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Machine learning and data mining from graph structured data are studied intensively. Many chemical com-
pounds can be expressed by outerplanar graphs. We report a two-stage evolutionary learning method for acquiring
characteristic multiple block preserving outerplanar graph patterns from positive and negative outerplanar graph
data, by clustering outerplanar graphs.

1.

[Horvath 10]

Block Preserving Outerplanar graph pattern BPO

BPO

[Sasaki 08, Yamasaki 09]

[Rehman 12]

BPO

[Ouchiyama 15, Tokuhara 16a, Tokuhara 16b]

(Genetic Programming, GP)[Koza 92,

Banzhaf 98]

BPO

[Nakai 14, Yamagata 17]

BPO

[ 17a, Tokuhara 17] BPO

BPO

BPO

[Nagamine 07,

Nagai 12, Nakai 13, Miyahara 14]

[Katagiri 00, Shirakawa 07]

: 731-3194

3-4-1 miyares18@hiroshima-
cu.ac.jp

2.

2.1 BPO
BPO [Sasaki 08,

Yamasaki 09] [Tokuhara 16a, Tokuhara 16b,

17b, 17a, Tokuhara 17]

G Λ Δ

V (G) E(G)

Λ Δ

3

BPO

2

G BPO p p

G

p G BPO

1 1 BPO

p X Y Z

g1 g2 g3
G p G

BPO p

p

t(p)

1

2.2 BPO

BPO

BPO

BPO

BPO BPO

[Tokuhara 16a,

Tokuhara 16b]

1

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

3E2-02



O

S
P
S O CC

S

C

CC

O

C
D

S S

D

S C

S

X

Y

Z

O

S
P
S O CC

S

C

CC

O

C C

S

X

Y

Z

H

O P

D
O

C
SC

T

N

C
S

CD S

CCS S

P

O

S
P
S

D
O

O

CC
S

C
S

C

CC

O

C
D

S S

D

S

T

N

C
S

CD S

CCS

S

S

1: BPO p p

p t(p) g1, g2, g3, G

p G

BPO

:

D

: D BPO

BPO p D

fitnessD(p) fitnessD(p) = (p D

+ p D )/2

BPO

p t (p)

BPO

BPO

[Tokuhara 17, 17a]

BPO

: P N

D c (1 ≤ c < |P |)
: D BPO

Π(1 ≤ |Π| ≤ c)

A |A| BPO

Π BPO 1

G Π G

BPO Π D

fitnessD(Π) fitnessD(Π) = (Π D

+ Π D )/2

D BPO

D D

BPO

BPO

( ) BPO

BPO

{π1, π2, . . . , πc} BPO

[π1, π2, . . . , πc]

3.

BPO

1.

2.

3.

4. PCA

5.

(gram

distribution)[Kuboyama 06]

[Tokuhara 16b, 17a]

1 4

BPO

CWC [Shin 15]

PCA

(d)

2

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

3E2-02



BPO

(m)

4.

Intel Xeon

CPU E5-2630 v2 2.60GHz 32.0GB

Windows10 Pro 64bit OS Java

BPO

D

BPO Π = {π1, π2, π3}
Π

500

500 D

S

C

N

O

C C

S

X1

X2 X3

C

S

S

C

C

O

C

S

D

X1

X2

X3

SS

C

N

C

CO

C

C

S S

S

X1

X4

X2 X3

2: BPO

Π = {π1, π2, π3}

4

d = 10

5

m = 0.2

fuzzy k-means R

fclust[CRAN]

fclust 6

c = 2, 3, 4, . . .

c = 2, 3 2

BPO (

) BPO

(k):10(c = 2 ),5(c �= 2 )

(b):50 (e):5 (n):200

(Cadd):0.1

BPO (

)

(b′):50 (e′):3
:200 :2 :0.05

:0.50 :0.45

BPO 10

BPO

c c = 2, 3 10

BPO

BPO c = 2, 3

10 6843 29341

44980 BPO

BPO

1

10 3

BPO BPO

4

1:

BPO BPO

c = 2 c = 3

1 0.719 0.753 0.881

2 0.719 0.880 0.852

3 0.715 0.733 0.719

4 0.715 0.880 0.881

5 0.715 0.822 0.881

6 0.715 0.797 0.847

7 0.715 0.872 0.817

8 0.719 0.822 0.717

9 0.719 0.745 0.717

10 0.715 0.793 0.720

0.717 0.810 0.803

0

0.2

0.4

0.6

0.8

1

0 50 100 150 200

BPO (c=2)

BPO (c=3)

BPO

3:

5.

BPO

JSPS JP15K00312, JP15K00313,

JP17K00321 .

3

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

3E2-02



BPO
1,8

0.719

O

C

C
N

C

S

S
S

X2

X1

X3

C

C
N

C

S

S
S

X2

X1

X3

O

C

S

C
D

S

X5

X4

X6

C

BPO
( )

4
0.880

O

C

C
N

C

S

S
S

X2

X1

X3

O

C

S

C
D

S

X5

X4

X6

C
O

C

S

C D

S

X8

X7

X9

C

BPO
( )

5
0.881

4: BPO

BPO

[Banzhaf 98] W.Banzhaf et al.: Genetic Programming: An Intro-
duction : On the Automatic Evolution of Computer Programs
and Its Applications, Morgan Kaufmann (1998)

[CRAN] CRAN: Package fclust,

https://cran.r-project.org/web/packages/fclust/index.html

[Horvath 10] T.Horvath et al.: Frequent Subgraph Mining in Outer-
planar Graphs, Data Mining and Knowledge Discovery, Vol. 21,
pp. 472–508 (2010)

[Katagiri 00] H.Katagiri et al.: Genetic Network Programming - Ap-
plication to Intelligent Agents, Proc. IEEE SMC 2000, pp. 3829–
3834 (2000)

[Koza 92] J.R.Koza: Genetic Programming: On the Programming

of Computers by Means of Natural Selection, MIT Press (1992)

[Kuboyama 06] T.Kuboyama et al.: A Gram Distribution Kernel
Applied to Glycan Classification and Motif Extraction, Genome
Informatics, Vol. 17(2), pp. 25–34 (2006)

[Miyahara 14] T.Miyahara and T.Kuboyama: Learning of Glycan
Motifs Using Genetic Programming and Various Fitness Func-
tions, JACIII, Vol. 18(3), pp. 401–408 (2014)

[Nagai 12] S.Nagai et al.: Acquisition of Characteristic TTSP Graph
Patterns by Genetic Programming, Proc. IIAI AAI 2012, pp.
340–344 (2012)

[Nagamine 07] M.Nagamine et al.: A Genetic Programming Ap-
proach to Extraction of Glycan Motifs using Tree Structured Pat-
terns, Proc. AI-2007, Springer-Verlag, Vol. 4830, pp. 150–159
(2007)

[Nakai 13] S.Nakai et al.: Acquisition of Characteristic Tree Pat-
terns with VLDC’s by Genetic Programming and Edit Distance,
Proc. IIAI AAI 2013, pp. 147–151 (2013)

[Nakai 14] S.Nakai et al.: Acquisition of Characteristic Sets of Tree
Patterns with VLDC’s using Genetic Programming and Edit Dis-
tance, Proc. IWCIA 2014, pp. 113–118 (2014)

[Ouchiyama 15] Y.Ouchiyama et al.: Acquisition of Characteristic
Block Preserving Outerplanar Graph Patterns from Positive and
Negative Data using Genetic Programming and Tree Representa-
tion of Graph Patterns, Proc. IWCIA 2015, pp. 95–101 (2015)

[Rehman 12] S.Rehman et al.: Graph Mining: A Survey of Graph

Mining Techniques, Proc. ICDIM 2012, pp. 88–92 (2012)

[Sasaki 08] Y.Sasaki et al.: Mining of Frequent Block Preserv-
ing Outerplanar Graph Structured Patterns, Proc. ILP-2007,
Springer-Verlag LNAI 4894, pp. 239–253 (2008)

[Shin 15] K.Shin et al.: Super-CWC and Super-LCC: Super Fast
Feature Selection Algorithms, Proc. IEEE Big Data 2015, pp.
61–67 (2015)

[Shirakawa 07] S.Shirakawa et al.: Graph Structured Program Evo-

lution, Proc. GECCO 2007, pp. 1686–1693 (2007)

[Tokuhara 16a] F.Tokuhara et al.: Acquisition of Characteristic
Block Preserving Outerplanar Graph Patterns by Genetic Pro-
gramming using Label Information, Proc. IIAI AAI 2016, pp.
203–210 (2016)

[Tokuhara 16b] F.Tokuhara et al.: Using Canonical Representations
of Block Tree Patterns in Acquisition of Characteristic Block Pre-
serving Outerplanar Graph Patterns, Proc. IWCIA 2016, pp. 93–
99 (2016)

[Tokuhara 17] F.Tokuhara et al.: Acquisition of Multiple Block Pre-
serving Outerplanar Graph Patterns by an Evolutionary Method
for Graph Pattern Sets, Proc. IWCIA 2017, pp. 191–197 (2017)

[Yamagata 17] Y.Yamagata et al.: Acquisition of Multiple Graph
Structured Patterns by an Evolutionary Method using Sets of
TTSP Graph Patterns as Individuals, Proc. IIAI AAI 2017 (2017)

[Yamasaki 09] H.Yamasaki et al.: Learning Block-Preserving Graph
Patterns and Its Application to Data Mining, Machine Learning,
Vol. 76, pp. 137–173 (2009)

[ 17a]

, 2017

,4H2-2 (2017)

[ 17b]

, 2017

,4E1-2 (2017)

4

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

3E2-02


