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Abstract

An Efficient Approach for Mining Approximate Frequent Itemsets

based on FP-tree structure

Yi-Lang Tu

In this thesis, an algorithm called FP-AFI ( FP-tree Approximate Frequent Itemsets
mining ) is proposed for mining approximate frequent itemsets. The FP-AFI applies the
characteristics of FP-tree structure to compress transaction data. Through analyzing the
recursive relationship of the sets of transactions which fault tolerant contain an itemset,
the projection operation on FP-tree is extended to obtain the conditional FP-tree which
contains a specific item or not. The FP-AFI algorithm applies a depth-first search
strategy to generate candidate itemsets by checking the threshold value of a core
pattern from the item supports counted in the Header Table. For each candidate itemset,
its corresponding fault-tolerant conditional FP-trees are constructed systematically.
Accordingly, the approximate support of the candidate and the item supports of each
item in the candidate are obtained easily from the counter stored in the root node and
the coding vectors of the fault-tolerant conditional FP-trees. Such that, a candidate
itemset is confirmed to be an approximate frequent itemset or not efficiently. The
experimental results show that, when there are many transactions or the support is small,
the performance efficiency of FP-AFI algorithm is better than the FT-Apriori and AFI

algorithms proposed previously.
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R SR 4o 2 FP-tree 5 R BHAFB T 00K LB D S0 2 ¢ 4w
> FP-AFI /% & ;* ( FP-tree Approximate Frequent Itemsets mining algorithm )2 i

EHEEIRGF I ZwE o

31 2 FHEEGEE

h2 #4120 FP-AFLF & 7 13 scih < [2]4 ) e FP-tree( Frequent-Pattern tree )
%ﬁ’%i%?%&ﬂmmmﬁp%%%ﬁ@ﬁ%#’jﬂpﬁﬂﬁmhﬁa
B SEE D AL & A A2 BINA RJE <> PRI P RS R
FORIE P > <2>2F = FP-tree ¥ bk B Hf - <3>2& = FP-tree ¥ cfiHeader Table » #¢

Pd-A T = B o ¢ 5‘_3, BISLP o

311 PN P EEER TR P

FP-growth 2 TD-FP-growth j# % i &1 * FP-tree $#% ¢ - < 2 5 §
AE S FEEAD NRAOAEFR O NLE T2 B AFRAPFEES ITHEEY aF
RAP od L - FRE TREMFE LY e gt amp > # 7
FP-tree + & i3 h R 30 40 8d Lo P 97 = ehe ig 4945 < _Apriori i & 2 ¥
“r3% d1 2 Aprioriproperty : % F - B & & S (k-1)duE p P 5254 LIE P o B
FZP2ZERLZkKkIIED B LT L oF LT EICE- BHEP x 2 Lo

Rlerd & 2 x 270 P B0 529 Lo 577 xR b TAY £ A F o 1T
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SLIE P B2 APEEZR 7 € % &_Aprioriproperty 0 i 5 AR s R VIUFI P AEE

EE g g BRI g R N R

[#523 1]

LEHPxEIEPEPEXEPP - BEP o Fsup(x) <min_sup *a > R

sup(P)<min_sup,  *a °

(r ]
- EEFHEEe AP EP Ple P x 0 d 7 Frsup(P)<sup(x)

F1¢t % sup(x) < min_sup, *o > sup(P) F_| 3T F A min_sup Fo o od pF EFHE o

d PRI - B P Xx2 RO P AEE min_sup, *o o R
ERé P XD EPRIFABZEFHEN I EL A B2 ET0F
BIEP B o FP Ahe Sk hib FPtree > § - TS P HTHE
PARE R AR e AR NP CHENPHEBESIE P o fiE = FP-tree &

AR LR R B AP RN R RHT R o

(#5613 1]
A 31 et b FORE G ) Fmin_sup, B s 40 PRSP R A
0.5 % - —Tﬁ?%?f}—')ﬁ.é P LR P L IFR G A6 BS C6, D5, ES, Fi,

G:le & TDB® £ #F & < 3t Z 3P R PHEE(T4%¥05=2)738 P 5 A:6,B:5,
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C:6,D:5% E:5>38p F&2 GRIAHFA |22 &7 - HIF > TDB Tl =
FP-tree At i A2 Y » AL @ 7 22 2 H & B

% 3.1 # 6| F4LE TDB

2 h Ha¥h EFAED B
T1 AF
T2 AB
T3 ABCE
T4 ABCDE
TS5 ACD
T6 CDE
T7 BCDE
T8 ABCDEG

3-1.2 2% = FP-tree #tk B #

FP-tree # 454 5 — 1 prefix tree » « i*w‘i’;i F¥ e pauip EEG ARG
prefix B| ¢ & * ¢ & BLEL T o FP-tree eI 8" 872 R A TR G P v p > @ A
o EEEY F kG- BIE P TR P ECE ) E LA T AT BT S TR R
R g BT IR P o i Ak J) cPFP-tree RiE A 2 P UG BET € jedk
PTG R ARG o ZREFHESTUY LED E2 R ARG RY e

Bre By EE o AP R

i

G oo gtk s AP AREBTIE L P B
B AEA IR P F ARk e r B TP B T fsd 2 FPtree R b ALY
5\_3, BPRER/EMF i,nlg"ﬁ;_#g 7 o

H L TR F -

1

T EFHT > H 4 > FP-tree 07 38 4e™ 1 <I>3 "$

PR AP AR AT D o <2>d FTE BB G SIS SR e | B H0F §
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- KT EEY EEFFEILFTHENF - BIEP AP TIED o F S F AR IR
PoRgRHREgEat il FHFAFTARN ARG T E 2 - BHBS,A
PEnfTs s Eh s XS Gt ER Sl REFRT - BHL L d P E A
GERALT - KT EREF > S EFREHHD> o R h T G P R

R ERE S Ny S

CEER)

4 A 6] 31 SURSE - 2 % F 5 FP-tree ABK 4 Ao 3.1 4T -

B 3.1 ;pé ] 3L E TDB 2. FP-tree #k g&—ﬁ

3-1.3 £ > FP-tree & Header Table
ZE4p FP-tree ik 722 = — B T P & L5 Header Table » #-Ak B4+ &
AR IE P NS BRI R e B NP Fide k5 F Bt iR 4 2% FP-tree PR LG A%

Z o Header Table 7 ™ = Bif = % - B = LB P> R EY I P
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52 B L EF 0 keI P F P Ariesenal B oi% FP-tree b IR b
PEES Y B L SRREH O Kgk- B ?fﬂﬁ‘l,,h;fﬁ #( pointer ) 45 & FP-tree
PN R % I B ehE BRATA) A 0 F]e A Y T Rl Y > Header Table 2

WitETs il B4c™ > I(item) 38 P 4§ 5 C(count) @ 2%y 5 L(link) @ i 54§ -

[ 6]3 3]

73 fo )3 20 & 3.1 ende B FALRE 5 i) - Header Table ¢ % ¥ FP-tree sfu2

ZaApEAd c AR k43297 0 B RRATEARA P &R R » i
Header Table
I C
A 6
B 5
C 6
D 5
E 5

B 3.2 % »] 7 AL E TDB 2. FP-tree % ’}ﬁﬁ’ Header Table
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3-2 11 FP-tree %fi;&;& reELEFR
321 BPREFEBAFRTEILN

£-35PF EP={p,p,,....p, 8 nBIHEP EX > L P AT EPY Fn-1
B P TS AP § o e R E 0 B RFEG L Slee, 0w, =[Pre, 45 P
B A R AT AV H PRV AU Bl TR L TR
REFHe 7HPEPP AV F4P B#cg Fe, Bk T2 Pni B A 2o

NPT ()47 FAHRETDB P #r4 v 4 Eie 3 P b

R

il AV
R L o HPA T THEY AR HEFEIFINATORSF EF 2R
(overlap o E w3 & F P en 2 FRBELET (1) (0<i<p,) ¥ UFE NP A

TR hE 4 R R sup,(P) 0 Ao T St o

(800 B34 LFR2L ST E]

Fp =0 sup, (P)=[T/(0)] = sup(P) (#5¢1)
=[P| » sup,(P)=|TDB| (%:2)
]+ sup, (P) =|T} ()| = UT (i) = (£:43)
Ho TP() chifie 2 4o
T = (T ) AT ) U (T (=D AT (1) (%5 4)
Fo b B F_E AT
Fi=0 T(0) =T ()T (0) (%55)
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#|P|=12i=1> T/(1)=TDB-T.(0) (%5 6)
F|P|<i > T'()=¢ (%347

B33° 78457 pEPERL P4 sup,(P)=

TV (up)| % % it e >

Flddeid TVGE) (i<p,)Es 2T (u,) > 87 K sup,(P) -

P EP e R ER | u, ERAER
{p} 0<e<1 | 0 | sup,(p)=[T7(0)
e =1 1 | sup,(p,)= |TDB|
pp,} | 0< gr<% 0 | sup,(p,p) =[T7"™ (0) =[T7 (0) N T (0)
%S e <1 1 | sup,(p,p,) =T (l)‘
U= X @] = [T (0] + [T (1)

i=0

= (TP (0) N T (0)| +

T () AT (0)

[T O AT (1)

g =1 2 | sup,(p,p,) = |TDB|

W33 P EEREIT42 FHALREY ol
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{DP,Ps,D5 }

sup, (p,p,p;) = r[‘eplpzp3 (O)‘

T2 ()N T (0) TP (0)

sup, (p,p,p;) =

TP (1)

1

— UTePleps (1) — Z
i=0

i=0

IR )
= [TPP® (0)|+ (T2 (1)

=[T2P: (0) N TP (0)] +

TP (1) A TP (0)

+ (T2 (0) AT (1)

ES g <1
3

sup, (p,pps) = [T7™ (2)

— OTePlpzps (1) — i‘Teplpzm (1)‘
i=0

i=0

= [T2P:P2 (0)] + [ T2 (1) + [T77:P (2)

=[T2P: (0) N TP (0)] +

TP (1) A TP (0)

+ (TP (0) A TP (1) +

™) AT )

[T () AT (1)

sup, (p,p,p;) = |TDB|

BI33(H) AP FEARLZ 142 FHBLIFREL F6|
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{P1>DP2>P;5-Ps} 0<eg<—

sup, (p1p2p3p4) =

TP (0)

= [T ) AT () A TP (0) AT (0)

sup, (p,p,psp,) =

TP (1)

1

2

i=0

UT£1P2P394 (1) — TcPlpzpspzs (1)‘
i=0
TePleP3P4 (0)‘ + ‘Tflpzpspzt (1)‘

TI™P (0) AT (0)] +

T2 (1) AT (0)

TP (0) N T2 (1)

sup, (p,p,psp,) =

TP (2)‘

2

U

i=0

Torees ) = ST )

i=0
TPPPP(0) + [P0 (1) + T2+ (2)
TP (0) AT (0)] + T2 (1) A T2 (0)

2P (0) AT (1) +

Teplpzpz (2) ) TePA (0)‘

TP (1) A T (1)

B33 o EER L
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{P>P,>P35P4 ) —<g<I 3 | sup,(p,p,psp,) = Taplp2p3p4 (3)‘

<z iy = 3o )

i=0 i=0
= [T2PPP () T2 (1) + [T7=P (2)
+[Treee (3)

= [TPP:2 (0) N TP (0)] +

Teplpzps (1) ) T;M (0)‘

+ [TPP2P2 (0) A TP (1) +

T;)lpzps (2) ) T:A (0)‘

+ [T0P2P (1) AT (1) +

Teplpzps (3) a) T:4 (O)‘

+ [TIPP (2) AT (1)

e,=1 | 4 | sup,(pp,psp,) =|TDB

W33(F) AP EERZ 1AL FHLFREL 6

[% 3 4]

\\Xr

U430 A e Gl F AR B B B RGEL R & Slike, =05 EP={A,B}

RIEB < 44 E 51 - HREI33° 77 > sup,(AB) = T2(0)

TA0) AT (0)+

BEE F-FTHONT (0)EFH N F

I

NT? (1)‘ +

T;‘(l)mTf(O)\ v H P Y
FEY 3¢5 Axd Ben b T4 FETH0)NTP(0)={ T2, T3, T4, T8 } » %
SATHONTI) P~ A 5a5E s TP 47 e $BRF B FEE S 152 F
Bepdenl b4 ABNFHES D 2 § BT TR AL L {TLTS,T6) -
TAHO) &7 FAE? ¢ 7 A B FH{TL T2, T3, T4, T5, T8 } » 3 % 2 % # 5]

BEA(TLTS )4 g4 bd FASPHRT 22 § Bt 2

=

FLEE o % = 38
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Al o & 45 4

=

HREPY 26 5 Afé 5 BhFpys @5

2HNTHO)| =

{T7)|=1 e d st =287 Sk S @B 2 §F 2 & > 512 sup,(AB) =

Nl

TB

2O AT )]+

MATHO0)=4+2+1=7 » 7 @ sup,(AB) 4 7 -

3-22 MM FP-tree shF R EAP 547 2 L8R
FRIRB33 7 Bmant B2 S L6 L F L Sdke, 2 058 P={p,,p,}

Hrho A BRGS0 BRI B AL RS

P (0) TP

PO AT M| 2 [T AT () 2 0% - 355 [T (0) AT (0)| Ldp T i @

PRe 2 p &p, A R 0 FP-tree i St kg 0 £3EI0 P p, $ FP-tree 2
# ¥ (projection ) 16 » 7 12 B~ FP-tree ® £2 38 P p, I B 4p B <5 p,-conditional
FP-tree » £ 12 78 P p, ¥ p,-conditional FP-tree w4k &2 ¥ 2 ¥ 1| p,p,-conditional
FP-tree » Fd 1 138 25 o e > T ¥ K@ pp, & FHEY LA -

B oA IO AT ORI & 7 &8 & p PHAT 38 §p, A HR I
FP-tree 74% 73 S 4 ¢ 1 3|00 T30 7238 B p, ¥t FP-tree 42§ £ > ¥ T] p;-conditional
FP-tree » ~ ¥ B ¥ FP-tree @i e 2 » £ 14 p, ¥ p,-conditional FP-tree 4%

¥ 18 3| p,p,-conditional FP-tree > I #d 1 {3 & g Fc@ E @ pp, L F L 7

=

FoF A E Fp AT E S p, e B

=l

L FER o H =L ‘Tfl(l)“Tepz(O)

5 e B0 p, ¥ FP-tree # (74085 » Bo1@ FP-tree ¥ % & 5 p FIE P B R 22 2
p,-conditional FP-tree o & ¥ 14 p, ¥ p,-conditional FP-tree & {7 L §° > ¥ I| p,p,-

conditional FP-tree » r ¥ &4+ 49 & gL3- #c i@ £ 7

P)NTE
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TRE? R ARG NP HFP-tree REFRPOR T E HHEEFTR

3-2.3 1438 P ¥ FP-tree #a3x ¥

BRI R AR 22 Y R BIE P ¥ FP-tree i FHRPPFL A §
% 2 EATEH N ATOAGR B4 0 F ¢ £ conditional Header Table % 19 & g - 4 e
PEpEE o REFAD FATHRE? s AER “,% TEHRF-ED X
F B E I e 73%3 P x chconditional FP-tree ¢F » B & 35 11 FP-tree + % & 3 3%38 P
(12 X % 57 )ehconditional FP-tree o F]p 12 F #-4 w4 42 12 x 27 X ¥ FP-tree 34 (7 4L @7
L 5N
(= )M x % FP-tree w4k 7 :

11 X ¥t FP-tree #a3k 8% » B~ 11 FP-tree t "™ X & 13 & BLehF B o d FP-tree e
Header Table ¥ /& 3|78 B x ek 5 @ H link 1 34 35 chdp hordp e che 5]
TR B BRI P xZ 8o U P X2 S B NE R A {RE T
BHER A T 5 FP-tree 578 P x 8214 #1717 2. x-conditional FP-tree °

1 x ¥ FP-tree 4k B2 » n FP-tree ® 535 P x cn& By 5 — B0t > 5w
LEFTEBL @i h s A2 2 EE BB SFRET S BRELP 4

k> 252 x-conditional FP-foreste 5 7 7 L3k FP-tree & B8LRF o A 5 chff v 3 5 »

LB G HE BT D X BN 22 - BATEB WHN T § 2

B > 48 ® N _en3 & 2hiad £2( child node link ) - ¥+*% x-conditional FP-forest + %
G BEGE AR P B3 gciE 0 4 ¢ 2F 2 - B conditional Header Table  FP-forest » %
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1% FP-tree ché&" B3 3L 4% € 24 i I — 13 Header Table ¥ » & B3 P <0 link 1§ 54 %

@ %41k o i % x-conditional FP-forest ¥ £ 3 4p I 7% B & Bl o

(#5613 5]
W E 3.2 ¢ f1%* & 314 6 T8 & TDB #72& #f 1 e FP-tree £ Header Table
(4@l 3.4(a)) > # 1 7 P A $3% FP-tree :& 7 4% > ¥ ¥ A-conditional FP-tree 1%

% 4cB® 3.4 (b)# 1T o
Header Table
I C

A 6

w
o)

o | a
W

™
W

A-conditional Header Table

I C
B 4
C 4
D 3
E 3

B 3.4 m3E P A a3l B8 #7182 A-conditional FP-tree ¥ Header Table
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A5 2

B 613 59 E P AMRDEEES G 1B Flutd 2 1B AT BT W R & 2

P

=
oo

R

TA R &g F & i i R &g 0 3 AR
SBEZ LY AT EE

F B %45 % 5 A-conditional FP-tree 1138 P C iadi B B a1 p C
% 19 & gL AC-conditional FP-tree » i2 > & BAF W RIE P CHRE S - £ &5 &

BLE O - 42T ¥ {# §] AC-conditional FP-forest » H & % 4[] 3.5 #7571 o

AC-conditional Header Table

| C L
D 3 R
E 3 [

B 3.5 #4138 p C #adk 8215 #1118 2. AC-conditional FP-forest ¥2 Header Table

Bt g )¢ > 13E B C#F A-conditional FP-tree #adk 18 0 F 47 *F 5 5 e 3
Y4 A B4g fensf p C & 2% AC-conditional Header Table » & % AC-conditional
FP-tree z_ 3 & 2L eh3 fF¢ ch& gL > P ¥ B 3

i3 2 7] B FP-tree ® en& gL > & %

2F % & #74& > conditional FP-tree «p# R 27 7 [ o

(= )™ X % FP-tree w4k 72 :

"X 4 FP-tree :£ (7382 0 P a3t B~ FP-tree ¥ 7 & 3 X 3 A o Bt

W FP-trec [ » 5 £ % B FORLVUE P G AEAE R > FI UIF B X IR B 0 o
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B~ ehX-conditional FP-tree » ¥ & 7 F B R A x 2. {38 P &8 0 FF LB R
EXEAIED F Y, Y Y (¥, <Y,<...<yg) > RIj¥_Header Table ® y, e} » if %
- HF O RAEFBEEEEN, C FEEN 2 AFI(F G 2 G x
Rl 27 3%78 B R IR igEx 2 A X R AT R BBt e S B RIUN, 519
& BLeh3 it 5 X-conditional FP-tree eh— 3R i o 40 H 5 35 p y (122) » k58

Header Table ¥ y, inff w i 5— - P& BN F N e L &8¢ 3 7

ﬂd\
NS

X RN % 12 & gheh3 M7t 5 X-conditional FP-tree c9— $R1» 5 X @ F N, iz
AR RSN ¢ F oy (j<i) RIS AT RS §OTE BN, 2 T i Y T e
mB-d o B R R EAFRED

BEPEAFAD y (ISi<k)FE RSN HIRXEEFRP AR

R ATE B B AR M x e TR IE » H L S L - BATE AT A
FES IS I LR RN T S FO R E R

X-conditional FP-tree 12 & g8k ¢13 & 8L o X-conditional FP-tree 143 & 8L ¥ 7 Zedrix
IR > EERET- BIHEAT A Z x b TR L H o F R FP-tree ¥ 13 &
Bhitie et e G om0 & ot 00 % FPtree F £ edm A 2 5 T4 > &R Header
Table ¥ 6457 P x 993t Bcid » ¥ B~ {8 A FP-tree ¢ 338 f xR 5 L #cign » F]M

X-conditional FP-tree » 13 & 8ozt Hicif Zed- 2 m—n o
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(#5713 6]
"4 317 g H| AR TDB & &) 1% Bl 3.4(a)*77r 2 FP-tree 2 Header Table
Fo 238 B B¥Zk FP-tree i (A48 > & % 4o 3.6 #F5F o

B-conditional Header Table

g S
| C L 3 )

D T
C 2 TTTTTTA! Ci1or Ci1 )
E 1 el

B 3.6 13 B Bk 814 9118 2- B-conditional FP-tree 22 Header Table

PREREWEF AR B2 Sa3Ep &8> B34()? 53] B3P C
GEEH e L& BLY %72 ¢ 5 B H 3 KW >t B-conditional FP-tree ¥ 15 > ¥
P2 S BATE B AFRES BIEP CEBantEE > R ThpiRR e R &

eh3 & 8L+ > ¥ 2% & B-conditional FP-tree 42 & 2k ch3 & 2Lo @ B-conditional FP-tree
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19 4 BL b eyt Mo P42 95 R FP-tree 49 & B Y ey Bc @8 (2 7 FALE Y § 8
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LhFHRAYAEFHEPB o

M P 7 FP-tree s Br AR AR B 2 F AR S g0 N BN F R
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2
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> fe A5 i) 3 3 2= 4 R FP-tree £ Header Table p¥» & 238 P C & 25 5 4 >

4

I el e NV B A - 42 o £ > AC-conditional FP-tree 5 7 ¥ ¢k %438 P

f

R Ceng gz > B pfe TANATEE - RV RSB EErRE > B A
FP-tree ? 38 p C el w3 2 P 7| € A3k » — & J FP-tree ;H#.bi’ Header Table %
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FP-AFl % & ;* {%ﬂﬁ 3.1 & 2& = e FP-tree fHk & ﬁ’ 1% 3.2 & #7311 FP-tree
BEFEFBALER RILKEFT00F LD B4R 00T 84 5 FP-AFLEE M 6

AL G R L AR o

3-31 %P ﬂ:—i%ﬁc.&é*}#

LiFd A2 0 FP-AFL € %% k3-8 - BixE0 0 BP2 3L FRVTE D
conditional FP-trees 2 conditional Header Tables z&47 T % > 17 if vEiw 53 { & 3%
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tree <77 conditional Header Table ;

(4)N ( FP-tree vector ): ™ — i & B 4
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~iK e 1 FAMD HREF AL R AiKE 00
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