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A Parallel Algorithm for Mining Frequent Closed Itemsets

MIAO Yu-Qing
(Department of Computer Science and Technology ,Guilin University of Electronic Technology,Guilin 541004)

Abstract Frequent itemsets mining has been studied extensively in data mining research. Because the huge number of
frequent itemsets is found,an interesting alternative has been proposed recently,instead of mining the complete set of
frequent itemsets,only find frequent closed itemsets,which has the same power as mining the complete set of frequent
itemsets,but it will substantially reduce the number of frequent itemsets.

In this paper,we propose an efficient parallel algorithm, FCIPM (Frequent Closed Itemsets Parallel Mining),
based on shared memory for mining frequent closed itemsets ,with the development of three techniques: (1)A FP-tree
based bottom-up no tree-projection method, (2)itemsets pruning, (3)frequent closed itemsets checking directly. Our

performance study shows the advantage of these techniques and that the FCIPM may has good performance in terms

of runtime ,memory usage and scalability.
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EH R, TTER 2 Apriori Wk XKW EALBBER

FrE-H " EA B FENTSERA #HANS

PAREEREA X TRESEESREXSRETE &
KEfAX Bt AHERAREHERT, XLHETKE
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T HREIR K TR B Han B ARE T M RERF
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B AHBLMEREERIS THS BETENLI SRR,
KRBT A EHl SR EARTHENHRDRE
BIFERIE R A M EF A-closel),CLOSETH+ 1%,

REME, HHBHAEXASTFHENE - T HAELRN
BRI AFTHENRRNT S FRNRAREEAIERE
ZEREBEH T HEER.EEAE T B ENFTHLER
H T £ .M CD.DDY IDDU MLFPT®1%, {BiX He 34 17 %
BEHEZEFAMET L6 . MR ERS T EHEH
FAGRAREMTEREEE - EERANEE.

AXERFREZFESREA FREASTHENHT
BWEE. P T R RGBS XX e SR T 2
FREEAMCEP-F AR LEEERNYHEAS T HE
ERAIWE, il %42 MLFPT, CLOSET+ %W k%
MEEES AT HEFESER FETF FP-RNERAES
TMESEHFTEEEY FCIPM BE A XE2FHRE T EEHN
R, F3WHNEENEE BRETET FP-HA KM L
ERGAOFEACT BEETRIINE, FALBT FCIPM §
EEE BATHRT WM BEAE TSR,

2 [ElEsr

2.1 HRWENX
& I=1{: ,izw",i-.}%lﬁ_iﬁ (item)%évl B‘J_4\E‘E§?



http://www.cqvip.com

EHRNH—IIEE(temset) , T HANMFHMNABERNY 2-
MBEKE.TDBR—IXGHEE HPEIMXH TR —
MZFCRTid . X)  Tid ARXRBIRF X A 1 58 HEH
£4.0 XTI BMEATELEYCX,NKEXH THETAE
EY BETHEY WX SUERNTHEIEEPHRHIHK
I BEY & TDB P BB (support) , A sup (Y) R
TR

BE—NME/MXEE RME min_sup (minimum support
threshold) , B — 1 BEN X HE KT ET min_sup, I
Rz B % A4 E I B £ (frequent itemset ) B #11 8 # X
(frequent pattern),

2.2 HENEeTBERE

EX1 BMREEXEFENBL.BEFAFERME
HE Y. YDOX.E15 sup(Y)=sup (X)), MFR X HIEH S 7
H £ (requent closed itemset).

A EREXTE, MRS T B R EATRFEE
HE BE4LRFEXRENTENEHEE.

S EAHEMBEEXHSXHHRAXFENHE
HEMBEFANAE 1.

R MTE-HETEE X, SEHI—ITEEXH
BREEMBEY.Y2X. 15 sup(V)=sup (XD, AR FHE
EEMBENBEL Z.2DY. FHFHEMABEENBEEL Z2.2DY,
sup(Z)<sup(Y) HREE XY BEE X HHEAET
BE.

BRY B—HEHATELE.YDX, B sup(Y) =sup(X);
RELER—PEASTEHE Z.Z2DOX. H sup(2) =sup(X).
CYUZY sup(Y U 2Z) =5up(X) =sup(Y); Y UZDZ,sup(Y
U =sup(XD=sup(Z); XY M Z B EAEASTAE.
YUZ=YHYUZ=Z.BElt Z=Y.iEt.

BEMETE R RE T R#E NN KR 5B ES
HEFAEREAETESE.

3 BT FP-RRMAMRNATMEBEFTRERE

3.1 ET FP-RRAN AT B AN

R ME AT B Red, KRH — MR R FIBT— 55
RO HEETEFEACTAE. FEHFERBBETFEH
BriEt B XA R H AR SCA RN AEASTA
FHB.ERRNMPEASTE RN TEALIFERS %
AETHERTERAEASCTNE L SNZAETE EHE
PENCTEE . BR LEEASTHENMN R EHN XM
B HRRERAANER RS TERRBNSTHEORE
BIHATAEE.

B Han FARHKZHMBRNEENFERANKE
B RERTERARZ BB ENFEREERFEE—
RIMEBRAR G #F FP-#) £ S 7 FP-1¥ L3 H 3458
RMBE MARHOHEXHYEE. ZHENRAE SR
FP-HMRETRHMEENTBFR FHEASTEEDGH
BrE] 72 AR X A5 R

— X HYAEEN FP-MEHEX 5P KT E 55
MR — IR, K 2 F . W56 TDB, i+ #
SMMB N, ZHTHEXHERENERETE &
TR B R MU FENTET H % (Hist) ;
S{_WHM TDB. X Bk Hist RPFEKFEHFFE
FOFERETE REEAD PP . UHEAHE M FP-1H 4y
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R X root IR HERHMZSHE—TTNERGEBYE S
WEF SRABREEEFE SO HIRE M. AEHL
EAEFHEENTHHRE S BREXHT - IIEAH
W EREBRE OB T, WHXN T EEARE SHHET
HEHBRE SR L FREFEFESHERAREEN T
XM FEFE S TRORG L SEXHHT AT
B R, AT X 28, HE TDB 88X HEEA
B FP-WHIE. TR XBBEEPHRELSE BEE
HRFF FP-Wo  ERBENTE . XHERT. ELET
B, ATREXREG—MARMNFENE £ FP-W i g
ST HEE B gk BER S ARTE B30 B 45 SGE T 5 (side-
link pointe) R . B M HRMHLIBEHRERLIH R
(header table)d,

R TDBR—NXBMIERE K TDB P AHENE X
H R R —%ER Ry BE T
B, A Gf-list X7,

RXE—THETBE.EFP-W L, LU X HEREET
FRes,5 X R HRAHRBCREIBEE/MNMAKRE
EAIFHEOHTERL X HRBRETE, 5 X F LR
WXFFERBOEX A ZRBHEMBEMNEIFE.FXH
A RBAETNE R X FHEREBAETNE XK TFHF
MEHRENY X WREFEMB X, B X' {-list £R.

B EidE X IARAE SR AT,

512 RXE-MHETAE.YEXHREMEN
B.MYUX Wi gm B4 HXRFEN Y M RFE.

5|3 RXE—NMFETBEE EFPHEENXE
BREQHFTABREPAFEEMSE X Rt RN TE . BE
XM ARG ESPUAREEIMEG X AT HRAITE, N
X AHEmEHEMB£E.

EH R X B—MEETEEEFP-RLE WX EiRSE
HHFEBRRPAEEESMS X EEERATE GREMN X
mEYRIIBRTEDAFEEMEETELEY.YDOX, H sup
V) =sup X . E X MFABRESPRFEERM[E X Fod
HETE RN X 5 TR G0H 7 B AR FEE TR
EHBE Z,Z2DOX, H sup(Z)=sup(X) .iX R R LT
EXAHREXFENEESE REE T8 X 2 EA
EMB&E.EE.

3.2 £T FP-WRB KR L AR

X(5142E TRFZE FP-W LR B\BHAEHAAT B £61 5
BRE:. BER LY EN R E & (Bottom-up physical
tree-projection} § B L T A9 {9 ¥ £ # & & (Top-down
pseudo tree-projection) . &t X RATA KM F T RBMBEA S
MEBEEE. M —TIFRRE. B EKE EWRETER
EYWE LHERE FP-WET FEREEHE, BRHEMFR
U R R BT EXTEMNERREA —KEL—RD
B, RERE, BEMEE, hNERREE X EZMEE
HILEF MR CM) LERTITH . B LM TN REN
EREYWE LRAEMERIR FP-W, (AR #Fi8 8 51 FP-#
MAELTE R RENE AAR XESMEER{ESR
ERHE PR S W RS BEMR FIUEEFERER
Ef b X FE R ESREARTITH.

EhrE.EHRIBRPIRENFTERFERREERTHN
£ FP-Wh, E AN B P, A B X RIS B T B RS
ENFE RUTENEE AR FP-HERMEMNER. A,
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FEfGER i #y FCIPM ik REAF EX ML EHEE
BB FP-RO . ZETREXNAKMEERBELATE
BB MBS S EBL, 7E FP-# o, 32 3% B B 04 U Ol
HREIHR, FB LA TERS, M arn &, B 8
YRHEEHKEN EETMEEREHEN, KX REHRAR
B BEEITAEREAESEGARTERKNAEAE
GEECKHEEMN . CEZBEEREREMNBRMETE
EERFEOBESKRE . EEEEFH TERBXNNERT
BENMEZ MR T, ARKHE LRSS, AR HERRE, N
HAOZFERBIER EREEEFEMEMEREHHE
HATE £ GRHEMNN, G ZFETERENHENE
MEBEGEHFEROFEERY  EMIEEFESRES.E
Fit. E FCIPM B h T &SN AR FHRRT 8
EE L AR,

3.3 FP-WRIHTHAE

B ERETFFP-RBEKRE LB EEL TSR
BSM) LT TR R F LA, et py — S R iy
e FP-#, fE S S0 BB AR FHIXSBLIEE R, H
FFEERIEAE.

ERRBIES . BELHAENE—ELB FP-HTT LR
HEREHEBER.BEELEELERLR FP-H, &
SMEMFHTREESWEBERAFAIT.EHELERERE
— BN FP-R EEREIBIITHRLBELBEETH
EHEHTERENGE T ERR), LG BHLBHNER,
N7 B R AR TR 5 wh 22 R B 3L 5B S H 75 SE LS MY K #E 7Za lane
ZAREAESE MLFPTORIMBREFTHESRRT
FP-# ) [&] B , 7E — 5K & 5 3k 35 £ 3R (header table) Py —
BB FP-RYP MBS RB B — L5 XI5 8
RTEHMRSHEERARMAE.

3.4 FCIPM X%

Wk FCIPM 43 A B BL

B—Wr B, fTiE FP-R X4 5 MLFPT Bk
HEL EEBXHEEENTRETRARBEEES L EL
HEFTAM IR EFETHENIRE. RS EIBHE
B % Gi-lisy, AR F A B BRI Gf-list HHEBHREW
B, FITHESRHE FP-A REEL -1 2Rk &
(header table),

B_MEB.AOTEESEHASTEE NLBHET B
Feh RBEKE LMK HITERUSHETESEREY
HEAEGTBEE . EETFP-REBKN LEAZTRBLRES. &
RBIE BB E R MIES | 2L SHRRTEHERE
EXEBREHIE FRESIHIRHFEASTEHE,. BER
HEE[H1LAK CLOSET+ R & B3I AR BITH B 53 AR
SHRDBE LEBHETERITERRTEHCHER
BARELE,

ZHERBRHEET FP-RAAKR LS EES, EX
(B3l# . EiEHZERITRICSAE—HETENREHEE
R ARE L5 B2 3N RIER I EBESF—REFTENFTE
BEAETESA.
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TS B FP-W L, FATIE U SR T B 4R 6 KA
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AFEEGFTHMEREAETER XBEMRET T IHT
#E, BT TE SM AER! b 0T AE A0 5 b 28, FR RIS %
AE EEEANSE  AMERRT FEANMEABRETE,T
HE#FMAT FP-HERNZEER. TE T RIS ERF
W T ENRVME 2RBEIEBENE BT FP-H,. 7
BARRESEP AR EREHETAER  AHRLEM N
&R FP-f XM T EKBEE X EBESH
—EFIE AT ETERARBIR T GRBELE
B FP-f, RE T LUAIR B H (B H 3% 8 Z K 1
|, JALTHE T LAY B IR FP-R BT H S MRS 3t
7628 B0 FF B R AT, TR 25 B0 R 4 B it BT LU, FCIPM Bk R
B i R A B [ 3 L 25 (8] 4 — Fdfr 3 o 8k, 0 B FCIPM E i
AR R,

# PEFEEZRATCEIIZHABETIF
ZHE HPETHERAM FP-#OHMMEREA KA
RIEERHU I ZFLIE CHHEREANERA IR
HRBREEE. BERMEHATMB SRS EBEETE
HEREFMFREMN—IFHRE HEASTELE5RETE
EARE MRS EERE EH/MFE, NI K KB
HEAN . A THEENEEZREE M EAEEEERN
B, AT ENMAR TR AR LEI—ER
RS HEFEEERAREN I HERET AP HTHE
LR MEREARTE LN,

FEXRARBEAST B EYHFTZREEZ, T H
FHAETEEMNEASHETBENXR HXHTERESE
ARETETFP-ROEEASTEEERHNE . Bty
A3ZH MLFPT .CLOSET+&#W L KBS A THE
FHSED LETFP-RYBEASTBEFTERENE
FCIPM, e RF R R FCIPM WL A A RFHI A 454 . 7E
B (] # Z5 J] LIRS B A PERE .
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