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N E AXSHT-HETEXRERSAEN GENEE ®XE RS (Two-Way Hybrid) R ¥ %,
BEELRRBRAZTREHNRAMRIR, FLUTARNERSEAS B R WH KRG, FRERS B E
BERIBTRERARMBRES . XPAFRUXNERTTHRIR 55T,

XA BEREE KB BRAFKTAE, WaRSHER

s H4%E8 TP311

KEANEHBRZEARPBEREEN - RIE, MERBAETERNEXBEAN S LR
BERAMLSERD, Ay FRIIEIIER HE R SEEAEESEESERNBOELAR TN
*XBER, XEAMNMNZERE-IFHRBNEIRE. B—-—HBELARIFARETENES Fl(the
set of Frequent Itemtests); S _ B H MEME = ERXBEAN., HPBRENNRES —HE,
W AARBRAL FIE/N FRSBE BBk AEARSERMNER KPR IVARNRFETA
KL G FCI( the set of Frequent Closed Itemsets) 5 & AR E W 4 #9842 MFI(the set of Maximal
Frequent Itemsets), BRE FHIXRHFH : MFICFCICFI, X#,# 8 MFT 305 0 X B30 4 4 i
BRI,

BANBRABRBETRZEAETUERBRSEARNKBIEE S A RER R LEMEER LK
BEHRE., REREAE P HLEMRAEA MaxMiner fl DMFIA £, MaxMiner®™ Wik R BsiA
HE FF B 7 35 R (R UE R SR RUBR BY 62, W TR BT 945 U3 BRIG7E T8 A AL A B TR F A9 45 8k @t
MFCS (Maximal Frequent Candidate Itemsets) # 473 MM HEF. DMFIAM W@ 3 WK #HE R
BELE D —BREERB FP-Tree b, RGBT FP-Tree FREEY SMH B ERRBETE.
DepthProject™ ! kX ML NBRRAT —FEER L/ BEEREHBSHOER, FRRHAT F4
B S5HXBICHFH KT L. B ZHAMNITR, TS A T84 AR LS a9 55 %I, /0
THRZE. EXEFENRNEREWIHNORENERE. FERERAETEEARRHENRE
A MAFIA SmartMiner #l FpMax %, MAFIAI ® 3: {5 B T DepthProject & 9 35 % 4B B f1I5
KM ERRITE,BRTHEERIRUMI B4, MAFIA 5 R B — M # 5 52% # (parent equivalence) #
FERMH— LR . SmartMinerl " EH—HEIREENBEBLENRESEELE. BEIH
HAEEZBURNBXHMETEPHOHEXELR. BR SmartMiner AMEAERNM HELRELNE
ML R Y K. FoMax Bk E T FP-Tree RICH B AR T E, © M FP-Tree XESH

« X2WE: AFARPEXS(70571057,70771074) , FH LR ETAA ZHH B (NCET-05-0253),
WEHES: FER, XBRKEEALHN, B #,email: fzchen@tju. edu, cn,
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ErRFFHREETEFENEHXOEL  HFER KB ETERF E — B MFl-tree (maximal
frequent item sets tree) P, E—ERE LRV TR EMBENFREE.

AT —IHOEE: 4N EFNAPRRAENEEERARKA S, L4 Top-Down
M Bottom-Up R T ERBBASMBEHIHS B 1 —FE RS AN IR A (Two-Way Hybrid)
BREG AEXBERSINARINM T AETER UPEERBPAABRKBETNE L HTH
SR M LLIE B ENE R R R BB g, v] DG o 48 /N8 R 25 (8] A T A B K
BEENEREE.

1 BREBEEARDROR

EX1 BREXYCLMRXNY=¢#FAXUY=T, M TAILIRREIT=X:Y.Y HEHiC
HPY)=(Z|ZSY}. METERXRFX MY WRRTEEXLH: [X: YI=(XUZI|Z€e P(Y)},iEH
SERS. RX NS MBIM.iEH S.anc,Y IS WEM.iEH S. chi, XUY IS WARTER.ICH
S. bor,

X2 |S.SA<GKHRFREE, BHMY S=S,US, U--US, #HS.NS,=¢ &, 5K (S,,
SisesSOK SH—ANRISG. WRERER SALLEHS=S8,+S,++Si.

1RBHT Y I={ab,c,d,e} BREBMPBEREH  EXHENANTLURERELE —1F
AHAMER . XA RS R B R4 0L %1 R {UAT DL B 3 FE R AE I 25 () B PR, (Bl B e Sl S K
WEZSHEBPRWBRETER.

[:abcde]

T T

[a:bede] [bicde] [c:de] [de] [e)

[ab:cde] f[ac:de] [adie] ([ae] [beide] [bdie]  [bie] [cdie] [ce]

fabc:de] [abdie] [abie] [acd:ie] [ac:e] fbcd:e] [bee}
[abed:e] [abe:e]

! 1 I=(ayb,c,d,e}lﬂﬂ§mml&ﬁﬂ

2 BRXRKTRAGE

YRR F5 3 3t $. 59313 1

FEHREE P RAH LT H M RENEEN AR, B ETE T (Top-Down) @R A KM L
(Bottom-Up ) R#M . Top-Down MRIEFA n TMMENMBRETRE, BB - KRIEHER
BTEMOKE, YA L TEBRRIENEFREN, BAEHFTA G+HDATRABETREIEFT#
FRE. B KRR K ZEREELREAR. BortomUp BRANFE . Do HK & UMl
A WA R e+ DIRATR ; ) FMBARE, TR e+ 1D IUBRE TR SR, A BB e+ DI
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. REWFTEIWLHZRP MFS, Apriori Wik — MR K AR E BB, B K8 %0 & 8
ZERREBILBES .

Two-Way Hybrid 18 &:;3 % th Bottom-Up X Top-Down B & 44 &, %% L1 # & Bottom-Up
RN -BTEFEELAERE L, BEEUKEZS KT A4 SR % 50 % T8, 3 205 4 T 80
HETMEREREBRABETRE; SRR Top-Down SHEREE[X: YIHTERHRWE,HEB|Y]
EHAWR A, #H /MR R,

AERIBPHEREEAMNYERRESEE, ARMNWERE T REER/ MRS E, AT
REWEBE. Two-Way Hybrid UM A Apriori ¥ F#17 T 8y #i, 3 HFE Top-Down 11 B h ¥4 ##
REENEEBL+1 BorRet, i3t Bottom-Up BB =AM ETERIFERETEHRTHE. I
RMBEEREFAEN MENFEFEAC: RIL—FERFEN; MRMHERZAEHREN, W E
META#ESE BE[R: VIth—ERIESHMER . LI TFHHM Two-Way Hybrid R P NMAHAC DM %
MR (EAMEMNEOR MNEESE S=[X. YI#THWENREHTIHE.

ER1 & X,Y,RSI,R={i\siz,, i, ) (R ;€T Hi; ¢ X,Y), K@ S=[X: RY]"TLI#
iR TFEH.

k
[X: dvipeia Y] = [X: YI4 D) [Xij: dpreiY]
j=1

EH MEE wEIHE wV HEE P(wWV)={Z|ZSwV}={Z|ZTV} U{w,wV}, BB RS
B E XA BLX: wV]=[X: V]+[Xw: V], #&¥ i; CRMATERXPEBPTEIE,

511 ®X,.YSLu€L,MRTER=Xu RIEFEN K28R SE S=[X: «Y]T LB R #
oL FEHBRNEERERSRNIX: Y.

EE2 BX,YCLOWRER uCY, BHER=Xu BR— N ERETE, BL2BRESH S=
(X: YI@A[Xu: (Y—{u)]+[X: (Y—{«D]BEK.

WER BRTELX: YIROKPMRR Y | BEBY = (iirs0is}  BARB\EN 2 7T 50

| S |= Z‘DSﬁﬁiﬂlﬂu%ﬁﬁﬁZEXﬁ: ij+1°"ik],ﬁﬂ%ﬁﬁ?ﬁ&8ﬁ1%#%uEY,EIJR=XuE

_‘/I\jkﬂglﬁﬁv& Sj = [Xi,': ij+1"°il]9ﬁﬁ'ﬁﬁ 2 Efﬁ] Sj ﬁuﬁﬁéﬁgﬁnﬁfﬁéﬂ = I(Eﬂ
Lh=wh|S | HBRK.LEEEH 1 ZEHBIE.

22 XHMRIME RN E

WA—NTBEE I={i s in) PR BMEE D R EMEZEYE 1 PAHEK Two-Way
Hybrid @RI Z R K F MR AMETE. Two-Way Hybrid W43 B M Bottom-Up Hi Top-Down
P77 16 3 1 3 AR R 16 o () 25850 ZE 58 b AR Bottom-Up 3B R A5 Apriori 38 4 R #9581
TSR £ 8 J7 A (Apriori-gen®™) PP A RE T C, HHBAHHPHH KL BTEL, 5~Li; Top-
Down i X AT MR ZM S=[X: YIREEHE 2 F~L, #ITHHH 02,

Nkl BAMEAME RN %

Algorithm Maximal Frequent Itemsets Search (Transaction Set: D,Item Set; I)

Output: MFI

Begin

MFI;=&; MFlz=¢; MFC=¢; k=1;
v, ={[: Il}; C,=1I; L,= Partition (C,,minsup);
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~L,= Partition (C, ,minsup);
While ¥, % d®do
//Top-Down Search

V1 =d;
Forall S€ ¥, do
B=S, bor;

If countsupport(B)<minsup then
If {RIR22B and R € MFI1;}#® then
0= Decompose(S,L,,~L;);
Ve =V UQs
Endif;
Else
MFI1; =MFI; U B;
Endif;
Endfor;
//Bottom-Up Search
Ci+1 = Apriori-gen(L,);
//candidate (k+1)-itemsets
L.+, = Partition (Cyyy yminsup);
~ L+ = Partition (Cys, yminsup);
Forall X€L, do
If XN{Y|Y€E ~L,s\}#¢ then MF;=MFI; U X;
Endfor;
ktt+
Endwhile;
Return MFI; UMFI;;
End;
Wik2 WREDIKC REBNSLH KM minsup W53 HRTAML, B~L,
Procedure Partition (set of candidate itemsets; C,,minimum support; minsup)
//classify L, and ~L, from set of candidate k-itemsets C,
Output: L,,~L,
Begin
Li=®; ~L,=®;
Forall X;€C, do
if CountSupport(X;)=minsup then
L,=L,U X,' H
else
~Ly,=~L,U X;s
Endif;
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Endfor;
End;
W3 A~L NWHRBEEN k-1 RRBE S=[X. Y]HTHE
Procedure Decompose (search space; S={X: Y],frequent k-itemsets; L, ,infrequent k-itemsets; ~L,)
Output; search space set: )
Begin

Q=3

~P,={Z|ZDXand ZE ~L,}; P,={U|UDXand UEL,};

R=Y—-U{V|VE~P,}; R=RN{T|TEP,};

n=|R|;

Forall(i=1; i=n—1; i++) do

If Xu,€E P, and | Xuu;si+*u; | >k then
Q=0U[Xu;: uiv1*us];

Endfor;

Return Q;
End;

3 WEDMRIE

ATHMALE XA HRENMEE RTNEPCHLEHTTLR, LRIFHEN. Inte P4 2. 93GH:z
CPU.,1GHz H # . Windows XP, LK ¥ # fl IBM Almaden B 5 .0 £ £t 69 B 5 4 R (http. // www.
almaden. ibm. com/ software/ projects/hdb/Resources/ datasets/ syndata. html # assocSynData) , # 5 i § 4
¥y 1000, WX BBELHILL Tx. Iy. DmK #iR.

LB 1 HEAERA T10. 16. D10K, £ K [F] 49 8 /) 32 7% B BE T 4 31 B bottom-up, top-down &
two-way hybrid @R KB RABAKAEREE. LRLRNE 2 EE 3R NE 2 PATLURRY
B/ TREWE KT 226 bottom-up M RKE B EME TRHARNMIER, FRETHERIX
REMMK, FERIBP A NFETHESKEER D, bottom-up 18K M T LI & T HBFH
thBE; /DT 2208F two-way hybrid 18 R ¥ W B9 YERE RN 4P, 1 IR £ & 7T LA 5 40 F B L1 7 4 45
B RRFEBEKEREHBABMETEE, FATLEI AR HERE N EREE. YBAH
X0 B ¥ W BB bottom-up MR MM HLBE S, K Z top-down K%, i two-way hybrid 18
REMSERKBETARKES TR SN LR R FHHEEE.
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EF VAR MROBAN WM YR W% 17

LR 2 HIEMERKA T15. 18. D10K, ZE A [l &/ 2 15 B 06 T Wik two-way hybrid 18 4 5 8% & ¢
BXRERNB 4R TREBEHFR /DN IFERENRRK, 24 FL . FROBRAHETH
R AEWERRFLNTER AN STETLSNITAITH.

10000
— —o— Two-W,

2500 3 5000 | i
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" i i 0 PR . "
Osr  a% 3% 2% 1% 7.0% 60% 5.5% 50% 4.5%
B /N2 H R (T10I6D10K) B/ FE(TISI8DI0K)
B3 FEXHETER MFINME M4 FEAZHETHESER

4 YBRE

AXAHT -EHEBAREAABRKAENENFTRE. ZEEU—-BEXREHNERSRAH
FERX N BER, 45 & Top-Down #l Bottom-Up MR FEEBH —MENMEFET BN IEE (Two-Way
Hybrid) R k. ARERANEREHNAARERXBREEHIESERTLUIRIE T MHE ML
WF=0, 8N FERAATLIRMAE, AR ENIFTHROT ER. BRABMEAEFTHERTE
WERRBRINT - HHEEHRANRME.
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An Efficiently Algorithm Based on Two-Way Hybrid Search
for Finding Maximal Frequent Itemsets

CHEN Fuzan & LI Minqiang
(School of Management, Tianjin University, Tianjin 300072)

Abstract A new algorithm based on the two-way hybrid search and structure of multi-level search space organization
{or mining maximal frequent itemsets is proposed. This method can discover more maximal frequent itemsets as soon as
possible. Some efficient decomposition and pruning strategies are implied in this method, which can reduce the original
search space rapidly in the iterations. And experimental and analytical results are presented in the end.

Key words Data mining, Association rules, Maximal Frequent Itemsets, Two-Way Hybrid Search



