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Ant colony pattern search algorithms and their convergence
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Abstract: A class of ant colony pattern search algorithms (ACPSAs) are designed for the optimization of multimodal
functions in continuous space. ACPSAs guide the individuals to perform region searches by objective function heuristic
pheromone. Further local searches are handled by pattern searches of individuals, then the search results are shared with
pheromone fusion, providing the basis for the region searches in the next iteration. The probabilistic convergence theories
of ACPSAs are also given by stochastic pattern search algorithm theory. APCSAs present interesting emergent properties
as shown by some analytical test functions. Finally, the comparison results with typical stochastic optimization algorithms

show the effectiveness of the algorithms and the advantage in swarm cooperation.
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Fig. 1 Exploratory move algorithm
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Fig.2 Updating algorithm of trail step A,.
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Fig. 4 ACPSA algorithm.
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Table 2 Comparison of ACPSA performance with different parameters

Fun.(n = 5) [X [a] N P Ag err % t/s evals
20 098 50 9.8518x107° 100 133.6671 858

Rosenbrock  [-2.56 2.56] 20 0.9 1.0 9.9905x107° 100  134.0790 979
10 09 100 9.7911x10™° 90.0  33.2970 376
10 0.7 100 9.8268x10* 90 22.9379 140

Griewangk  [-5.12 5.12] 20 09 50 9.5960x107° 100 37.5160 120
20 0.98 1.0 0.0099 20 99.0790 307

F 3 ACPSAL Rtk 4 BB Fik e a5 R
Table 3 Comparison of ACPSA performance with other continuous ACO

ASSCHE T Tl g ok o 249 A3 S [l e A ]

ACPSA CAIC CACO M-CACO
Fun.
% err tls evals % err evals % err evals % evals
R2 100 9.3070x10~°  46.6155 621 100  3x1073 11797 100 0.00 6842 100 5545
SM6 100 7.1712x10° 1.7820 14 100 9x10~19 50000 100 22050 100 10563
Gr5 100  5.6734x10°° 2.3484 12 63 0.01 48402 — — — — —
Grl0 100 5.9357x10~° 31.0688 15 52 0.05 50121 100 0.00 50000 100 50000
MG 100 5.7313x10°° 1.6358 35 20 0.34 11751 100 — 1688 100 4862
&4 ACPSAL At Al B ke rbii s R
Table 4 Comparison of ACPSA performance with other typical algorithms
ACPSA GA DE TS
Fun.
% err evals % err evals % evals % err evals
R2 100 9.3070x10—° 621 100 0.004 960 100 615 100 0.02 480
R5 100  9.8518x10° 719 100 0.15 3990 — — 100 0.08 2142
SM6 100 7.1712x10~5 14 100  0.0002 750 100 392 100 3x10~8 338
Grl0 100 5.9357x10°° 15 100 — 200000 100 12804 — — —
MG 100 9.3587x10° 215 100 — 2844 — — — — —
5 45 (Conclusions) LTRSS P () A S R vk, B 20 T 45 SR AR B

SAAETCLIR AT ZIRAE DL T 24 g AR 1S
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Bt 3% I3k R #(Appendix Test functions)
I) Grp(Griewangk):

2
no g4 n

=
Grn(Z) = t_ cos(=L) + 1.
@ i§1 4000 il;[1 (\ﬁ )

II) R,(Rosenbrok):
R (%) = 3 [100(2F — afyq) + (1 — 2:)?].
i=1

III) S M, (Sphere model):
SMy (%) = 3 3.
IV) MG(Martin Gaddy):
MG(Z) = (z1 — 22)° + ((z1 + 22 — 10)/3)%.
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