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Abstract

Sequential pattern mining, which discovers frequent subsequences as patterns in a
sequence database, is an important data mining problem with broad applications. Since a
sequential pattern in DNA sequences can be a motif, we studied to find sequential patterns in
DNA sequences. Most previously proposed mining algorithms follow the exact matching with
a sequential pattern definition. They are not able to work in noisy environments and
inaccurate data in practice. Theses problems occurs frequently in DNA sequences which is a
biological data. We investigated approximate matching method to deal with those cases. Our
idea is based on the observation that all occurrences of a frequent pattern can be classified
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into groups, which we call approximated pattern. The existing PrefixSpan algorithm can
We improved the PrefixSpan

successfully find sequential patterns in a long sequence.
algorithm to find approximate sequential patterns. The experimental results showed that the

number of repeats from the proposed method was 5 times more than that of PrefixSpan when

the pattern length is 4.

» Keyword : =AlufE(sequential pattern), @A et (approximate matching), A& (sequences),

PrefixSpan

Fatuje A

Astke el & ) ‘Mﬁ/i% %! 1]/7] 7§1‘i5—1
Y A wlold 2 AEHHT} T et ZolollA] E8un
Atk At WHo R ARk H¥H(a priori) 7'
o] thekaitt. izl W9l GSP(Generalized Sequence
Pattern) ]‘g% q%— tﬂ-_i‘L /%]/HfEﬂ/‘\E H]—\:H—o_ FQ_Q_—C;],
o &b lES gAH2-7, 13-16). A4 "Wl GSP
W ETE EA wE e Huwlo] ¢xp el Al g
AHElE gaE]EC 2 FreeSpan¥t PrefixSpan ¢alelE
o] $itt.(3-5).

2] 71E B duEEe A dee oo wE
e G HEE vt oy 7‘33—2’/‘3% SE2 ofd
DNAX Y] REJZAHF wo]=7} §) g ol

olelE A AeJskA] Rt old A ééﬁ’éO} 7] S8t 2
A} A8 (approximate matching) AT A
s E el gL 3% wl<d (consensus pattern)a A
371 el 29k ApproxMapell A A= ITHS). 25 Hl
< SAghE HS ANl AR HER 2 7534% 4
g itk ey Folzl AjH oA eabfhe] g
G5 THHoR Z= AL o8] ofe EAleltt

& A7ellM DNANE S ZEZA T 71 Rler) &8 o)

e 2 " A% QL PrefixSpand eSS 4835}

Y“ )
hs)
i

EEL tlo e

o /s § dRbAQl BelE At A4 F 3 (support
set)oll A& A4 (sequence)S o8] Fej2 vl sfElo] <)
= F Ut o5& A 2 e 5o R BRE F L,
olE Al siHlolg} FET) 7t A} HEHE A=} 3
%%Q{_ ;,Hg,j,o_ 293 /\10&/] ;dalo]q.

ol mloldollx AFA oz wat e ME wlo]HH]
o|zell A W3] Yehtes FEALR =0T, o] el
w2t =2k | A 716l ke & AR = 2do] ygitt

<>ﬂ «lf&

F%E 4m
3

=4
o lEHSJ gag e

Aol wet e, sfgle] 2

7o) 78 olelelolt: 3

ZAF JJ]E% o A %L% 2

N

3
T
4
&

oo e

L
R
rE
<
s
£

2
2
2
0,
=

. 2
o] oM 4 F
B 2 1S gokeitt agju
LduElES 2

o O
[>
I

il

i

FE o

-

47

tngh:} 32%1]/\1 :L/\} PreﬁxSpan dueES

Y3+ APEAE Holu

A

=, O:

~

5t
o m

oy

i)

ot
1=
ol
rir

ﬂ-H“wﬂHlo

X Akt dx

+
=l
==

o do rr

ﬂ.llo K
oz @

N
'S
=
o X % >
o - ox o

>, u
4
[

i)

T
&
_?L
=

[

B

p

fd

ol

ot

A
Ml xo

17
o

=0
a= T

o}‘,_ﬂ‘
oW
Hﬁ
N,
ﬁu&“

=)
2
ol
HF
mO
)
u

o

QI
Sl
e te

]:L

)

2 %

e —Q
p

o X
o tlo o o
X

rlo
td

5/_7{] A5}
}wmaﬂ

31, PrefixSpan
I

reeSpanc|gli Bl F97|6F £

olx.t} 7|

149 PrefixSpan



1. o<t 2xe Feol

BE FH8L9 JEE =1, &, -, Dol 3k F
Aoz ARe FHase] BRAYIt NEe s
A FA BBl MY s & (81, s, s HA
gt} o745 & shte] LA ot & gl 1<
i<L. 8 Mg 9agu® F21 (xx0x,) 22 BAIS
o x & o] A aneltt & xEl 1<k<m. 7]
71817 $iste] shbel 9avt shiel 14 1 o
O E AR Feth &, (0E x2 BAIPT shte]
Aoil Ade 3t 94| U}o].o}: 3 YERUR e, Ade]
HRE AEEel cfel W Hehd < e e sie
820 48 1 AQe) Polekm Rert. Holsk L3l A
L-xgelg}l #-2th MY a = (ajay-an°l THE AL ﬁ =

JoAE

(bibyby®) BEAD] HER Teg VeI H450]
Slojok @ct. o) p2 aol EFMLole} e
L<iCh ¢ Ciagm

a Sbhy, a2 < bp, . an S b

A @ dolgwo|x S= A% (sid, 99 Fdoltt. sid
EAgE ] 93 MEola st Motk A w7t s
o FeAgolgid &A% (sid, )& ME o5 EFeTha
etk M dlo[Eulo] 2 Sof M oo AAEE o5 EF
3k dlofEllo] 9] =A< Froln support(a) 2 A
th Mg Seh ARgAE Aol ﬂ’\%k o7k FoRE ),
AdoA odl o] Al RG-S Wusitin g},
A& RdshaA 7pg 21 & LH%O]D}. Z,
= 0. Zo7} I/l A S I-ofdole} &

95 E°] "CTGATTAAAE Z°]7} 991 DNA HE9] &

&

A

support(a)

2. S Ho[EH|o|AL} wRpHE
Tabel 2. Projected database and sequential pattemn

<@> <(abc)(ac)d(cr)> <(d)clbc)(ae)>,
((b)dPcb>, <(_febc>

<b>  <(cNac)dlct)> <(cl)lae)>, <(df)cb>, <c>

<> <(ac)d(cr)>, <(bc)ae)>, <b>, <bc>

<> <(cf)>, <clbc)ae)>, <(flob>

<>  <[f(ab)dfcb> <(af)cbc>

<> <(ab)dflcb>, <cbec>

dojt}, o714 FAALAE A, G, T, Colx, TTAZ} FEA

g T sftfelrH(10-12].

2. #heE due|E

&b

FreeSpanc]&ta E2]= F97)ut
o}

St gt} a2la o] B} 7)A% PrefixSpan
&S gt F He F9E dole s AT
tlo]Ele] F9 7]5o] T2t} FreeSpane 43 <4 (4
) glo] dAje] Wi Heel] 7]wksle] £ wlo|El &

AR whHel| PrefixSpans W3 H 5018 A3
dlolElE FJ3tt}. PrefixSpano] tlF-E2 A1 dlolE
A FreeSpankt} w2t}

2.1 FreeSpan

FreeSpan< ths A& 7¥kela gtk ofHl g ea

A X7hHivlalA] gohd R e s ol X 23
A3lo] & ojdl 9% ¢aljElo] & 4 ¢it}h. FreeSpan
£ BATE Bl R ik 97

1. MZ dolH
Table 1. Sequence data

¥ 19 A< dlolEl7} FoAH FreeSpan< 2 7484
Sequence_id Sequence
10 <a(abc)(ac)d(cf)>
20 <(ad)c(bc)(ae)>
30 <(ef)(ab)(df)clo>
40 <eg(af)cbc>
<a> <aa>, <ab>, <albc)>, <albcla>, <aba>,
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<ac>, <aca>, <acb>, <acc>, <ad>, <adc>, <af>
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<c>, <ca>, <cb>, <cc>

<>, <db>, <dc>, <dcb>

<e>, <ea>, <eab>, <eac>, <eacb>, <eb>, <ebc>,
<ec>, <ecb>, <ef>, <efc>, <efcb>

<>, <fb>, <fbc> <fc>, <fcb>
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