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An Efficient Method for Extracting Minimum Generalized Set of Mismatch

Clusters by Step-Wise Generalization
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(1) Stack:={{1},{2},---,{n}}; 727ZL, {i} € Stack ® i
EI A YTV TAEZ MIS I[TFET D ERZOMRRIE S &
L, Stack OZEHRFFHNIRCHY HED KO ICHHT 2.

(2) Candidate := {}; 7272, Candidate &A% FEMT
DL TS,

(3) while(Stack + ¢)
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(a) Next := 8 %P/ — &L THESRZT/ —F C

DA
(b) for each C € Next
D<pat>:= MGP(C 2%+ 5 SubMIS);
@if EVAL(<pat>)—MIS + ¢ then C & T5;
else Stack := Stack U {C};
(e) if S ¥/ — FOEM AT
then Candidate:=Candidate U MGP (S |Zxt3
% SubMI8S);

(4) Candidate 7O URIRBERZRE Liztk, AT —H2~—
A DB B 5K BEHROIFHAFFL, Solution (T
W95,

(5) Solution % MFFHfl & K/NMMLES MGS & LT
T5;

03 D0Ooooopooood
Fig.3 Processing step based on the proposed
method.
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Table 1 Characteristics of the datasets.
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Table 2 Performance comparisons of the step-wise generalization method and the
iterative refinement method.
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Fig.4 Correlation of the number of similar subsequences and processing time.
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ative minimum generalized set and processing
time. (The iterative refinement method)

ooo

6.2 O O

O200000000000000000D0O0O0AO0
gbooobooooboobooobooooboboobooo
gooooobo 40000000D000000D0D00OO
gbooooooooooooooooboooooa
goooooooooooooboOoooooobooo
0000000000000000 Zinc Finger 00O
gooooooooooooobooOoooooboo
ooood

gooooobobobooooooooooboboboo
gbooobooooobooobooooboboobooon
gbooobooooobooobooooobooobooon
gbooobooooobooobooooboobooon
goooooooooooooboooooooobood
goooooooooooooboooooooobooo
goooooooooooooboooooooboo
ooooooboo

oooooooooooo sooooooboooon
gboobooooboobooobooooboboobooon
ooooo 500000000 400000000
gbooooooobooobooooboobobooon
gbooooboooobooobooobooooboD 50
gooooooooooooobooooooobood
goooooooooooooboOooooooboo
oooooo

oooooooocoooooooboooooooo
gboooboooboooboobobooboooobooboobobooon
gbooboooboooboooboooobooboobobooon
gooobooooobbooooobobobooooo
gbooooooobooobooooboobobooon

200

000000000000000000000000
00000000000000

Zinc Finger 000 00000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000 <Cx(2)Cx(3)La(8)Ha(4)H> O
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000008000000 50
000000000000000000000000
000000D000000000000000000
0oOooo0O0oo
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00 Zine Finger 00000000 1000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
ooo

7. O O O

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000100000000000
0000000000000000 30000000
0000000000000000000 30000
00000000000 26000000000 70
000000000000000000000000
00000000000000000000
0000000000000000
010 0000000 MGSOOO
0000000 MGSOOOOOODOO000000
00000000000000000000000
003.6000 (4) 00000 [MGS| < |MGS'| O
0000000000000 (4000000000
0000 (2)000000000000000000



gooooooooooooooooboooobooooboooboooobOoooD

gooDo0o0Oo0OOoOobOO0oOobOoooOoboooobooo
gooDo0Oo0obOO0o0oOo0nDOOo38400000000
goobobooooobooboooobooboood
00 k-00D000000D0DO S;00 S;00000
EVAL(S)) D EVAL(S;) 000000008, 0 S
goboooboboooboobooboboooboo
ooo0oooooooooUoo 30 4ooooo
Candidate 0 MGS' 00005.1000 50000
0000000000000 000MGS' 00000
000 P(MGS)0DD0000000m = |MGS'|
00000P(MGS)00000 2" 0000000
P(MGS)-S8,000000 S, € P(MGS)O00
00 MGS' 000000000000 MGSOOOO
oooooo s, 0000oooooooooooooo
000000000 ooOOoOoo(m2™)Oooooooo
000000000000 k1000500 MGS
00000000 200 < paty® >, < patz® > 00
DI]I:II:II:II:II:II:I[I[IDDDDDDDDO(m2)DDD
000000000(m?) 0000000(m2™) 00
goooooobooboboooooooobooood
00000000 O0OoO(m2™ 00000 0ooooon
0ooooooooobooood

020 DOO00OODOOOOOODOOOO
gboooo0o0ooobbobooooooboboooboo
00000000000000000000Modified
PrefixSpan 00000 0O000OOCOO0OODOOOOO
goooDo0oOoooooobboboOoOoOoooboobboo
goooD0o0o0oo0obOoOoO0oOooboOOoOoOooboo
goooobobooOoobobooooobooooboodg
PrefixSpan 0 Modified PrefixSpan 0000000
0o00o0o0oooOoOooooooooooooooad
0ooodooooooooboobooooooooood
gooooboobooobooboobooboo
0000000000000 PrefixSpan O Modified
PrefixSpan 000000000000 OOOOOOO
0000000O0oOO0D0O0O0 23ooDoooooo
go0o0oO0O0000O0obObOoOOoO0o0oOoooooDOo
goobobodooooboobooooobobooooda
Modified PrefixSpan 0 0000000000000
0o0o0o0oooooobooooooooooood
ood

030 DOoOoOoOoooobo
gobooobobooobooboobobbooboo
ooooOoooOooU0ooOooUooOoooOo 18O

gboobooobooboooboooooboboobobooo
gooooooboboobooooooboobooood
O0ooooooooobooooooooooood
oooood

040 OO0

JA0000booboooobobobooobooo
00000000 KODODODOOOOO0OOO0 K'00
gboooboooboooobooboooboooboobobogoo
gbooooobooboooboooobooboboOobobogoo
000 [11]0000Do00DUo0ooUoooooDoo
00KOOOOoooooooooooooooooo
0ooooooboooboooooooooobooood
0oo0oooboooooboooooboooobood
0oodooooooobooooooooooood
gboobooooooooooooobooooo

o0 oboooboooboobbooboobooood

O00o0oO0oooo (C)booooo20500137000
gbooboooo
ad O

[1] http://kr.expasy.org/prosite/

[2] http://www.sanger.ac.uk/software/pfam/

[3] E. Sonnhammer, S. Eddy, and R. Durbin, “Pfam: A
comprehensive database of protein domain families
based on seed alignments,” Proteins, Structure func-
tion and genetics, vol.28, pp.405-420, 1997.

[4] ODOODOO0OO0DOO0ODOOOOOO0OO0OO0OOOO0«“00000
0000000 D 000000 vol.34, no.4, pp.77-89,
April 2000.

[5] F. Castellino and J. Beals, “The genetic relation-
ships between the kringle domains of human plas-
minogen, prothrombin, tissue plasminogen activator,
urokinase, and coagulation factor xii,” J. Molecular
Evolution, vol.26, pp.358—-369, 1987.

[6) OO0 0OO0O«“0000000000000DODO0O0OO0OO0
Jo0oo0oooo0oo0oo0@mMpp.103-114, 00O
0oo00o0o0oo0ooooooon2003.

[7] K. Ikeo, K. Takahashi, and T. Gojobori, “Tdiffer-
ent evolutionary histories of kringle and protease
domains in serine proteases: A typical example of
domain evolution,” J. Molecular Evolution, vol.40,
pp-331-336, 1995.

[8] Z. Galil and K. Park, “An improved algorithm for
approximate string matching,” SIAM J. Comput.,
vol.19, no.6, pp.989-999, 1990.

[9] G. Myers, “A fast bit-vector algorithm for approx-
imate string matching based on dynamic program-
ming,” J. ACM, vol.46, no.3, pp.395-415, 1999.

[10] J.Y.S. Park, W.W. Chu, and C. Hsu, “Efficient
searches for similar subsequences of different lengths

in sequence databases,” Proc. 16th International

201



00000000000 2010/3 Vol. J93-D No. 3

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

202

Conference on Data Engineering (ICDE2000), pp.23—
32, IEEE Computer Society, 2000.

F. Shi and C. Mefford, “A new indexing method for
approximate search in text databases,” Proc. 2005
The Fifth International Conference on Computer and
Information Technology (CIT’05), pp.70-76, IEEE
Computer Society, 2005.

C.L.L. Jin, N. Koudas, and A.K.H. Tung, “Indexing
mixed types for approximate retrieval,” Proc. 31st
VLDB Conference, pp.793-804, 2005.

M.-F. Sagot, “Spelling approximate repeated or com-
mon motifs using a suffix tree,” LATIN, pp.374-390,
1998.

L. Marsan and M.-F. Sagot, “Extracting structured
motifs using a suffix tree - algorithms and appli-
cation to promoter consensus identification,” Proc.
Fourth Annual International Conference on Compu-
tational Molecular Biology (RECOMB2000), pp.210—
219, 2000.

P.A. Pevzner and S.-H. Sze, “Combinatorial ap-
proaches to finding subtle signals in dna sequences,”
ISMB, pp.269-278, 2000.

E. Eskin and P.A. Pevzner, “Finding composite reg-
ulatory patterns in dna sequences,” Proc. 10th Inter-
national Conference on Intelligent Systems for Molec-
ular Biology, pp.354-363, 2002.

K. Araki, K. Tamura, T. Kato, Y. Mori, and H.
Kitakami, “Extraction of ambiguous sequential pat-
terns with least minimum generalization from mis-
match clusters,” The Third International Conference
on Signal-Image Technology and Internet-Based Sys-
tems, pp.32-39, IEEE Computer Society Press, 2007.
goooooooOooooooooO0ono booooooo
00000000 (DBSJ Letters), vol.6, no.3, pp.5-8,
2007.

H. Kimura, H. Kitakami, K. Araki, and K. Tamura,
“A stepwise generalization mthod for extracting
minimum generalized set from mismatch cluster,”
Proc. 2008 International Conference on Bioinfor-
matics and Computational Biology (BIOCOMP’08),
vol.II, pp.998-1004, 2008.

E.Y. Shapiro, “Inductive inference of theories from
facts,” Computational Logic — Essays in Honor of
Alan Robinson, pp.199-254, 1991.

S. Muggleton, “Inverse entailment and progol,” New
Generation Comput., vol.13, no.3 & 4, pp.245-286,
1995.

U.M. Fayyad, G. Diatetsky-Shapiro, P. Smyth, and
R. Uthurusamy, Advances in Knowledge Discovery
and Data Mining, AAAI Press/The MIT Press, 1996.
gooooooc O0Oobo0 Oooooooooo oo«oo
goooooooooooooooooooooooog
0000 0000DMOI vol.J90-D, no.2, pp.281-291,
Feb. 2007.

J. Pei, J. Han, B. Mortazavi-Asl, J. Wang, H. Pinto,

Q. Chen, U. Dayal, and M. Hsu, “Mining sequen-
tial patterns by pattern-growth: The prefixspan ap-
proach,” IEEE Trans. Knowl. Data Eng., vol.16,
no.11, pp.1424-1440, 2004.

O00 21060 50000100 500000

oo oo

1998 OO OOOOOOOO200000
goobooooooboooOoooboooonoo
gooooooooozo0300000O0
goooooboooooooooooooo
goobooOoooooooooooonoo
gooo2002000000000000
goooooboooooooooboooooooobobooooo
goooooooOoOoOo0OO0OO0OO0O0O0O000O0O0O0OOIEEE CS
gooo

oo oo

2008 000000000000O0O0OO
goooooooOooooooooooo
gooooo

ooooo

2006 0000000000000000O
godO000z2008 00000000000
goooOoocooooooooooooo
gooooooooobooooooooo
gooooOooooooOooboooon

og 0O o0ooo

oo0oooooooo0ooooooooo
lor6e DO OOOOO0O0O0O0OO0OOOO0
go0ooOooo0o0ooooooboooooo
goobooooooooOooboooonoo
gooooooooooooooboooooo
1994 000000000000002007
gooboooooooboooooooooooboooooBoo
gooo0ooooOo0oOO0O0oooOoOOoOoboOoOoOooDOOooo
gooobomoooonoo 2s000000000o000400o
Oo0000000 DASFAA201l000000000O0000O
gobooooooooooooooooTrToMooooooo
gdoooooooooooooooooooooooooooo
IEEEDACM O00O0



