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Abstract Along with the sharp increment of the information,mining frequent itemsets gradually becomes a hot point in
recent years, FP-Stream is a classic algorithm for mining frequent itemsets at multiple time granularities. But the weak-
ness is the contradiction of the massive data and the limited memory in a certain time which will lead to the result that

the algorithm can not be used in high speed data stream mining. This article proposed a improved FP-Stream algorithm

based on vertical and Dif-bits compression data format.

Keywords Data stream, Frequent itemsets, FP-Stream, Vertical format, Dif-bits data-compression

1 51§

R, EERFERNAREE . FIEEABERFEEAR
T4 IR R R 5 R R G B A BER A S K
PERE I AR R B A PR BB B B B AR B 7 o # R )
. ERMZEE ASRNBRMT B TRS EYEF K
225 ILEBRBREASTMER T, PR LR I AT .

H AR ER SIS0 R A A X a4 TP PR
ZEELFHEC, BRETFHBANER, R EIERE
BEEANRFRARE LB FHRESERISHNEE. 2
XHSBEEN S MARRER T ARBGIERIREI L
HBHEBE R &, I Apriort? | FP-Growth™™ | CLOS-
ETH4 [CHARM™ , B LA AT & X E 5, B R
T T8 T PR E B B R I K 1 7 S O L FEAE AR K BRI
BRI £ 4 A 30 R R R B AR AR, I BB T P . FE A
BB , BEE BRI S E AR E TR Z RS E—
ERERAL SET A NI E MR, X E R
SEZ5 P RERER R ZhA T B, DU BRI B 1k, B RIS
P, REFE R THRENELEE N BEFFERE.

FP-Stream™ E 2 L0 B A B AR WA B 2
THRAY.EHRRENSHE, FERET REHE RN
H, UAREFREA R R S AR BRSNS, HRLE R
PR FER S EEIRA A RNFNFE, BEERE

BB HE.2012-11-12 R4 HRY.2012-04-08

FERTA BUA K REAR T h RS R AR EAN
o AR M TEERKM Dit-bits BUBEEHEE.
ZE YA RRBIE R Pl G L AR SR AR T, 2
—HY KR AR,

2 HxXIESH

HIE M TETFHES NEBR . SRMRE AYEEF

P2 R R TR R TSR R LIS IR (R R 2 B R B & 1
.
ERRRRERE R E, FEFERD TADNE
B, TE BB A TRAUS Z PR, HAL AR X SR
WA AL BB AT ETER KRB L RMETE., BE
TR A8 1o 0 S0 O S A T A e R e S e 7 i A B A
TgE, H AR B4 5] 2 Manku 48 A4 41 Lossy
Counting™ & ¥ #1 Chris Giannella 25 A $ 4 19 FP-Stream!®
Bk, BT E A AR . Lossy Counting B34 24
fA Bt H BB A 30 MR R AT R, e B o
BESHEMNE, SRLEHRTREEZ M. ZEERIERS
HIZE S R — 2 0 & PR P 10 B B AR S F— /N A 3R
ST, R, A ST, BRI ENT SEREEHE R
TRRIGK , IRV fBaE AAs ) AR » T BLIRAE % 3 A5 B 3
T B, AR R R . — R M BGE B RS R
FEE D EABNRESE B, LI B8 BR, FP-

EEO &, Wi, FEFR R M SEIE R, E-mail: tangyaohongl 1@126. com; BIME <, BIEE, TEPIH T TN M S HARE .

» 160 -



Stream!®I A A BCHE WLAZHE 19 22 S Bk, AR ot 1R 4 OO A
BUBREM R (Pattern-Tree) o, BT 8 53 7T LASE B A 1B
B, W RN B R SBURR O 209 . SERR P SR Y — B R PO 4R
EEGARABRE L XS RAEMSEBNALIAZE,
Ko BARER LB ERIFE R, BT8R
fi S Bt R B 1) 330 AR AR £ — B[] o B TR G B9 AR
¥, 8 R E MR EH Y AL AR IRIE O, AR AE L
BB 5y XA £, X 44 FP-Stream BILE M T 5F1H
25 A LTI Btk . Chris Giannella 2 AfESCERL6 P E £
it SEUG R L I v B TR R R R E . (BR
FP-Stream B3k 7 BEWU ST PR ) 9 A FE HEAT TR 48 40 B3
BB 7= Aotk ¥ v (8] 45 57 0 50 8 X 5 ] A SR LU
5 DATAT PR ] T FC A SRR B 1 » B A P T R R B i 1)
GbFE. GnfiE 2 A T N R R R B B MG B —
AT

3 FP-Stream X{i# &%

3.1 FP-Stream B %k

Jiawei Han % A 32 H 1 FP-Growth™ & i rh i Fj— &
BB REEMRAHERBENBEETFEN2REE.#
BT ETEESH ) —R FP tree ', F BREXBEEL,
XUEHBEE T Apriorit BB B R RIE R ML R T
A, KK H R R T AR A2 M 8 . FP-Stream 22T FP-
tree SEMIRE B, LA BT R B T BB S T, F H
R4 T Zond faDR B BOARAF W T B R R A R OR

FP-Stream RS H EZ A F P2 : () FP-tree; (b)
Pattern -tree, Pattern-tree S2F_- 582 i3 A&} 6 18] 27 0 &
FP-tree, REEREEHINA 1 BN .

_¥|_Time window support
13 " |ea 75
12 69
t) 36

10 20

B 1 Pattern Tree

He 11,12,13, 14 BES Y item, AT S AR BT E)
HORFRHWEMRIZT SR LK item HRMESFEE
AR EPRLE b X R . AR S 0w RKE B A
gt T8 O | X 80N B A Ak ek i) 2 10 o A B ) o 3R B
st iE) 8 0, P oCEkL 16 ],

FP-Stream R B2t A0 #0515 B R ¥AE A Bl &
s BEWABWT .

L —38dE Bl e s 1w R Ak, R B S, A1)
AR item STRFEEM list, HFIHZFEE o FIE/D
R e XMIESEM item, R )5 B E FP-Tree, 3 57 FP-
Growth B 7= 4 B BHE & , B YIIE M Pattern-Tree,

2. X F 2 BA M B RBAR IR B UL AR .

(D2 FP-Tree,

(2)% Bi P35 U TR 1 P AR gL List HEF 3 A2
FP-tree 9, 3 HARHEATHR BT .

(3);2 ] FP-Stream FLIZHM EIE 1, 3+ WiFE 5L
Ab

QUi I 7% Pattern -Tree 1,

DH (B I ABHGTAE E] BT 3 A5

1) Yo Asf 8] 2 1 Bk

D AAR T BERLRT 815 1 s MR B 1 B (R
B

DA T AT A1 O A s Mgk s dm 1 A

QU I A7 Pattern-Tree H;

DI I W f1(B)=e|Bl, % I % A% Pattern-Tree
dr, IRt T MR AT I HE SR A — B EJHE ;

DR f1(B)<<e!Bl, M HEHEEH, I H FP-Growth &
BRI T R RER.

DEFREE R B RE B AW FP-Stream, 3 F & —1
R B B TR R 8 O sl A 0, IFRBYE A .

4. BB, R IR O o, MER
HFAT S EE R AR T AL TG R BT A JR AL
AR BT AR T WA ST R
P REE, EERY ANk,

ZHUERER, Zut R E R ETMER G EAE
Pattern-Tree 7, F{ F AT DAL if B O /B4 RO A JRDRLBE , 1%
MM BE LN BB R CE2],

3.2 FP-Stream 8% i

A RTEXS FP-Stream B 81 0 Hr MR B MR E B X
PR BAR E B FMT R E LS, BRG RKRA FP-Tree i
TR, (BAERB A ZHT, B B R B A B NP E &
ST BRI E, X R H 7 AR R S RN, BE T
FRE TRAEEERERER PN H. 55 FP-Growth
Bd, BAMERS S KRR EERM, AR K
RIS TEIHRE , TEFF IR IR et ial 1 O B, FRTE 2B (0L () R, B it
ZEENREFESESREENERANREZREINFE. &3
%} FP-Stream B EFH1TH0H » BB X911 Bk M3 17
FEHME XTI H R Dif-bits #EATEHE R 45, K KB W
FHRERR, NTEREEEER, ERE ZHMA.
3.2.1 A ABA

EX TOKFHEERR)  KPEEERE - LHE(TD,
HASE ., TDR-1MESHHRRF, MBEE - TID
B EEE

EN 2(EEHERLD FEBEELZRTHONH,
TDES  MERE—-IMHEMNEF. TDESEESZIHE
HEERAFFNESR.

Dif-bits B3 . Dif-bits R EE KB HETHK A
RIWENEFHBER LT~ RF IR EBBEFHIN
Di, SR 58 Di §e 4k — 3 4% 30, Xt i dIA Rk AT R 48
abEe. UL TIDSEE1(2,4,5,8 00, Bk hitBEHE 2 D, B
FNEENEERH(2,2,1,3}), BEEEH LN EE R, Bt
HATES LR 0 B A 1111010, XA T 7bits, {HEXF
ILRFREEFHR T B, B R RIEAM TR,
A THERI AR B AL, o AR E H B R E A —
PLEKBE HRN T R E B AN ZAE R n, AR B E B
{r% SEHRAER] , Sbits B n JLF-BEWE R RIS B B TR, A
2 Sbits BEFRIR n MEKRMER 31, KRR HEBH KT 2
A2 FEX R 1R B P Hh B — TR LR VT 6 , BV H Bt R |
BEMCH IR AR, HEAREEIRT, B ERERA, ML E R
Dif-bits FE R 25 1100010100001000101000010, 3£ 27bits, {1

+ 161 -






Frp B — R REIRE LR BB R 4 4
WAREE 5 T FIAEN 2 (0 & LR BGH B IE S S A
P Bat a2 4R FP-Stream B 55 #6 9% 19 KR 8], S0 R
ms, FPBIEEE BN TR BEEE N T, M 85E
HECE L HAE RN, JLEAT U2 B, DL pumb_star 1,
TS R AL S A ) 25 0 R Bms 224, AN [R] 22 (B 5 2 7E
AT VB Z P B B e i _E AT AT .

BHERETURN WA EESEEANEE S
R MR R R B EARKEE LR, HREEtEHt
WHZIWH. BRYGEELTURBEELMEET PR
FP-Stream B ¥R .

BERIE B RER AN R, BGHE) FP-Stream B
B EE RN S B RIRIERZEUGE T,
%t F FP-Tree il Pattern-tree 33 B> 2 B M B4R 45 # e 132, X
WA T RAARAR A, Bt 48 W e F sz B R 45 W B ot — 2P TR
SE Y S BB OROR . BT R B B XTSRS
B DR R R — D i . A, FE FP-Tree ™A %
TR T, KB P E 4 R Sk BN 7 55K, X7 77
Eik—Blt. WARSEERE THEHBEER R, I3
BRT1118 LR-Trie f1C#k (1016 NBFP-Tree %, RIEE R
RHBE LT 2B T,

2 % XM

[11 Agrawal R, Srikant R. Fast Alogoritm for mining Association
Rules[ C] // Proc 20th Int Conf Very Large Data Bases VL.DB
(1994). Volume 1215, Citeseer, 1994 ; 487-499

[2] Han Jia-wei, Pei Jian, Yin Yi-wen. Mining Frequent Patterns
without Candidate Generation[ C] // SIGMOD ’00 Proceedings
of the 2000 ACM SIGMOD International Conference on Mana-
gement of Data. ACM, New York, NY,USA, 2000

[3] PeiJian, Han Jia-wei. CLOSET: An Efficient Algorithm for
Mining Frequent Closed Itemsets[ Z ], DMKD. May 2000

[4] Wang Jian-yong, Han Jia-wei, Pei Jian. CLOSET+: searching
for the best strategies for mining frequent closed itemsets[Z].
ACM SIGKDD, August 2003

[5] Zaki M J,Hsiao C-J. CHARM: An efficient algorithm for closed
association rule mining[C7 // 2nd SIAM International Conf. on

Data Mining, 1999

[6] Giannella C, Han Jia-wei, Pei Jian, et al. Mining frequent Pat-
terns in Data STream at Multiple Time Granularities[ J7]. Next
generation data mining, 2006,35(1)

[71 Xenfontas, Hurley P,Kind A. Probabilistic lossy counting:an ef-
ficient algorithm for finding heavy hittersl J . ACM SIGCOMM
Computer Communication, 2008, 38(1)

[8] JAR, 3% MEAHRNME FP KRB L] HHEHLE
25T, 2009,45(8) : 161-164

[9] Ashrafi M, Taniar D, Smith K. An efficient compression Tech-
nique for vertical Mining Methods] M ], Research and Trends in
Data Mining technologies and applications, 2007:151-163

T10] B4, kRN ETEE - HHERNREEERERE
(17 ZR K243, 2007(5) £ 24-29

[11] fRHELL. 26 TIRAHE 87 0 AR R IR Bk BT (D). i
B MRIE TR KR, 2010

[12] Z¥E BREEAYFERESBHALI] HEITR SN
J,2010,46(24)

(137 MankuG S, Motwani R. Approximate frequency counts over data
streams| C // Proceedings of the 28th VLDB Conference.
HongKong, China, 2002 ; 346-357.

[14] Carmona ] M, Baena-Garcia M, Campo-Avila J, et al. Using
GNUsmail to Compare Data Stream Mining Methods for On-line
Email Classification [C] // Journal of Machine Learning Re-
search-Proceeding Track. 2011:12-18

[15] PhaEt, G, Ttk —MREBWES ERHBEEEEE
(07, SHEHLRL FHRTSE , 2009(10) ; 3738-3742

[167] Han Jia-wei, Kamber M. Data Mining Concept and Techniques
(Second Edition)[ M. Morgan Kaufmann, 2006

[177 Ren J,Li K. Online data stream mining of recent {requent item-
set based on sliding window model[ 1], Proceedings of 2008 In-
ternational Conference on machine and Cybernetics, 2008, 1(7)

[187] Leung C K-S, Brajczuk D A. Efficient Mining of frequent item-
sets from data streams[ ] ]. Information and Knowledge, LNCS,
2008,5071:2-14

[19] Jea K-F, Li Chao-wei, Chang T-P. An efficient approximate ap-
proach to mining frequent itemsets over high speed transactional
data streams[ C]// ISPA 2008:English International Conference
on intelligent Systems Design and Applications, 2008, 3:275-280

(L% 159 7
B S AT AL

2% XM

[1] Gaede V, Guather O, Multidimensional Access Methods [I].
ACM Computing Surveys, 1998,30(2)

[2] S RUB, KB, 8B, %. CPU/GPU IhFF T IR R 45 R
(1] SHEHLRE, 2011, 38(3) :5-9

[3] %A% BRABESESRES AT RL ST R¥EER.
T %h,2009,43(8):1349-1360

[4] LitwinW. Linearhashing : a newtool {or fileand table addre s- sing
[C]// VLDB1980. Montreal,1980,212-223

[5] Lehman T J, Michael J. A Study of Index Structures for Main

Memory Database Management Systems{ C] // Proceedings of
the 12th International Conference on Very Large Data Bases.
August 1986:294-303

[6] Ouksel AM,Scheuermann P. Storage Mappings for Multidimen-
sional Linear Dynamic Hashing[ C] // Proceedings of the Second
ACM SIGACT-SIGMOD Symposium on Principles of Database
Systems. 1983:90-105

[77 Ouksel A M, Abdul-Ghaffar J. Concurrency In Multidimensional
Linear Hashing[C]// Proceedings of FODQO. 1989:233-240

(8] FAHE. 28T E SBEFEHIM]. RIS PR R,
2009:19-25

(97 NVIDIA CUDA (Compute Unified Device Architecture)[ OL].
http: //developer. nvidia. com/object/cuda. html

+ 163 »



