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Abstract One of the primary issues confronting XMI. message brokers is the difficulty associated
with processing a large set of continuous XPath queries over incoming XML streams. This paper

proposes a novel system designed to present an effective solution to this problem. The proposed
system transforms multiple XPath queries before their run-time into a new region-based data
structure, called an XP-table, by sharing their common constraints. An XP-table is matched with a
stream relation (SR} transformed from a target XML stream by a SAX parser. This arrangement is
intended to minimize the runtime workload of continuous query processing. Also, system performance
is estimated and verified through a wvariety of experiments, including comparisons with previous
approaches such as YFilter and LazyDFA. The proposed system is practically linear-scalable and
stable for evaluating a set of XPath queries in a continuous and timely fashion.
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An XML Stream S
(<xa= ADI h="03241120"> | <xa="A03'b="03241121"> \

<ye='C02™> <yc='C02">
<z> ABC Ltd. </z> <z> SAM Ltd. </z>
<w> Tom Jackson </w> <w> Lee </w>
<p> 110 </p> <p> 90 </p>
<g> 120 </g> <g> 180 </q>

<fy> <fy>

Ser < <y e="C01"> i > Se;

<z> Mac Ent. </z> <p> 90</p>
<p> 150 </p> <g> 180 </g>
<g> 240 </g> <fu>

<> <>

<u> <xa='A01"b="03241122">
<p> 130 </p> <yc="C03">,
<g> 180 </q> -

\ </ug g : J
The DTD of the stream S A set of XPath queries Q
<!DOCTYPER [
<IELEMENTR (x)+ > ;- &l@a="A01"]fyf@c="COl Tho

<!ELEMENT x (y+, u}> ottt > 1001/
<!ATTLIST x a CDATA> q; : Aylplext() i@

b CDAT4> q; : x[@a="A02 [/ipftext(}) > 140}
<!ELEMENTy (z,w?.p, @) > 9 ¥ pltexty) <180]
<IATTLISTy c CDATA> gs: Le[y/@e="CO1 " and wpltext()>150] lyhw
<!ELEMENT u (p, q) >
</ELEMENT z (4PCDATA) >
<!ELEMENT w (#PCDATA) > [xafe]r]c
<!ELEMENT p (#PCDAT4) > i
<!ELEMENT q (#PCDATA) > J>
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Else if (max; > maxs + ¢) Then /* A tolerance
parameter ¢ controls the frequency of the
refinement process. */
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Else
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A3t} o)L o]£39SRE FEE=H UL B2
A 71A SAX A9 oHE F4Eo] AME-E: start-
Element(), characters() 218]3 endElement(). $13
A dAe 2ZasxrE & P& @, 5 star-
Element()= W fseqsdl 2724 15 F718to 3
FE f-sequenced fseqsdl AAE T, WMF verseqsoll
Z2Za A fo] E versiong et I gA4=
version AlB2E versegso]l AATcE 2T A,
startElement()= 8 =9 SR A2 FF (fseqs
NULL, verseq,)E 493ty &5 characters()= M
2 9389 FZ9 FHA £4 <va> %S 8 =48
2 1ol A text() FLE FAFT niAgeg
endElement()= A9 fseq:% versegoA vlA %
Zrg a9t 1A versions ZH2 A Ao =R s

<frag_seq> <val> <ver_list> <frag_seq>| <val> <ver_list>
X 1 xyq 120 1-4-9
x@a ‘A01’ 1-2 xy 1-10
x@b ‘03241120’  1-3 xy@c ‘COI’ 1-10-11
xy 1-4 xyz ‘Mac Ent’| 1-10-12
xy@c ‘C02’° 1-4-5 Xyp 150 1-10-13
xyz ‘ABC Ltd’ | 1-4-6 xyq 240 1-10-14
w ‘Tom 1-4-7 xu 1-15
Jackson’ xup 130 1-15-16
p 110 1-4-8 xuq 180 1-15-17

a9 4 29 29 A3 Scrol AP SR

#olA fseq:9} verseqss TWETH IY 4 Y 29
A3 Scroh e SRS BAFETE SAX HAl9] ojIE
5L O(1) A HEgHezs SRS +53t=d Z
8% A7t O(1)es FHEIL

4.4 39| 87|

At Aladle) A FYJle B 2EYY Z A
o] wia] A& XPath AgPHE AdFoez Y%
. 2% 55 F9 YA XML 2E¥ So] g
XPath HolR5 Q9 w3 ¢uaEe o &k 19
59 &4 visit_table()AXe EH Az Sl didld
XP-table(Q)8] RE m-listE2 A2 WESAA,
&4 <f-sequence> Zk°] ¥WEH m-list®] f-sequence
o} UAs= SRSJHY FEE 3 FL HEe
<val> & EFHT Je AP m-listy FHGL 27
3t} 39 m-list7} DC-regiong 331 iy, o]
99 ¢ 2749t Y Q9 & Aort £F A
A Soll g3 nEFHEA ARG &7] 3 WA |t
v E3]~ (Matching Evaluation Matrix, MEM)o]2l=
3 wEY2E ANt MEMdE 208 99(8)
A A= ZF (gu)d WEHE HZFIe] dgFHT, o
Y BE BEZE59 <ver-sequence> HE°] AR
MEM2 th5-3 o] Aojdr}

A 9] 5. (Matching Evaluation Matrix) Z2l3%
Qo gt XP-table(Q)% B A=A S7F FHE W,
Q9 g MEM(Q)e t&1 Zo] Feojgu,

EX 0

- P P (gvverseqs(q,v))
MEM(Q, s = £, F 4)

& pE AB20) versegs(qu)e A SOAA A
9 g9 @ =X pol| A E FE9 <ver-sequence>
#HEY FAdoltk SRSHY FF tNAM feeqr, val 1T
i verseqs 247t &4 <f-sequence>, <val> g1
<ver-sequence>2] gteletil 19, versegs(qu)e T
<37} o] ZHE}
verseqgs(q,v) = {verseq: fseq: = fseq(v) and val
€dom(q,v) for a leaf node vEV7T }. I 5)

MEMs] XP-table®] m-list®} SRe HZF zte] w3
ARE ART F, 218 59 4 eval_expr()oAe= A
A4 Qd 3= Az A g Wis XP-
expression(q)8] ¥ 391 HY2A node_exp(q)s}
ver_comp(q)E AP} node_exp(q)9 7+ M(gu)e
MEM(Q,S.)2] 84 (qu,versegs(q,u))X versegs(q,v)
# pol®H trues WHESHTHY 59) 23HUA ). node.
exp(q)7} trueol, ver_comp(q)E V3L A S
of digh Aol g9 HF WA AAEs I Y 59
24-30W A &)
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Algorithm ExecuteXPathQuery(0Q,S)
match_qs(f, S returns the tuples of S, whose <f-sequence> is consistent with the f-sequence f.
ret_region(B, val) returns the region b of the list B satisfying val € [ly,uy].
n{p, p) returns the P versions in a set of versions sequences 22
while (1) do
visit_table(Q, S ; /* visits each m-list in the XP-table(Q) */
eval_expr(Q, S,) ; /* evaluates XP-expressions for the queries in @ */

A

313

end while

visit_table(Q, S,)

begin

1
2
3
4 8. = the next §, ;
5
6
7

/* {m-lists(Q)| returns the number of m-lists in the XP-table(Q) */
8 for (k=1; k<=|m-lists(Q)}; k++) do
9 [ = the fsequence of m-list,(Q) ;
10 for each tuple t of match_gs(f, S de

11 val = the attribute <val> of the tuple t ;

12 b, = the DC-region of m-listy(Q) ;

13 b, = ret_region(ms-¥ist(Q), val) ;

14 /* scans a matched region */

15 for any pair (g, v} & (qv_pair,; Ugv_pairy) do

16 update the element (q, v, verseqs(q.v}) to (g, v. verseqs(q,v) \ {< ver-sequence>|the < ver-
sequence> of the tuple t} in the MEM(Q, 5.)) ;

17 end for each

18 end for

19 end visit_table()
20 eval_expr(Q, S}

21 begin

/* |Q| is the number of queries consisting of the query set Q */
22 for (k=1; k<=|Q|; k++) do

23 "= 9 Mgyy) Jor the MEM[Q, S.) ; /*node_exp(q)*/
vevset{gt)

24 if (r, == true) then  /* evaluates ver_comp(qy) */

25 for any pair (p,V} € ver_comp(y) de

26 for any node v € Vdo

27 if the same version m, such that m & n(verseqs(q,,v),p), doesn t exist then

28 ry = false ;

29 end for any

30 end if

31 output 1y ;

32 endfor

33 clear MEM{Q, S,) ;
34 end eval_expr()

¥ 5 XML 2Ege] g XPath Ao ofA duzE

MEM ofA 4. 29 69014, node_exp(qgi/=Miqi,vi) AM(q1,vs)
grey vl Vs L Ve 4 Vs Ve Vs Vig AM(grud=trueclth. 28, nlverseqs(qgrus),2) =n
1-2 11641 147
:’ T3 T (verseqs(qr,vs),2) ©\EE ver_comp(q;)& ESHA @
2 . ' 10-.
- e RN et gudoz, A9 o AF A BIE falseo]th
44 111;«;; D
15 A
g el | 147 5.4d
XP-expression Aty AAEe Co JavaZ TFEHYT =E AF
query node_exp ver_comp Final Result % 1 Ghz CPU9+ 1 GM “ﬂ?l DHEPJ% 7]‘751 Pentium
g1 | Mg vy A Mg, vy) A Mlgivy) |2 {vsve)) |—am VoA 4859t $9484%E Linux 908 ARy
42 [ Migavy 2 Mig: O frrg) |~ N o
PRy S o Agele Ted 2& ¥ £85I A4 dolgle]
9¢ | M(Gsve —— AHE-EIIch: 6MB Protein Hloleldl D, (pir.george-
92 LMy 0 M3svd 2 M3sviy > townedw= OMB NASA Holeldl D, (xmlgsfe.
ag 6 19 29 A S0 g A XPath 9% nasagov). HOEM D& wIAFA DTDE staen,

¥ 23

Ho olw 7olvh diolgkl D AHY DTDE 7}
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Hom, Hd ol 8oty XML AEFo] F3itg
A5 FIPelzte MES Hoh ZFSA FHE317)
MM, LS dolElde] F2E ZF FHIYL
D:9 84 <ProteinEntry>$} Dy¢] 84 <dataset>&
Z2to] dloJeldlE FA3ke A=Y ALY abe] o
&g Al sz, DI D 3] 2400709 =2 FA
=HA sgd. BF XPath 2ol MelE(se-
lectivity)& THF3HAl WIA17]7] $31A 2 dlelelaly
text) #HEL 53 HYE 7FA FAEZ YAHAG
AHEEe dFge  YFilter(yfilter.cs.berkeley.edu) o)
95 AFH= XPath 719 £38 WA o3 A
¥ QFH XPath AEE AHESIHLh

QY AEE A 2 7R dHEHES A9
gth 45 EgoA ko] v ==& 71X & XPath
ANE k-degree XPath Fdelxn Fokh nlY k-
degree XPath A% Q = {q1, -, agol W3, @
o &3 AE HA FH8L F vIEAFH FH8L
9] ¥l&L psgt I XP-table(Q)8] Zt m-list7} &
4 49 A4S ZHPdvke 7 8t m-listvt 7k
499 58 cat 3ot 2D, XP-tree(Q)S] & T
271 B4 719 f-sequenceEE WEH:= AXE =
A3l7] YallA, HE FE Al(transformation redun-
dancy coefficient) £é& ARt} £ XP-tree(Q)dl

Ae TE =59 o did ojzlozRE wHEW
f-sequence®] 59 Hl&2 Hodr). TlEo|, B 2E
# F3AY =279 ey S A3 2484 WHE
Al4=(fragment repetition coefficient) wE Ae|gch
ol DTDel Fd9 ZZA_AEY Fo i H3d)
Uebd 2Zta 49 9] HEE o3t} F g #
ol HYH 2ol WHEAN 2Lz s B4
gtok Agol] 2ol dHolEtdl D9 A9 FH we
0.920131, Wl D.9] BT w 1499tk ZF AFol
AHEEE siEE g 3 14 ok

a7 7 AYAR o 5% A9 AF ng WA
719X XP-table(Q)9] Z71& Z3¢ ZAoolo}. XP-
table®] Z7]= ol TASE m-listEY FHE A
e (qu)d F 2 St 21gelA BKo|, D,
of Wigt Qo] W& FE A 7} Dol st €2 H)
ARH FALLHE peoll O WAETE ol Dt Al
A F25 7H7] W&otk A, Dol g XP-
table(Q)9) =717} pa ol wet o ZA WFETE 2
g, ojd Hfoz deoje] wAPH 947t XP-table
Azl ALH AHE zHAE gert

g 8ollMe Dis} Do) H3E ALAE & u) dg
& MEM(Q,S:)9l Bd 2718 A8ttt MEMe] =
71 ol FAslE 4 229 AFEHE version AlE&

1 43 dgqg

c k Pd £ w
n
D D: Di | D D, | D Dy D»
a9 7 Varying 20 215 184 Varying Varying 0.92 149
23 8(a) Varying 20 2.30 140 015 015 115 140 Varying
a9 8(h) 25012 Varying | 260 149 0.15 015 115 140 092 149
a8 9 Varying 20 222 140 Zég Zég Varying 092 149
a4 10 2501[{{ Varying | 260 149 015 015 115 140 0.92 149
70000 1 @ pg.0-¢1.000 80000 -
60000 | @ P0.8-£1.182 O P,0.0-£1.000
~ 70000 - @ p,08-£1.621
£ 50000 ¢ 60000 -
£ 40000 50000
1
& 30000 40000 -
5 30000 -
@ 20000 |
S 20000 -
10000 10000 -

0

5000 10000 15000 20000 25000
Number of queries in Q
(a) Dataset Dy
198 7 XP-table(Q)E 13 Ha F7

5000 10000 15000 20000 25000

(b) Dataset Dy
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