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A Fast Structural Join Algorithm Based on Partitioning

WANG Guo-Ren QIAO Bai-You HAN Dong-Hong WANG Bin

(College of Information Science and Engineering s Northeastern University, Shenyang 110004)

Abstract  Structural join is the core part of XML queries and has a significant impact on the per-
formance of XML queries. Several structural join algorithms have been proposed such as Stack-
Tree and XR-tree. This paper studies to solve the problem of structural join by partitioning. It
first extends the relationships between nodes to the relationships between partitions and get some
observations and properties about the relationships between partitions that can be exploited for
improving the performance of the structural join algorithms. This paper then proposes a new par-
tition-based structural join method and two optimized methods based on the properties derived
from these observations. Extensive experiments show that the performance of the proposed algo-
rithms is better than that of Stack-Tree and XR-tree algorithms. In order to store the partitioning
results, the authors design a simple but efficient index structure. The experimental result shows

that the index structure has less maintenance overhead than XR-tree.
Keywords XML; structural join; partitioning
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Ik

1. D;<MaxArea(D;)(i=1--N)

2. D; = NearestArea(Center(D;))

3. d= NearestPoint(D,;,D;)

4. if Area(D;+d)<<Area(D,)

5. then Merge(D; .d)

6 Cut(D; ,d)

7.  return MinMaxD(D, ,D, ,+++,Dy)
8. else return Dy, D, .-, Dy

AV E SN Dy B D 4R 3 1 B R K AR R
D, HAE E—MHEIE D, G£5) AHZ 00 £ HIE D,
R R B AR TE D bl Ui 8 WEIE D,
AL B B — N R AR DT R AR p s B LR
HE R p WHIE DB JE 5 A58 I8 D, A
/N [ I B A 2B PRAIEAS B 9T 5 p WAEIE D, i TR
BUNTHIE D AR ACHT R T AL HA R T X A 5
PEYW S p ARENFEIE D ARl RAEE D, I 2
PA RS B A R k.

T4 A 7 B MinMax O 8032 19 B AR R
Frad . X B HAFFE M D4 Dol D, Hp 4E B
D, BT AR e K Fir A X5 468 D, 47 8 B L X i
it MY D, il it EAFERY TR T R P IR R
Y Db S i — A IJe R 1 R dq S B D,
RRER & G AR D R ARAS N T [’ FE I DA
B d; J5 W A LR D, A2 AR Y AR AT N BT DA
d R o3 B Dy T ki B AR S B AR TR
DI DY i T AR DY T BUEE K DY T AL BT LA
ZHE DYk b Gt iR R K ds A D
11435 D, vh. B B TEAE T R R A 1k, B
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die ’
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W A IS TEARZZ IR Y IS AT R R b X b
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MG Y L 55 1 e B A R R 20 B — S R W X
LA A AE S T R A A 2D DT R AR 1 45 4 i Y
TAE&E. LB MinOverlay O W& ¥ 5 iR, %
R ESRFIWAE Dy 2 Dy Je & A7 176 A J1 B A
B8 WRAT B R Wil A AH S8 4 B A .
W AFTE 3 R B0k Ab BEAH A X 38K O
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1. if (D; N D;)=NILG# ;)
then return D, ,+** Dy
. SelectUndis posed(O) = D; (1 D,
. switch

case no point in O:

return D . D, .-+, Dy

2

3

4

5

6. case points are not on the edge of O:
7

8 case points are on the edge of O;

9

for each p&€ Edge(O)

10. do if p€ D,

11. then D,<-D, — p
12. D, <D, +p
13. else D;<-D;—p
14. Di<-Di+p

15. return MinOverlay(Dy Dy v+, Dy)
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O MG EZE DAL —AICER N A X I/ 24Tl
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S B R R A 0 Y Rl AT PRI A 5 X O
F4 T B/

TSR LA 7 O 4 R 5 WA B ik 1 SR AT I
Fe. HIE Dyl D, A AR A X T HLAT 35 54 s VR TE A
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BIGHWREIE DAl D, A P47 76 A1 28 X I8 i HL 6 15
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(B 55 4 5 w5 UL R 51 77 3k 1 H R-tree fil M-tree 7€
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TR 454 . H 2 XML %4 A W) 7 HE Ry =5 6] %1
i B B O N AR 250 4 A 3 A SO
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T2, 55— ) [ Spatial -Partitioning 8 3% # J5 /X JC
R DRGNS, 53900 Dy oy Dy sees o Dy s 85
A B A RSO 25 7 R A7 A8 R 43 5 1 R T 4
R T —A DARE RN — AT ER 19 R
AT HAE— A W ABERI 28 B4 S/ B A
A AT AL L X R TIZR  FE 25 o T
HATHRX R & 51454 4 Partitioned Spatial Structural
Index tree( PSS-tree). PSS-tree ZE#5 40 & 10 /.
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T Spatial-Partitioning J7 ¥ By 3L al b A7 $2 H
TR T 03 R A (6] 25 4 3% $: 5125« Partitioned
Spatial Structural Join (PSS]) #1 Optimized Parti-
tioned Spatial Structural Join (OPSS]J). PSSJ % ik
B IEE AT E RS R AR R
1% R Spatial -Partitioning J7 %K &% 70 )5 AUT &R
D FEH ] PSS-tree 15 17 fiff 45 44k R 51 44> J5 LT
2 WA B SEOT R B W s B S L T P-Join O
Dy kAT . Bk 6 45 T PSS Bk S8
Wt .

Bk 6. TR A EE % (PSSD.

A HETR AJERTE D

g . S

T5

1. Filter(A.D)

2. Spatial-Partitioning (D, N)

3. for each D, € {D;-=-Dy}

4 do PSSTree. Insert(D; ,A;)

5. for each i€ 1+ N

do P-Join(A;.D,)

OPSS] Fiik (g 4k Bl i #2 55 PSS] 5703k 2 {8, vk
— AR EYENRITR D %4558 LG, OPSS] 8 ik
SR R P A A T s ok X B gl R kAT I k.
OPSS] Bk 7 Fis.

Bk 7. T R as ) 45 4 % O A 1k
(OPSSD.

BN HETR AJFERTR D

. A

Tk
. Filter(A.D)
. Spatial-Partitioning (D, N)
. MinMaxD(D,;+-Dy)
. MinOwverlay(D;+++Dy)
. for each D, € {D,--Dy }
do PSSTree. Insert(D; ,A;)
. for each i€ 1---N

do P-Join(A;.D,)
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oy + e L )= oA D D,
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PEVE I 2% B T DU A& — A% 40 R L 53 PSS)
) 3~4 AT B B OPSS] ) 5~6 1T 2% H
O(N/2). Ti 38 # P-Join(A, . D)l OC|A|/N+
ID|/N), X ke 2 PSS] ) 5~6 47 M ¥ OPSSJ
) 7T~8 AT E 24 OCIA |+ | D). 5 {H %
N<min{ [A|, D]} #3&, W PSS] 51k 19 S 1) & 42
R OCA|I+ D). ¥ F OPSS] Bikkik. 5
PSS] &3k 40 Ee A WA 4L 19 3 B . MinMax D Fll
MinOwverlay. il 5% 4 FHE % 5 0] DL H X WA
bt B Z 28 OCID|/N) AT OCID|*/N*).
2 N<min{|A|.|D|} i}, & OPSS] {2 4% & nf
DAk Ak 5 OCIA[+[D|%).

5 IR

X HURE 25 S 5 R — SR AR 38 A X g
K5 B A AR I B8 F A0 e I 5 0 o e R T
T R PG L.

5.1 Wik&E

PC ML &Y W8 {4 B & M 4 ¥ 2% Intel Pentium
2. 60MHz, N7F 512MB, i # 40GB.

AR BE 4 4E R 48 Microsoft Windows
XP, %M B CIF & W T 17 % 52 5048 FE 45 1 R 4% Fish
KAt it XML i (5 8, . MK A Y -y Forte CHH+ #4047
45,
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name
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name email
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book
\ +
author title section
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title subseitior@
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(b) B3 DTD
B 11 A AR DTDs

B4 DTD @i 7 A A A X 2o T
T4 THT M 25 A SCHRE H 0 B B 1 0 0 AT L L
T A i R B DA TR Dl A AR A
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*1 TEE
A if) i ik DTD
Q department//employee Department
Q: employee//name Department
Q; section//subsection Library
Qi section//title Library

2 i 2008 4F
2 EHEANHREBRL

) Anc Nested Desc Nested
Q highly highly

Q: highly less

Qs less highly

Q. less less

5.2 MOoMAMBENEGEENZ ST

AR/NTTSLEG Y B A R TR A 9 SR —
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1 Q. it 5 0] 43 5 A 114 AN [v) w7 B i) 1) 2% £k il £k 14
Kl 12Co) g3l TR AOTE BRI 43 20~120 4 7
ik 25 98 15 ) Qs B 25 ) 43 5t 1 AN ) g 07 A ] g AR
R B 12(d) A T eIt Z 4l 4 30~
180 AN v Wy B} 25 1115 ) Qu bl 5 K] 49 B 2 19 A [ i)
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[ B3 119 5 o AT A 10 BH 45 b B33k 1 38 T L.
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14 T EACAF . BT R XML YL 45 84 3% H:55 1 87

Tree BILHPERE . SR IL PSS] Ml OPSS] #Y 1L fE T HE GO A 1 R ARV AR B BT AT BE DR R AR 45 1Y
A2 LT 0 A AT LA A SCHR Y A RS 45 PERE.

1000 1025
050 [—o—pss] —%—opss] | L3 | —o—Pss]  ——Opss]|
. 960 L 1015
£ 910 £
= = 1010
= 920 =
- <1005
é 900 =
880 1000
860 | 995 F
8105 20 30 10 50 60 99075 20 30 10 50 60
AR oy B
(a) FBITvs. i bL (b) Ji# bivs. itk £
230 210
290 | —o— PSS —%— OPSS] b —6—PSS]  —%—OPSS)
: :
= =
B =
150 |
140 1 1 1 1 140 1 1 1 1
20 10 60 80 100 120 30 60 90 120 150 180
gy g g3 B
() Fvs. /N5 () Hvs b
B 12 X R R A ik
4500 35000
40003 — PSS] 30000> —o— PSS
3500 = (S’PSL{S% —B— OPsS]
—A— tac 5 L
2% 3000 ack e ] 25000 —A— StackTree
£ —X— XR-Tree &
= 2500 = 20000 —>%— XR-Tree
= =
52000 51 15000 -
1500 =
10000 |
1000
500 F 5000k %
0 L ! 1 0 1 1 1
0.9 0.7 0.5 0.3 0.1 0.9 0.7 0.5 0.3 0.1
R R
(a) #HBI Tvs.JfE 51 (b) i Bivs. itk 4
2500
—&— PSS] —&— PSSJ
—B— OPSS] 2000 —B— OPSS]
“ —A— StackTree ” —A— StackTree
S\v + XR-Tree g 150 + XR-Tree
= & 1000
\z?_‘ g
500
1 1 1 o 1
0.7 0.5 0.3 0.1 0.9 0.7 0.5 0.3 0.1
(c) Fivs/hAy (d) Fivs. bR

P13 X 3 4 32 4 A A A A



88 i+

¥ 1 2008 4

5.4 XHEKRPMEW
TE5 = 928 v FAT DR A T e e % 3004
A3 73 TG Fr W i — 5 B B0 3 i s K

1200

—o— PSS]J

1000 f| —B— OPSS]
—2&A— StackTree
| —>¢— XR-Tree

boM T0M 50M 80M T00M
K
(a) #1Tvs. i 51

—&— PSSJ

600 T —g— opssy

500 b | —&A— StackTree
é —>— XR-Tree
I\E' 400
=
= 300
=

200

1 1
20M 40M 60M 80M 100M
K

(c) Fivs/NiT

SCRS A IR /IR W€ 0] 5 il A [ 35095 1 BE Y B2 .
HSCR R/ 20MB~100MB 284k, 8] 14 45 i 7

e RE 4.
5000
14500 L —&— PSSJ
) —B— 0OPSS]J K
4000 | —A— StackTree
s 3900 F | —>¢— XR-Tree
£ 3000 }
=
= 2500 F
= 2000 |
=
1500
10009
500,
0201\/[ 40M 60M 80M 100M
KN
(b) Jit Bivs. k44
700
600 F —&— PSS]
—B— OPSS]
" 500 F | —A— StackTree
§,4OO | |—>— XR-Tree
E
5 300
=
200
100
O 1
20M 40M 60M 80M 100M

PN

(d) Arvs.pr

P14 AT IR /D SR Y

WA WS FRATT AT LAE AT R OL T S AR SCER
th %) PSS] #1 OPSS] Bk () Pk g #8 2L T XR-Tree
SE AN Stack Tree 5235 AU PERE . H 2 K 14 (b) &4
s H A Y e T R i E W, F R IT R R E AR
i} . XR-Tree 53 () 1 B8 tb StackTree 551 19 14 BB
BEEAR Z . Gl o A AT DLUAIIE S 3xX 4 P g R 3 R AR
Bl 2 003X SR A KR A B A i M dE S T L A R
A B ) 7 () S R R A R AR A
5.5 R EI%E

FEASTT H, FRATT 20 A1 20 o X 25 4 % 1 TAE
oM. 23 Bon TR 1 v SCRYAE R A e T AR A (R
A AR dt P AR A A A2 F8 AN FH 025 ) 322 22 10 L 42
f L 3 4R A L AL S T A B SRR TR A S ) 3% A
PRAERTFRAT S B T X W 0 TAE &, A 215 7 2
S5 2 1 A1 5 o0 E A B e X R AT A a1 A
n, X ng R TAER M L, o e, B S IN45H
AR R AL S 00 R A B ng SR TR S NS5 i
YERE R IT R A W55 3 s B Fr U o 1ty 44
K TETE Ao TSI R D BOBUR B 2 L X A
N 2 0 3% HE A A AEL S T R s T DT A A A
TAERAS/N T BN, Y h W st o 1B, i 4R AR

M ARy 605 5 )7 Wi i o 2 I, i 4R AR T
PR 255 4 R Wikt o 3 I, R AR 0 AR
/N 125 R 2 R Wi R O 4 I E R T
PR o 12, IR O X i 2 i 42 i A e e ARO0 R
RO AN FEUAE By LA K RS D0 o il 35 06 22 4K 2344
PN U ik e i

x3 XMLOIFXHETEERA/DETEE

BURA Avsutput Ajoin TAE 1 3%
1 1 610 60
2 2%5
2 25
1 3%5 7
3 13

3 2 0% 4 12
1 3% 3
3 1x3
2 0%2

4 12
2 0% 2
1 3% 3

F 4 RS Won T HEE R W) o By A2 Ak
Wi 4% 2 1h] 15 /] section//title il department//em-
ployee [ 4514 % 45 TAF & 19 22 A5 B0, D3 A4~ &
vhn] LUF L A MR B L 2 i 4R
AE Bk BN L (H 2 2 7 DB 50 ik B B AN E I A



14 T EACAF . BT R XML YL 45 84 3% H:55 1 89

AR/ A AR,

* 4 #if] section//title { T{E=

2538 Aoutpur TAEfER
10 0 637009
20 0 376814
30 0 283415
40 2 231936
50 6 197166
60 13 167544
70 21 147767
80 29 131672

#£ 5 i department//employee B T {E=

X3 8 Aoutput TAEf R
10 10 1406674614
20 29 704345956
30 51 470172574
40 77 352900632
50 107 282578829
60 140 235757887
70 171 202118390
80 202 177131250

5.6 KMgEHEymiK
TEf e — A5 b H AR A XR-tree FIA
SCHR M 3 T3 B 8 S 6] 45 R i 4 R (PSS 11 4k
AR A T 2 A A SR TR R 51 4
FE IR JIT A6 Bl 19 P 8] O FE A& ATT i) A 37 AR 19 18D 15
25 T PN TEEAE SO RNV AR I A 4E S AC
40000
35000 —o—Pss)

—A— XR-Tree

, 30000

s

25000

1 20000

i) 17 B[] /m

15000

10000

O 1 1 1
20M 40M 60M 80M 100M
PN

Bl 15 dEdr AR i

FEIX EIRATALLE T AEPATE 15 ) Q. B 4k
PP 1 il £ ok 158 1 [ A0, ACA T G B A 901 ) L 4
PR R A L . IR 15 o i 1 B b 26
AT LA 1 PSS] I ZE UM 2N T4 XR-tree 1Y 4E
PN o 1T ELRE B SORS 3 R 3 Rl AR ik 1

6 ZERIF
530 1Y 3 B TR T

(D) FATIEAT 18] B 5 2 51 H 2R W 2 18] 1) 5%

F Ol HESE R W Z A5G R FRATAS 2] 9 ASRRAE 8
T X0 X BERFAE 1 23 BT 5 e A5 B 4 SRR

(2) FATHR- T — B0 5 F 20 7 10 4549 3% 2 07
7% B0 P-JOIN O. 7 BLAT 9 TAE H ST E3-4 1A
8 B -tree Ml XR-tree /E R 5|, 4R )5 FHF] A Stack-
Tree B 7E 1% 4 3 78 vh Bk ok — S8 20 3% 422 (9 40
JesE MO R, SCERLL7 J B AR $& 1 7 28 T X3 R 43
AORE G (HE 2 B R AR U i AT RIE S A ER
1B TC I R T 55 o0 fifp 1) REUAEL R fift the 25 4 i
FE R R 2 SO BT 1 — 20 WF 50 45 XL 0] 7Y
PR AR MAEA S A1 e F S AT R i AT 18] Y
7 DG R 43 B[R] A DX AR i DX 3 ) ) R
AT DX — 6 P Al 3% 422 AR 00 DX U T DA 42 4 o
AR B o A A SR B 5 1) 5 P L
AR Ry A i Fe A 2R

(3) FRATTER T T —Fh 5L T 03 | 1 45 44 3% 2 U7
PR I7 i 55 A0 AT T — BT i B dls 25
AR R 51 oR R A i) 23 Fr &5

(4) 38 32 52 90 XF 4 LA bR 47 DU, e 28 45 2R
F WA SCHE Y A 03 1) 45 4 i 5 1 AL T 1A
HT 42 H ) 45 A 3 3 s

& % x #

[1] Zhang C, Naughton J, DeWitt D, Luo Q, Lohman G. On
supporting containment queries in relational database man-
agement systems//Timos S. Proceedings of the 2001 ACM
SIGMOD Internaitional Conference on Management of Data.
New York: ACM Press, 2001 425-436

[2] AI-Khalifa S, Jagadish H V, Koudas N, Patel ] M, Srivas-
tava D, Wu Y Q. Structural joins: A primitive for efficient
XML query pattern matching//Agrawal R, Dittrich K, Ngu
A H H. Proceedings of the 18th International Conference on
Data Engineering. Los Alamitos: IEEE Press, 2002: 141-
152

[3] Chien SY, Vagena Z, Zhang D H, Tsotras V J, Zaniolo C.
Efficient structural joins on indexed XML documents//Bern-
stein P A et al. Proceedings of the 28th International Confer-
ence on Very Large Data Bases. San Francisco: Morgan
Kaufmann Publishers, 2002 263-274

[4] Jiang HF, Lu HJ, Wang W. Ooi B C. XR-Tree: Indexing
XML data for efficient structural joins//Dayal U, Ramam-
ritham K, Vijayaraman T M. Proceedings of the 19th Inter-
national Conference on Data Engineering. Los Alamitos:
IEEE Press, 2003. 253-264

[5] Lu Jian-Hua, Wang Guo-Ren, Yu Ge. Optimizing path ex-
pression queries of XML data. Journal of Software, 2003, 14

(9): 1615-1620(in Chinese)



90 it " GijN 2 i 2008 4F
(B, FEI, TR XML BE M 3% a £ xR Ak [12] Valduriez P, Gardarin G. Join and semi-join algorithms for a

BAR. B4R, 2003, 14(9):1615~1620)
[6] Dietz P F. Maintaining order in a linked list//Proceedings of
the 14th Annual ACM Symposium on Theory of Computing.
New York: ACM Press, 1982, 122-127
[7] Li Quan-Zhong, Moon Bongki. Partition based path join al-
gorithms for XML data//Proceedings of the 14th Internation-
al Conference DEXA. Czech Republic: Springer-Verlag Hei-
delberg Publishers, 2003: 160-170
[8] Wang W, Jiang HF, Lu H J, Jeffrey X Y. PbiTree coding
and efficient processing of containment join//Dayal U, Ra-
mamritham K, Vijayaraman T M eds. Proceedings of the
19th International Conference on Data Engineering. Los

Alamitos: IEEE Press, 2003; 391-402
[9] Min Jun-Ki, Park Myung-Jae, Chung Chin-Wan. XPRESS:
A queriable compression for XML data//Proceedings of the
ACM SIGMOD Conference on Management of Data. New
York: ACM Press, 2003.: 122-133
[10] Grust T. Accelerating XPath location steps//Proceedings of
the ACM SIGMOD International Conference on Management
of Data. New York: ACM Press, 2002;: 109-120
[11] Babb E. Implementing a relational database by means of spe-
cialized hardware//Proceedings of the ACM Transactions on
Database System (TODS). New York: ACM Press, 1979:

1-29

WANG Guo-Ren, born in 1966,

professor, Ph.D. supervisor. His re-
search interests include XML data man-
agement, query processing and optimiza-
high-dimensional

tion, bioinformatics,

indexing, parallel database systems, and

P2P data management.

Background

XML is emerging as the dominant standard for represen-
ting information and exchanging data over the Internet, and a
lot of research results have been published recently, including
query languages, storage management, indexing, and query
processing and optimization. Since structural join is the core
part of XML queries, it has a significant impact on the per-
formance of XML queries and several structural join algo-

rithms have been proposed such as Stack-Tree and XR-tree.

multiprocessor database machine//Proceedings of the ACM

Transactions on Database System (TODS). New York:
ACM Press, 1984 133-161

[13] Guttman A. R-Trees: A dynamic index structure for spatial

searching//SIGMOD' 84 Proceedings of Annual Meeting.

New York: ACM Press, 1984 47-57

[14] Beckmann N, Kriegel H-P, Schneider R, Seeger B. The R*-

tree: An efficient and robust access method for points and

rectangles//Proceedings of the ACM SIGMOD International

Conference on Management of Data. New York: ACM
Press, 1990. 322-331

[15] Ciaccia P, Patella M, Zezula P. M-tree: An efficient access

method for similarity search in metric spaces//Proceedings of

the 23rd International Conference on Very Large Data Bases.

San Francisco: Morgan Kaufmann Publishers, 1997. 426-

435

[16] Diaz A, Lovell D. XML generator. http://www. al-
phaworks. ibm. com/tech/xmlgenerator, Sept. 1999

[17] Wang Jing, Meng Xiao-Feng, Wang Shan. Structural join of

XML based on range partitioning. Journal of Software,

2004, 15(5): 720-729(in Chinese)

CE#r /Mg, I 5T X 70 19 XML 50 % 3. 4%

P24, 2004, 15(5); 720-729)

QIAO Bai-You, born in 1972, Ph. D.. His research in-
terests include P2P data management.

HAN Dong-Hong, born in 1968, Ph. D. Her research
interests include data management techniques over data
streams.

WANG Bin. born in 1971, Ph. D. His research interests

include P2P data management.

These algorithms mainly consider the relationships between
two element codes to adjust the structural relationship be-
tween these two elements. In this paper, the authors first
partition the element encoding space into several partitions.
and extend the element structural relationship to the partition
structural relationship, then exploit the partition structural
relationships to speed up the performance of the structural

join operations.



