML 29
XML efolet + | Xlﬁ}fﬂ'] Hﬂ?ﬂ» aﬂ

ey Al EetoiA AH L A4 27 3gd
A7)

Ae A%

A A
ZejolwAl A
XML dlolef + Qlefm

O¥ 5 ZalojmAl BB E H% FxzFEH 2 XML 6
oleple] o] of7]el

Ao ZolWAlE HEshe REolth Zlolua]
A Ax7ls £ZsE XML gloleld HAd 2
9] malolHA] M3 #M2 uiX3le =folwlA] F o)
EA A HARE, BE ZeloluA] XEr} uiX s of
T olgtg A3 ARG ZojWA Hds 2 A
H& DTDO RoHEz 270 oA BAZL 438
"ot g, ZgolmAl AL FAF doleiwolx
oA A AR FtEE 1o AA3tT FARC)

AT AA7le Ao A Ao "lojel AFAY] =
oJHAIE HE3Y] $13 EEolth A HAlVle XML
AAHE7, P ZelolHA] AR AFA Zzloly
Al gl 93] BEF YL HEHEA ARG &
Azt ZalolwAl A AF)up HldlM RoHBZ
BAY uloehujo] 2] AFRH FARHA JHER
of A Aol Hud Ao BART AFA ol
HAl #3E Q282 oA RoxEz Ao
TZo BARL Aaws el BF AAEe 290
o] Ag Aol HIs) Alzke] Wo] £A8HEE F9
A Ao & 9FL vl £ Aok B =EoMe A
282 g A% FAAE EdFoE Y% ¢ %
2, 22 gHud 24" ATS HAFdH= AT A
9l 2(authorization index)$}t ©l& AMg3e dA2~ F
A wHe ATk

4.2 Hsh elgao| X

Ajo] Hoy dvEE 22 XML A9 X7 W
Hol X AlEE:E WHEZ W(numbering scheme)
[14-161) o8} 2-29) A9 3 (start, end)2 EAH
B2 ol5g AV 4 A QY224 2-24d A
21712 AT HEZ PN (start, end) #
dEHE 7H) 4-F& WAE vy, Y
Z0& BEFHH14) (D) EWE w7} IYUE u
ol Rudd) (start, end,) W (interval) (starty,
end,) B TEHY, (2) F PFAsibling) VEHE
u, v oA AENE yr} AYHE p Ao Y24 end,
< start, o)tk WEMA, start, < starts N ends > endas
ol AYYE qgi= do| F/golth

o 3. 27 63 Zo] XML EA) AFA ZelolH
Al @] Hojxo] dntn AT A7|oA Ho]
149 d2vEs FL& SNAR IAHY Jot 0w,
RAE AFA ZepolWA] AHE ATl Fo"H g
HES (start, end) FEE 2-2+9 Q920 EA)SHA
a¥ 7% 2t O

ois} §-AMSHAI Grust[181$} Chien 511612 XML &
9 X2 E 3l dYHES (start, end) & A4
2o AFse WHE ANERT Grust$} Chien
Sol PYe XML Ao 238 VISt JUVESL

41t
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(1,81) hospital

/’\

(2,46) surgery

/\

(3.21) patient (22,45) patient

— 7 T~

name illness thera;
46 (7,9 (10, 2‘3

558 065w oy

text  fext (fl’]‘igx‘}zr“&)?l?ﬁg)text text <§{F§X$F§xgm

P

ther?g name illness theraﬁ%/ name illness thera7%¥

N\

drug dru dru,
)arf‘i;)text text (56[“%)(5?’51) text  text (??7%)0?57)

(47,80) emergency

/\

(48,63) patient (64,79) patient

(65,67) (68,70) (71

A AN

(49f51) (52|,54) (55

/N
l

text text text text text text (text text text text text
A3 ZepoldlA] Ay AHEEH AS F&:
a) [/hospital/surgery, p;] P
b) [/ hospital/surgery/ patient[0], —p,]
c) [/hospital/surgery / patient[1], p,] P2
d) [/hospital/surgery/ patient[1]/ therapy[0], ps] é
3

e) [/hospital/emergency, —p,]

9 6 XML BA49 AFA Zatolwal A B9 ¢

90
80 *7p;
70
60
50
40
30
20 (7P
10

0

®P1 oD ep;

end

0 10 20 30 40 50 60 70 80 90
start

a9 7 49 A4@s qPe] Fod dUES (start,
end) FroZ 2-29) Qluxd] HAE o

R S
=5y e M ke 24 ARHEd R
2 agHog Zohfr] Y8ty tad Ad»E
A-g-3het,

PA1F A3E Agste dBE A9z g, 4
o] dvEvit RdE WAy Ay BAFH ARS
5 AFsle R w3 § Aok X9 o] Wy
2 AR Fe 3u7y A&jdcis A7 SHAoHs)
A2 A3 HAly fAfogRy fedng 7)E9
EE XML B RAME EAF Af7A] "z
AAeA Gerh HI Yu S8l BAA @Ade] B
& dYYUEY RAno g o, HF FHE £0]7)
Azt AP deHEC Rod ATES LFIS
Bdsle S AQBIYTh A g V& dArE B
i, XML uioletufjojzellr] RE AHErIT Rojd
HIL A AL Ywizlolx] gt}

4.3 Hst oloAgt HIY ZOE AKRsls YMA E
M} g

XML #A9 53 deigEd Foq8 A3e F&
dYUE 3 EAH HIE WX, A ds
& F¢& JYNE FoE dE BAF A oty
ewglol=drt. qeEky, AABIET dE|WEC g
A 714 7k 2 deEHEY RoH At 9
) WEdn oy 24 dEiHEd Rodg AL F
24 =4 A8nearest ancestor authorization)o)ek
H=23 A9 504 olg AFHo=Z HoJu} 1,
BzA] 10l ol& Fate WHE A gt

A9} 5. AUUE eo) A2 2 AR authus
gee ¥ 23S BEHE AIIE (1) authms D
HAUE ¢ T oo 24 A2YES ol PAH A
goln, (2) BLYUE eSh authert Foi8 AYWE AL
ole] s e dWEd) THE WA Ago] EAE
A g,

Rz 1. A5l S AMEE o), JYUE e9
AP A B authw= start(auth) < start(e)
A endlauth) > end(e)& UWEdte AF auth FAA
Istart(e) - startlauth)le]l & HAE s Bo|rh
Z, authee= VEYHE e9] upper-left Fgo] $A|3F
A FoM ATHE 99 start 9] =lol7} 74 =
& ATt qAoNA start(e), endle)e AYNE e
start, end & YEWIA, start(auth), end(auth)e R
3 quth7} B9 dAHES start, end & VERATE
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. BxEAE 14 w2t 7R A g9 59 F
zZ EF urEES Belch AA, HEs ke 3
ol me} B quthws YTUUE e T2 9 24 9

HES Hod Fgolmz A (1)L 9E2AZIch
(Ago] R e9] Y JIUUEE ety HET)
EA, Istart(e) - startlauth)|9] g AL 3= AF
o] authns®l, AHE 9} DYUUE e A
9] AYHES T2 FAH VY authey?t EATTL
7% oW, WEst e AHelo) wet start
(enm) < startlauthey) < start(e) o)tk (A7)A start
(Quthnas) = start(ems) ©19) ©1= start #9 o)z}
HAR1 AFO] authwthe 7H) gk oy, 4
ZUE 9} AYUUE ene®] = o dREdE o
& Adlo] A3 gorz 24 ()8 BEAL} [

Z

ol
i) e oF

(3

A Azl HEH FYE AFS3e M2 BA
QuES  ALdH, Nearest
Filteringolg} B2t} B dxgE2 e F4h%
+ " Ao Aduict 2R 19 gt HSH 24
AL 73 H3 AANE FPdth o, HAIZH =
4 A HIH A1011] 71¥E 83 +E &
At vpAEe g2, Aol A g dML7) HEHE
A AAE Y8 A2H 24 AT AHE-EFHol Ao
AREEAE WESIEA FHARY 29 8L gxEg
Nearest Ancestor Filtering& Wbt}

545 @J}
2 HAME Adste A2 A e 45E v

ol Ancestor

AR =EA] : Holehuo]2 A 31 A A 6 Z(004.12)

£ XML A& FA HHES Wwsty HF H7t
Z74E A A 51 Helxe AT HHE 9%
Ay dolelst 4 FHE 4MF, A 52 HeMe
A¥ 29E 99

5.1 48 HolEl ¥ 48 &

B A¥die A 23 AHolA dF kA (top-
down), 434 (bottom-up) HAL EA) Wi} A 4.3
oA A9+3 Nearest Ancestor Filtering& W ® 3T}
HZE 93 FE(measure)= ZF WHS AHesle A%
AALE 38 o9 A9 A AZHwall clock time)
ot}

dlolelAle] FHol 42 4% HWIAE FH3] s,
A4 dlolelql XMark(19] WiX|ul= Holete} A d
o|E}ql TreeBank[20] BlolelE Ag%ch XMark #1X]
vtz dojele e & XML FA2 TFAHY, 2 4
Hole dlojgiujolx A7) wisle] wE AT WHIE
&A% 98] 10MB, 100MB, 1GB2] XML &X& A}
L3tk o] Holge fAEE ey MHEHEZ 59%
oA oy WHEEY Jehte 548 7hoh
TreeBank ®olEl= ¢ 86MB2] XML X2 FAEH
o, XML d2lWE7} 42 Hdz HEHoz F3HHo
e 4L 7pRth

HAE A9 S wE A% WHIE
fal, wiolebAe] HA dHUESL] i) Hgt
AFA Zelo|HA] HUFo] Hog dIUEY
0.01%°14 100%7tA #H3tAIZck AZ (o, p)oA oF
AR 7] 93, deletlelA 0.01%~100%S dejBE
£ dPSA A ou, FE dUEY HAF

Algorithm Nearest Ancestor Filtering

Output: authorized query results
Algorithm:
01: for each query resultr ¢ Rdo

Input: (1) a set of XML query results R and a usage purpose p of a query
(2) the authorization index storing provider privacy authorizations

/* search the authorization index */

02: Find the nearest ancestor authorization authu, of r according to Lemma 1;
03: if the usage purpose of authn., implies the usage purpose p then
04: output r;

1Y 8 YA~ BA &18lZ Nearest Ancestor Filtering

dataset simple queries complex queries
XMark (1) /person/finterest //site/fopen_auctions//open_auction//
(2) /person//education bidder//increase
TreeBank |/NP/NN //ADJP//SBAR//VFP//NP//PP

a9 9 43 A8 XML A9
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BTop Down BBottom Up EINéarest Anééﬁtér Fi-Itéririg '

001 01 1 10 100
# of elements having
explicit authorizations /
total # of elements (%)

(a) 10MB database.

100 1000
g g g
2 <L 2
© o 10 o 100 [d]
£ E £ ]
; - >
g g i
% s 1 < 101
= % =
S g E

01 1

# ot elements having
explicit authorizations /
total # of elements (%)

(b) 100MB database.

10 100
# of elements having
explicit authorizations /
total # of elements (%)

1 10 100 01 01 1

(c) 1GB database.

28 10 XMark $lx)et= dloJelol| X //person//interest B2le] A&l A7k

Ajto] R EE BNV {3 FE dWEE ¥
A A9tk 4 FEC) TNEHA gdedhd o8 s
Agto] FUF dUEY A & gtk AR (o, p)
dA pE ARyl H3l, 5719 AHEEF AF FERAA
T AHEEHE AHPT 3FH Z=eA B
I B zalolwAl AL 919 ¥&E F ARt

49 Feo w2 As HWIE S 99,
/lea//en BENS] D3t B} /feal/en//ec//ep//er B
gl B3 Ao FAdct F Juo AJES &
AR AgE 7HAER, 249 dojetdl HE diEAHU
A vellle 29 99 A9 diaiM 48 ERE
AN ffea//es BENS] ALNX eas} epe] AHE
(selectivity)d] wW& A% vIRE FIY&7] s,
XMark HIX|wtz dlojgtol] tisiAe 5 7HA $R/Y &
&= A& A old, person DEHES] HdE&
2 00150111, interest ABIHES] H=EL 0.0230]H,
education ADES] A&-82 0.0040]t}

APL 450MHz CPU$ 512MB "2 & 713 SUN
Ultra 60 13 2H o)A gt A QA28 9
& oA Mo zE MLGFI21,2218 AHgstm” o
ole} 2 Mgl Hlo|R)e] =Y)E 4096 Hlo|ER Fith

5.2 AlE &t

dHolelujo] 2~ A9 PAAH AZY JiFe] wE
534

g 102 dlojehuo] =Z7] sl PAIF A
M Wslel] W& //person//interest A9 A7 Azt
& et} Nearest Ancestor Filteringe 71&9] W
HEG Hl&)] ZA P48 45 S BArh Nearest An-

5) ¥ dyolMe MLCFE AMgsht, chatd d& ohd 4 e ohe 4
dx whzz AME 4 Aok g Qdse] d2e
R-tree(23). buddy tre(24), quad tree(25) §°l Ut

cestor Filteringe 7]€¢ XML 9HA2 T =4
v 23 10@)dAME 2566819 A FFE B
I, 28 10N E 35~127909 4% &S 2o
o, 23 10(c)dMes 39~139819 A5 TS B
c}, dlojeldle)x =77} FAHgt= Nearest Ancestor
Filtering2 7|29 Wy s 34 £ 458 1Y
ot ol #©E QY=g 4 W FH2FH 2 71Ye]
U Adx9) H4 FIHsearch space)d HAFHOZ
249F7] WZeltH10,11].

§AE Age] 001%~10%9] QAeHE Fso
21e ), Nearest Ancestor Filtering®l %<& HA13
AT Aol g3 AY JFS A Yevh ole W
g JY2E AMEe e A9 Az s o)
ARFHEZ P} A, B A9d2E Az ¥
|5 A9 F7leA 7] mEeld ey, d3A4 A
gto] BE dHE(100%) FA=E J& i, Near-
est Ancestor Filtering®] A9 X3 Algto] tpik 7}
gRed, ol A Az ezt 1 F718kd7] =
Fojt} ol Axz & u), Nearest Ancestor Fil-
tering®] Ao} Az A7k FAF A AFrt F71
%ol wel 22 vl E(log scale)® 7188 ¢ F Aok

A9 Yyo) w2 aa

a3 112 diojgilo]2 A7) wiste} HAF Ui
M4 Wstel] W& //person//education AL X Al
7+ JERdth Nearest Ancestor FilteringS 7122
HHERG BF F2 5L Rl Nearest Ance-
stor Filteringe 7]1&¢ XML dAlx FA wgd ul
8 238 1l(a)dMde 1.3~3749 4% 4L BJT,
2 11elAE 1.3~86uY AT FAE HYoH,
a8 1)l E 20~96H19 HE FA4L By o
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