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Indent Shape Based Approach for Mining Repeated Patterns of HTML Documents
ZHU Yan-xu' WANG Huai-min' SHI Dian-xi'  YIN Gang® YUAN Lin"* LI Xiang’
(School of Computer, National University of Defense Technology,Changsha 410073, China)!
(School of Electronic Technology, Information Engineering University, Zhengzhou 450004, China)?
Abstract Mining repeated patterns is the key to find encoding templates of Web pages, which is the basis for automatic
Web data extraction and Web content mining. Existing approaches such as tree matching and string matching can detect
repeated patterns with high precision, but their performance is still a challenge for massive Web pages processing. In or-
der to improve performance, the paper presented a novel indent shape based approach for mining repeated patterns of
HTML documents, Firstly, the approach defines the indent shape model, which is a kind of simplified abstraction of
HTML. documents consisting of indents and first tags of each line; Then,it detects repeated patterns indirectly by iden-
tifying tandem repeated waves from indent shape. Extensive experiments show that our approach achieves better per-
formance compared with existing approaches, .

Keywords Mining repeated patterns, Web data extraction, Web content mining, Indent shape, Tandem repeated waves

1 518

Web B85 2 —Fh 2 85T E0E . 2 5 & B0 R B iR
TO R4 18— Y T AR ( Templates) B2 HLIEF R I
T AT, AR HTML R 70 R A BRI 4544 ,
FAERL R A A Web BRI R AW L EIME —ME
Sk, EREEAMEXFEE SN LERR. WE 1
B, 3R ()8 HTML I8 (b, Hrpin s B A H B
BOER B M XD F AR A0 B B M BB S 4 SR Ak 1
5,

KT FT R8s 2 N BB AP IR T 38 3 12~ M BT,
MHFKEUT R 19. 5 24313 F R — M PaEE 6.5
Fik, XEFEAS TEMAEHWEEFEY , Xu9EH

P H 1A 2010-09-29  &E H#H.2010-12-28
HIHPRIT(2009ZX01043-001D B B

Web 5| %2 Web B EEH A Z —. AXEFEHTIBXM T
FIRE AR AIEE T BAT 5 3R A R 0T R B8 %
AR » FH O AL Ay A OB U] » il B Web %o R A4 5048 - 77 1
TEA M. B SRS R 2 O 4ok B R ) e 2 e T AR R
B3R B 20 A BT 808, DR LR B E MRS, 1
W Web £5 B &ML WEIWY) R HIE RS,

- <3i><b4-class="project">GNOME Color Chooser</a></h4><em>(3 29)em></ti>«
-<fi><h4-class="project">Re08</a></hd> <em>(3.20)Vem><>
-<li><b4-class="project" >core-restart Sa>Vhd4><em>(3. 13)</em></li>e
<H><b4-class="project">Meeting Room Booking System</a></hd><em>(3.12)Vem></>4
ac <t><bé-class="project">Emacs}/a></h4><em>(3.1{ }fem><i>

[&Y] (b)

B FIRBUR

A EE 863 R S (2007AA010301) , H % B RFL 4 (60903043) , M EEE L

kBB (1982— ), 3, -4, CCF 2442 5, FEM TSR Web BB ZE 412 4%, E-mail: zhu. yannick@gmail. com; EHRE (1962—), 5,
-, 302, 104 B0, CCF B4R AR, TEMRSEN A0  AIMERA MESFEERES: BRI 1966 —), 55, 1L, Bl 5, LB
SR EE S B FIHEE RQOTS ) B L I, S EMR SIS RS AR HESERLE R RO B A
i EEFFFARBCA A E A SRS T 988, B B4, FEWRGE A EIRISIHEAR .

+ 165 -



£1 FIREBEEALHMBRGER
FAHR (1) (hd class="project") name( /a){/hd) {em) (number) (/em) (/1)

GNOME Color Chooser 3.29
Re(S 3.20
Core-restart 3.13

Meeting Room Booking System 3.12
Emacs 3.11

g iy T B RIS 7 Bk 000 3 A W . 4% R DG it
FIR TR . BRP O 2k A 3E R R o HTML SRR R g
BERFHEE DOM S, R ET R Tl H FRFR,
EREFBPEE NI BERE DOM A EZ AN T
. BTFRMTERERATEN ALEEREREELE O
(N®), X FAFRICEC R 8k R i, N AR FREG X FHRIT
FCRY B3R, N £ DOM & AR & 25 S8, 44k
B B T TE A BB X R A 2% BE AR SR A B R T A R R T A2
08

EERHREEREBRER ZXN %, BRNERDESR
TR R B EREE TS RER E T HE R
ZEUOMETFARGERNEEZRFEDH ., E—RFEAA
HTML #3E -X 7 R AR AR 2 SUYER 3 20, He
(table) FI<Cul) B RFIFR A FE G, o) FIKID 2 HIAREF R
IR . XFPH B AR IR B MR, (H R AR
MEARHTMEL W EHENRE, P HFEAA
Web T MM E B ERS Z AN, bban SCikT 127038 55 W5
B Z [F @SRRI PI R R TRGA R . X EHT
TRV BE LG A BEERREERNE R, BILE
ATBLZHEIMTE.

ASCGRIT WA HTML SO br fE 45 2E4R 50, RBLSIR
Xt B A B A S R B L T B B M B B N R,
RFHMRIETHIRBEERHEE . EFXP0RE, XEH
SR T A v R R AL BIRRES T FI RN E B RRE,
Af A4 T HTML SCRYRIRR RS, SCER 1 T 2 F HTML
SCRSGEHAR R Web BRI i B G, SRR F &
BIERER AR5 b B KRR Tt

2 GRREpIRE

HTML U8 % b S A S i B 5, B— B E
R#FE—4HTML tZE. 88— HTML oE#éh 3 4354
B —AFHERE NBEN - IS RRE, RBRRKR
(tag) element content {/tag), FE B THREZ ), A LIHREM
FRERFIUE. REX AN HTML fURSR%E, 4304
HEUTRSE, AN E vAr v HTML 48 (D g —4
HTML STR B P74 T 25 SRR AL AR 5 Sl i — 175 (2
REFIREMIREX @ B T LREEELTEYN—
BT (AN A28 B ; (D B— ST E M TT MRS g
AR B A MR B ARt

LR PEE A HTML SCRYER ™ 5 R Mhn
WHERAE . Ll AF www. google. com. hk BT i i HTML
EBS, W] LRI R A B 34T, NN B A — 178 HT-
ML 8 8 A — SR om0, 8 — AT AU AR A 4 i, 38
BESECHAMAL ., FENE,ELAMRE HTML taMkdl
TR Tidy(http: //www, w3, org/People/Raggett/tidy) ,
AT HTML #% b slin i L, LB BN ERER O

* 166 -

(N), K N B RE. 7 RBERINMPLRE
B8, 7E 5000 A~ HTML Sc#4, 45 #8ad 94. 5% W SO BAE R
R

HTML XX ST MW E B FRTMOREKRT
X —ATRI B HE(E A SOFRH 0 48 i BE B (indent distance) . 48
— PRI HRIREMEREE, BRET —THE M5
BIRNHEZRFRE (skeleton tag) , i 124 ARAE LSS R RO IR
BN BT EMX—ITHREAEREI _HLRER
T RATS B A5 R, A SCRR L R 48 4 Ctag point) . A
TR S, T ES BB A E L.

EX VEHEE HE—T n 78 HTML 308, K48
R n R EE (D6 (P2st2) 500 (b))
PR ATHIESERR S, 0 5F TR S, o BR B —1
O Giyidy) yid RS | ATHISR IR B (1<i<S)

BT n M S HELEEEX, &89 -RZFH
HITEAR , R 48 B BR AR , PR BRI MR U Z IR 4
ESLH—A R B (segment), BIR—KEHRER, FHE—
H B w, BAME A SLN(w) =i F1 ELN (w)=j ¥ FRXMH
BREHMAILMNE, WREFERIRER w Mo, HE
SLN(w )<{SLN(w) 3 H ELN(w)=ELN(w), 4 w2 w’
BFELIEN wClw s IR w M w AR SLN(w) = ELN
(w) +1 8# SLN(w) =ELN(w/) 1, w flw' RELEH.

AL TR T R B R F RN,
4n Jaccard’s MHE R B RIZXEHAI Dice’s HXRPE. N
THRBER, EEE SHMUAR. FEMBRNTE w FHH
AFE w How, , REAIFRKIRER R st=<(t1 .12, , 6 F
st/ =<t o0y B RARFBPAEEMIERREN
. HLUEFEARWT,

Dice(st,st/)=2|stﬂst'l/(|st|»+|st’|) (¢9)

MEMMUERXTFETFAESHORME T, 4 w il w; ML
WRMBEET 1, BA wMw; 5EEMHE, MR w FHEH
B BMACENTFHERTETEME T. 04 w 22— BB
BEEEER. XMERUER T EEERA w 89 B AILUBE (self-
similarity) .

BN 2EBBREEEER) HE—NHEERE«—1NH
Bw MRFELNTFHE w.((=1,2,, b)), w=ww, -
wi R TR : (Dw 5w R E w 5w 3B
A (Dw Mw BEZN. B4 w B REREHHE
.

EXIBAREREEER HE-TRRBEEER
wyw B—TRRKBRERRE, Y B SH R T &40
FE—-MEREFEE «, 1R wSw [ FLN(w) =FLN
()3 H LLNCw) =LLN(w).

RIEUL AR E S, A BEE AP 50 80 %8 2
REABRRRBARFEEKE, R FH BT REFRE
s RPN R & BREFNE, B A ET XY (g A
BEPBREEHR AT TRIIRAN NG E. FIRE
B R T LU B RS R s
BRBRER R,

3 ETHRERBNESENXEZE
BT IR R R R R, AT SR B B A 0 B A



HRFEFIBELR. XERBTEESBOIE, TEEE
A AMEE (D RSEEHL K EFAHME AT B R0
BELIE B (OB E— A BB B HRUE; (@it 5 A
R BIBA BBEE B (DB AT R E E B AW
WERR, RPBKPHRERFE.

e — 1 HTML X% o fI— 8 T a ¥R AGAR 7
FFER A, B2 BRT HENBENRE, P indent line
IRGEHEL VLR y=1d(d & A PIEZE— 9 HERE) ; SP
O FE/NZEEIEE) F1 EP(A PP B R4 VEE B 43 B R
W HKMBHMELCE, CIIRE THEELBEMHMNS
F BARBRET AR SRR A3 intersection;
RS L BRI THRAEE LN T HFRABEXRE, FiE
M ELIEE v SR EFE SP 1 EP Z B A¢H
BRFUAEFAPHANES WHEE . B—4. 45t
BHEM AN EBRES N REN B AN THARL L
FESE R B A A — A — W R B 1R B AR
J& MR HG H et i B 5 B B DMK T4 T 2.
WEZEEF B ABLE, XEFEEMRIMARPE
DB FRRTE 8, MR AHLUE K FEE
&T T XM B — P HREREE H B, XELRIRIr&3
HAREETHREFE: B RERARREEIRZ
fE AL A 6 £, WA 618 T AT A Bk Bk B
KERERHB. HEmhRBmAE 3R,

EP ’;gf, 0920000000800 000000800001 2 .
30 <3t g ] 8 RGN AN R H-B 00 0 1 .8 above
mo BLittit et ity LLitL it tead ql’

15 -2 - 4
Indentling -
Y S — o foerseston | btow

SP [ o

S N R P e T IR

B2 HikE
ISILM (Indent shape A, Threshold T)
Output; set of greatest tandem repeated waves
1 for each distinct indent distance occurred in A
2 get the intersections of the indent line and A
3  merge contiguous segments above or on the indent line into one

segment, which inserted into set S

4 for each segment S of S

5 if the number of sub— segments contained by $;2>2
6 calculate self-—similarity of §;

7 if self-—similarity of 2= T

8 insert Si into set of tandem repeated waves TRW

9 for each element of TRW

10 if it is contained by any other element
11 dclete it from set

12 return TRW

B3 kD

TIERE BT AR TrRA 3 TR, 5 B SE
1,4,947, B 1TRBH AL MAERNGILNRE. 54
T30 17 A B b B, 3 BB R T 4 R 2ok B ARMBLBE I B
A i F R E R A BRZ AR N1
K EBERZSHAGAMMET BT . B Ny &
YR AR LA BE (P R E B M (distineO SESRFR B 80 B 456
4—8 ATHITT B I 9 OCND s B T4 ¢ TTHRTERBRETH 1
FROEERep, B TR 8 FTRS B FFEI O O2RND) 58 9

TR R E AR, A TR SRR EE F RN ROR
AINF N, RIS BE B B 5 56 R0 R L
BB IR P IR LR, BT LSS 9— 11 A7 R TR 8 AT LI B Bg AN
it. Hoh. ZEMHRRE HTML SRS 08 bR AL B B R4
3 O(N), N J& HTML AR 848G AR U s B85 O
CEN+N)LTEB IR ER T HTML X4 a9 — R
HEAEERN M N, =N, Wi F M ERETUERN O
(C2k+DN),

s
3
-
w
rh
o
3
5
e
£
e
.
o
o5

H H a2 i
i . 2 e
iList A_j List B B

Tandem Repested Wave >

w1 w2 w3 W4 W5 W6 W7 w8
S e e S e

o Tndent Ling

TRSRTREAEiARRIAARLSARLRGIIAHRARS L A TVREIILiRsRRRNGRETI]FIaNRTILE

7N
93start of B 84lend of B

882xtart of A 1165end of A .

©
B4 B8

NT EGHBRIRATM ik, B 4 i — DRI 7.
B 4(a) JBR T H M B (www. sourceforge. net) BT L BB , %
THASHWAYIR AF BOZMNALE FEEASIEFEA3)
2B T AR R A BFH P HEEA) ;B 4(b) BiR
THIFER AR B IR HITMLAAS F B 4O BR TN
X R PR AE RS B, Hop SP=1,EP=36, M4i#HELB
Blp=8it, &5 M E AN KRB EFEE, K1 R N
(882,1165) ; Y45t LR B E p=18 i}, &1 7 Mg
BHE S —S.HP S & 8 M EENFRB wi —ws, 2
T BRI E, S, BB E R WL, R SIE B, R R
(93.841) s YA ELB B p=20 B, 2 BT wi —wy 1H
REAREENE. BA FESHIEHA IR KERERER
&,

4 KBRERGH

ASCHISEE FEFR AP BUESE , — N ESCRIS IR 4Em
BIEE LS REFHOWERNEIEE 2. BIEE1EN
TESE A 22 SRS Gor i | B BS8U) REYLHGE Y BF
AHADUASE R 1) 1 BT, 451 o i S 3 ke 5 T, P M TR
AL 45 MR, FIRME L  BIRE 2 FERN 8 MHIZ
BB X P EHL PG  NB, SE B R TTEE 13 4
F, PR B —, TEREBER T i K BGRHT H
Y3, BIBENELE ARG A TNE HTML BB TE
AWML RETENNTFASHMNELLAOR. LA
Frik E 3z 48 A5 T A B OB ATl @R B L
F1 F-Score 3 MR AT R TR HERE. M . S ESE
F1 F-Score BHTEARIN (2) (). (1), Hp TP REWHEE
EHAR R 25 FP AR BRI B A RN A
FRABEERAMFIFRNDR, ASCHEESH T MDRS #

. 167 -



IEPAD ' 778k, 3F 5 4 SCH 7 B E AT LUk gk 2 Fik 3

ol
Precision = TP/(TP+FP) (2
Recall =TP/(TP+FN) 3

F-score == 2 * Precision * Recall/ (Precision+Recal)  (4)

3 Fp oy pEARTE [FLRE B9 AL B8 b HEAT IR, HLES AL & R SO-
NY VGN-NW18H, Intel Core CPU T6500 2, 1GHZ * 2,4GB
of memory, 32bit OS Win7, IEPAD 1 MDR RI{E T &8
HAEE M ERE X 0.5 f1 0.3, W 5 iR, 4 @R
TR R BUE T 7 & TUEAT » B Y BEBE R 0.5 BHKS
e H ERE BB EE 96. 7%, B L, A SO B B B{E
HER 0.5,

100%
80%
60%
40%
20%

0%

0.00.10.29.3040.5060.708089 10

Bs FEkiheEREeEA s

®2 HERGEURERYH
Data Set 2
IEPAD MDR ISLM

Data Set 1

Approach IEPAD MDR ISLM
Precision  67% 98.4% 98%  79% 96.4% 96.7%
Recall 39%  99%  100%  61%  96%  96.7%
F-score 0.49  0.99 0.98 0.69 0.96 0967

Data Set

3 THEIATEEXT H

Execute Time(ms)

Total Total

Page characters tags IEPAD MDR ISLM
sourceforge. net 67624 3975 629154 2918 489
gitorious. org 11053 857 1433 109 9

appache, org 96876 4732 273 843 175
savannah, gnu. org 17358 832 400 48 21
gnome, org 17411 1206 1837 63 38
codeplex. search 105630 4624 919594 813 182
gna. project 15505 781 253 47 17
origo. project_list 23862 921 327 30 3

Average 44414, 88 2241 194158.9 608.875 116.75

R2MERER . (DBELHNBIERKN K, A7
BAE 3 FERE AR L EE LT IEPAD; (0% FEHEHE 1 3k
Vi, AT B B EHAT LIEH] 10056, HOE 5 3 fLE b 3845 5
MDR FH_ETF; (O3 FEIELE 2 ki, B F RS TIER BT
F MDR #l IEPAD, K 3 RE R ATELR 3 WHES
PATHT IR SE A , T H ST fE] H MDR 2 5 £%. 1 JEPAD
e 1600 5,

BERREAN MRS LR RNEREERD
T3 AMEEBER: (DBABE 1 PHFIRMAELZRTUD, R
WP M EHREENEEFEREE; (OBIRE 1

PR FIRA T ZRRELS IR ESHBEAESRF

BEBRLRKGWH; R E i F A LR AFIREHE H
pt, RO R EHARBIBE MR . TIREEE 2 P YT RAP 2L
D RE FIREWE A FHEN BEEFERAE. £8
GRUHAAR I BN TRBA SR ZMEMBIR. 43
Rk ) THE EZEHXT Bik 3 ANREE L #— SRk IR E
HikRE.

HWIF A SCEIT WS HTML A4 = 5 W BT
MEBABRAZFEX XK, R T —fET HTML X84
GER BRI . OB S T AR R

+ 168 -

R, A HAE SR A7 5B A1 DOM R 4L T HTML SO B &R
7 FORK TEGR IE R AR B (B b, SR T AR R AR BB
SR B A HRE R REE R BT
—A B HARLEE B AAMUE R TETRE THREKE
HR BN AR, AR E RS
B EH R R ER RREENE. &5, LBRY
A7 AR BE B AR T I RIS 75 T AR FAS 078

2 % X H

[1] Liu Bing. Exploring Hyperlinks, Contents,and Usage Data[ M.
Berlin Heidelberg New York: Springer, 2007 ;323-379

[2] WangJing-jing, Shao Bin, Wang Hai-xun, et al. Understanding
Tables on the Web[ R]. Microsoft Research Asia,2011

[3] Embley D W,Jiang Y S,Ng Y K. Record-Boundary Discovery in
Web Documents[ C] // Proceedings of the ACM SIGMOD Inter-
national Conference on Management of Data. Philadelphia, PA, A
1999.467-478

[4] Chang C-H, Lui S. IEPAD. Information Extraction Based on
Pattern Discovery[ C] // Proceedings of the International World
‘Wide Web Conference. Hong Kong,China, 2001 ; 681-688

[5] Liu Bing,Grossman R, Zhai Yan-hong. Mining Data Records .in
Web Pages[ C] // Proceedings of the ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining. Washing-
ton, DC, USA, 2003 .601-606

[6] Jindal N, Liu Bing. A Generalized Tree Matching Algorithm
Considering Nested Lists for Web Data Extraction[ C] // Pro-
ceedings of the SIAM International Conference on Data Mi-
ning, Columbus, Ohio, USA,2010.930-941

[7] Lin SH ,Ho Jan-ming. Discovering Informative Content Blocks
from Web Documents[ C] // Proceedings of the ACM SIGKDD
International Conference on Knowledge Discovery and Data
Mining. Edmonton, Alberta, Canada, 2002 588-593

[8] Diao Yan-lei, L.u Hong-jun, Chen Song-ting, et al. Toward Le-
arning Based Web Query Processing[ C] // Proceedings of the In-
ternational Conference on Very Large Data Bases, Cairo, Egypt,
2000.:317-328

[9] Simon K, Lausen G. ViPER: Augmenting Automatic Informa-
tion Extraction with Visual Perceptions{ C] // Proceedings of the
ACM CIKM International Conference on Information and
Knowledge Management. Bremen, Germany, 2005 381~388

{10] Gatterbauer W, Bohunsky P, Herzog M, et al. Towards Domain
Independent Information Extraction from Web Tables[ C]//Pro-
ceedings of the International World Wide Web Conference. Ban-
ff, Alberta, Canada, 2007 ; 71-80

[11] Liu Wei, Meng Xiao-feng, Meng Wei-yi. ViDE; A Vision-Based
Approach for Deep Web Data Extraction[ ] ]. IEEE Transactions
on Knowledge and Data Engineering, 2009, 22(3) :447-460

{12] Zhao Hong—kun, Meng Wei-yi, Wu Zonghuan, et al, Fully Auto-
matic Wrapper Generation for Search Engines[ C] // Proceedings
of the international conference on World Wide Web, Chiba, Ja-
pan, 2005:66-75

[13] W3C. HTML 4. 01 Specification [S]. http.//www. w3, org/ TR/
htmi401:1999

[14] Song Xin-ying, Liu Jing,Cao Yun-bo, et al. Automatic extraction
of web data records containing user-generated content [ C] /
Proceedings of the ACM Conference on Information and Know-
ledge Management. Toronto, Ontario, Canada, 2010, 39-48



