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A Partition Mining Method of Sequential Patterns using Suffix Checking

Her Young Do*, Cho Dong Youngﬂ and Park Doo Soon"™

ABSTRACT

For efficient sequential pattern mining, we need to reduce the cost to generate candidate patterns and
searching space for the generated ones. Although Apriori-like methods like GSP[8] are simple, they have
some problems such as generating of many candidate patterns and repetitive searching of a large database.
PrefixSpan(21, which was proposed as an alternative of GSP, constructs the prefix projected databases
which are stepwise partitioned in the mining process. It can reduce the searching space to estimate the
support of candidate patterns, but the construction cost of projected databases is still high. To solve these
problems, we proposed SuffixSpan(Suffix checked Sequential Pattern mining) as a new sequential pattern
mining method. It generates a small size of candidate pattern sets using partition property and suffix
property at a low cost and also uses 1-prefix projected databases as the searching space in order to
reduce the cost of estimating the support of candidate patterns.

Key words: Sequential Pattern Mining, Apriori like method, GSP, PrefixSpan
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er’'=e-{x;} o] 1<i<m o]t}
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A, sl=<abc>, s2=<a(bc)>, s3=<(ab)e>Y 7

$ item_sequence(sl), item_ sequence(s2)
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28] 1 item_sequence(s3) & EF abcE
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Aol 9. pE Zolr} k-1¢! item_sequence il
&2t X Fyoll sl A extension[Flk-1,

B1,X] = ng extension(Flk,px) 1
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Lemma 1. a& Z9]7} k<! item_sequence #311
342t 2 ® YxeF, o A Flk+
1,ax] = extension[Flk,a] {x}1%} 2t}

Lemma 2. a2} = Zo]7} k¢l item_sequences
[ U >

1) 9hd [a]=[B] ©1¥, Flk,al N Flkpl= Aok

2) ¥ Flkal N Flkple] 2 gold, "xEF 9
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E 3. oA EEel HAY 2y
Fl FZ Fa F4 Fs
Fa. |F(1,a]

F[2.ba]
F[2,bb}

F(3,bcal (A)

Fib,bcbaal | ...
Fy [F[1,b] F{4,bcba] |F5,bebabl] ...
F{2,bc]|F(3,bebl Fl5,bebacli ..
F5,bcbb]
F{5,bcbc]
F[3,bec) B)

F. |Fll,c)

Lemma 22 %€, & 1914 item_sequence bca®
beei= B2yl BEd (A) 997 (B) 99 Mz
E-2] " (disjoint) g o] Bt} o)RAL F0 2 8E F,
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2 Zrzt Bgd)
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o £gdo.

Lemma 3% A 123 H, ¥ 1A Re Hist 2
o] A]A 2 dlolE o)~ Sof BE wAHHE] F
e AE g8 FEFTEC o5 82 5 U1,
@Ak 4 FEIFEL o)A GAl o T o
3 ohA] B3E 4= ) o] F AMEE o] BBt &
ARoz ¥ SAHAEY IS 7L 4 Uk

Ae 2. "k=3, VxEF, o M FuNFx & ex-
tension(Fi-1 NF,Fol &lafjA Bt

A7) 3. aE Zo|7} k9 item_sequence 3 3}
2} VxEF, k=19 i34 Flkal 7} &
Aol Flk+l,ax] = FZEolth
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Ad) 22 B, extension(Fy-1,F1)= Fr2 FHRAIHE
22 A Chocandicare)©] BT 53] AE3H Aelde
extension(Fy-1,F) oAl A| A2 dlolElHl o] 2 F A}
34 gax FAHEHe] B = ge AEEE 2
F e WEE AT o= 59, E-1014 Fa9
Fl4bcbal7t T dold, A 3227E F:9 F
[5,bcbaal, F[5,bcbabl, F[5,bcbacles 5% && ol
Hoe AS & ¢ Aok 223 B F-144 Fa9
F3bcal7} 33 ol W, F 8] 4Z 2 E F.&] Fl4bebal
9} Fl4bccal®= o] = 23S & F U0k

A2 5. AR s9 Zo)r} ket n 3Rk B s7b
A so] suffix(s)= ZHel7}

k-1¢] £Atsido]oh

A2 5ZHH, do) k) AH2 s 7t A " 0] 7]

AA £ suffix(s)e T=A] (k-1)-E 2tz R o]ofof
o) 283 e 123H, suffix(s)7} k-2 E
AAE &7 M E Fra AAZE obd FeaN
Fiirstsuticen S 2AFSHE Hok, AtE =29 E nfo]
¥ WY dugEFe oF Bk

Algorithm Our_Mining_Method

// S = a sequential database

// Fyx = the set of all sequential patterns with
length k

// Fx = the of all sequential patternes s such
that first(s)=x, for each x € F;

1. Input S, min_sup;
2. By Scanning S, Construct Fi, Fx for each x
€ Fy
3. By scanning S,
For each x € F,, Construct x-projected
databases ;
Construct Fz using the same method of
PrefixSpan;
For each s € F2, Fiirss) < Frrser U {sh
4. // Construction of Fyx(k>3)
k < 2;
while (Fx # @) {
Call SuffixChecking(min_sup,Fi,Fi,Fx
for each x € Fi);
k < k+1;
}
6. Output F:U F2 U .. Fk-1;

Subroutine SuffixChecking(min_sup, Fx, Fi,
Fx for each x € F1)
1. Fxaq < 9
2. By thorem-2,3,4, Construct Ck+D-candidate >
3. For each s € Cx-candidate,
if (s € Frisusuttixsy N Fi) {
Compute support(s) by scanning
first(s)-projected database;
if (support(s) = min_sup) {
Fis1 < Fra U {s} ;
Fiirss) < Fristtor U {8} ;



}
4. Output Fx+, Fx for each x € Fy;

o P #4%Th ol el @ 3 e Ao Aolg &4
HRES AF Fro’t 448 W77 w2A
29] A AA2 dolBuol o) o] Aete L
elZ9 vlold HAYL APeA teH 2ok

E 2. ANEA dlo|Etdlo] A (ofH])

Sid sequence
10 <a(abc)(ac)d(cf))>
20 <ad)c(bc)(ae))

30 {(ef)(ab)(df)cb

40 <eg(af)che)

¥ 3. 1-=gA Z2HE|= oo|Efo]A
<x> <x>-EZZAHE|E do|Etu o] &

<(abc)(ac)d(cf)>, <(_d)c(bc)ae)>,
<{_bXdf)cb>, <(_ficbc>

<b> | <(_clac)d(ch)>, <(_c)(ae)>, <(df)cb>, <c>
<c> || <(ac)d(cf)>, <(bc)(ae)>, <b>, <c>

<d> || <(ef)>, <clbe)ae)>, <(_f)cb>

<e> | <(_HH(ab)(df)ch>, <glaf)chc>

<> | <(ab)(df)cb>, <cbc>

<a>

@A 1: FolH Al E 2 gl o]ep o] 2 F Z AR A]
Fig& AA3ta, 2t x€ Fiol g8, Fel<x> & 74
et 829 o)A diojetHjo] 2o M, HAAAEE 22
ZHAEPA Fi={<a>, <b>, <c>, <d>, <e>, <f>}9}
Fa={<a>}, Fu={<b>}), F={<c>), Fa={<d>), Fe={<e>},
F={<f>}8 4o

MEA NS 0188 HHN =XHIE 28 Al 28 595

@A 2 AP HolEHu ol 22 RE, Fiel 2
2 xo] gl x-Z2AEE ol 2 THE
o A 123, o[ X AL = Hojehyo]x
5 vlold Ao FaFHe FUh E 3 E
29] AR olEHo] 22 RH THE S AE =
CBEFBEETI=

@7 3: A FEX HolEH o227 Fo.8 74T
o} 2831, F29] Zt 2199 s 3 first(s)ol me}
Frsooll 718 TH B4 29 ©A) 32 o] Alg A
dolElH o] ZALE Al $34E 4 k. X 28
B o] dAdM AAHE dde dSsFd Eoh

Fs N Fa
={<aa>,<ab><(ab)> <ac><ad><af>}
F: N Fy, ={<ba>,<bc>,<{bc)> <bd> <bf>)

Fo N F. ={<ca>,<cb>,<cc>)

F2 N Fg ={<db>,<dc>}

F2 N Fe ={<ea>,<eb>,<ec> <ef>}
Fo N Fr ={<fb>,<fc>}

A 4: A Gl E o Fid Fool A A
Fs A 74 & A2 PrefixSpand f-AFstch 280}
Fik=4)E 9+ FAREE PrefixSpand+= 2
oh A el Fo A o) BA A Lo Fi
(k>3)7 F1o 258, [ & A4ste PHE 293
H oS 2o

Fi-i(k=3)3 Fio 238 AAEE e THAE
22 A Cy-candidate™ WA extension(Fy-1,F1)E 7743
st i F A 33 A 48 o83t &AlwEo|
& e AEEES AATEN 9 48
£, ¥ 49 Step-3914 Ca-candigate™ extension(Fz,F1)
ol A extension(F2 NTF, {<e>}), extension(Fz NFy{<b>,
<e>}), extension (FoNF{<d> <e>,<f>}), extension
(FoNFy{<a>,<d>,<e>,<f>}, extension(Fz NF{<d>,
<e>}), extension(FaNF;{<a> <d> <e> <>hell &
3= AAAES AATGe =N FA"RG. 283 &
& 59 28], Cu-candigae®] 2} A1 B2 50l 3R suffix
(8)7F Fu 1 N Frirssutixesn®ll SABEA GO0 s F
AlE 3, 2R god gA 204 FAE first(s)-
ZZAE = do|etH o] A& ZALSIY HARAEE
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HESH Fr® Frisyo ol 7180 ol & B0, & 49]
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2 n#d BY, a-extension of <albc)>2 s1=<a
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<(bc)a> € F3 o] A%} suffix(sz)=<(bca)> & F3 ©]
ot matA, A 5ol 9, spe FAIH I, 512 g-L
ZAE T gloletHl o] A5 ZAMSIY 11 AAEE A
2+, support(s2)=2 > min_sup ] 2& s;2 Fy 9l
&34 Aok =3 ¢AHE s=<albe)> € Fz & <b>
e g 288 2y, A 49 23 F[3,abbl=2 ©]
23 2 AlEA <albeb>e XM Eo] & 4 gt
o]} 2L Fi1 % F; L2HE R E A43s 342
F7b 3830 € 7t A shEgho
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TG GSPS} FARSFA R -?—EJH%%-Q] 374
Uiy THAEE i gAFoZ AFL b
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A3 v)g o= Z2AEIC dHlo]Ej ol A
H]-g-o] A E=

W) SRS vhold FmelZER ohivt

E 4. E 20 chgt mietah o) chAlY ooy Zot

2| 2 GSP, PrefixSpan¥ SuffixSpan-- o & & o]
BHE 27 u o] 22 2= /0§ a3l ¢
gEo FEYH et 2 %ol XolE 7HE &
ALh o] AL TH o7 A dueF HluE A
24 e vndns dud A7 dde As
o|m| g}, whpA] &l 93 % Bl Bk S
A oo 9% Heuag Fdste o] Frh
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