Joboooboobuoobuobgoogoogon

Pattern-based Preservation of Building Blocks
in Genetic Algorithms

ooog
Yoshitaka Kameya!

Chativit Prayoonsri!

lJ00000000oo0oooooon
! Graduate School of Information Science and Engineering

Abstract:
to create building blocks (BBs) and combine them appropriately in the evolutionary process.

As stated in the building block hypothesis, we expect genetic algorithms (GAs)

However, such BBs are often destroyed by unwanted crossovers, soon after they are created. Also,
we may suffer from a “loose” encoding of chromosomes since BBs are in general unknown. In
this paper, we propose a framework named GAP (GA with patterns), in which key patterns are
extracted from significantly “good” chromosomes and protect such key patterns against unwanted
crossover. GAP is applicable to optimization problems with fixed-point encoding and permutation
encoding, and unlike perturbation-based linkage learning methods, GAP does not require extra

fitness evaluations. Experimental results with the royal road problems and traveling salesman

problems show the performance improvement of GAP over standard GAs.
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312.2 £+ 14.1
1455 £ 5.6
78.8 £ 2.9
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Shttp://comopt.ifi.uni-heidelberg.de/software/
TSPLIB95/
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0000000 (rmine) |0.01, 0.05, 0.1
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min

0.1, 0.3, 0.5, 0.7, 0.9
max{5, (0.2 - Tmine|Pop|) }
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Fitness SGA GAP Fitness SGA GAP
|Pop| ER PX ER PX |Pop| ER PX ER PX
200(5441.7 + 14.3|5665.1 £ 31.6|5462.1 £ 16.0|5663.2 £ 32.2 200(9434.5 + 34.8|9742.3 £+ 69.1|9542.3 + 38.5|9730.2 £+ 85.4
500(5152.0 £ 5.5|5326.2 + 21.85143.7 = 5.0|5262.0 + 14.4 500(8411.0 £ 29.1|8075.4 + 34.2(8432.3 4 23.1|8071.6 + 33.6
1000(5111.2 &+ 4.2]5224.7 + 12.7|5103.9 + 4.2|5223.8 + 11.7 1000(8258.1 4+ 28.9(7733.1 4+ 29.2|8254.1 4+ 27.9|7694.2 + 23.7
2000(5098.3 = 2.9/5189.0 &= 9.4|5081.5 + 2.4/5192.1 &+ 8.9 2000(8148.2 + 34.8(7579.0 &= 21.1|8103.7 £ 21.6|7570.5 &+ 21.9
Gens. SGA GAP Gens. SGA GAP
|Pop| ER PX ER PX |Pop| ER PX ER PX
200 157.8 £ 3.0| 318.3 £ 25.7| 154.1 &£ 2.7| 303.0 + 21.1 200( 557.0 & 8.7| 488.2 +10.9| 544.3 = 8.9| 513.5 £ 21.2
500 165.1 £ 2.3| 406.2 +45.9| 163.8 £ 2.7| 287.2 + 12.6 500( 874.7 +20.1| 528.2 + 17.8| 856.9 4+ 19.8| 490.5+ 9.2
1000| 164.6 £ 1.5| 358.4 £ 39.8| 146.1 £ 2.2| 422.5 £ 50.8 1000(1039.9 £ 20.8| 574.2 4= 31.1| 928.9 4 20.4| 553.6 & 22.9
2000| 166.1 += 1.9| 445.8 +55.0| 135.8 + 1.7| 489.4 +60.9 2000(1275.0 4= 29.4| 649.7 + 40.0{1044.3 + 18.8| 580.5 & 29.4
4 DDDD go0o0oodooooooboobooooooooooao

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
O [20, 21, 22, 23, 24|00 000000000000
000000000000000000000000
00000000GAPOOODODOOOOOOOOOO
00000000000000000 GADOOOOO
0000000000 GADOOOOOOOOOOO
0[8,900000000000000000Sebag O
Schoenaver 1000 0000000000000 O0O
0000000 (18 000000000000000
O00O0GAPOOODOOOOOOO00O0 GAOODOO
0000000000000

5 Uoog

O000000GAP (GA with patterns) 000000
Gero 0 Kazakov 000 O0O0O0OO0O0O0O0O0O0O0O0O
ooooooOoooGgApOOOOOCOOOOOOO
OBIDEOOO top-K O00OOOO0ODDOOODOOODO
gbooooooboooobobobooooooon
gboooooooobooboboboooooon
oooOoooOoOoOoOoooOooGApPOOOOOODOO
ooooooobooooooooboooooobooooo
000000 GApPOOOOOOOOOOOOOOO
gboooooboooooooboooooan

GAPOUOUOOODOOOODOOOOODOOOOOO
O0000000000000000 (emerging pat-
tern) [25|00000000000000CGADODO
ggoooooobobobbobbbbboodoouoo
ggogoooobobobbobobbbbodooouooo

00000000ooooooooooooooon
00000o0o0o0oooooooooooooooon
000000000 0o0oD0o0OOoO GAPOOOODODDO
0000000000DDOSebag O Schoenauer 000
00000 [1gy0ooo0o0ooooooooooo
000o0o0o0oooooooooooooooooon
ooooDoo0o0o0o0O0O0oO0oO0O0oOoougGAPOODOO
0o0oooooooooooooooooooooon
odooooo-00oooooooooooooood
gbodooobooobouoooobuooooooboa
00000o000o00oo0ooooU LCM 26000
gooooooon

good

[1] D. E. Goldberg: “Genetic Algorithms: in Search, Op-
timization and Machine Learning”, Addison-Wesley
(1989).

M. Mitchell, S. Forrest and J. H. Holland: “The royal
road for genetic algorithms: fitness landscapes and
GA performance”, Proc. of the 1st European Conf.
on Artificial Life (ECAL-92), pp. 245-254 (1992).

M. Munetomo and D. E. Goldberg: “Linkage iden-
tification by non-monotonicity detection for overlap-

ping functions”, Evolutionary Computation, 7, 4, pp.
377-398 (1999).

T.-L. Yu, D. E. Goldberg, K. Sastry, C. F. Lima and
M. Pelikan: “Dependency structure matrix, genetic
algorithms, and effective recombination”, Evolution-
ary Computation, 17, 4, pp. 595-626 (2009).

D. E. Goldberg, B. Korb and K. Deb: “Messy genetic

algorithms: motivation, analysis, and first results”,
Complex Systems, 3, pp. 493-530 (1989).

[6] G.R. Harik and D. E. Goldberg: “Learning linkage”,
TiGAL Report No0.96006, Dept. of General Engi-

neering, University of Illinois at Urbana-Champaign
(1996).

2]



7]

8]

[12]

[13]

[14]

[20]

[21]

[22]

M. Munetomo and D. E. Goldberg: “Identifying link-
age by nonlinearity check”, IlliGAL Report No.98012,
Dept. of General Engineering, University of Illinois at
Urbana-Champaign (1998).

M. Tsuji, M. Munemoto and K. Akama: “Linkage
identification by fitness difference clustering”, Evolu-
tionary Computation, 14, 4, pp. 383-409 (2006).

C.-Y. Chuang and Y.-p. Chen: “Linkage identifica-
tion by perturbation and decision tree induction”,
Proc. of the 2007 IEEE Congress on Evolutionary
Computation (CEC-07), pp. 357-363 (2007).

M. Pelikan, D. E. Goldberg and E. Cantia-Paz: “Link-
age problem, distribution estimation, and Bayesian

networks”, Evolutionary Computation, 8, 3, pp. 311—
340 (2000).

S. Tsutsui: “Probabilistic model-building genetic al-
gorithms in permutation representation domain using
edge histogram”, Proc. of the 7th Int’l Conf. on Par-
allel Problem Solving from Nature (PPSN VII), pp.
224-233 (2002).

J. S. Gero and V. A. Kazakov: “Evolving building
blocks for genetic algorithms using genetic engineer-
ing”, Proc. of the 1995 IEEE Int’l Conf. on Evolu-
tionary Computation, pp. 340-345 (1995).

J. Smith and T. C. Fogarty: “Recombination strategy
adaptation via evolution of gene linkage”, Proc. of the
1996 IEEE Int’l Conf. on Evolutionary Computation,
pp. 826-831 (1996).

M. Tsuji, M. Munemoto and K. Akama: “A crossover
for complex building blocks overlapping”, Proc. of
the 2006 Genetic and Evolutioary Computation Conf.
(GECCO-06), pp. 1337-1344 (2006).

J. Wang and J. Han: “BIDE: Efficient mining of fre-
quent closed sequences”, Proc. of the 20th Int’l Conf.
on Data Engineering (ICDE-04), pp. 79-90 (2004).

J. Pei, J. Han, B. Mortazavi-Asl, H. Pinto, Q. Chen,
U. Dayal and M.-C. Hsu: “PrefixSpan: Mining se-
quential patterns efficiently by prefix-projected pat-
tern growth”, Proc. of the 17th Int’l Conf. on Data
Engineering (ICDE-01), pp. 215-224 (2001).

P. Tzvekov, X. Yan and J. Han: “TSP: Mining
top-K closed sequential patterns”, Proc. of the 3rd
Int’l Conf. on Data Mining (ICDM-03), pp. 347-354
(2003).

M. Sebag and M. Schoenauer: “Controlling crossover
through inductive learning”, Proc. of the 3rd Int’l
Conf. on Parallel Problem Solving from Nature
(PPSN III), pp. 209-218 (1994).

P. Larranaga, C. Kuijpers, R. Murga, I. Inza and
S. Dizdarevich: “Genetic algorithms for the travel-
ling salesman problem: A review of representations
and operators”, Artificial Intelligence Review, 13, pp.
129-170 (1999).

P. J. Angeline and J. B. Pollack: “The evolutionary
induction of subroutines”, Proc. of the 14th Conf. of
the Cognitive Science Society, pp. 236—241 (1992).

W. A. Tackett: “Mining the genetic program”, IEEE
Expert, 10, 3, pp. 28-38 (1995).

J. P. Rosca and D. H. Ballard: “Discovery of subrou-
tines in genetic programming”, Advances in Genetic
Programming II, MIT Press (1996).

[23]

[24]

[25]

[26]

R. D. Howard and J. R. Koza: “Evolving modules
in genetic programming by subtree encapsulation”,
Proc. of the 4th European Conf. on Genetic Program-
ming (EuroGP 2001), pp. 160-175 (2001).

Y. Kameya, J. Kumagai and Y. Kurata: “Acceler-
ating genetic programming by frequent subtree min-
ing”, Proc. of the 2008 Genetic and Evolutioary Com-
putation Conf. (GECCO-08), pp. 1203-1210 (2008).

G. Dong and J. Li: “Efficient mining of emerging
patterns: discovering trends and differences”, Proc.
of the 5th ACM SIGKDD Int’l Conf. on Knowledge
Discovery and Data Mining, pp. 43-52 (1999).

T. Uno, M. Kiyomi and H. Arimura: “LCM
ver. 2: efficient mining algorithms for fre-
quent/closed/maximal itemsets”, Proc. of the

IEEE ICDM Workshop on Frequent Itemset Mining
Implementation (FIMI-04) (2004).



