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Abstract In recent years, publish-subscribe (pub-sub) systems based on XML document filtering
have received much attention. In a typical pub—sub system, subscribing users specify their interest in
profiles expressed in the XPath language, and each new content is matched against the user profiles
so that the content is delivered only to the interested subscribers. As the number of subscribed users
and their profiles can grow very large, the scalability of the system is critical to the success of
pub~sub services. In this paper, we propose a novel scalable filtering system called FiST (Filtering by
Sequencing Twigs) that transforms twig patterns expressed in XPath and XML documents into
sequences using Priifer’s method. As a consequence, instead of matching linear paths of twig patterns
individually and merging the matches during post-processing, FiST performs holistic matching of
twig patterns with incoming documents. FiST organizes the sequences into a dynamic hash based
index for efficient filtering. We demonstrate that our holistic matching approach yields lower filtering
cost and good scalability under various situations.

Key words : XML document filtering, twig pattern, Priifer sequence
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(runtime stack)< 01%3}‘3} APz 28 A A
2 H3u Sle B(IHHE)NARE FA9 FE o
2e AR5 ' HIES At ok £A49 A
ARESE 4 WE &4 w2t 28 FA)(push)
Hi Hpop)Erh 2= H Zolw 98 EAM9 3
o EolE d¥A gdeth
431 HAHA M.
matching)
MBAEZ W Fo) AR Aole}t Bl oy, ¥AY
AlEa 8L HRAF 0 Z(incrementally) A3tz o)
g A" A A|E2Y JEAR2 dgEHEe Z2
g AlE2E 27| ol EA7F SE o A3
29 HaES 2ACEH XML EA49 LPSE
T4 4 Atk FIST AlZ#9 SAX A7 d¥
XML #4& d4gich 8963y 2xu8Ee S350 9
A SAX M9 StartTagHandler?} EndTagHandler
Z2AA $Fo] "otk ¢nYZE 1& StartTag-
Handler®} EndTagHandler Z2AAE HoZEt)h g1
o3} &7 StartTagHandler’l &% E, ej1 o]&&
135} o] Aele] FAET} EndTagHandler’} &2
HA LPSE A7) Hsid d2”E Bz} EAo)
A EZ 22Q0A A2 P). weF v} FE =
‘:01“3 289 49 dYWEV} thg Prifer Ald
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AlE2~ v A (progressive subsequence

stack S; [x AIBHAIZE ABH «/
procedure StartTagHandler(tag)

1 S.push(tag);
end

procedure EndTagHandler(tag) /* Profer AIRA ALE #/

2 if tag is a leaf node then
3 FindSubsequence(S.top());
end
4 S.pop():
5 FindSubsequence(S.top()):
end

418]& 1. SAX Handlers

EndTagHander’} %42 wvjul, 29 49
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Input: Prafer AIRA 2018 L
procedure FindSubsequence(L)

test < false;
foreach value v in qgym do
switch v do
case '/' or '/ :

case '$"
doBranch(a):
case '#':

end
end

q' « NextNode(a);
end

end
end

Currentlist « Sequencelndex[L];
foreach SequenceNode g in CurrentList do

if doSimpleStackTest(q,v) = true then test « true;

BranchNodeVerification(Qaid):

if ((sym = '/" or asym = '//'

copy Q' into Sequence Index using key Q'Lavels

[+ RD-TA EE ZN-FE BH 4/
[+ BRZ LE +/

[» 2E & «/

) and ( test = true)) or (gsym = '$') then

=

=]

gz

2 HA B F AL, AR edxe] BWAF wE B
g AE 5 9w, ABAA2 P Wl Alsalel
2839 BEYol £go) Bk o Aol old B
o cia) AHS A

Input: Z2M AL &= q
q2 &4 sym2 &t v
procedure doSimpleStackTest(a, v)
q' < NextNode(q):

-

2 if (v ="/ and TestPC(a, q') is true} OR
(v = '//* and TestAD(q, q') is true) then
3 return true;
4 else return false;
end
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Input: 2O AIAA &S ¢
a2 x4 symQ gt v

procedure doRecursiveStackTest(q, v)
1 a' < NextNode(q):
2 it (v ="'/" and TestPC(q, a') is true) OR

(v = '//" and TestAD(q, q') is true) then
3 foreach value v' in Q'sym do
4 switch v' do
5 case '/'or '//' 1 [* RE-X4A E= IZa-Fd& Y «+/
6 doRecursiveStackTest(q',v');
7 case '$" [* SRRl L& +/
8 doBranch(q);
9 case '#" /* BRE L& «/
10 BranchNodeVerification(q'gia):
end
end
" if asym = '$' then
12 copy q' into Sequence Index using key Q'Lanes
end
end
end

gnzE 4. AR =8 FHAL



7HAE Ahe A E28E o] &3 XML 4 ZH Y

gAsE, 10-12 Fe AFE AR 29 HAEE A}
£-%}+ FindSubsequence &7} ®ith

(©) ABE A#E2 v iy A

A8 A 2" E T Fa38 o]He MEAHA
oA EA AlFE29 HHE AT Aotk 1
d 69 XML 4 TS 7H48 " QF Bx A
T LPS(ME “.. EBCB A ..CB A.9%, 7}
A8 e Qo LPS(Q)E “.. E C B .."olth. LPS(T)
o “E C B"S wlFd= AMEAIE27F 270 E2A%
(28 64 EZ F BE) XML ZAdA, Hell et
Vs dIHE C(ToA 8= =5)9 I k=9 BE
=29 Bt dWE E¢ FAE 7T QA &
Priifer A8 #olE E7} A48 o, 2dos 23
dhte] Cof But A3t welby geE dudEe
23 3te AMBAEE I2H2~ “E C B s
AAE S8 1 de 2HL H4 M E B3R
e AEAE2] tig AME 7R X 7)(pruning) S
88 AFPoh

433 XML B4 HEH oA

okgo] oA 55 28 7(a)9 XML A T 19
709 78 A8 Q, st QE o435ty By &
nEY 43 B A9k

oA 5. 28 7(a)¥ FindSubsequence(D)7} &€
o] HYAIZE 2€S HAFET AlEA 9] 7] 3

D -3
B| i
N
PR

&£

(A1)

(B2) (B)5) E7)

431

Dol A == FJ2E/ WA AP F A9
=E Qi Qo] EAFTh wA Quiel AE A&
Ba QuY o Q20lZ, @, =50z
Qlylﬂ,“:'//'?lﬂl A A7 28] Y4 D 2ol 94 B7t
EAS T2 TestADQ] Ziks otk th&22 doRecur-
siveStack(Quz, '/)°l FPETE Q¥ tHE »=EE
Qizolth. 28 A4 Ae 94 B9 "z ol =
AL E TestPCe Aie Folt} Q38 BIR ==
ol thE xE Q8 olFH TAE XA gemg
O =5 Qut Al Ad 29 71 gk G(Qu49] o]
89 == Z2E) FrlET: g0 Q9 Y #
AE B Q2% Quig o83 TestPCo Axpe 3ol
B2 doRecursiveStack(Qqz, '/ )S ZEICE vt
Q39 HolE #YsE= 2He Ya C7l A 2"
EABA] FoBEE Q38 Qoo ©]&F TestPCo A
Fe Aot o] o ow3t == EAIE Hs)A)A ¢
o0 39 7(b)eh go] Ald2 ddzoEs Quyt 2dl
2 &AsA Ak .

422 FindSubsequence(B)7} &l A&
| 20] 71 2k Bolle W@ ==& EAEA] 9] of
o, o8 FFHE YA ¥erh S E Find-
Subsequence(E)7} &5 T, Q33 Q529 28 HAE
9] Ade Folvh Qa7 BHAA kEolER O k=
Qsa7t A& QY ~9] 7] gk Co] El&Ed EAg:

m Qll Q21 E Qll Q21 E Qll QZI
L-D3) (E4) (C6)(G3)(FY) (F.10)
(PP ] L ]
LPS(T) : DB EBA CBA GE FE FEA
@ ] W Qe
(a) XML A4 E&] T (b) ANE2 e xe) W3}
A
P D|B/A|G|E|F|E|aA
B E | T T T T O O O O
(PN
D G F t]l23]4ls]6]|7]|s
Qp/amimyEcyE L/ L/ LS L1 |8/ |sn]s
C
AN D|B|C|E]|C B E|B|C|B
113 E 20212212 PN 31333
b 1121314 E C 121314
Q:/CIBDWE | / | / | $ | /I |8# Q.:/BEVC | / | 8| / |$#

() 7HA% Sds
I 7 MBEAE: A A



432 FR A3 =72 vojet o] A 3B A Al 4 Z(0068)

208 FindSubsequence(B)7} WA Z&EEHI, o}F-
A &% 53517 ¢=t}h FindSubsequence(C)7} &
29 W, 24ddE 94 C B A7} EAF oln A4
2 Qgxol 7] g CY xE gAENE 237 QusF
ERQGD. Q,,, =/ 0l 280X 94 B 94 C
ol A2, Q349 Q39 28 HAEQ ZAds
ol Q= BAX kTolx FE wEd| o] k=
9] g whie 434FEA 9ot

434 BAA] =E9 FE ==9] X7

ABAA2 s o83 IHYPL ARE EHE
T ¥Fetm UoH4l FiST Al=wold olad ZEd
A7EL AAFY) AH/A, 71AF HhelA BAR =
=9 A¥A(connectivity) & FES= GAE AME3ITH
HIAAE 93t Z2he] 47 XML ZAMAAA 82182
A9 #3 HEE 72 Yok AAFCRD XML £
AE SAX HAE § o, dYHEY AYEH WIS
7] el counter BFE AHE3Ith StartTag-
Handler’} 3% ) v}tk counter ¥FE F7H712
o] W kg Aed Wi ARSI

QA 6. 2 79 AAE Ba XML 4 Eg T
AHE Ho] 5L HAF WIS Qv
LPS(T=DBEBACBAGETFETFE A9]
. 3y 7)dA F A9 7Y dE QI 8 B
A LPS(Q)) =D B AGEFTFE Aolx, LPS(Qs) =
E B C Bolt} LPS(Q)™ LPS(Qs)= LPS(T)Y A
Ad2YE ¢ ¢ Aok oA Qi Q7 F4 T
A /1AE AE FREYES gugch 28y Qs
t AAZs 4 T WA7F ofvck shuvisid #4 T
oA AWE E AHHUE CE FAd Aoz 7}
A1 e dYE Brt EAFA 7] WEClth Q=
F 749 Mz o2 JdYgHE B & (B2 BH o
Ao ol FRE WXE AAS] AA ABA]
A2 fAS Y o, T2 A2 e ==
B7} #4 TolA 3hie] =zowt mjAEHeA A2E
gelsfjop ek wbdAd] LPS(QDAIA F 79 == E=
4 Eg TolA e dades ¥t F 719
E¢t i dct P LPS(QDO F 718 == A £4
EF TolA s} dedes 3= F N9 AY
A ety Qs B4 TS dA vix|eld),

FiST A&flg ZAXxd vixg Hee HAs dAE
B&Foz Y37 A ZZajd A|@2e] e}
© BX == 95iA 5ES F3S Fdct 2aX

1) $9£2 W5l g WE Pol 71 (numbering scheme)E 7H5 e
o 3T gAsl dae B4 TR @AMZ H492 ANe
_ 3] W3yt AFEoin 2 5 ot

= g9 4 B =z uAse 949
XML X2 el(dHE)EY FRE A3 Aol
t} o]F ARESo] AFAHE st HF GAllA A}
48t AE2 xoe mjAd BAMY k=7t AHAE A
Y3 MEE 712317 9314 BranchlD Sets} 2
T A8 T2} AR

AEAEZ2 v gAldAN, 228 A|EA =E g7}
B xS0l doBranch(q) TEAIAE w3 d XML
dANES AY43 HIEE qF ¢3F BranchID setdl
ARG}, Priffer AA20M, Fold xSy} vehd 3
Fe 1 k=29 A4 vt f9f FUSITH4) wrEtA
z2y AR2dHE F FH 29A] =7 X
gtk dE Sof, 28 o)A ZEnY AES k2
Q159 Qe 7IAE H"HolA Hllx] == Eo sigd
ok Qis& B xE E9 vl £8o| opyEE, 1f
R 8@ :=Z(internal branch node)z} 3t} Y& B
WA e w2 APz o =59} ofF-d
FAE AR genh v d8y gdaeFedA o
| 2" HAER $P5kA] 41, thE =EE A
ezl EARGITE TEv el 9] Jehte Bl
EF Z2Y AlE20A thg k=9 BE-Z4 #
AV 24-F& #BAE 7T 48 S0 28 709
Qe Qe Z4-F& BAE 7Rk o8¥ ==E8
& vlxe BAA ==(final branch node)g} ). wf
A2 BWR ==F BranchlD seto] mjF 8 dHE
o] MY+3 HEE ARSI A oY 4d HIER
33 oF o). doRecursiveStackTestolA AA &L

2 BAR N FIERC

ag 7(e)old BRA == Ad AZHE Qs Qs
< 9% F 709 BranchlD seto] B3ty BHA =
= Ed AFHE Qs Qs A F 719 BranchID
seto] Basjcl

ZIAE d€e FE nro 2AFoE AL 1 7R
¥ g"o] 48 XML £A49 MBAE2EE 2vjojtt
AE AEAE27 48 XML B4 HA 71A%
HEJIRE AAB 98 HAR == AT SA
(Refinement by Branch Node Verification)& 43%k
o Ztzte] =aad A2, AMEAEZ A A
7} 8 € W BranchID setE°] FA"EY Zzdd A
A2 RE w28 ohd o njg, duelF 24 g
Z 49)A ZEAA BranchNodeVerification® Z&3%
o F2 AE dEels Zzte] BAX =Ewhr
BranchID setE9] @S ALsta, a1 A3yt T3
ol ollete AL /HAE FHe HH¥A == XML
Aol AA ddo] HAve AL vty TeF v}
A& e EAsle BE BWR] ==Fo] EF 47



A ® Hhe] A H28E o] &3 XML E4 HEH 433

HATE, o] 7HAY dee HE dx) 9o

g Eof, 28 79 Y= 718 A" QE 1
312k == AE $13F BranchID set?} el Ades
{l}ela, == EE #3 myY Afe (7ot} %
Mo BAX k= Zpzte] wAT Adrt FRHPe] oY
22, Qe ¥4¥ A T mjielch

5 44

5.1 &8 &3 HIolEM

o] =Fo|Me FiST Al2®¥} YFilter AlA¥E b
P AEL 512MBY wl®E A Y3 BE
27} dx5e] )& Intel Pentium IV 2.4 GHz CPU
ANANA FHstEh FIST Al2#e Xerces XML
Parser 250 WA[15]& AME3t] c++2 FHEYLH,
GNU g++ 3328 AH&3to] 7w 3tHoh YFilter A
2" Java® THEAYSY Java /M W4l 1428
U3 e Eclipse 3.0.1 ¥AoA HQ3lm S893)
At

AL %Y TreeBank DTDE AR&sle AAS
XML #A1& AME-3%tt XML Generator[16]18 A
sted Huf olrt 3691 XML EMES 100078 A&t
Aot AAE EAEL 1 Av)el wekA [1KB, 10KB),
[10KB, 20KB), [20KB, 30KB1% [30KB, 123KB)Z &
T3 o] =EdMe HYA o] dojeklE 1k, 10k,
20k, 30k} g}

YFilter9] XPath GeneratorZ A}83le #%5 BX
ZIAES AR 7#5 EXE dYUE oEE
°] @% E¥(uniform distribution)E 7}AE | o]e}A
& ongh 78 Aee Y Aol 1002 13t
Ak 2249 dojeldldlA 1A "o 1A & e
BAR ) ALE 34X 77X w3 ATh =3 dolet
Aol 7t 4 e AHEA Zaakd] s 50,0007
2E 150,00071712) 25,0007 @92 Wskx) AT

52 ¥ ¥

YFilterst FiSTE ttdd 34 SdA FeFY »)
&9 AL FAstd viwstHoh kst YFiters
JavaZ FHHAJYL FiSTE C++2 FHEY7) w) o]
th AZ tE dojz: 7EE 2709 A2y 333 v
g 93k, YFilters} FiSTY 45 scaleupo)gts
Hx9l A8 AlZHwall clock time)E BInstgch A3
AIZHE 33 ), Fo12 J71AY e JAgs} dolekAl
o tidte] EAvitt Ho ey A7 sk g
HEY Al 84 ob Azt ey guglFe] AHg
e Al zeEith A Bde "ely A7kl v
o wlg L golth ¢dF B, YFilter’} wloletA
30kE el Zae B A 30 mso|th

i

scalewp & ZH37) Astel, Thet we F4E
A3t
tAvg—tAvg,,,

cal =
pasetp tA’UngB

tAvge ARA 3% HEFY A7l tAvgpases
718 Zdel(base case)d $% TEY Aol &2A4&
Ao EH WelM, tAvghses 7 2 429 7}
A% Ao g "y Az, g Fe 59
BAXNE /M= 7HAE Al did 2EE Agko)A
W, 7 Fe =219 f4F EA0) tid "ey A3to)
o4& B, /HAE Hee £E wsAyEs &3
AE 23Y 1 tAvgisers 50,000709) AMER} T2
o tig ey Altelt}y wEkA scaleup FFko] ¥
F(EE FPEe AL H2E Ao|xrt S5 we}
A BEY A7t S7HEE 22)FEE mEct o
g BN A¥E F3 FiST7F YFilterirt £&
FHA(BHE Aol § =4 e AAe A4S
gelslsgoh

5.3 45 E&

o] Ao FiSTS YFilters] 4%5& 143 o€
o] @), BAAS =) EA =)o g8t scaelup
#H Ay Aoz EANFGPY FiSTE €41 71X A
8 fAS XYL YFiltere FA4A4 7HAF #8 o
AE NQPEAN, YFilterd]l X8 #HAL Hatd €4
g 5 5 Aok YFilterdl A T8 7349 H]
£& Ao Az s

531 71A% #H"e) 4= 83

a3 82 AR H™wlct 679k ol BARNE )
A wolebdl digk FiST9 YFilterd] A3 Ate B
A&tk 74 wde) =& 50,0007 %8 150,0007171
A 25,000 @2 WA 1kol E AzbeE 10kl
gk Az} vlssty] Wil st

3% @A 7HAE HEeM Baxle] $& 6otk
7HXE #elo] Fvigtel uig} YFilters: FiSTe He gy
A F7Fg) dlolelAl 20k} 30kE B, FiST9)
#42do] YFilter®rh 84 FolFAL & & Uk o2
S04 15000070 7HxE HEle] hate] dloletAl
20k 3719 48 EA7} Fold o], FiSTE YFilter®
o 349 whe Ay A 2Hd 71AE W i 7
MY BHXE 7T e 150,000712 7R E siEl(a
d 8(b))oll izl dlolelAl 20kol HFEE 1" 24
E& "HYs= 2S¢ FiSTYE YFilter Btk 43% W&
A AT BJTh HojEAl 10k} 1kl thatdME
FiST+ YFilterel B33 913 A58 2oFoh

532 Bz 4= W3l

2oz 7R HAdHoM BHEA 8 thisiA



434 _ AEAEI=FR] : doleto]2 A 3B A Al 4 S(A068)

# of Brarches: 6

0 —a—

FiST 20k —a-—

FiST 30k ~—w-

YFilter, 10k — @& 4
YFRlter20k —-a--1 e ¥

YFittar 30k —-v-—- I 1

N @ b ;D N e
N W@~ B N

Wall clock time (secs)
Wall clock time (secs)

-
T

0 . . : ; . . .
50,000 75000 100000 125000 150,000 50,000 75,000 100000 125000 150,000
# of XPath twig patterns # ot XPath twig pattems

(a) B@X % 6 (by B9 4 7

a¥ 8 7HAY HHREA Z20d)9 A wstd oE d4F A

06 . . , 06
50,000 —8— »
04 [ 12000 ”:'f' 04 |
2 03¢ g 03¢
§ 02} § 02+
01t 01
[ o
0.1 ¢ . . ) o 01
3 4 5 [} 7
# of branches # of ranches
(a) YFilter(20k) (b) FiST(20k)

¥ 9 BAA 49 wige wE 49 43

W3lAlA 7PAA FiST9 YFilterd #3428 w3y # of twig patterns: 150,000
o 2% 9t o] A¥d UE FHE HAZFh 1Y ; T |
9@st (bye ztzt elolEl 20kE ARSEe wWe é:.?;,m‘% -
YFilters} FiSTS] scaleup HolETh 748 swle]  § 7T Fier, 20 8=}
A BUAS G739 72 2Ol Weh Yiers] g ol
SER HI%E Zohath AgE RE Holeldd o ¥ |
A AP AT 4 Yok oo wsle, BAXY 7 B 4
2rlss Flsm Yy wge gaad dRe 1§ af
Y 9(b)e &4 scaleup }OZ HAY £ A oA 1}
A= FiSTY 2A 7Hx¥ A" wi3o] YFilterkt} °= 4 s 6 7
Te PPAL S T # of tranches

2% 10& dolehsl 20kel T FiST$ YFiltere) a3 10 FEY Az

Ay AZHE ioq%q FiSTE B#X £t 456,79

o YFilterBth B 943 A%L 71A1 9es B 7} 713l el "Ely Hgx Fvlshe A
Ztt YelA AFS U2 YFilters] BEj Hl &z gt

7Vt %S Holx FiSTS "Wey &8 7 8}-‘5 533 XML #A19) =7} §is}

AggS Role AL A 4 Utk T} EAMY Av o] AiMe 98 MY zvlg F7MFIHA FiST

tlo
e
Rl



AW ) AU T

<} YFilter?] 8%& 225t

Iy 11604 BAx] 7] 49 69 A= BHAA
7F 35,7 759} Hl%8r AEgE Ho|r] fFd AFEH
Aok 2@ 112 150000719 71A8 HEES dHWE
9 #%5 EEXE olgsid AT dlolgld dig
YFilter®} FiST9 scaleupg BAFEDh xF2 4 &
Aol zzlg vehlle $3lolth. YFilter?] scaleup©)
FiSTY scaleup®E ot wa] AAddE AL YFilters] ¥
B9 Hlgo] FiSTe WY H-&HT W Frlsivte
A& etk A9 2771 S715te) wet YFiltert
FiSTY ztel7} o Hojxdg & & Utk ©] AHELS
A A7 F7gel wekx FiST7}d YFilter 2t T
Fo FAHE 7HHE RAFTh 2 ZoA 357709

A S 71 "o FiSTY A% Aol A= Aok
AL AR 7t Frkste Ad=E £ B
stk AL Uehddh olA2 18 10914 Esk

o

o dr (m
I

8
n
4
~
©

2

7ol
L
n’% A
“m” YFitter (3,5,7) -

¥;il&r.5 el
% a0t iter,7 ---e--- p
§ s /
10} &

FRST (357}

1k 10k 20k 30k
Size of documents

2% 11 XML &4 27] @3] & 49 23

6.4 &

o] =&olXe XML 4 ZEg Al&F FISTE Al
StATE. 1A ATEL /MAE HAEE A8 Ay A
AREZ PEsid Ztzty dF AR ozt w3
£33ty I ARE e v, FST A=
948 XML Ao distd A 7FAY A8 w3l &
B 4 Atk ol &AM FiST= XML 7FX3 ="
(AHA ) XML ZAEE Prifer AlE&E
Walsicl o) =Fx & Priiffer A1BEE AFRFY A
AY MBEAEL fAg $P3e SASY BAR] HF
< 5319 FEP AxEL vEe FA A= 24E
He gy da3Fe Adstack E=F g BH6A
FiST Al&gle] A9 A3 YFilter Al&RHET $2
ARE JegS d¥gozM Bk

tlo ot o

o]-&g XML #4 BB ¥

[11

[2]

[3]

[4]

[5]

[6]

[71]

[8]

[91

[10]

(11]

435

Anders Berglund, Scott Boag, Don Chamberlin,
Mary F. Fernandez, Michael Kay, Jonathan Robie
and Jrme Simon, XML Path Language (XPath)
20 W3C Working Draft 16. Technical Report
WD-xpath-20-20020816, World Wide Web Consor—
tium, August 2002.

Karim Muller, "Semi-Automatic Construction of a
Question Treebank,” In Proceedings of the 4th
International Conference on Language Resources
and Evaluation, Lisbon, Portugal, 2004.

H. Prifer, "Neuer Beweis eines Satzes tiber
Permutationen,” Archiv fur Mathematik
Physik, 27: 142-144, 1998.

Praveen R. Rao and Bongki Moon, "PRIX:
Indexing and Querying XML Using Priifer
Sequences,” In Proceedings of the 20th IEEE
International Conference on Data Engineering, pp.
288-299, Boston, MA, March 2004.

Mehmet Altinel and Michael ]J. Franklin, "Efficient
Filtering of XML Documents for Selective
Dissemination of Information,” In Proceeding of
the 26th VLDB Conference, pp. 53-64, Cairo,
Egypt, September 2000.

Yanlei Diao, Mehmet Altinel, Michael J. Franklin,
Haoc Zhang and Peter Fischer, "Path sharing and
predicate evaluation for high-performance XML
filtering,” ACM Trans. Database Systems, Vol. 28,
No. 4, pp. 467-516, 2003.

Chee Yong Chan, Pascal Felber, Minos N. Garo-
falakis and Rajeev Rastogi, "Efficient Filtering of
XML Documents with XPath Expressions,” In
Proceedings of the 18th IEEE
Conference on Data Engineering, pp. 235-244, San
Jose, CA, February 2002.

Ashish Kumar Gupta and Dan Suciu, "Stream
processing of XPath queries with predicates,” In
Proceeding of the 2003 ACM-SIGMOD conference,
pp. 419-430, San Diego, CA, June 2003.

T. Green, A, Gupta, G. Miklau, M. Onizuka, and
D. Suciu, "Processing XML Streams with Deter—
ministic Automata and Stream Indexes,” ACM
Trans. on Database Systems, Vol. 29 No. 4, pp.
752-788, December 2004.

Nicolas Bruno, Luis Gravano, Nick Koudas and
Divesh Srivastava, "Navigation- vs. Index-Based
XML Multi-Query Processing,” In Proceedings of
the 19th IEEE International Conference on Data Engi-
neering, pp. 139-150, Bangalore, India, March 2003.
Feng Tian, Berthold Reinwald, Hamid Pirahesh,
Tobias Mayr and Jussi Myllymaki, “"Implementing
a Scalable XML Publish/Subscribe System Using
a Relational Database System,” In Proceeding of
the 2004 ACM-SIGMOD Conference, pp. 479-490,
Paris, France, June 2004.

und

International



436 HEAEGS =g olehlo] = A 33 A Al 4 5.(20068)

[12] Quanzhong Li and Bongki Moon, "Indexing and
Querying XML Data for Regular Path Expres-
sions,” In Proceeding of the 27th VLDB Confer—
ence, pp. 361-370, Rome, Italy, September 2001.

[13] N. Bruno, N. Koudas, D. Srivastava, "Holistic
Twig Joins! Optimal XML Pattern Matching,” In
Proceeding of the 2002 ACM-SIGMOD conference,
pp. 310-321, Madison, WI, June 2002.

[14] David Megginson, Simple API for XML, http://
sax.sourceforge.net/

[15] Apache Xerces C++ Parser. http://xml.apache.
org/xerces—c/

[16] Angel Luis Diaz and Douglas Lovell, XML Gene-
rator. http://www.alphaworks. ibm.com/tech/xml-
generator.

4 F X
19999 Mgty AFHITAR Y
2001d Aeigtn HFE T AapE
9 5. 2000 ~dA A2Un A7)
AREHTHT A, BARFE XML
g4, XML A "E3, A1Fz Hol
Eltjo] 2, Hlolelnloly

Praveen Rao
19993 Q= University of Pune 7 &%E]
83 &9, 20019 = University of
Arizona RA4EF MARF 5. 2002
QA ~&A University of Arizona 24+t
3} viAlay, @4 Belke XML indexing
“4-i and query processing, XML based
information dissemination, data stream processing™}
large scale data processing

£ 2 7
Anastslers)  ojehio)s
A3BAA3IEZ ZA=x

°] 4 &

XY 19649 Aduistm AN mEH B¢
1 1975\, 1979 ©]F dAbxoista A
st AAbsh wAleel A% 19799 ~1682
44 aEdety A Zud 19824
| ~1086d ¥R =7 BIANY
7. 19869 ~1989 ©= IBM T.J.
Watson 974 AYn<E 19889 ~1990% dojeu|o] A
T3 EFH99%. 1989~1991 MEdgy FYaSaTA
4 9 19948 FHRADE FF 19979 ~1999
A FAGEA HAstEABAH 4% 19829 ~#
A AEzte AFEHITAE 2y FHEoRs dlolehuo]

2, djujde] dlojetuo]A




