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Discovery of Frequent Patterns in
Multi-structured Graph Databases

TSuBASA YAMAMOTO,! ToMoNOBU OzAKI™?
and TAKENAO OHKAWAT!

In this paper, as one of the tools for precise analysis of complex networks
such as metabolic pathways in bioinformatics and social networks, we propose
an algorithm for mining frequent patterns in multi-structured graph databases
in which each vertex consists of a set of structured data such as item sets and
sequences. Furthermore, we also propose two pruning mechanisms to exclude
uninteresting patterns to alleviate the problem that huge number of patterns
will be discovered. The effectiveness of the proposed algorithms is confirmed
through the experiments with two real datasets. In addition, the proposed
algorithms succeeded in finding some patterns which were not discovered by
conventional graph miners.
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Fig.1 An example of multi-structured graph database and patterns.
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Fig.2 A labeled graph, spanning trees and codewords.
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Algorithm gSpan(D, o)

1: for each v € L

2: if supp(v) > o then
3:  gSpan-Enum(v, D, o)
4

: end for

Subroutine gSpan-Enum(s, D, o)

if —isCanonical(s) then return

: output s

:scan D and set F be a set of all edges e

s.t. s can be right most extended

:for eache € E

if supp(s-e) > o then
gSpan-Enum(s - e, D, o)

: end for

03 000000000000 000 gSpan
Fig.3 Pseudo code of gSpan.
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Fig.4 Isomorphic multi-structured graph patterns and those codeword.
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(8)

gSpan 00 0000000000000 0000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000 FMGOOOOOOOOO0O0O00000000
00000000000000000000000000000000000000000
0000000000000000000000000000000 17)0000000
0000000000000000000 14)0000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000D00000¢00000000 1000000000000000000000
0000000000000 0000000000000000000000000000
00000005000000000000(b) 00000+ 001000000000
00 {}000000000000(c)000000000()002000000000
000000000000000D000000 1000 (d)0 (000000

0000000000000000000000000000000000000000
0000000000000000000000000000000000000000 5
0 (b)00 (HDOO00000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000

(© 2008 Information Processing Society of Japan



30 DOoOoooooooooobooboOoOoooooooboooboOoOooooo

Algorithm FMG(D, o)

1: set I be a set of all initial patterns

2: for each p e [

3: if sup,(p) > o then

4: FMG-Enum(p, D, o)

5: end for

Subroutine FMG-Enum(p, D, o)

1: set P, be a set of patterns obtained
2: by expanding internal structure of p
3: for each s € P;,

4: if supp(s) > o then

5. FMG-Enum(s, D, o)

6: end for

7: if —isCanonical(p) then return

8: output p

9: scan D and set F be a set of all edges e
10: s.t. p can be right most extended

11: for each e € E

12: if supp(p-e) > o then

13:  FMG-Enum(p-e, D, o)

14: end for

06 U0O0O0O0O0DOUOOODOOOOOOOOOO FMG
Fig.6 Pseudo code of FMG.
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Fig.7 Expanding with internal monotone constraint.
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Fig.8 The relationship between internal occurrence matching and expansions.
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Algorithm CCFMG(D, o, Cipn, Cez)

1: set I be a set of all initial patterns

2: for each p e [

3: if sup,(p) > o then

4:  CCFMG-Enum(p, D, o, Cipn, Ces)

5: end for

Subroutine CCEMG-Enum(p, D, o, Cin, Ces)

: set P;, be a set of patterns obtained

by expanding internal structure of p
: for each s € Py,
if supp(s) > o then
CCFMG-Enum(s, D, o, Cin, Ceg)
: end for
:if 3s € Py, s.t. OMp(p, s) then return
: if misCanonical(p) V —Ci,(p) then return

: if Cez(p) then output p

—_
=]

:scan D and set F be a set of all edges e

[y
=

s.t. p can be right most extended

—_
[\V]

: for each e € F

—
w

if supp(p - e) > o then
CCFMG-Enum(p-e, D, o, Cin, Cez)
15: end for

H
=

09 0000O00UOO0O0O0UOOOODOOOODOOOOOO CCEFMG
Fig.9 Pseudo code of CCFMG.
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01 000000000000ooooooOoD
Table 1 Experimental results of MUT.

o[%)] pattern time [sec] closed
100 235 2 430
95 1,464 33 2,449
90 6,475 100 10,625
85 37,765 794 64,489
80 131,564 2,271 252,597
75 258,406 3,954 643,986
70 352,133 4,984 | 1,187,682
65 902,405 10,026 | 2,445,408
60 | 1,325,812 14,257 | 4,401,909
55 | 2,431,279 43,861 | 8,582,730
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Table 2 Experimental results of metabolic pathways.

o[%] pattern time [sec] closed monotone
FMG | CCFMG | FMG | CCFMG | CCFMG | CCFMG

100 1 1 0 0 0 0
95 63 1 19 6 0 21
90 380 4 63 11 0 134
85 - 6 - 15 0 258
80 - 11 - 15 0 302
75 - 32 - 19 5 409
70 - 37 - 20 5 503
65 - 63 - 24 6 650
60 - 164 - 31 22 869
55 - 456 - 49 86 1,337
50 - 921 - 65 171 1,779
45 . 2,123 B 89 396 2,557
40 - 4,301 - 149 850 3,126
35 - 4,567 - 288 956 5,383
30 . 5,098 B 558 1,277 10,952
25 - 7,835 - 1,646 3,132 30,151
20 . 31,941 B 7,426 22,045 138,628
15 - | 364,460 B 101,730 347,666 | 1,729,506
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Fig.10 An example of discovered pattern.
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