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Mining frequent pattern tree in Web data
WANG Zi-qgiang, FENG Bo-qin
(Department of Computer Science, Xi’an Jiaotong University . Xi'an Shaanxi 710049, China)

Abstract: To efficiently mine all frequent pattern trees from the semi-structured web data, the semi-structured data were
modeled as labeled-ordered tree and an algorithm for mining all frequent pattern trees in an ordered data tree was proposed. This
algorithm used rightmost path expansion technique, which started with pattern trees with only one node and nodes were added on-
ly to the rightmost path to generate new pattern trees. Furthermore , this algorithm maintained only the occurrences of the right-

most leaves to efficiently implement incrernental cornputation of support. The theoretical analysis and experimental results show

that this algorithm scales linearly in the total size of maximal tree pattern and works efficiently in practice.
Key words: data mining; Web data; frequent pattern tree; ordered tree

1 5|5 (Introduction)
FEEEBMEFEEHEARN CHER, KEME
£t 4. Web Y (48 HTML, XML %) 43 77 5
Internet 1 Intranet | , 70{u] = R HL MIX 25 Web i35 H
ERHRBUE HIE B, J0H 232 BUR 6 80 ) Ft
R, ABFEANTHER . EER,FLEHERKT
SR REEEE D X g A
RAMERANGAERE IR (ER)BIEREGEL,
B (e F0 23 (6] & 4% B R i ok i L AR
R TR M AL BE R R A ARIC B T, R 5T
EAFENEEHRHEBESTERKT—ERDEH
BRMRTEMERR, 34518 T BA B 4Fata F%s 6
B M E RN E
2 [BJBIE X (Problem definition)
TEARICH FRUI 4 2k g4 4 Web i
R EHFEH XN E L N THES 4,8 Al FF
ARBEE(KN) 'L = {1, 4, L} RRMNTF

Yo B #5:2003 - 09 -~ 26; WU MRS B #1:2004 - 06 - 07.

AL B A B S E AR IE AN ARF
Bk,

EX 1 BV L EWRCERN, SHEF
kK, B—A7SJCH OoT = | V,E,B,L,M,r|. HF VvV
E—N"HBHYHHEES,E = V x VER(parent,
child) € E WARIIK- & TRKE. B c Vx VER
{# /2 (elder, yonger) € L(FJRE[EIHE) KRB XL R. £
RERRIE M(v) AT S v € V IFRICESK .

EX 2 W OoTRR—DHIFH, KB/
| OT | & SCHM T a8 H . 3T oT v R P
= (xp, M= 1), EXEBREPHWKESR
(Pl n. MTFREEBETS v € V,o WEERT N
d(v), HEXEMB S r 8o BERKE. A FR
OT B KBERTIIIRY SRE M FHEN
BRKBEKE. YA o Ak, #nh .

i, B 1 AETHEFRRL = [A,Bl LA
R DRT, KA EETMFRRA T S BB

ESTH B ANZ"BHEABR ZEHES T BITH (2003AA122610) .
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Fig. 1 Order tree definitionon L = 14, B|

EX 3 FgEmeEEER — 1 —=J0H DB =
(T,DOC, @), H. T BEV#E L A TR, IR
W THRT A AETFEERLNERFTS
oot /8. DOC = {d,,,d, | TARILPIfs0:Vr -
I root] — DOC F /R SCH A 24 AL, HiE L M 1% T, %
ARHEBH AR oot 85 | NMETFHITR. N ¢ B
plv) = d; WeRB Hb » € Vr.

EX 4 EWEX . BAXDn = I1WERFRT
PR ENER, T ER&G ) TRTEES
HVe = 11, ni; 2) Ve WA T E LR
T BRI T 49m % .

SIF1 B TRER—TEER MV ARERR,
MR T EEMER, R A root=1,9FH T &
AR Fo,_, = n.

SIF 2 XFEMAFH T, R T EENE
2L M ERIEE par( T) HEIENTER.

EX 5 HERBM. BAKD kB FEmER
(SCAR), IR k- B, BE X EFHER L EWIE
WFEE. X FAEE £k = 1, AW k-BXH I #5,
JFFHAEMEERA TR, T = LAJ Iy.

AT IR E SR ER A ML, Bk
SE SRR A i) VT C pR J5ORAR S BB, RS 7
BT BRI LA _E e O B

EX 6 HAVCESEE R THD REAMET
B, o BRI A SR AR . ISR T TR EI D
A A Z B ICE RS Ve — V), R &
R AP TR v,0,0, € Vp): Do B2—3F—B
SRR WR o) 5 00, W n(v)) 52 w(0y). 2)x R
FOE-BTXRR. AR, MR(v,0,) € Ep, N
(m(v)),n(m)) € Ep. ) RFFHFREZ BLAE,
WMER (v, v2) € Br, M (v)),w(vy)) € Bp. ) {f
R TANRE. BER, Ly (v) = Ly(x(v)).

MEX 6 RIE, IR T HBAESIER D
R AER N T B D fE7ESE et R L.
THEFEATEVT A R B BT B A B

EX 7 ERXHIRE IR ERE—TIERETE
£ X 3HIE X 6 1R A8 IR T 9B LKA
D THI2 3B IR Toc( T) |, HiA Toe( T) 2—4
k- TCEH (x(1),, m(k)) € (Vp)k. 2)T BT &
IR B | Roc( T) |, iR Roe(T) = x(1) € V.
3) T BEe A B ELRE | RMoc( T) |, Hiep

RMoc( T) = {m(k)|m:Vy— V, RUCHEPREL .

RHEE XL 75804

I3 |Toco{ T)| = | RMoc( T) | = | Roc(T)] .

EX 8 AWM B SCRE ERSER D R
B TR SR RN T HEG RIS D P ia

S AR, iEEsupp(T) = %.

EX9 - EHA.BEO< p< 1 B—1IE
POBERAR TR - WEHESL, THENFEN
supp(T) = 7.

EX 10 FEEARIZH. L EELERID L
FRYBEER D, TR0 < n < 1R ABR/DFFRD),
RAAR 7- MEEXH T, 8B supp(T) = 7.
3 MEERAXRZHEH L (Frequent pattern tree

mining algorithm)

FHEAKREFHERXRHZ IR S, HEA R
HE MBS RO BB A R = 4E A
ENTEE AT, AT A BT A 550 B R A
REEZHT BRI B L P X TR B
AR EBRAY BB FEA R KB ERHR TR,
3.1 =AY BAiE(Rightmost expansion method)

AT HRO LR RN, FEREELE
H MO A R U R T BRAG T RER,
R T FR T E A R A i B M (Rightmost
Leaf) 12 RML( T).

MG T BN EADRWE 2 . 41
I ET , B A AT SRR TR G % T
KDk = 2R, B EEREHEM-— T ABK
AN k- 1R R G A SORY R, AN — 1

3

B2 AF#MsaY Rk
Fig. 2 Rightmost expansion of order tree
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KHEA KK k WEFR.

EX 11 BASY S TAEFH T, THEAS
Y RMBH A T MR AMTFRME—REE.

EX 12 (m.)-VRNM.IBETEREIELL
HIR N RHHBER . m(0< m < d(T)) B—1IEE
B, x BETHBRANYTRML(T) = k-1,7Hy =
parf(x) B x B m ME, FTE TH(m,N-TE
EETHEM—FHERARRC f TS e BT Ay,
HAFFEMAET A e Ay MEf B & T MRS
w3 B

r v
Q © |
Al

24 O\@ k-1

B3 (m,N)-TEW
Fig. 3 (m.f) expansion tree

MEX 1205, AT BERERE (m, -9
R IR IO, BN, B8 A2 m R 7 S B E
BRI .

514 XWTFEEH k=2, MBAFW T 2
(k - DB, 0 T REAT RE k- B

E RT ZETHEATE, TREUB T MK
NRIT | = b, BTHEMBOE A v, = b ETHR
fiamt - El LA R T8, v (B ERE—
PR TRAG T2 LR,

Bl 5 WTEBH k=2, IRAFR TR
A k-, ML FEFEME—B (k- 1) - R,
BTERMEATE.

E R T EEFEREN - )-SR
BI-—VE kBN R MECA MM FMKEGH, T
RGN T BEN S ZRET BT ENM K
72, 8T kBN T WEANM T M7k R—8, H
It 7 §IRIFE R h2mE—.

3.2 mAHIRBHEFITE (Rightmost occur-
rences update calculation )

HATEBMHEB IR IRE, R
A FTER RITEREXN W EAEBRKE
RMoc(T) RGHM B AT BRI IEKFEH] B HM
KW HIBA BRI RMoc(T) . R T ARSI M
BN T RBAEN D HITE ~: Vv, — V), X H
KBTI BZ, WFEEBRANMN T k MBgEE
m( k) ,ﬂ'ﬁ%%ﬁ%ﬂmﬁﬁ T VT“> VD E‘J%%BEE‘
(2 (1), (k). XA KMERS TitE K

= TFEASI RN T E SN TitEREE
AT R T WKL

SIT 6 % (k- 1) AW THBTELERD
L H 7 Ve~ Vp BT B D MIUCEREL IR T7 2
T (m, ) TR, MK . Ve =V BT BD I
VCRCRRER, W R RGN D B MY R, 0Bl
BT M ERES = 1,k - 1,8 #(i) =
7(1) WOL. 2 ¢(k) BIGE parp(i) BI—1T&%F,H
14 = parb(x(k - 1)), H $(k) 2 | BIHILK.
3 Lp($(k)) = f.

EX 13 1% x BEER D PHE-TE, ST
T EEHE p =0, TA x B p TTHICMH
Top P (%), HEXH IR p = 0, R Top'P () &
WG IE p > 0,0 TopP (x) B x P (p - 1)
APGEB T —A 5.

EX 14 T _IJoREA X TIEMEERR m >
OFf1 I € L, ZJCKEH TOP'™" = {(x,y)|x,y €
Vo, (Top'™(x),y) € Bp,Lp(y) = 1} c Vo x Vp.

53 6 filE X 13,14 A[F3 AT 5] 28

SIB7 Wmx0fllc L,HHTRESH(m,I)
P&, 0 RMoc(T) = TOP'™Y( RMoc(S)).

3.3 #FHR (Algorithm description)

RETLLERBERSRYIER L, THAHA
MARBHAERANZHEAE L, KRR HEAEXE

Algorithm Find _ Frequent _ Tree

BIAPMCE LB L ESEES D, B/
YREO< g < 1.

Rith:D PHITA p- AW T.

1 EIEEER D ERER 1- BURE
B T HEENTNES BRI E RMoc;

#2 k=2 '

# 3 while RMoc, ; = & do

# 4  (T,,RMoc;) = Extend_ Tree( T,_;,RMoc,_,);

#5 MFEMEKX PE T, do

# 5.1 H RMoc,( P) & supp( P);

# 5.2 WEsupp(P) =9, T = T, U P

6 k++;

# 7 end while.

#8 reum T =T, U-UT,,.

B HHEEARBT B

Function Extend _ Tree( 7T,,, RMoc,y)

A ERWE T KEEAB B KES X
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B0k

RMoc,q-
i AR T WEAT B T FeH Az
B EFIR RMocoew -
%1 T, = © RMocy, = @;
%2 for BMEAR PE T, do
3 WMFEE m/NFTHEAWFEE do
£3.1 WFHENYERCI€ L do
¥ 3.1.1 HEPH(m,)TREP;
# 3.1.2 RMoc,e,(P') =
Comp_ New_ RMOC(RMoc,a(P), m,1);
$3.1.3 Toyw = Tow U 1P}
# 4 end for;
# 5 reumn T, il RMoc,,.
R B EA BRI E
Function Comp _ New _ RMOC (RMoc,q, m, 1)
A BB B IR EGIR RMocyy, RE m =
0, fistric 1.
Wi B M EA BRI R RMoc,,,,
# 1 RMocy, = Pilast = NIL;
# 2 for BITE v € RMocyy  do
#2101 Wk m =000 ZoWE—-TET;
# 22 ifm > 1then do
#2.2.1 WHE last = par[)"(v), ) Bk 5% 2 A
2;/ » BEFREI + /
#2.2.2 HN4R last = parf(v), W
v o= par;')”_l(v); last = next(v');
#$ 2.3 whilev =« NIL do
#2310 WRLG) =1,
RMoc,,, = RMoc,., U {v'};
#2.3.2 v =next(v);/* F—1H =/
# 3  end while,
# 4 end for;
¥ 5 return RMoc,.,, .
3.4 Hi% 45 #(Algorithm analysis)
THERMG RS B T E R R R e
r.o BT E R B A B LK 3 Comp_ New _
RMOC KBS [ B 2. f15 138 6 Al15 a0 T 5| 5.
3|2 8 BRHX Comp_ New_ RMOC 7E45 E i A
(RMoc(T),m, ) MZFMHT HE TH(m, DY RS
RIELG IR I % RMoc(S) HIBTRI B 22 B H
O(kbn). Fof k FR T IR/, b R T HIRK 3L
¥.n = |RMoc(T)|.
SI¥ 9 KK Extend_ Tree i 8 B 1~ 5 4F

T... Fl RMoc,,, T 46 0BT (] 2 22 58 O (K2 IbN).
Horb | FTRBASRIC LK/, b BB IEBOK
BN FoREA S IR R RMoc AR/,

TR 5| B2 8 FI5| #E o a3 B B A 42
P Rt ) B R B R IR g1 2R

513 10 % D REAKELE, L ARARICE,
B/AEFE RO < n < 1, FRHE L Find_ Frequent
Tree 12 it T A 7 — 350 B8 B P 76 2% 19 Bt 8]
O(M + K bIN). Hoop M RABIT/ED WA, N R
R SR AR B Bk B8 R RMoc 11K
INEA

T RS E 588 T 3 5k Find _ Frequent _ Tree A9
HEHRRAM TRAIMER 8.

FI 1 E ¥ Find_ Frequent_ Tree 7E T & it 72
HEREREE R 0 (kM) M KA M RREKR
7 BRI R/NEA.

3.5 HXE X8 (Relative algorithm comparison)

R TRRITIA (EE )R B, E & R AR 2
BATRBEA, HEARBER. SHEs e, T
FE M BT sl K AR SR TR B, AR S BT N )
A B A R LR A SRR . H
SIXE 4 fg| 38 s AT, @SR MEARGY R
ARG AR R ME — ), AT R 4 T 93 B
TR (ERE)MWE, B B2 BB FNELY
REARIEZ MG TEAH KA FHESE, TE
B B B BB B % Comp - New - RMOC( )
BIAGETHEEE THNE LR MEEAEN
BARZCR KA 2 R BB RS T i, R UE T AE LR
FHAM T

F3A0 e A B 2 AN S (B B 7 o , e 2 1 ]
A SCHR 5 A B V) O 2 R e T B RO R
R, TR RIAEAE O, B 3.2 AT A X B
MR R P A F MM EE,
ARERXR A RER Z B2 ER, BmX
K158 T AEfas 18] . o SCAR (3] A (4] B 5B
B E REMAEET BT R AREERE. BRI
#R(2,5,6]RENFE X AREDHBEERE, B2
HARZAN EEFSRERA MM B ERT
KETUAEE W, AT T H BN E 220 &4 1
A, AR SR B B B (RIS (R) R % B
4 SEB4y#7 (Example analysis)

LAE 1 e 8B D RIREIASCE LM TAE
R BRENHFEs =0.19. 458 THERE
Find _ Frequent_ Tree A& B EEAM KIS B, BTHE
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o0 ([De-0ADs LD o-0 Do-0T 1A
910[0/00'%1010.06. 21601000 010)C
1|3|7f13”‘ i3 7{3\ Tlm 7fw

()°-0 (o= ) o=0 (4) =0 mus  HEE
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Fig. 4 Pattemn tree expansion

B /B Ik Find _ Frequent _ Tree i 1o 38 [ B &+
DARIGIRE 1 -BHKXNES I MENRARN A
BLIREL RMoc( M), SR S5 AR #2 Extend _ Tree (I,
RMoc(I,) ) P AEMEN [ ME TR R A S
KB FN % RMoc(I). TEE 4 1, FKATEFRI Iy =
[T, Ty Toys T, HFHENTRES EHATE T) F
T, PIRMFATT S A SR B sk 1FH. [t & 4 7]
H, Iy PR T, J T, BRI K F 0. 19,
B T A Ty, ZRTRAIER R, MK T, A
Tp WIFE%ET 0, /N T 0.19, BN 1%
LA EEX AR BED R ENE S MKE 4
BT 0.19 MST BB .

T=P1UP2UP3UP4UP5= ‘
{TUTZ; U |T11,T12§ U |T113’T114; U |T1134U D =
{T19T29T119T129T1139T1149T1134}'

5 &5 (Conclusions)

NT B PR IRER L, SUPRA TR

PR RRNARC HFW, RN T ETRA
PREEBARNRER AR R ST TE
WA AT, UL AR SCER 1 i B ¥R BLA A B e (A] A S
[B] 52 2% HE , B f5 FASEBIR I T RIR B T 714
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