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Abstract: Each element and value in a XML stream can be accessed only one time. In this paper, efficient
algorithms are proposed for processing aggregation on XML streams. These algorithms efficiently support the
processing of the aggregation queries with complex structures and the aggregation queries on XML stream with
recursion structures. Theoretical analysis and experimental results show that the proposed algorithms are able to
process aggregation queries effectively and efficiently on XML stream with high scalability.
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TRAE B R 45 F 35 T, 41 SR bitmape& Ge. LMAP=0e. LMAP, Il % ] e 70 2 TUis A g - 19 45 14 20 4 {H 396 2 e 4L
Se g EINES AR I e Agglist & 33 eparent b FIRIEFEIE R 2 MBI SR AE =T8I B Ak
SEPL AN PR A A AL AE g AR B4 R e JTCEANH R LR (HILAH G UL 9. T E AT AT 7T RE
T LK e Agg_list B IFBIVTIL ge 19703 e M (KA S0 Hh . 3545 A 1R b 2 5 7 DL 4725 5.

XS BTN E b,

processTrunk(Element €) 4 elseif ge.LMAP & bitmape=qe.LMAP then
1if bitmape=0e.FMAP then 5 copyAggObject(e,e.parent)

2 for eAgg_list H KR4S A tdo 6 elseif ge.axis="//" then

3 mergeResult(t) 7 copyAggObject(e,ge.S.top)

1E 5575 5 1 mergeResult() 1) T e 2 3 TR 4R X 5 34 43 21 6 55000 21, FH 4/ 3R 42 R B0 1 3R e 80V S5 11 I i 5 SR
SRR B AH DY 43 411 28 4 45 SR v s LS8 W 2 DL 1) 20 2 bR B0 0 S . — 28R 3 T S 1 2 ek B 5 ok R
0t H 1 0 AL AU Agg_ st 35 28 45 5w (4 BT 0 AL 160 4 Jeg P 42 5 e v B T s B0 4G 22 1 Bl
RE RN I 55— B T A A M 45 10 43 2 B0 %5, T LU bloom filter! ™k ik Agg list s 4 45 5 rp i 5 43 4 vh
Y B A IR Agg_list Flds 2845 W (1 BT A 43 41 4% bloom filter HE/7,{H 4 I # A4 bloom filter AH & ¥4
2 T A N AT I A S T A AR S S T A A A S (9 3 A BT A W DA K 3 A I O A U 3R A O, TR
H A 0 F BT LR R SR8 TR BT DL B 4 AR I R A T B4 A R B SR A R S ) TR B
mergeResult() (17 H 5L RA 7T

B I R R B AT S AR R ARBR A R HOR R A S A o BP0 Sk A S A e B, AR S
T TR A SR ms v DL F A0 B0 T ARBCR B2 ok B 71 AN 43 21 P o3 SR AR iR U M AN SR A — AN SRR, AR LW
e A SR % [ A 3 P 5% A 8 2 R 50 11 1 3 K B 7 SCm LA et e
24 EZMESH

VR G P 55 BR AR R B ) S 2 DL Sy A BRI 2 R B D) AF DG A A R I B A 5 TR R R AE A
W — T PR L FE AR . AR 7 R4 5 S — R T R AR A iE ol costs U3 — 28R 52 A A, E 2 4R
TR L N G T W R ZR B (A AT N coste, HE 0 T 58 42 b6 B30 2 R 4 £ B B 1) S AR

ARG LR XML B8 0 1454307 210K 19 70 3 349 68 DT L 7 10 P A B AN 45 05 b B8 o R i A e
HS LR A P IR AR A Y AT DAL, ] S B VR IR B0 O(QxN), o N2 XML s it P F i e %= AN 4,Q 2
T G E A

TERIANE DL, B AR ERAE I IRECN O((D+M)XH g, He i D S Hidhs it b 4 & 1 1A 2, M o2 Bl b 1 5w
PERIA B Hima 2 24 AT 19 XML 7 B i B2 00 S R A S U 15 00 A A 50 YAk o B 2 4 i 2 R 5 0 J vk
LA 4 £ 8 A2 338 VA 1) 2R AR SIS AL R A 2 i 2 %) 20 2L R0 e 12 ) R A T BEREAT ) e 2 IR A 5 LA
KRN BB, B T 0T REAE AR 1B U M S R B A BB 2 A Hinaxe
25 ERAREZHRINE

BRRAREMIRINZESH 24 AND,OR B NOT 23R, W1 a[b or [c and d] and e]/f. £ faj B A% 5, A SCHE HE 11
VAT U A BX R AW O RN S AL g 1% 4 s B2 R A8 08 U e Sk BT BV X, T AR A A
BAEGAG T A I G R AL — AN AU A Aq 7T BLAIE q 45 550 E IR 52 2 20 TR0 75 4 2 BB AT
BEE m AR B (B RN R T | AR AR | A /RZ )M n A7 HEEA T —A
A5 B R AN AR B AN [ I B, DU BT A ST (R R A m AT n A LR ay BOREE | AN RAESS | ATl I
TN R Z A A S LA | AT 0 ay=1 i R AR = A A ay=—1; 5 ),
a;=0. KM ILHL g &5 S TR e FAEE— D m4ERIA K i B, & RoR BT 452 i 2, L bi=1
FORE T AR SR L T =0 R ER | AN S A AR B L T A W AT DAH] B Rl Aq SR AT e 2
L g 45 IR AR

R, WITHE e VLI A 45 1T Qe Oe b1 52 A4 LU OGS L AR R AgAq, 151 @ th 1 AN EE K cofE e IR 45
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WOARRBE 1K Z 1, WK Ag, TAFAEA S -1 1151 a {44 Be-a=ca, U] e ili & o LB 220N .2 e I & bR 28 21iE
I, W18 Ag, A7 AE 51 @ i3 Bera=Ca, M el i ge LIS ZRLIIR.

Hy b3 i AT g 0 TR RRAR M B 45 5 g, A TSR A -1 R 1 AN BAE 20 ROR) s i R ke
A T IR g A R K A SR R IR R A7 A A g S N PR B S R K Ag RS R LA Hk
JEI) N R E 1) Co AR g [KADE R fi=1(0)3R s Aq 2R 1 F152 () BL-1, 170 4 Fo=(fy,.., f) B0 q (7R 1
lf) 4

4 XML E it Loos e KIFaAR 28 BA I, 0 R e VLHC R AT R0 R 25 45 50 g AR S Aq, R 4E 58]
U646 Be g m Y2 () B, [ I AT 4540 De A — A n 4E 2 [7) 5, D R 5F T 20 5 TR ORAF 29T Be 55 Ag, IUZE 1 ST A
PAAELEHE e IR Ja A0 ER I, G R AN J5U 7 2 PR AT 30,00 Be R AR N IO AL D 1, IR A, BIAR A T
55 D AR IEE AR B Do, SRJE MU AT R4S &5 Den FI5E 015 Co MUIRTE ) B Fo T 522 49 UL 15 B0 AL F
SE LR LSRR 6.0 U N A2 2% 24 SR A2, I A B e ) FLAt s AR 0 3% N AN R AT 1 I G R AR B e (R IR AT R
I B2 2R R 2 R AP AL, I AE e I 45 AP 28 2R I 5 i 304740 .

Bk 6. MR AL EAE.

bool changeConstraint(int k, Bool is_end) 4 Dd[i1=AqelKI[i]* Be[K] +D¢li]

1if BJK]!=1 then 5 if De[i]=Celi] AND (f;=O|fis_end=true) then
2 Bk]=1 6 return true

3 fori=ltondo 7 return false

XBREPNICER e i H Be RN M AL MR P i 2R 1 IR B K0 S HHT I De 4 231 T,
BEUCHEDFT I IR 8] S 28 2 O(n).Jir LA AL AT S22 20 &5 s IR e IR I [] S22 P2 O(mxn).

3 RWHER

S A SO VLI R B S XML B8 o B e B 45 AN . XML B0 s XML 3088 A B deok
R AR 2B A BRI 4R B I AN B T RS ST (R AR P B FRATT N IR B T THI SR 6 AR ST
[ SEVE BT T
31 KWME

PATTEEIL T A SCEE ) XML s v b 10 SR A SR SR i Al 1 31 855 22 PC #ML,P4 3.0G,1G N £#,150G. 7200
& |DE T4 BV 2 45 & WindowsX P professional, 8.9 ] Visual C++6.0 523,
T A IR S i B AR T XMark R4

DBLP il i 4 122, LU & B4 B 2 of BF R o ot Coohent @ (leidefighi®

(JELEMENT b (#PCDATA [o|c|dlefflglhli)*)

XML Generator!** [1 5 1 ) — & SUHUR (R XCHIFR ) GD). g1 eMENT o (#pCDATAIciefighl))
XMark 8 T 18 055 5 22 1 45 89, F R MR BE02o0) T 2 Fil (JELEMENT d (#PCDATA jpic|dlefflglhfi)*
REA M ME ;DBLP & 2L SE W FH SR IR 5 72 7E B0 S8 0a ('ELEMENT e (#PCDATA |blc|d|effglhli)* )

AT BCR T AERAT A 0 SR AR A I AR ST (1ELEMENT f (#PCDATA|blc{d|efflglnli)*)
SIS E XML B A R 6D w8 U SRR eEee
DA 2 M) XML BB 86 E , AN T 0 S 2 R ] 2 2 o 1 @meﬂwmmme%;w>
RIS UL AR SCT 4 BRI 0R 6E T Xmark R ATTZE B T
10M~100M (¥ % 5t T GD, FRATTAE i T SCRY v FE A 10~14 1) 3%
Y5 AT REAE BB XML SRS . e HHEAT 1 ka3 7
FORABTL XML Fodin i AN 5 H FIFE 77533 1R XML SCRMEA AT AT 45 /8 (75 T X R FR SCAN
FE) I TR) 4T .

T AR IR R A e AT T E B AR XMark FIEEL T 8 AN (QX1~QX8), XAl A i T PC
A AD KR KA ) DL R AETE & Bl 45 1 21 o 1) A, 7E80dis 48 DBLP BB EX T 2 /M#rif] QD1 Al QD2; 7 i 4

Fig.2 TheDTD of the randomly test data
K2 B B ) DTD
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GD b EHCT 1A QGO 1 IR E T 250 R AR K5, AT e vk 1 B AR 1) (5 2 HOAN ] 10 2y R
{1 P P 1R I £ 552 56 i 1.

3.2 XfEbREE

A/NFTGS T AT XMark100M %3 . DBLP %di Fls 5204 15 (1) DG ds b 1T IR (8] FIT SCAN 44
AT I TR] 0 B A b e 4 51 L 3% 1.0 DL 76 XMark AT DBLP %l 3 AT 8 45 A i AN 2 3 SO RS 1
PIAE e AT AT I T AR SRR 0, 55 T Rl AH B, AR SCIT $ L 1) 503k L AT 880 v R 80 ARG RN =2 SR A
DG a5 B I BRAT IS ) 2 F3 R I [R)(¥) 4 % 2 A 3002 DR JE0F B9 1) 2 WA 1R 10 4 #0602 AD 8 BICREfEAE 2 )2
35 X EE R R T SE ROR.

Tablel Comparison of query execution time and document scan time
F 1 ATUHAT IR [0 SORS 140 I 1) 0 b

Query OX1 0Ox2 Ox3 QX4 OX5 OX6 OX7  OX8 QD1 QD2 QG
Executiontime(ms) | 9656 9473 10824 10246 9542 9339 10829 11201 28146 28226 40986
Scan time (ms) 5683 5683 5683 5683 5683 5683 5683 5683 13017 13017 11250
33 AR

AT WG S AR T S R R v — A XMark B AR RS BN 0.1 AR B 1,5 — 414k
GD, HA: i 2 $i [ iz 45 s ds K 6,2 80N 10 A5 (b 31 15, 95 21 52 56 1) 45 543 ) B £E 1 3(a) - &l 3(b) AT 3(c)
WA LA 0 XMark B (B 3(a) 1B 3(Io)), 75 v Ak B IA) RN SCRY K/ B 0E b, PR b A S8R v i S AT R AT
4 etk X GD i (il 3(c)FT7R), il LA HA 25 16 b 2R 5] Bt SO v 52 10 388 0 2 i 2500 13 72 R A SC R o
1) 45 p A 0B SR 1 55 1) 38 0 2 8 5088 K 1 8 H B 177 2 30 o B 2R 85 1 TR A 5 vk e 2R AL, 3 B S AR AR A
AT BB A AR 25 AN 22 IR b, SRS o 110 45 o/ B0 L SO J2 BI06 S35 R (1 5 i K

120007 [—=— oxa 12000 {[—=— Qx5 40000+ a
| | = QX2 —x— QX6
& 10000 X3 @ 10000 || 4 ox7 @ 30000
E 80007 |—— ox4 E go00 I|=— oxs £
2 1 g 2 20000
£ 6000 £ 6000 =
é 4000 é 4000 1 é 10000+
2000 2000 1 0] =—n -/
%M 20M 40M 60M 80M 100M OM 20M 40M 60M 80M 100M 10 11 12 13 14 15
Document size Document size Number of level
(a) Document size vs. run time (QX1-QX4)  (b) Document size vs. run time (QX5-QX8) (c) Document height vs. run time (QD)
(@ CHIR/N vs. AT I ] (QX1-QXA4) (b) SCEEK/N vs. 1247 ] (QX5-QX8) (c) KIS SE vs. iBATH ] (QD)

Fig.3 Experimental results of scalability
3 ARSI AR

34 THEBSH

A 0 T A ) e 4 A P AN ORI 2 TR RS Bk R 58 SR S AT 20 B A 1) 2 R A R B SR 433
7 XMark100M 17k 15 () GD %4 FIZAT 48 XMark 3 48 138 i S028 4t J& AN SO L AN B4y it AT
T PSS A8 GD B gk BRbAT T — A S BRI AT I A Bt 4 J AN B A R S5 R AP A@) TR SEE I AT
P 1) B 24 SR B3R AR Al S B Ap) . v B A2 A7 B ) i 24 Ja 4 A EORN 24 A B0 38 o 5 4 P B G 3K
FEE A 2.4 T o0 T RR S AR G518, R IRt Gd W AS SCHR R B S0E 0 T Bl 45 AN B0X — 28U BP0
JEEAE.

4 #Z

ASCHE T XML B A7 28000 58 G 1 1 A0 B AR A ST 1) S0 ) B A S AR I A Pl DRoA Bl oo 3%
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T L G5 K 2 R 0 ) T G A S AT 380 DA 0 T A Rl A R A SO B VRS T T B S e S M O SR AR
BRI AIURLEL AT 32 UE 5 R 1 XML 5080 38 B 0 A R ST 36 45 TR AR W T AR SC BT 3R W vk AT s e AT - R B T )
DLA R AL 3 XML i it b 1) 2R 4R LLAM A SCH B SR8 E F T 7R A R4 XML SRS 1IR30 2%
T SAX MR A A b 3.

ARSCHE Y R 75 3 B B R AU, 5 5 B B 0 SR RT DA 22 A OG 1) 2R 4R R S0 A v AT 5

AL B0 AT LR R AR G AR A AR R DR L ARSR Y AR A4S XML Bt it 0 22 SR AR A i b BRI AL 45

mwr.//r/a//r/” mmAV/a//k/*/A
& 35000, & 350001
£ 30000 £ 30000]
Q ()
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Fig.4 Experimental result of changing query forms
4 SETHEARERL R

References:

(1

[2

(3l

4

[5]

(6l

(8l

(9

[10]

[11]

Diao YL, Fischer PM, Franklin MJ, To R. YFilter: Efficient and scalable filtering of XML documents. In: Agrawal R, Dittrich K,
Ngu AH, eds. Proc. of the 18th Int’| Conf. on Data Engineering. San Jose: | EEE Computer Society, 2002. 341-344.

Diao YL, Franklin MJ. Query processing for high-volume XML message brokering. In: Freytag JC, Lockemann PC, Abiteboul S,
Carey MJ, Selinger PG, Heuer A, eds. Proc. of the 29th Int’l Conf. on Very Large Data Bases. Berlin: Morgan Kaufmann
Publishers, 2003. 261-272.

Diao YL, Altinel M, Franklin MJ, Zhang H, Fischer PM. Path sharing and predicate evaluation for high-performance XML filtering.
ACM Trans. on Database Systems, 2003,28(4):467-516.

Gupta AK, Suciu D. Stream processing of XPath queries with predicates. In: Halevy AY, lves ZG, Doan AH, eds. Proc. of the
2003 ACM SIGMOD Int’'l Conf. on Management of Data. San Diego: ACM, 2003. 419-430.

Peng F, Chawathe SS. XPath queries on streaming data. In: Nascimento MA, Ozsu MT, Kossmann D, Miller RJ, Blakeley JA,
Schiefer KB, eds. Proc. of the 30th Int’| Conf. on Very Large Data Bases. Toronto: Morgan Kaufmann Publishers, 2004. 431-442.
Diao YL, Rizvi S, Franklin MJ. Towards an Internet-scale XML dissemination service. In: Nascimento MA, Ozsu MT, Kossmann
D, Miller RJ, Blakeley JA, Schiefer KB, eds. Proc. of the 30th Int’l Conf. on Very Large Data Bases. Toronto: Morgan Kaufmann
Publishers, 2004. 612-623.

Gao J, Yang DQ, Tang SW, Wang TJ. Tree automata based efficient XPath evaluation over XML data stream. Journal of Software,
2005,16(2):223-232 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/16/223.htm

Yang WD, Wang QM, Shi BL. Complex twig pattern query Processing over XML streams. Journal of Software, 2007,18(4):
893-904 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/18/893.htm

Gokhale C, Gupta N, Kumar P, Lakshmanan VS, Ng R, Prakash BA. Complex group-by queries for XML. In: Chirkova R, Dogac
A, Ozsu T, Sellis T, eds. Proc. of the 23rd Int’| Conf. on Data Engineering. Istanbul: IEEE Computer Society, 2007. 646—655.
Wang HZ, Li JZ, He YZ, Gao H. Xaggregation: Flexible aggregation of XML data. In: Dong GZ, Tang CJ, Wang W, eds. Proc. of
Advances in Web-Age Information Management. Chengdu: Springer-Verlag, 2003. 104-115.

Koch C, Scherzinger S, Schweikardt N, Stegmaier B: Schema-Based scheduling of event Processors and buffer minimization for
queries on structured data streams. In: Nascimento MA, Ozsu MT, Kossmann D, Miller RJ, Blakeley JA, Schiefer KB, eds. Proc. of
the 30th Int’l Conf. on Very Large Data Bases. Toronto: Morgan Kaufmann Publishers, 2004. 228-239.



2042 Journal of Software #kf+% 3R Vol.19, No.8, August 2008

[12] Su H, Rundensteiner EA, Mani MM. Semantic query optimization for XQuery over XML streams. In: Bohm K, Jensen CS, Haas
LM, Kersten ML, Larson P, Ooi BC, eds. Proc. of the 31st Int'l Conf. on Very Large Data Bases. Trondheim: ACM, 2005.
277-288.

[13] Kwon J, Rao P, Moon B, Lee S. FiST: Scalable XML document filtering by sequencing twig patterns. In: Béhm K, Jensen CS,
Haas LM, Kersten ML, Larson P, Ooi BC, eds. Proc. of the 31st Int'l Conf. on Very Large Data Bases. Trondheim: ACM, 2005.
217-228.

[14] Gong XQ, Yan Y, Qian WN, Zhou AY: Bloom filter-based XML packets filtering for millions of path queries. In: Toyama M,
Sasaki S, eds. Proc. of the 21st Int’| Conf. on Data Engineering. Tokyo: IEEE Computer Society, 2005. 890-901.

[15] Hou S, Jacobsen HA. Predicate-Based filtering of XPath expressions. In: Liu L, Reuter A, Whang KY, Zhang JJ, eds. Proc. of the
22nd Int’'l Conf. on Data Engineering. Atlanta: |EEE Computer Society, 2006. 53—-64.

[16] Jin CQ, Qian WN, Zhou AY. Analysis and management of streaming data: A survey. Journa of Software, 2004,15(8):1172-1181
(in Chinese with English abstract). http://www.jos.org.cn/1000-9825/15/1172.htm

[17] Clark J. XML Path language (X Path). W3C, 1999. http://www.w3.0org/TR/X Path

[18] Beyer SK, Chamberlin DD, Colby LS, Ozcan F, Pirahesh H, Xu Y. Extending xquery for analytics. In: Ozcan v, ed. Proc. of the
ACM SIGMOD Int'l| Conf. on Management of Data. Baltimore: ACM, 2005. 503-514.

[19] Burton H. Bloom. Space/Time trade-offs in hash coding with allowable errors. Communications of the ACM, 1970,13(7):422—-426.

[20] Li JZ, Wang S. Principles of Database Systems. 2nd ed., Beijing: Publishing House of Electronics Industry, 2004. 365-366 (in
Chinese).

[21] Schmidt A, Waas F, Kersten ML, Carey JM, Manolescu |, Busse R. XMark: A benchmark for XML data management. In: Bressan
S, Chaudhri AB, Lee ML, Yu JX, Lacroix Z, eds. Proc. of the 28th Int’| Conf. on Very Large Data Bases. Hong Kong: Morgan
Kaufmann Publishers, 2002. 974-985.

[22] Ley M. DBLP DTD. 2001. http://www.acm.org/sigmod/dbl p/db/about/dbl p.dtd

[23] Diaz AL, Lovell D. XML Generator. 1999. http://www.al phaworks.ibm.com/tech/xmlgenerator

B Hp 325 2 Sk

[

[8l

[16]
[20]

B AT R, BB LA T A s ML XPath £E XML 203 U b 9 w8k AT K1 2 iR ,2005,16(2):223-232.
http://www.jos.org.cn/1000-9825/16/223.htm

W TAR, 05 B A SR BT XML A 952 2% Twig Pattern 7% ) 4b B 4% 2% 41%,2007,18(4):893-904. http://www.jos.org.cn/
1000-9825/18/893.htm

S B T TR B R B o M R AR B 231, 2004,15(8):1172-1181. http://www.jos.org.cn/1000-9825/15/1172.htm
ZRgd e, IO R G SRUEEA 2 R, A5 L Tl R A, 2004.365-366.

EHEEFQ978—), Y5, Ip VTG JRVE N 19
& PRIE L, CCF 2 A 25 B, 32 EF S AR
XML i i A5 DAL AL

& H M (1975—), T, 1 PRI, A5
AU Ay T 4 Al

FEP(1950—), B, W+ B RS
ili ,CCF &y 2 2% 53, 3 BEE T AU Hiodls 42
ARG BLHOA B A 5 45 4 A B,
e Jets 100 24, s 44 M08l P B R Web Bt 4R
D AE I rok TR R RA R/ o



	1   查询的定义
	2   XML数据流上聚集查询处理算法
	2.1   算法框架
	2.2   聚集对象获取的优化处理方法
	2.3   聚集处理
	2.4   复杂性分析
	2.5   复杂约束条件的处理

	3   实验结果
	3.1   实验配置
	3.2   对比实验
	3.3   可扩展性
	3.4   变化查询参数

	4   结  论

