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HEHEEPEDEZIA XFRER

THMEAE YEKAE
(REKRETESRL I 230039
"(PEREERRETENE SB 230027

WE 0 RER A KB M P (Single LeveD) #:5 8 B3| £ 2 (Multiple Level Y34, B)
MAFEREREZE, U ANEARBESZAERF RN, RS T RIS UFREXK
B I F 2R 3 ik

X i MREE.DXFRELLESER

PHEES  TP391 ‘

TERE v B B AIH KDD (knowledge discovery in databases) , BRFR 4 3K3E & 38 (Data
Mining) , &2 54 E PR A T8 SERISEE FERF 5T P H TS BR 03 L SR, IE S BB 4 R,
2R BR PR A B B R K IR AL K B4 8T TR, B X e BB S AT 4
HAFRBEEXNESILFRATEN. KDD WEEHER I THEAL Hif, Askt
HR B FRGHEE R EERA B AR, S E A AR &k,

FFRBA (Sequential Pattern) L R. Agrawal P SCiR 1. B — ML EBIEE D, &
A~ 5 £ (5] B V) W S R [R) 400 o , 48 YR W9 3K 7% B K 9 3% B ( Transaction). X B, B % . %
5 Bt 1R) 1 BT ) 49 &% 53 B LA Customer-ID, Transaction-Time # ltemser #5iH. fIR I
Customer-1D %8 1 2485, Transaction-Time % 2 RN HEBE D #iFE,. T4, 0E
DEBUE T E , MAE AT ) BT 47 38 518 A A 5 B 1) B4 F R B9 . TR IR T — AN 3. Ak
XS R % 75 CS (customer-sequence ). — # #, 4 5 B % 595 W38 B BHE 9 21,6,
tase .. otn BIETERL 5 BT 18] 2 W K 040 & B0 20 itemset (¢). TR, HBE B CS FFHIH
itemset (¢1) sitemset (£5) yitemset (13) . .. Jitemset(t,). FIRLHL, FATH O] LA 5 3R 32 B BiE
BE D B8 NIE P 5 B0E FE.

WRFFI s A EEB RN CS FHF, 38 LR AT Z R E X1 (Support ) FEF 5.
FFFIH SRR AR EFIN B ER S HE RIS E P B E ST . Bk
HIRE BB —RERY, BTRL, T, RAT— R RS R R A A L L R E T

« AXBRBIERARNLESHERHEN LHE LTS FERBAR, 1064 4, BISE ERM L4, +
RFEERN KDD, HLEE T, A TH 8 RILR M. BB, 1938 4, 118, L S0, TEWR A IIEET, 28

BB ATHE

FBIRECE A BRI E, § R 230039, R EITEFL  E-mail .oywm@mars. ahu. edu. cn
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il X5 BE. FF 888 (Sequential Pattern) AR E LR E R HEEFHEHAP R
X R B KA ES). [Sjﬁfﬁﬁﬂgﬁﬁﬁaﬂﬁﬁ—/l\}%ﬁﬁﬁ(Sequential Pattern).
am, AR — MR 1 FRREAE SR A MR R 5 R .
*1

Customer-1D  Customer-Sequence
1 (D (D

(AY (D H)

€ EY(FG)

DEY((FIG

(B ()

(K (E) (G

(L M)

= G o DN

BERMIFHER 2. RFERERPE T FHEF ORD D AIRMETRE LR
FRIHFS, 57 BER. F5(E F O BRFH% 3 MFE 4 R XF BF 4 WX F
MG ZH, REWLT I, BIHRTHFFINEF G BIRIMNFAEREIUFAREEW, O
BRI LR EERTXRIE. B 3 LEFH(EF ORBARN. FAI(D DS
B2 REFIND,(E), (F3,(0),(E F)(ECOMEF OBAETRESE. HEMRE
REK.ARENBEAGETERNEF OF, EA4RSERIND DE ATiARER
B,

BR, ERFRERRR I REE Joodk
BREH LW AW EREHBELT. W
M B R R R I R RO LIRS .

M1 RE—MESBERER F
CEABRGEXR. F1EATRLY
(Category) , 8l milk #l bread %, 8 9 J2 14 2B 3C 1D 28 3F 16 2H 11 32J
AEMIBERS (Content), N sug- 1

ars... schocolate % ;55 3 B A M4 Brand) M1 A, B,C %%,

AR 1 Bn 4 5 2% 3% 1 BTR BB B 50 e dh 04 L AT 4R BB B, SN B
MR SRR RTS8 112, B 1 3T | RES 1 S, B omilk, 55 2 ¥E1 RES 9
B, B sugar 55 3 fU3F 2 (URYE 3 BHLS, B0 B. TR 11 » WML E S s 4
93, 30 R AT, EXERREMEN. BE EEARSE, SRR Y SR YR
—Wih, RITAERF R EBE T 5 P4t

BRERNTES 2 Mgk L% R A, AR E %R B SN 3. X8, A4, B,C RS
W1+ EFRAR Y& BE.D.E.F MG H YR IJT 43RS HRAGY S FL,
(AH),(CGORMB HMHFBRAMIA1+ 21 ). BRFEF 11+ 21 » Y ELZRRIE
XN HERBRKN, HTREZENFRER. KA X ANTIE4 M1« FEETES
WL EEZL ).

WMRBRITAERAEROMBLILEF —B SR, AT ERRES R 2> E
EHUFRES SN WED BENTS EAF B DEE TSR EBES (22 )" REXR
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B R sk

B AT, EREARFN LT FRRRAOPRL K EREEHEREE, LR RTR—
MREZERTY, MR REBRKBEFRER. A, EARARSRRKEEFARAZ T
SEREN OENTFIERMESEARFREN A EREERFRAEZLARSF
R FEOFTEEEERT T XA XRE, R R R AR EE, BR
BEESELE RTHSAR -S4 MEMNER. OAFRNREERE T FRNOMRRR. X
HESRESE R MT ARG R R MR R R A T RE AR, (OBSERER
R AT L FE 3R A8 BY A 4 ARG B B 0 AR B P SRR, A SO T PR R R AT 9 0 o A K R
BRI LR R, HEABREA A EREICCR, AT T 2 /Z & E AR EE
JERILARLEY FF R

AXE 1 VREES XFRERG RSB 2 TREEXBEMEBEFTRALEF
HRAMBERR P 3 WAL IR HE—2 8 T

1 I"XFREXNFEXRMES

AP AT A RBAREE P AT UF HERL BRERITA

(1) ZBYIEFE D. (Customer_ID , Customer-Time, Itemset) , -/ Customer _ID, Cus-
tomer-Time F Itemset 5y B A FE LR, R ST A AP B, [temset=(A,s. .. vADVAET
G=py.. ) HPT HFAERRNES.

(2) PRWRE HPEFEYEE T PN RO, BN A description) , A;
cT.

EX 1. 1. EEE B EFF| (Customer Sequence) A FFE V] itemser (1) s itemset (¢2),
itemset (13) 5. . . sitemset (0) , o 1, (i=1,2,... s n) HEMEHZX B, H 6 <t,<lea<e .
<t yitemset (T) J LR LERT 1) ¢, BRRAY) B0 S5

EX 1. 2. FRIERERRFF T & H &Y Tremd AT

BN 1.3 KEEN K WERFRN K-F.

Y. 4. FRE RS s, R s W EEEENHE T .

X 1.5 BRI SE N N BB ETERRE S RFIBE .

EX L6 EHBSER.HKEEBRKRILFHNTF VRN E BFF (Frequent
Sequence).

BIIE 1. &5 K-FF0E R, MR E R K-DRFFFILEERFS.

WA — K P9 s HERLF. WRAEEs BT REFK-DRTFI 2=,
Lo T D REE TR, BES 2 49 1 RBE TR, X8, AHETFS = FHfl
AP BRI —NTTE, BT AR K- 15 511838 5 S0 FE Y th B B A MG T B (6 50 3% , M
i K-FE5 s 2638 5 550008 B o 0 M SR O A R T BUR SCRe , BRA B H W, T2,5138 1
. | -
EX L7 EEESER.BRANTRFINHRIERMNT T FHE K (Generalized

Sequential Pattern}.
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: FUFABSHEREZE

AL XFEARANEIE AN T SRR TR BN ERT SR
B MR THRERYRALHBESER LA EEIEE SEETTREE 81,
RARBYEWBEBERRXA AATHELBER AR R 8 2, JE £ Data
Mining) ® W NS BB ENE 28 %, LR TR food T A 8% 22 5.
BRAMTHRERXBIRE SMELSEFEHXNERE L TE E3. D EERTETE
BB G S HERHBBENTE T, AMASEIGH T BEE. $1,. 25V REELR
KRR P RN SERTLRE, B, #5818, 5 SRR 5T 6 36, NTHH
R~ XNE—-FHRE T BEEZREENAE. TEH, BRITEESE S — PR E
B XA BN RS BEEBENEEER

A BE TR NEERTFARIBIIEENKESR.B 1 YR ENESEREA.
BHE ARSI ANE L FANBEEFA RN RETRB, SERE T W
#2 BR. A, SR8 B RIEE AR 112,  HE 1 NF 1 RERE 1 BES. B
milk, 5 2 MR 1 IURE 2 BHEE, B sugar, B3 BF 2 RESE I EHL. URE B M
WAL ARSWIEFFH HP " HBEET EXEREERAR. RE 1« « RES
AL B BE L REEHIERSTE 2D IR EEREE.
BATHRERE T RH o« 78087 XY 5 (Genaralized Trem), W45 111 385 11 = B,
e XE 1« =85 SR 11 » 3848 110 BT, 1 » B 11 » BORMTEE B&. D
HITARZBBR 1« ) TRFEIIH = " HRBOYE; O TNESE. HERRAND AR ER
—Hhh, BATABER P REEBE S YR R H, RE R {R 150t H) |k 09 R 3% 2 J0ET
(OMBREARREEEA RE AR, TH minsp[ L], Kb L KREBEK.

E27T01] ®R3T2]
v Customer-ID  Customer-8 equence Customer-1I)  Customer-Sequente
€121} (221) 1 {3123y 221

(111 (121 212}

(113 122) (123 211}
{121 1227 (323221 21D
(12 22 21

(1227 211

1113 Q121 212)

{113 122) (123 21D)
(327 122y (123 221 211>
(112) (122 212}

{311) {122) 21)
{312 322

3Oy L A L b9
S G e W DD

BIHESEHNFRAEARIUT. BEERELH Y . Pninp[1 =4 FHET
(1), MEPFE BB« «,2% « F83 % « ARHER BN, BREZRETE
BREXFAE R -FA Frel1,1] 85 .88 Fe1, 1 I EE 70U, BRESIN 1. BB
T[1TRARE Fre[ 1,19 4E6 1-FFFIICELAY 1-FR5. B R BE P ARG S48 Frel1,1]
T 1-Fo] MR ZEN & e 7. B 2], 0k 3 FRE. DUR A T2k 1],
ERREAHIRPLLEENRN. BEE R -5 Frel111BSH R 2- B35 Fre[1,
2 BHRAE L 1-FFF Frell.1 NRE M 2- B CL1. 20 FAFR T2 ] it EHEE 2
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#® #

}U‘

F M

8 %

FHEZR. R A CL1,2 MBI ET ¢« BRI, BRE 1 BHE R 2- 155 Fre[1,2].
BEEFE 2 k. B Fre[1,2]J0 RA 1 4~ 2-F9, B —H4 58, UATRHERK
HIE LS. TR, % 1 %iE RER S lRER.

sequenice | support sequence support sequence support sequence support
1% % 6 1% % 2% % 8 1% % 2% % & 11% 3
Fre[1.1] 2h* 1% * ¢ Fre[1,2] 12 % 6
cl1.2] 2] * 5
Fre[2.1]
sequence support se(uence support Sequence support sequence support
11% 12% 3 11% 2% * 3 11% 12% 3 114 12% 21% 3
11% 21% 3 12% 2% % 6 11% 21% 3 1% 12x &% % 3
1Z2% 11% o 21% 1% * 0 12% 21% 5 Fre[2,3]
12% 21% 5 1% % 21% 5 114 2% 3
2l% 11% Q 2% % 11% 0 12% 2% % §
21% 12% 0 2k 1k % 0 T% % 21% 5
Cl2.2] Fre(2,2]
sequence support sequence support seyuence support seqjuence support
121 3 122 211 3 11% 12% 214 3 124 2% % Z2l* 1
*
122 4 122 2l 4 1% L2% 244 3 [12% Lk 21%| 1
211 3 12« 211 3
11% 2% % 12% 0 |[l1l%x 12% 2% * 2
Fre[3,1] 1% % 211 3
112 2% % 4 1% 21% 2% % O |l2% 1% 2% % 0
121 2% * 3 11% 2% % 214 |
12% 21% 2% 0
Cl2.3]

B2

B 2 BERMRAR TR 3, B minsup[2]=3. HMR T2], X A 2 SR
-FEA), B BRSO, BCL AT 3 8 1-F3), MMAEE 2 BAE W 1-FFF) Frel 2,
1.5 2 BEMREE L 2- 8 Cl2, 2 Al Fre[2, 1 JSHASEASER, MBKT G Fre
(1,1 ]4tFA R BE, MiZEENE, HTRAIL 11Ol NDXHHEZHEARE
RERELANFNEEMFT2ELXAFEFREAM, 11111 « BAAEL H 11«
111 H A )  RATES SRR A ISR T, AR T2, T ESREN IH,
VR ERAET 389 2- /77, ATIBE 2 BAH R 2- 558 Fre[2,2], A 2 Fiix.

82 BEE R 3-FT Fre(2, 3]0 X MM . f1 Frel 2,214 RUREF R 3-FH C[2.3],
FE O TR B AR T, M CL2, 3] ik IR R AL T minsup[ 2 IR
R 3-FAMRE 2 REER 3-FF Fre(2,37, MHE 2 Fim.

BT Fre[ 2,304 1 AL A EEF=4 BR A FF, FTLLE 2 8BS RR W LF
SHBEER, FHE I BEENKTLFEFIHS. 2F 3 BEZRBMITHR 3, B minsup(3]
=3. BERH REFEF RS T ESAL. BaMET 2], A SE 3 BER 1-F7), 1H

B ANYR, R EEAET minsep[310 1-5F5, ATEHE 3 BB H R 1-FF) Fre[3,1].
BEEE, ARSI BSENEEE R 2-F5 C[3,2 8, Fre[3, 1 1HMUE B B &k,
HRESHE 1 BRE 2 BNER -5, 8 Fre[2,1 181 Fre[ 1,1 JETHE UREREE £
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FEIRENHEEE R K-FFNK>2 )R Fre[3,K-1 .

EH.CEAERNESERBAH TREREIRE 8B Fre[L.KIWA L &
R Fre(L.K-ITHMEH 1 MEF. BT LRBE R, BIIF 0 F MLSP (multiple level
sequential pattern) B 5.

Algorithm Discovery of Generalized Sequential Pattern
Input:{1) A transaction database D, a hierarchy information encoded and task-relevant set of transaction, in the for-
mat of (Customer-ID, Transaction-Time, Itemset}, in which each Item in the Itemset contains encoded
concept hierachy informatien, and
{2) the mininum support threshod (minsup|L ]} for each concept level L.
Quput; Generalized Sequential Pattern

Begin
(1) Sort transaction databases I with Customer-1D as major key and Transaction-Time as minor key. This
step result in T[1];
(2) for (L=1; L<<max—tevel; L+ +) |
(3) H{l==1){
(4) Fre[1.1]=ger—frequent. sequence(T[1].L);
(5) T[2)=get —filtered _table (T[1],Fre(1,110,
6 }
(7 else Fre[ L.1} =get_{requent..sequence(T[2].1.),
{8 for (K'=2: number—of {(Fre[L, K-1) >1; K+ 4+ {
(9) if (K= =2) C[L.2]=candidates—gen(Fre[L. K—1], L—1);
(102 else C[L.K])=get_candidate—set{ Fre[ L, K—1]);
an for each candidate ¢ € C[L. K] do
(12> for each Customer—1D do
(13) if (¢ € liemser ) . support+ -+,
{14) Fre[ L, K]=1{e|cC CLL.K]c. support{ minsup[L]}:
(15) h
{16) FP[L)}=Maximal sequences in (& Fre{ L,K};
{17) }
End

VEEA : (1) BERYSE 1 S RECHLERE D #H hEEFIRIEE, Bk 1]

(2) EE1BSE . FR 1-FY Fre(1.1] 2 B ¥ get_frequent_sequence H AL
TITHEBA mERER, Fre[L,1] (L>1) WR4E r[2]1838.

(3) FT[2] 5 R get_filtered table #848 Fre[ 1,115 T[1JALPRTTE, B Fre[1,.1]
FTIEAE TR LR, (a) NEETE Frel 1, 1 JPHED; (b)) G Fre[1.1 P IEMF
i i R 3.

(1) 7TE8 L BEEE . F R 2-FH 0 mF AR (a) H B candidates_gen 4 FARE
BN 2-FRICIL, 2], FEERE Fre[L 1B Fre[L.1]5 Fre[i,1]G=1,2,... . LY#T#
A REET W 2- 5. (b X CLL, 2] P B MEEFD o, B TL2]P 008 — N EF
B CS, IARFEA CS WEBREFF o, BARBELFF c MR T B U FRER
P A5G, U AR T minsup [ L 1BBEERFS, MITHE Fre[L.2].

&) EELEEE.FR-FRG>O20 FTHRABH. (@) HHEXRI4)PH aprior-
gen EEERE & ARE Fre[L K- 1] BUERE K-FF C(L. K], BNEHE Fre[L,K-1]%1E
PN EEHEK-2)-FFHK-D-F5. RE, BWG C(L,. K HHREEHFRE Fre[L,
K-1TPMK-1)- T3 e &L, (b) 3 CLL, KIHRaE M r M o Bl TR 1P 88— MR
BFH CS, READCS REREFI o, WA KREFH  BITFH 1L XETEHAE R
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PR X RFIE  BHH XRARET minsup[ LI ELEITF] MTT# Fre[L, K.
(6) B-HMERHFRBX N EERRKEERFR,LH FPLL]

3 Hit5H—TITE

&l B R R A AT M B (Single Leve DS BB £ B (Multiple LeveD #E:2:, £
B ER RS2 6, BATAEFRERSZAEZRFRAER BT TN F2RRH#
R R PR

AR THEMR R 2T RATAS BEE BRI 76 & e 2 SRR EL sk, 71
BT — b B 9T T R A AR A B0t A o R B0 A A S

Wi A LHEREERKDD BAAURIE KX Simon Fraster K5 Jiawei Han HEAK
ST H#ATH. Han BERUIE & T BRI (i, W0 B4R 748 289 BOR, AL IRRBA.
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AUTOMATIC DISCOVERY OF GENERALIZED
SEQUENTIAL PATTERN IN DATABASES

**OU-YANG Weimin *CAI Qingsheng

* (The Computing Center Anhui University Hefei 230039)
¥ Department of Computer Science University of Science and Technology of China Hefei 230027)

Abstract In this paper, the scope of discovery of sequential pattern has been extended
from single level to multiple level, that is, discover sequential pattern among the objects in
the same concept level or in different level. And a top-down and progressively deepening
method for discovering sequential pattern in each different level has been put forward.
Key words Knowledge discovery, generalized sequential pattern, concept hierarchy.
Class number TP391
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