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Abstract Recently, there has been growing interest in streaming XML data. Much of the work
on streaming XML data has been focused on efficient filtering of XML data. Such XML filtering
systems deliver XML documents to interested users. The burden of extracting the XML fragments of
interest from XML documents is placed on users. As a result, several evaluation techniques for
streaming XML data, which only extract interested XML fragments by directly evaluating XML
queries on streaming XML data, have been proposed. However, existing evaluation techniques for
streaming XML data only support the restricted subset of XPath queries, and multiple queries cannot
be evaluated by such evaluation techniques.

In this paper, we propose XTREAM which evaluates multiple queries in conjunction with the
read-once nature of streaming data. In contrast to the previous work, XTREAM supports a wide class
of XPath queries including order based predicates and so on. Experimental results with real-life and
synthetic XML data demonstrate the efficiency and scalability of XTREAM.
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7} ¢u8lEL startElement®}t endElement ©|¥IE X
7] d1eFE g ¥ng 3% I=E FRF 4
& FAIBIER, B =E2QMe text CJHEES 9%
oME A7 duzEe A3

331 startElement °|YE Xz}7] ¢neF

39 5% startElement ¢|HEE 9§ olglE g7
dngEg HAF

Procedure StartHandler(startElement(level, T, of fset))
begin

1. new.elist := {}

2. for each I € LStack.top().list do{

3. if(level - Lact level € Llevel gapA(Llabel=T V Llabel="*)) {
4. if(l.position 1= 0) Llocal counter++

5. if(Llocal_counter = Lposition V lposition = 0){

6. if(new_elist.find(Lnid) = NULL)

7 { e := new enode(l), new.elist.add(e) }

8. }

9.

10. }

11. if (new elist!={ } ) {

12, EStack.push(level,offset,new elist)
13, new._llist := {}

14.  for each I € LStack.top().llist do{

15. if(level - Lact level < i.level gap.maz) {
18. U := new Inode(l), I’.act.level := lact level
17. new _ilist.add(}’)

18.
19,
20. for each e € EStack.top().elist do{

21 for each child ¢ of MXT’s node n where n.nid = e.nid do{
22. ¢’ := new Inode(¢), c.actlevel := level, new_ llist.add(c’)
23. }

2.}

25,  LStack.push(level,new_llist)

26. }

end

1% 5 startElement ©JHE A&)7] ¢ngH

Hgd, ZE MXTEY FE ==5& LStackdl 5
Bt} grellA] AW ukel o], LStackd) Aaol=
24312 & e =259 #d Fust ok wEkA,
oMlE A 7|E LStacks] 4ol HA§ ojwlEd] 9
3 gAdsle == A9FHER (D-(10). F71H3
o8 M2 dF=7}F EStackel] A9E 4%, 2o W)
&3 LStack®] #l2= 9A] BAPEHER (11)-(26)).

29 59 ¥ndE AlF FEAA, LStackd A%
(ell, LStack.top())ol U= &4 noded) WF 3 ==
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Bl 2E(NodeTest)ol #3 ZAES FAFITHERI (3).
g} 23 wT EAEE BEIE lnode 19 &4 7
u Za A o|EE 7}ATHE, 19 local_counterol 1&
g @), 3 F o4 7 ZgyAecEs @
AV ggste =271 £ 76 ZUFAEE
AR S AE, Y == BAIIHER] (5)-(8).
ZAECIY AT FYS Hae] AHUEE VA
Ags de]NE(recursively typed element) Tl o}
gt, 5943 nidE 7IAE InodeESo] LStack.top()o] &
A 5 gk oHF B, B ¢ueEF olg e
InodeE° H33e 23 1 enodewtS AT
(et 6)-(D).

wkek LStack.top()ell YX8 U¥ x==E°] 8434
oha(E) (1), 843 =252 9% A= 92
=E oMlES] ofset gt ¥4 EStackel AH)gchzt
¢l (12). 2 %, 8A) EStack.top(ol 9x13 AEA &
Azle =52 9% NEE LStack HIZ=E AT
o} olo} wal LStack.topOoh X% L InodeS2
goz HEY JdHESH ofstch. ¢ dA HE
she Qe HdT 2] act_levelt Zol7) 9]
level_gaps] HAUigtRc Aow je o] By o
HE ofs) &4zt FeothE (14)-(19). =, &
Aste xEE9 A x=ELS T WAE oWE
o8] gAsa 5 ATk (20)-(24)). =) (14)-(19)
st 29l (200-(24)e) whel, e "A Este AW
E7} Agd dedEdd, 598 nidg 7IAAT OE
act_level FEE 74AE InodeEo) TAE + Slcth v}
Ao g o]2)d k=58 LStackd] AATTHES] (25)).

332 endElement °o|HE 77| ¢18&E

endElement ©JHIEE 9% o|HE AH&r] &ieES
3% 6ollA BYETh B gugZdi OGE Output
Generator g 2j%]§hct.

qroF EStack.top()¢] level®] endElement ©|HE<]
il BYsA ¥rid, EStack.top()oll X7 ojdF
x=% endElement ©|HEE g dHES} o
A Ferh weEkA, oHE AHeZE oMY AR
Feax) FetiEr (). #F 2% ooy, ded
E9 2 dUEJ} HAT oHEESC] § o} EA
812 gooz LStackd) 4@ Jde A2=E AAR
thErel (@), 2 ¥, o|WlE Agr)e EStack.top(ell
ARG =259 tfyped wet oWEZ AT
(3)-(19)).

roF EStack.top(Ooll 9128 enode e9 typeo]l A}
=9 EF9 T, Output Generator= th-3-3}
E XML #¥-& [EStack.top().soffset,offset] o2
AFPTHERL (4)-(5). old, & ZUAIESES &

Procedure EndHandler(endBlement (level, T, of fset))
begin .

1. if(EStack.top().level 1= level) return

2. LStack.pop()

3. for each e € EStack.top().elist do {

4. if(e.type = output node}

5 OG.send(e. qid, EStack.top().soffset,of fset)

6. if{e.type = predicate node A e has no child)

7. e.satify list{0] := true; //for Predicates such as ‘[title]’
8 if{e.satisfy _list = NULL) {

9 if(e.type = decision node)

10. OG.output(e.gid,EStack.top().soffset,of fset)
11, }else {

12. if(all entities of e.satisfy_list are true) {

13. if(e.type = predicate node)

14, LStack.top(). sat_notify.add(e. nidEStack.top() tevet)
15, if(e.type = decision node)

16. OG.output(e.gid,EStack.top().soffset,of fset)
17. } else {

18. if (e.type 1= predicate node)

19. OG .discard(e.gid,EStack.top().soffset,of fset)
20. }

21}

22. }

23. EStack.pop()
24. for each ! € LStack.top().llist

25, where Lnid is in LStack.top(}.sat_notify as nid¥'*¥*!do {
26, if(dlevel -Lact_level € llevelgap) {
27. if(L.act_level < LStack.top().level)
28, LStack.top(-1).sat_notify.add(niddievel)
29. else if( ! is the kth child of node p and p € EStack.top().elist)
30. p.satisfy_listk] := true
31. LStack.top(). list.remove())
32.
33.}
34. LStack.top. sat_notify.remove_all()
end
19 6 endElement oJHE A7) €18

9% "o w EAFIEE Ao Uig #de ofF &3
34 ¥e=ntk

Thef ‘[title] 3 2] €9 type©] TE YA OIE =Eo]
2 g7t A xEF VXA gevid, g Zejtd o
Eo| 9ES HHSIA satisfy_listS true= AATT
(9 6)-(7). E£3, e} o7t Aoz =z cE
YE=E8g JIRARA @34, esatisfy_list7b NULLY 7
$) e7} B ==} FYIE(, dA 19 == 29
5), Output Generator= A2 AIF}E $3 F7} Az
FHPol Baskx) Fornz AEAES 3 XML EH
£ 82 4ok (8)-(10)).

e’b YA CE =E9} FYAY Aoz =g
UAOIE =58 7ixIvkn 7REs) BaKER] (1D-(21).
e Ao g 717 ZIGAClE ==E ZdoiH o)
E z7AEo] WESIL ¢ Ailo] ZUAPIE ==
(o, dA 19 == 7), ol¥lE AH#7|E LStack.top()dl
EStack.top().level® e9) nidE F/1T22H e 23
zYAE 229 WE-g FHITHEY (13)-(14)).
EStack.top().levelS nid® dlevel2 A3t} o]k
e 53 Query Evaluatore ‘[section[title]]s} Z
o] 23d YA EES A} ZUAE =
= o7t A4 REE JIA A g FSe 9 13)-114)
dA wE RE g wef or) Bd =29 5Y

s AHog JAE BE zuAelE x=ES 9
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Z30, Output Generator W9 XML #EEL 4
Fzjo|t}t. W} ZEtAO|E =T7t ofd ert EEZ
g dx E?f]‘ﬂﬂP]E-'é—% wnEsR] Pevhd, A9
asxz ssAde) Jdoin #ad do drie AAdT
(9 AN-©0). AT ek el ZEUHAE k=
B, ev 4o 2 ‘Q’%‘E} olHEY} wEE ot wet
A, 29 Z23EF 9% #GS 973 FY5R X

EStack®] A9 e dZ=F 771‘@9‘%’*1, SEE
8439 H=2=E oA g433ckE] (23). 2
(24)-(33)& ZIYAE ==E9 UF RE T
45 gz wgdsy] s FPdch LStack.
topOell $1X18+ 2+ Inode 19) nid7} sat_notify®] nid¥
A%, 19 level_gap Z1E& FAZTh A7|A, level_
gap< 9] BA3tE YW RE o] BFE #HdrA
AdE ougct vk [o] level gap ZAE WEIT}
9, jo] HEP TYPYACE k2o i Hele] © o
A4 Basr gorz & AAIFTHER @) F7HH
o2 ek node [°] oA £43E HIZ=ZRE U
Ao, U&=z e]Ee] FRE  LStack
top(~=1) HAF ol =xlel dIZ=EA ;ﬂ%a‘:}
(A @n-(28)). 18A ¥ AS, 9] FE ==
EStack.topQ°ll EAsth whA], oHE 7‘1\“47]t
EStack.top(dl 9A3 B2 k= A OE =
9] wE oREZ FIHITH (29-30). T F
sat_notify W2l RE ARE AAICKEA (34).

3.4 XTREAM EQ| Xa| o

a3 194 2oz XML dlolele] tidte] oA 190
3 Query Evaluator®] X2 #32 2§ 794 2o
Zt} LStack® $1AAE & inode? act_level & 2w
3, 9B JnodeS2] o}RAHAE local_counterE v
3t} EStackd $3A pe ZudAelE =79 9=
< el

EStack¥} LStack®] 7] “d®f& SCENE 03} 2t}
book AHHESY startElement ©|HE Aoz <3|
= 13 3& BA483FHSCENE 1). publisher g9
E7} LStack.top(ell $JAIg owdt ==ols t-g-38hA]
gomz xd HIASE AHdde ouid Hsiz
A8lA et A WA author dWEQ] startEle-
ment oJHIEZL ©Algt AL = 29| [ocal counteres
Z7ksta, == 28 SA3IHSCENE 2). R WA
author d2]HE Q] endElement OoJHIEZ} WAIgE 3o
qlel &4 =ZIPYAE [II'E UHFsmz, I HUA
author YZHES UF ofset %A [5715 B
(SCENE 3).

A AA section HEHEE HEF AHY, == 69
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e
ole hliglsoy | ey _I
SCENE6 sertion B[18](3.6) | P56 P95
section RI13[{67 D]{416°72 0%
book 111 1{13} T, 31,09
blol BI(Te.35.657 Q1
q2: Hourpur{19, 21]
refevenca i P27, 160 71,72,84 Q3:{15,17}, [19,21] Hipending
section BII3}{4 6 3,5%.6°,72,73.9%
SCRET | etion 14116 160 7197}
. 146
HE PI{1%3°6%
refl
refl 523({87) 5 | (41,65.73.7%)
rfrence BT A
SCENES section B |18]{3.63 . T33 68 7275, OF
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T ¥
e — T 416'*7'73}} %
SCENE g Section . 350,
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SCENE 10 cponon PITANE L1000
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1% 7 Query Evaluator?] X 33

section®] @™ (=2)7 act_level(=1) tS] Ae)7} 1o]iL
*= 29 level_gap®] [2,:]0lB 2, xE 45 453}t
A %=tHSCENE 4). T WA title dYHNEE ¢34
A7 =29 == 99 X%t} wEkA, Output Gene-
ratore ¥ WA title LHNES O ofser ¥
(151718 &AZG. AL, ZYAClE A9 BwE
S B § gloEE ofset L AAIA etk
Query Evaluatore ©]#g wpgoz odEES U4
< Ak

dioll 9l ‘refl’e] k= 88 wEE 79, ztiA
oE ZA9Y wES P2 HAITHSCENE 8). I ¥,
xS 89 ©E AWE EE xE(d, =E 7oA W
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7t gleeg == 8& LStacktopOolA AAL =
Z 7 94 ZIYACE E0|BR k= 7] WE A
#& 28 oA AYPHSCENE 10). Ay 2e
HEQ section AHES A WA section dHHEE
z A o)E [//reference=refl|'E &3t whatA,
T 79 W& ARE LStack.top() oFziel Y3 #
A2z Mg

wtel ZEtiAlo]EV} ‘[reference=refll o]&}d, A}
x2E oAl ©@x) 24 xEut 23Eies ZjH o]
E9 ©E Ane HAESHA geth o#Hg A, =g
YAC|E =29 gct_level®] LStack.top()9] leveld} &
dstm2(ag 59 k<l (22) F2) wF ARE AL
2 ety 69 21 (27)-(28) Fa).

A#nA o2 W5 endElement ©JHEES]
2dlo X AFOEMN,
SCENE 022 g&ozit}h

=0
AEES

4. 845 4It

XTREAMS A% H7Ie HaiA, 71&9 2EgH
XML dlielel X271Ed XMLTK29 XSQ349) 453
XTREAM®] A%5& viustglch spAw, XMLTKS$
XSQe w9 d9 AHwg Addch oA, XTR-
EAM| o4& Aol AHzld digl 4% uiag &M, &
Hel 3he] Aogt AME]dle XTREAMS @ 29
28719l XNAIVES] 453 XTREAMSY A5& ¥l
3HAT)

41 &8 &4

A AYe v¢l v 1GBY MS Windows XP
7} g8 AEY 47, 266 GHzE AM&3stg92, XML
beletse =24 tl23d Agstrh

4.1.1 H]°)e} AE(Data Set)

XMark ®l¢Je} MEF} Shakespeare Ho|e} HEE
AHgsld AEe Pk 2 dojel MEE oA F
Fol XML EX4ES ZETUch B APelA AR O
olE} MEES EAL #H 204 HAFTL dge &
XML 247} oj2A YQ=HJSAE Hebdoh

XML Wixely Z2AHE Aoz AL XMark
(17] dlolel= A&}l =:27) =8 <¢l4(scaling fac—
tor)?l 9 e ZAFo2ZH, XMark HoJE} HEE
9% 5 FH9 XML FA5E 4480

Shakespeare[18] dlojele= A lxmojrt & IFE
2, Ay Agste XML dHolglelth. SH1S
“The Tempest"&} E&le 3I& X3t SH2= A

2) http://www.cs.washington.edu/homes/suciu/XMLTK/|lA A3
3) http://www.cs.umd.edu/projects/xsq/<l*l #|Z

¥ 2 XML Hojg AE

vlojet NE °o]l§ | I7I(MB) A
XM1 0.03 f = 0.0001
XM2 0.19 f = 0.001

XMark XM3 1.18 f =001

XM4 11.88 f=01
XM5 118.55 f=1
SH1 0.16 1 3=
SH2 0.97 4 g3

Shakespeare SH3 2.61 12 3=
SH4 7.89 37 3=
SH5 78.95 37 82 X 10

o)~ o]e] 4t ¥1=<¢l Hamlet, Macbeth, Othello, =1
2]3 King LearZ X33}, SH3x® 12 =58 X
o AAdoele] BRE FFEL SHAM T 1]
o, & XML dolels] g XTREAMS] A5E =3
3l7] 943t SHAE 104) &3t SHHE A%t

412 XPath A2) AE

ANMoz AT XPath AEZ NS Fasg
t} AEL YFilter[519] XPath 29 447192 AF
A 33 XPath 22 AA7|E S AP

of
tlio

£ 3 oA XPath 29

Hlo|e}

e

oA Ao}

/+//bidder{datel//increase
/site[1]/people/person[watches/watch]/name

XMark
/site/open_auctions[1}/open_auction[quantity]/*

/site[open_auctions/open_auction//typel/*/+[@id=3]
/*[PLAYSUBTI/*[3]
Shakesp|/*[1)[TITLE]//PERSONAE/TITLE

eare |/PLAY/PERSONAE[3][PGROUP/+]/*
/PLAY[PERSONAE/PERSONAJ//TITLE[4]

XPath 2 4717t A% XPath Ao g o
HE FuA, AEA 3% XPath 2 443717 A4
3l Y% XPath 952 # 3904 HAFEth XPath 2
o] AA7INA AMESE wiZf BSET W5 gE #
3 GRE B 44 RAFET

XTREAM® Query Evaluator®] #73Ade] ol
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3 A
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=

¥ 4 XPath A9} 43719 874 43

sz Hsp Likn
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@ 7k ZEYFAE & 1

4) http://www.cs.berkeley.edu/~diaoyl/yfilter/index.htmollA] A|F
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