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Abstract

This paper proposes two methods for unconstrained single
objective optimization by creating a search space called a hypercube,
where the position and boundaries vary according to the objective
function values. The search within the hypercube utilizes either an
exploratory search algorithm or an Adaptive Coefficient Particle Swarm
Optimizer (ACPSO) based on the improvement of previous search
results. The performance of these search methods is tested using seven
benchmark functions with dimensions of 10, 15, and 20. The proposed
methods successfully find solutions for up to five functions. They can
obtain search values close to the solution of the Rosenbrock function,
whereas most search methods tend to get trapped in the search process.
The proposed search methods maintain their good performance even as

the number of dimensions of the functions increases.
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70 4.12e-39 7.65e-17 3.55e-15 0 1.58e-03 0 0
80 2.06e-49 4.17¢-08 3.55¢-15 0 1.00e-03 0 0
90 7.12¢-36 9.05¢-20 3.55¢-15 0 2.57¢-04 0 0
100 3.66e-59 1.04e-08 3.55e-15 0 8.98e-03 0 0
150 1.62e-71 5.49¢-24 3.55e-15 0 1.73e-02 0 0
200 4.40e-82 3.75e-08 0 0 1.26e-03 0 0
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Pop F1 F2 F3 F4 F5 F6 F7
10 2.06e-23 1.44¢-07 2.75e¢+00 5.32e-15 1.84e-01 0 0
20 2.46e-60 4.06e-04 2.96e-04 0 1.72e-01 0 0
30 6.73¢-118 5.66e-07 1.42¢-14 0 7.51e-03 0 0
40 1.06e-106 3.11e-17 3.55¢-15 0 1.53¢-04 0 0
50 3.42¢-110 2.66e-07 3.55e-15 0 3.97e-05 0 0
60 2.39¢-142 3.95¢-05 3.55e-15 0 5.76e-03 0 0
70 7.12e-139 7.71e-06 3.55e-15 0 8.77e-04 0 0
80 7.56e-107 1.54e-10 3.55e-15 0 1.34e-03 0 0
90 3.60e-138 1.14e-12 3.55¢-15 0 0 0 0
100 5.24e-146 2.40e-15 3.55¢-15 0 9.24e-04 0 0
150 2.68e-108 3.52e-12 3.55e-15 0 0 0 0

200 2.87e-106 4.65¢-13 3.55¢-15 0 0 0 0
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Algorithm F1 F2 F3 F4
mean 9.84e-105 6.98e-01 9.18e-01 1.19e-01
PSO-cf
std 4.21e-104 1.46+00 1.01e+00 7.11e-02
mean 9.84¢-118 1.40e+00 1.33¢+00 1.04¢-01
UPSO
std 3.56e-117 1.88¢+00 1.48¢+00 7.10e-02
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std 4.56e-30 2.26e-01 2.13e-14 9.32¢-02
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Hcl
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M3 5 AUTTOULIDAUM Hel uaz He2 voulandas F1-F4 $1u7u 10, 15 uag 20 3ia

Function F1 F2 F3 F4
Dimension 10 15 20 10 15 20 10 15 20 10 15 20
mean 4.10e-027 7.03e-036 2.30e-038 1.08e-007 1.62¢-012 1.72¢-008 2.0le-015 4.14e-015 8.65¢-010 4.07e-017 7.40e-018 0
std 7.93e-027 1.36e-035 4.45¢-038 1.95¢-007 2.34e-012 3.22¢-008 1.88e-015 2.91e-015 1.67¢-009 5.97¢-017 1.38¢-017 0
Hel best 3.46e-098 1.99¢-078 3.36e-105 1.27e-024 3.57e-021 8.92¢-023 0 0 0 0 0 0
worst 1.23e-025 2.11e-034 6.91e-037 3.04¢-006 1.10e-011 4.59¢-007 7.10e-015 3.55e-015 2.59¢-008 3.33e-016 1.11e-016 0
count 0 0 0 0 0 0 14 8 7 22 28 30
mean 2.61e-070 5.65e-088 1.83e-093 2.53¢-010 3.43e-015 2.04e-013 2.96e-015 3.43e-015 2.96e-015 0 0 0
std 5.05e-070 1.03e-087 3.54e-093 4.69¢-010 4.58¢-016 3.79¢-013 9.86e-016 4.58¢-016 9.86e-016 0 0 0
He2 best 1.94e-156 8.08e-143 8.08e-147 1.33e-025 4.20e-026 4.93e-030 0 0 0 0 0 0
worst 7.84¢-069 1.35¢-086 5.02¢-092 4.69¢-024 2.07e-012 5.60e-012 3.55e-015 7.10e-015 3.55e-015 0 0 0
count 0 0 0 0 0 0 5 5 5 30 30 30
M40 6 TUTTOULTRAUN Hel 18 He2 voaWanda F5-F7 $11u 10, 15 waz 20 H@A
Function F5 F6 F7
Dimension 10D 15D 20D 10D 15D 20D 10D 15D 20D
mean 6.19e-004 8.31e-003 2.82e-002 1.89¢-015 0 0 0 0 0
std 9.05e-004 7.92¢-003 3.03e-002 3.66e-015 0 0 0 0 0
Hcl best 0 0 0 0 0 0 0 0 0
worst 8.98e-003 5.40e-002 1.84e-001 5.68e-014 0 0 0 0 0
count 6 1 2 29 30 30 30 30 30
Mean 3.50e-004 9.48e-005 4.40e-004 0 0 0 0 0 0
std 4.43e-004 1.41e-004 4.88¢-004 0 0 0 0 0 0
Hc2 best 0 0 0 0 0 0 0 0 0
worst 5.28¢-003 9.79¢-004 3.94¢-003 0 0 0 0 0 0
count 6 19 9 30 30 30 30 30 30

mand 7 daduiouifos
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Soiluiiu Jilaums YoUWARM f(X*) x*
Sphere f0=- 3 [-100, 100]" 0 {0.0, .., 0}
(F1) =)
enbr d-1 d
fosenbrock L) = Z(IOO'(XM *xyz) + (x, ’1)2) [F2.048. 2.048] ’ ot
(F2) =)
Ackley i 4 1Y -32.768, 32.768]" 0 {0.0, .., 0}
. fi(x)= —20-exp{—0.2~ g»;xf]—exp{g<;cos(2ﬁx,)J+e+20 [ ]
Griewank A 1 A d X, [7100 100]” 0 {0, 0, ..., 0}
= — - — 1 &)
F2) L= 3555 2% HCOS(JE j N
eierstrass d_( kmax kmax ¢
Weierstrass £ = [ (ak <coS(2ﬂ'b* (x +045)))] 4. Z (ak ‘COS(ﬂ'bk )) [-0.5, 0.5] 0 {0, 0, .., 0}
(F3) ! =1\ k=0 k=0
a=0.5, b=3, kmax=20
. P d
Rd(sm;gm Ji0= 35 - 10-cos(2mx) + 10-d [-5.12, 5.12] 0 {0,0, ... 0}
F6, =1
Schwefel d _ < 0 {c, Cy oy L‘}
= % (x, -si +418.9828872724337 - d [-500, 500]
(F7) S ) g(x' Sln(\ﬂx_")) ¢=420.968946359982025




