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Tree Decomposition and its Applications in Algorithms;Survey
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Abstract Tree width and tree decomposition are two important concepts developed by graph minor theory. Because of
its own characteristics, tree decomposition plays an important role in algorithm design. The tree width of graph, tree de-
composition algorithm, applications of tree decomposition algorithm for problem solving in a complex problems were
deeply analysed. Three aspects of the related research in recent years were given a thorough analysis and presentation,

and a number of important principles and methods were presented by some simple examples. Furthermore,a few future

research issues were outlined.

Keywords Graph minor, Tree width, Tree decomposition, Parameterized algorithm, Approximation algorithm

1 5|8

Tt REME AT RERN A, Zitt & 250 45,
HEEERBEMASRILRE, P REE4E NP 5240
BT, SRfgX e NP 22 A8, BT Ba A S E e
o AEENATRERAEMUREE RS, BRI UERE
SEERRL R L BRI F IR BRIk R EERN
SEHE IR 3 — NP R R @R T — 25 g 8
B, FEHESEUTERSM AR, ™A T - NE kiR
TG B, O T BRI R S, WZE 20 HH4D 80 48
1R R sk 1y B T 2388 (Graph Minor) ) 41 3% & $08 pk
BT RS TH AR, BFXBERN—TFHRSB s
WETHE, FNBEEMR A THREMNE W, —F
TN AT LA — AR M 05 MBS A B RSk [l B
HEHEENFESE: B —FERFRERLEBH —H
MBI E AR, H A B R FE (Tree width) 1 i 4>
f# (Tree decomposition) & B FREBIEFIIANFH N HEHE
. BRNEMNSBNT ASBEERSTIRITHERET —
SORTH B, Fvt NP a8, A R E A B R E S+,
MFRBRFTITHY . BRI, E 3 B ST, 25 E K
R B, AR RN EZTRREES, X FRES
G RPN A BEENRE L,

FIRHAY:2011-04-13 B A 2011-07-18

2 EMRERE

2.1 EMREEX

EAF R 20 e 80 FRARERM— T EENE
B3 ISR R F N 1983 S F A EBAER 20
AP, K—FF 54, B FRBICHZ 5 T B g
MEDIRE. SPITEPR LI Fellows % ATE 20 4
80 FEARBIBIR T B FRREISEH Bk it R A
ER TR X R ZH AR R RE R F 2 AR H T H LT
RFER RN AFEMIER™ PR T WA E Bk
R EBARSE MBS R R,

B, Xt F R LA R EED  AE— 1 EE FE
F B SR B —ABA — R i, 18 2 A A KT
T EAMF L MR B FREE (Minoo) LN, B F
PABENFREARSEH TV RBKRTETF L RN,
XHEERESE F XTFFREFHA. MARBEETR
B, BE F HEBE (Obstructions) £ A FRAY, 1 B8] LI
23 2 [ P TR X e R AR A, R I 2 i F A U 1 RR
Al LU 22 35 =K B[] P KU E

BB, M HEFRXEEHTHAREERIENT
iy B A B R B 4R B RR, oo BaR i o EhR eI
BIAT LASIE B XA~ 22 000 2 Bt ] 34 B BB vk RAFEE 1N, (B A HE
XMEEWEMAT . AR, RNBTEEIRATIT

FIRSHRAE B RFEEE S (8151032001000013) ¥EH)

BXF(1972—), B 18+, ##,CCF BA R, FEBR M AEEES KN G TEVME , E-mail: gwyy@163. com.

- 14 L)



FiaEtEE, AN FREBENHERENERE PR
FERKNOERE T, XA XA A LB R PR
.

TR B FREE B A BHBEERNELR R
R, LB E T E TR BN AT RA L
FEAAEDSI, Hodh B AR T E W R R T A
X E A BRI R M.

EX 1(EAHMIBRERTE # GV,E)E—1XmE
BR(EAR LED,WE GHREEN TN T mE—
A R THEX.CV MR RX TR X, BARD
FBO. B THEBRE(X € TIWREUT 3 M4

MU, € D=V, B&RHBE X, PEEHH AR
ETHEGCHFANA XERE GCHE—- T YTRELETHE
—PHEX,.

OB GHE—#H e CE,ZEVPHEE—NTHEX, BF
e KBTS .

DF L, 2,3 B THINHA,HP 2E AR 3 W
BEL WA ECHTHAvBTFXaf Xs M vi—FRTF
Xeo

WEMEEFT max(| X, [ —1:€D. EGHWRE
MR G HE/ MR, IEE G N EW#h, B
AEBANRENNIEHRERNIE G R,

B REMZEEEFNNLR. FX L. EBTFEE
USRI — N E XA EE G, NE G B sER
B G oA %A H PR/MI— 0B KB MK/ 1.

EEBE—NE G EFEEE LR, %5
BRAEGS— I RE. ZHEESB GHFFENE. BRESR
UEX A LB 23 2 0 A A8 P i 3 &g, B
RBXAF P 5t T B % 13 B W R AR B A AR /e, B
HWRATH BRI FLR 4, T BT ERB/NOR S
#.

2.2 —EASBEAIRE

2wl WHRRER L.

EHA : 3¢ F— M B e LW E GAEHRME G, 1T 1A
B F 7 Rk — MR (T, X0, B E R W T 55
B G WEmTeE—#, 840 X 88 T AIRE G XRif B i
PTEREHLNHAE THBRYEMNMNMNX: 5B G OB
REREB—TET R, B5RIEXFEAW % 2 E 8
W RE XY 3 %4, TI a1 X MAEE 24
A EIHSX A MR TN 1.

B1AHT MR, 8 1E—MHEG B 1R
B E R (T, X)),

(1)

) SESAT
6 ) G
CHS,
(b) WEKHIMECT, X
B 1 WE R

45 2 B3 W17 & (Series-parallel graphs, SPG) B &%
H 2,

(2) WEG

Frig AT R E X A& —RUmERE—
NEFIEATE. ERAE—NFFITATE, AT LA T o7
KABF— A HHFFIFATE , B R E P i — & 1F
173, BOK A F 3 — 2R 1 A P 8] 43 FF £ Hh I s i — 5 89
FE . FILETA B F5 AT B AR AT DA B 0 — SR @
BT HB A N AT i A4y Bk = A

BB : (D E IR SPG 894 AR W UL i — ki 8 i 1
TnSFA7 2 #0438 — SR X PR VE R AR B, BT LA P47 14
SRR . BT BRI BT SRR,
BT A& AT FOAN & AT T B B R A R — Y

A T R A R

()RR, B SPG MM TER 2, RE
TEBA X HZ B & — R AT 2 BIHRE I , BT SPG EHMR R
T2 2.

GOBFECT,XORE GH— IR H Rl 2, u—v R
BGH—&N., BENE u—v 70 8RE B u—uv TR
PIRMSBEHA «—w F w— o, U E—PFR A w, BBF
BG.

Wi r BEEG BT, XN T EH—NF
KoH u,vE X, . BUEMEE—BEEMN T, TaE& T, B
—FH r— g BR—IFVH W TH, &Y. =X (V€
VD), B Y, ={u,v,w}, BHRIE(T,Y) EE G B—4H
S, BB R 2. W THEY AHE
BORAE, WA A o MEECH 3(EN Y, ={uw,v,wh), L
MR T YO SEETH 2.

Hi 3 m R E (n-grid) IR BEH m.

IER 8%,

Ptk BB TR RE SN AP EE EEEMMAL,
EAEE n TRV EHE —ER mgrid WFRn=n«
n,

BT T X TLFARFZR B B9 434 BT LAE Y, B R S s 43R
MR SEMNREAETTNRR. RUNSLEEERE
7% & (chordal graph) . % & (permutation graph) 2 5.

3 BERERMSMERZRTFMA

R BERSTEBERENE L EATEBRER
HEB SRR (Clique tree) , 75 26 BB B SRR N
B (Join tree),

B2 BRT B GULE 2(2)) FI'E i —AN 488 (1,
B 2()) , BRI TEER 2.

(OB G B 54
B2 ERESRHE

HEE 2RI RRRE. WOmUE ETE—
NEFEBR— DR TR, RATHGE, E— 125
E—FN MR RPN EES B HER P & —
AT R T JOR B B 20 A T 4 B GRB A BN K
FETHHRRE . B2 THE G MR, 5B G Fll
EWBEPRENSRBAEHT R CGNE 200 % B{vd, 5,

¢ 15 .




VOHEER 3 AT RD B G 84 A T AR MR EE 5
B AR G MER SN T AU XN E N A B
HAZEE G 2(b) o 5 B {6, v7, 09} F1 i B (27, 08} MR
£, WE G RELHANAERHNEESTE

Mo R T AR Y, B A 7T LSRR G 1)
TRRI A PR G5 BOREAE T N 3 L0 o) R Bt
AT LR B MR T80 5Y IR TE B B4 LSRR, B
SRR, REHARMERE-LERNERNEFEZR
NP X [FED 928 TSt R B o X B A T4 20 G 4 i 15 2
HISEBER/IN SR JE SR P sh A MRISR e IR A

FECRRL18-24 1P BFSE T Sl 1 P AR 20 R SR SR — e 4
BAGIRIRE, 72 3CHR1 25, 26 1 1 R ST R il e — Lk
HE A% b B RIRE, 26 SCERL 27, 28] 1 I SR e SR A 32
LI R RIRE . 72 A T8 BE A AL R HE S 4T, 48 434
AR DR . SCER(29-32 138 T | R 20 S 42 1 7 3R 2
&,

PR 23 R SR A — 6 5 Ze 2 B DR AL 150 L, 3 8 0 A

EHEER T, 08 T #—4T 8 r FERIRA A,
MEB €T, AT RARTHE: AWRB TR, TWHAEU
{(Xo o€ VIO AREED X, 5B G PHERKT A
HE. HMIRCXOHRER w, W X, PREAE (wt
DAHR. BY, =U{X0v€V(TO}, A G Rl Y, #F
MG BTE. BT AEERES,EFTA—AE G KR
SHECT, X0, MR R B TR wlw B—B/NEEO.
HF X BN TRZH A Z0FR G BEF Z HB/PR
BEENE W—NFEF 27 RN RTLUARILRE -1
HX BB . AXER . AER T AR BT AR5 B E
Frxsesk, MRBERIR » SRR min{ (2,1 . ZEV, },
SEER B CE S R

4 BEHRSBEZ

MR T B 5347 o 7T 6, ) PR AR 40 A BETE SE SRR E SR A4 R
CHTFRAR 9D S ff o — SE R R )R . T ELBRSK 57 1Y
R MBI XN E R BRRR, BEERAEARN R
/NI FE . A —A~ 1000 AT B4 10 4, FEA ST T R
40 R E LT, BATHRI R 43 TT LAAR 75 55 3t A e L
CAZE- Sk pod: g iR i

RT3 — 44 5 ) PR 4] 45580 B2 AR B8 LA B B Y
ROMER? SRR RAZ BRI EIINME. WK
WA 1,IFFPATEBR TR 2, m MEEEWRE R m. |
T E, T EEGR TR NP K. AdREE TR
IS WA ¢ WEEETREREHMAMN, REESHK
B ATRR S . SCER(3S I P 4 s T — M SR B i X F 4
SEWH Bk, BB ETT ATER MRS 1] T A E — A B RN
AKRT by B MR — 5 BB 5 B0 5B /N
FETF k. AAMTELBRRL AT ZEE P RRBE R M H
ZEPHE R EHEFEBSREEGIHATET. CRI36 18
A RBBBAE T X — A

AR A SRR P LB AT R SEWR 7 AR T LR A
B BRRE BN, ANTIBEIE USRI E. FL L,
SRR B AR FE AL B B R B AR B — AR ST G
—HHER S HERSTRFBBAEEENNE, 5 E

. 16 o

SRAF U FE AT ¥ B B B — 2 (] B A & B NP #Ef. B
B, Wi — N EA RN S RS, R EA PR
RIFFRRIRE . FEsd B b, M I AR M U R A
HAWNTHAE,

5 —2& B FH 15 S0 0UF (Elimination ordering) 3 ¥4 i 4
SRR S R REY: . BB T (Elimination) R R EX M E G
HIHER — A R v LIRS R v REKAY, [FBHERI T A
FAhIE— 23l , 48 o [ SB Y A BB B — T (Clique) ,
EHEEME G HZEANHEITE G M ETE T , BT LB A
— BT R XA TR E e & B8 G — R
rfE . [RHE Y SRR T A W] B I SCAIUS BT LIS 3 AR [m) it 43+
%, R AR ELAR DS T2 NP 3R, DB ERER &
R, I K #d8 R (Maximum Cardinality Search)7 J; 1
ke 508 ] g R AR 459 2 (Lexicographic Breadth First
Search)™%41 & /N it 31 3 & (Minimum Deficiency Search,
MDS)H421 P B B — e H R E TR B8 R RE R,

5 — KR F F 848 (Separator) S HIEW RN E ERE
B, BB ZER R SR — SRR SR . BT E
ERREERE GV REN—NTFE,ICH S, EERBGH
MBS B4 & A SURISCIBR B 3, W R B AE ) DB~ %
YR, XM EESHAIBRG H—THE.

HTENHETUEELIE I NU L EES &, B
R U A EE PR HE, FESHENERESEEN
HER R, B A IEAREES RPN SRS E—E. F
L, FREED RPN E K — 2R, B E 2
Pl B BOR R TR TR B A B R B R AW E A 2,
CER[47-54 1P B R AR R X — KA .

gFiE EANRREMENRSEERTFRBLSTRREE
R EBERS, ARMPRIEA B LS, R ER
FRES SRR HNBEE WS, ANNSRETRESH
MR TAERERRTPEERREENE L., ACHESE
S B AR o R B 0 L VL WA 0 B A S T T RER A8 P B L
A RHRMT - MRENNE. ESRRBRS, BRI
LM BT A E R — SR O EMmBr .

ORMMESENHEREZEANER. BRATTER
AR B8R NP MR, SR T — HAF R E M A BT ER
AT R BN o RS B SE . B AT LABF Y — Se R I Y
EFE, G095 A A B 2 R B A BE B ST ELE AT A Ny
TR B E R FE, 38 1 40T X He Rk A B SE AR R R B
—BEHENRRENEE., REZSELERANESER
HEfte ek R, flnE s 5t 5B b S g, SE PR E
A B, SRR, SENERN N FREZEBEKR,
PR 3 BE T BhER AT 7E 3 L4 2 RO F 3B BB s ) 6T B B A
. BN PIRE RN ERER BT AT X B X E K%
B RE N FZER. BHNSREERERT R,
H A KB R AR R T B2 0RE T E. Bl A
BB S AR PR B A TR ST AT A RS Bh IR AT R Rt — B &
BE BRI TEIT .

@O REEMMEES. REHMERE— NP 6, EHR
B — e R AR, BEXT B I A Y — A4
i, BRA—EREBMY,BELRNMATAEENAR. o
B WA R A BRI AR L.



TEFE 5 AL WA SE 48 P B 2R R |, Y R R 47 B9 4
R, LU AT RO TS . (R R AT B A BT AR A
Bk HOYERE, BN P MRS R SMR T B B I B T A&
LR S R TR . XA B TR E SR R A o
BOCR BT, 2 5h, 7 AT LR R B ) — S A i
HH— B B TRAD I B o AT 32 A A AR 2R AT R B

(3) BT AMRAE S e vk R PR RO R A . AU ), 15
S [ O 75 8 o 7R 4 PR AR SRR e/ B » R LG ) PR 3
KR B — R B R R A A B . RS, X
R R e T I R A S S AR, B T
32 53 M PR A0 £ R A HE B9 R, (A8 — S5 LB Bk 4R
A RMELLSTHE . SRTT , 7T LU S 4 S ) 4 3
BRI HE T T IR, A5 RS A SRR,

2 % XL W

[1] Garey M R, Johnson D S, Computers and intractability:a guide
to the theory of NP-completeness{ M]. New York: W. H. Free-
man & Co. ,1979

[2] DowneyR G,Fellows M R. Parameterized Complexity{ M]. New
York; Springer, 1999

[3] Chen ]. Parameterized computation and complexity: A new ap-
proach dealing with NP-hardness[J]. Journal of Computer Sci-
ence and Technology, 2005,20;18-37

[4] Robertson N, Seymour P D, Graph Minors. L. Excluding a Forest
[J7. Journal of Combinatorial Theory, Series B,1983,35.39-61

[5] Robertson N, Seymour P D. Graph Minors. IL Algorithmic As-
pects of Tree-Width[J]. Journal of Algorithms,1986,7(3):309-
322

[6] Robertson N, Seymour P D. Graph Minors. III. Planar Tree-
Width[]J]. Journal of Combinatorial Theory, Series B, 1984, 36,
49-64

[7] Robertson N, Seymour P D. Graph minors. IV, Tree-width and
well-quasi-ordering[ J]. Journal of Combinatorial Theory, Series
B,1990,48:227-254

[8] Robertson N, Seymour P D. Graph minors. X. Obstructions to
tree-decomposition[ ] ]. Journal of Combinatorial Theory, Series
B,1991,52:153-190

[9] Robertson N, Seymour P D, Graph minors, XXI. Graphs with u-
nique linkages[J]. Journal of Combinatorial Theory, Series B,
2009,99:583-616

[10] Robertson N, Seymour P D. Graph minors. XXIII. Nash-Wil-
liams’s immersion conjecture[ J]]. Journal of Combinatorial Theo-
ry,Series B,2010,100;181-205

[11] Fellows M R, Non-constructive Tools for Proving Polynomial-
time Decidability[J]. Journal of the ACM, 1988,35(3):727-739

[12] Brown D J,Fellows M R, Langston M A. Polynomial-time self-
reducibility: theoretical motivations and practical results[J]. In-
ternational Journal of Computer Math,1989,31,1-9

[13] Bodlaender H L. Improved self-reduction algorithms for graphs
with bounded treewidth [ J1. Discrete Applied Mathematics,
1994,54.101-115

[14] Fellows M R, Langston M A, On well-partial-order theory and
its application to combinatorial problems of VLSI design[J]. SI-
AM J. DIscrete Math,1992,5(1);117-126

[15] Bienstock D, Langston M A. Algorithmic Implications of the

Graph Minor Theorem

[16] Demaine E D, Hajiaghayi M T, Kawarabayashi K. Algorithmic
Graph Minor Theory; Decomposition, Approximation, and Colo-
ring[ C] // Proceedings of the 46th Annual IEEE Symposium on
Foundations of Computer Science. 2005

[17] Lovasz L. Graph minor theory[J]. Bulletin (new series) of the
American Mathematical Society,2005,43(1):75-86

[18] Arnborg S, Proskurowski A. Linear time algorithms for NP-hard
problems restricted to partial k-trees[J]. Disc. Appl. Math. ,
1989,23:11-24

[19] Bern M W,Lawler E L, Wong A L. Linear time computation of
optimal subgraphs of decomposable graphs{ J]. J. Algorithms,
1987,8,:216-235

[20] Koster A,Hoesel S,Kolen A. Solving partial constraint satisfac-
tion problems with tree decomposition[]J]. Networks, 2002, 40
(3):170-180

[21] Telle] A, Proskurowski A. Algorithms for vertex partitioning
problems on partial k-trees[ J]. SIAM J. Disc. Math. ,1997,10:
529-550

[22] Wimer T V,Hedetniemi S T, Laskar R. A methodology for con-
structing linear graph algorithms[J 1. Congressus Numerantium,
1985,50:43-60

[23] Guo J, Niedermeier R. Exact algorithms and applications for
Tree-like Weighted Set Cover [ J]. Journal of Discrete Algo-
rithms, 2008,4(4) : 608-622

[24] Guo ], Hiiffner F, Kenar E, et al. Complexity and exact algo-
rithms for vertex multicut in interval and bounded treewidth
graphs[ J]. European Journal of Operational Research, 2008,
186:543-553

[25] Zhao J,Che D, Cai L. Comparative pathway annotation with pro-
tein-DNA interaction and operon information via graph tree de-
composition[ C] // Proceedings of Pacific Symposium on Biocom-
puting. volume 12,2007 ; 436-507

{267 Zhao J,Malmberg R L,Cai L. Rapid ab initio prediction of RNA
pseudo-knots via graph tree decomposition[J]. Journal of Mathe-
matical Biology,2008,56(1/2):145-159

[27] Chen H. Quantified constraint satisfaction and bounded tree-
width[C]// de Mantaras R L, Saitta L, eds. Proceedings of the
16th Eureopean Conference on Artificial Intelligence. 2004, 161-
165

[28] Gottlob G,Leone N, Scarcello F. A comparison of structural csp
decomposition methods[J]. Acta Informatica,2000,124.243-282

[29] Shafer G, Shenoy P. Probability propagation [J]. Annals of
Mathematics and Artificial Intelligence,1990,2:327-352

[30] Madsen A L,Jensen F V. Lazy propagation in junction trees[ C]/
Proceedings of the 14th Conference on Uncertainty in Artificial
Intelligence, 1998:362-369

[31] Zhang N L. Computational properties of two exact algorithms
for Bayesian networks[J]. Applied Intelligence,1998,9(2):173-
183

[32] Lauritzen S J, Spiegelhalter D J. Local computations with proba-
bilities on graphical structures and their application to expert
systems{ ] ]. The Journal of the Royal Statistical Society, Series
B(Methodological) , 1988,50:157-224

[33] Bodlaender H L, Koster A. Treewidth computations I. Upper
bounds[ J]. Information and Computation,2010,208;259-275

0170



[34]

f35]

£36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Kleinberg J, Tardos E. Algorithm Design[ M]. Boston: Addison-
Wesley, 2005

Bodlaender H L, A linear time algorithm for finding tree-decom-
positions of small treewidth( J]. SIAM J. Computer, 1996, 25
1305-1317

Rohrig H. Tree decomposition: A feasibility study [J]. Saar-
brucken. Germany; Max-Planck-Institut fur Informatik, 1998
Tarjan R E, Yannakakis M. Simple linear time algorithms to test
chordiality of graphs, test acyclicity of graphs,and selectively re-
duce acyclic hypergraphs[J]. SIAM J. Comput. , 1984, 13, 566-
579

Berry A,Blair ], Heggernes P, et al. Maximum cardinality search
for computing minimal triangulations of graphs[J]. Algorithmi-
ca,2004,39.287-298

Rose D J, Tarjan R E, Lueker G S, Algorithmic aspects of vertex
elimination on graphs(J]. SIAM J. Comput. ,1976,5;266-283
Villanger Y. Lex M versus MCS-M[]J]. Disc. Math. , 2006, 306,
393-400

Bertele U, Brioschi F. Nonserial dynamic programming [ M.
New York: Academic Press, 1972

Hell P, Kirkpatrick D G. Algorithms for degree constrained
graph factors of minimum deficiency[J]. Journal of Algorithms,
1993,14(1):115-138

Becker A, Geiger D. A sufficiently fast algorithm for finding
close to optimal clique trees[ 1. Artificial Intelligence,2001,125
(1).:3-17

Lauritzen S L, Jensen F V, Local computation with valuations

from a commutative semi group[J]. Annals of Mathematics and

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Artificial Intelligence,1997,21,51-69

Meila M, Jordan M 1. Triangulation by continuous embedding
[M]. Advances in Neural Information Processing System. Cam-
bridge: MIT Press, 1997

Meila M,Jordan M 1. An objective function for belief net trian-
gulation[ C] // Proceedings of the 1997 Conference on Artificial
Intelligence and Statistics, Ft. Lauderdale, FL.,1997

Reed B. Finding approximate separators and computing tree-
width quickly[C] // Proceedings of the 24th Annual Symposium
on Theory of Computing. New York: ACM Press, 1992:221-228
Koster A. Frequency Assignment-Models and Algorithms[ D],
Maastricht, The Netherlands: Univ. Maastricht, 1999

Amir E. Efficient approximation for triangulation of minimum
treewidth[ C] // Proceedings of the 17th Conference on Uncer-
tainty in Artificial Intelligence. 2001:7-15

Bodlaender H L,Gilbert J R, Hafsteinsson H,et al. Approxima-
ting treewidth, pathwidth, frontsize, and minimum elimination
tree height[J]. J. Algorithms,1995,18,238-255

Diestel R, Jensen T R, Gorbunov K Y, et al. Highly connected
sets and the excluded grid theorem[]]. J. Comb. Theory, Series
B,1999,75:61-73

Kloks T. Treewidth, Computations and Approximations
[C1 // Lecture Notes in Computer Science, Vol. 842. Berlin:
Springer-Verlag, 1994

Bouchitte V,Kratsch D, Muller H, et al. On treewidth approxi-
mations[ ] . Disc. Appl. Math, ,2004,136,183-196

Amir E. Approximation algorithms for treewidth{ J]. Algorith-
mica, 2010,56(4) ;448-479

(&% 1370

f32]

[33]

[34]

[35]

[36]

[37]

[38]

Wang S, Rundensteiner E A, Mani M, Optimization of nested
XQuery expressions with orderby clauses[J]. Data & Know-
ledge Engineering, 2007,60(2) ;303-325

Re C, Simeon J, Fernandez M. A complete and efficient algebraic
compiler for XQuery[ C]// 22nd International Conference on Da-
ta Engineering(ICDE ’06). Atlanta, GA, United states: Institute
of Electrical and Electronics Engineers Computer Society, April
2006

Chun Z, Naughton J, Dewitt D, et al. On supporting containment
queries in relational database management systems[ CJ // 2001
ACM SIGMOD International Conference on Management of Da-
ta. ACM, May 2001

Al-Khalifa S, Jagadish H V,Koudas N, et al. Structural joins:a
primitive for efficient XML query pattern matching[ C] / Pro-
ceedings 18th International Conference on Data Engineering. Los
Alamitos,CA, USA.IEEE Comput. Soc,Feb. 2002

Bruno N, Koudas N, Srivastava D. Holistic twig joins: Optimal
XML pattern matching[ C] // ACM SIGMOD 2002 Proceedings
of the ACM SIGMOD International Conference on Managment
of Data, Madison, W1, United States; Association for Computing
Machinery, June 2002

Jiang H, Wang W, Lu H, et al. Holistic twig joins on indexed
XML documents[ C]// VLDB ’2003. VLDB Endowment, 2003
Lu J,Chen T,Ling T W. Efficient processing of XML twig pat-
terns with parent child edges: A look-ahead approach{Cl// Pro-

18 -

[39]

[40]

[41]

[42]

(43]

[44]

[45]

ceedings of the Thirteenth ACM Conference on Information and
Knowledge Management(CIKM 2004). Association for Compu-
ting Machinery, November 2004

Lu J,Chen T, Ling T W, TJFast: Effective processing of XML
twig pattern matching[ C] // 14th International World Wide Web
Conference(WWW2005). Chiba, Japan: Association for Compu-
ting Machinery, May 2005 .

Chen T,Lu J,Ling T W. On boosting holism in XML twig pat-
tern matching using structural indexing techniques{ C] // SIG-
MOD ’05, New York,NY,USA: ACM, 2005

Chen S, Li H, Tatemura J, et al. Twig2Stack: bottom-up pro-
cessing of generalized-tree-pattern queries over XML documents
[C]// Proceedings of the 32nd International Conference on Very
Large Data Bases. Seoul, Korea: VLDB Endowment, 2006

Qin L, Yu J X, Ding B. TwigList: Make twig pattern matching
fast{ C] // 12th International Conference on Database Systems
for Advanced Applications (DASFAA 2007). Bangkok, Thai-
land: Springer Verlag, April 2007

Wu X, Liu G Q. XML twig pattern matching using version tree
[T]. Data & Knowledge Engineering, 2008,64(3):580-599
Jiang H,Lu H, Wang W. Efficient processing of XML twig que-
ries with OR-predicates[ C] // SIGMOD ’ 04. New York, NY,
~USA:ACM, 2004

LuJ H,Ling T W,Bao Z F,et al. Extended XML Tree Pattern
Matching: Theories and Algorithms[J]. IEEE Transactions on
Knowledge and Data Engineering,2011,23(3):402-416



