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Abstract

The Arctic Puffin Optimization (APO) algorithm, introduced in 2024, is inspired by the hunting behavior of
puffins in aerial and marine environments and utilizes swarm intelligence concepts to model the collective
movements of puffins. By employing various movement strategies, this algorithm aims to establish an appropriate
balance between exploration and exploitation processes in the search space. However, the dependence of some
search stages on random processes may lead to irregular variations in the movement trajectories of search agents,
reduced control over population diversity, and an increased risk of premature convergence. In this study, an
improved version of the Arctic Puffin Optimization algorithm, referred to as the Chaotic Arctic Puffin Algorithm
(CAPA), is proposed. The proposed approach incorporates a Logistic chaotic map to enhance the generation
quality of search-guiding parameters and improve the movement behavior of optimization agents. By exploiting
the nonlinear properties and effective space-filling capability of chaotic sequences, the proposed mechanism aims
to achieve a more effective balance between exploration and exploitation. The performance of the proposed
algorithm is evaluated on 12 benchmark functions with different dimensions and compared with the original
Acrctic Puffin Optimization algorithm as well as several well-established metaheuristic algorithms, including Grey
Wolf Optimizer (GWO), Whale Optimization Algorithm (WOA), Salp Swarm Algorithm (SSA), and their
chaotic variants. The experimental results demonstrate that the Chaotic Arctic Puffin Algorithm improves
solution quality, search stability, and convergence behavior compared with the original APO algorithm, while
maintaining competitive performance against other reference methods. Furthermore, the results of the Wilcoxon
signed-rank test and Friedman test confirm that the performance difference between the proposed algorithm and
the original Arctic Puffin Optimization algorithm is statistically significant.

Keywords: Arctic Puffin Optimization (APO), Chaotic Optimization, Logistic Map, Metaheuristic
Algorithm, Evolutionary Computation.
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$lein s 2.27E+00 | 3.66E-01 0.05
el s 6.91E+00 | 3.39E+00 0.15
F11 73.61% 7.14%
Soleday o 1.82E+00 | 3.52E+00 0.14
el hs 3.21E+01 | 6.83E+03 0.15
F12 62.73% 7.14%
Soled o 1.20E+01 | 1.36E+01 0.14
oSl 40.20% 21.49%
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hel b, 3.45E+01 2.52E+01 0.04
F1 44.11% 33.33%
ol b 1.93E+01 | 2.06E+01 0.03
hel b, 2.16E+00 2.70E-01 0.04
F2 26.12% 33.33%
ol b, 1.60E+00 3.16E-01 0.03
hel b, 3.41E+02 1.41E+02 0.08
F3 79.81% 14.29%
ol b, 6.89E+01 | 7.97E+01 0.07
hel s, 5.036+00 | 2.50E+00 0.04
F4 40.66% 33.33%
soliing (b, 2.99E+00 | 2.16E+00 0.03
shel s, 7.58E402 | 9.11E+02 0.05
F5 24.73% 25.00%
solotn b, 5.71E+02 | 4.90E+02 0.04
shel s, 3.14E401 | 3.91E+01 0.04
F6 40.55% 33.33%
ol b, 1.876+01 | 1.42E+01 0.03
el b, 3.45E-02 3.44E-02 0.07
F7 4.31% 16.67%
ol (3, 3.59E-02 1.39E-02 0.06
el b, 9.80E+01 1.11E+01 0.04
F8 16.62% 0.00%
ol b, 8.18E+01 1.43E+01 0.04
el b, 3.22E+00 4.94E-01 0.05
F9 19.01% 25.00%
solotn b, 2.60E+00 3.90E-01 0.04
hel s, 1.22E+00 3.45E-01 0.05
F10 9.42% 25.00%
soletn b, 1.11E+00 2.51E-01 0.04
kel s, 2.24E+00 | 1.70E+00 0.12
F11 50.18% 9.09%
e ) 1.11E+00 9.10E-01 0.11
kel s, 5.11E+00 | 4.64E+00 0.12
F12 62.65% 9.09%
bty 55 1.91E+00 2.29E+00 0.11
oSk | 34.85% | 21.46% |
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olol 55, | 8.53E+02 | 8.64E+02 0.26
F1 31.84% 23.81%
ot s, | 5.81E+02 | 2.16E+02 0.21
ol s, | 2.70E+01 | 5.13E+00 0.23
F2 40.24% 15.00%
solgziy b, | 1.61E+01 | 2.82E+00 0.2
Lol s, | 4.80E+03 | 1.67E+03 0.45
F3 79.60% 9.76%
ot s, | 9.79E+02 | 4.69E+02 0.41
ol s, | 1.59E+01 | 4.67E+00 0.22
F4 19.08% 15.79%
olgzig bs, | 1.28E+01 | 1.99E+00 0.19
bl 55, | 1.41E+05 | 1.21E+05 0.24
F5 90.62% 14.29%
ot s, | 1.32E+04 | 2.59E+04 0.21
olol 53, | 1.54E+03 | 6.15E+02 0.22
F6 58.82% 15.79%
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bl 53, | 3.00E-01 | 2.10E-01 0.32
F7 40.55% 10.34%
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ool s, | 3.91E+02 | 2.50E+01 0.24
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F11 59.34% 8.77%
olerig b, | 6.13E+00 | 2.79E+00 0.57
olol 55, | 2.56E+03 | 3.90E+04 06
F12 98.88% 1.69%
solgzig g, | 2.86E+01 | 2.50E+02 0.59
0, 0,
Sl 51.63% 13.21% |
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hel b, 6.29E+02 4.09E+02 0.41
F1 60.55% 28.13%
wleiay s, 2.48E+02 1.67E+02 0.32
el s, 168E+01 | 1.41E+00 | 0.28
F2 36.62% 12.00%
@leiay s, 1.07E+01 3.06E+00 0.25
el s, 220E403 | 9.28E+02 | 0.68
F3 68.81% 11.48%
&bt (b3, 6.88E+02 5.53E+02 0.61
el s, 154E+01 | 2.74E+00 | 0.33
F4 26.36% 10.00%
solerin 3y, | 1ASE401 | 3.08E+00 | 03
kel oy 8.14E+04 1.01E+05 0.43
F5 83.84% 7.50%
solerin i, | 1326404 | 131E+04 | 04
el s, 7.40E+02 3.86E+02 0.35
F6 70.34% 25.00%
st i, | 249E402 | 3.07E+02 | 028
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F7 2.92% 1.92%
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F12 75.11% 8.82%
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rSile 48.07% | 10.48% |
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F1 4.98E+02 = 577E+01 + 1.59E-02 + 1.18E-10 + 1.21E+03 1.88E-03 + 5.84E-10 + 1.84E+02 +
1.63E+02 2.64E+01 1.29E-02 5.84E-10 6.46E+02 1.22E-03 1.97E-09 2.89E-14
F2 9.78E+00 * 4.02E+00 = 2.60E-02 + 1.11E-08 + 1.75E+01 + 3.76E-03 + 1.68E-07 3.86E+00
1.73E+00 8.87E-01 1.10E-02 2.50E-08 3.57E+00 1.71E-03 3.35E-07 2.71E-15
F3 1.82E+03 1.45E+02 2.89E+02 1.01E+05 * 5.40E+03 2.21E+03 6.55E+04 6.26E+03
7.32E+02 5.55E+01 1.87E+02 2.27E+04 2.70E+03 2.02E+03 3.64E+04 3.70E-12
F4 1.44E+01 + 6.76E+00 £ 1.35E+00 + 6.08E+01 + 2.16E+01 + 2.05E+01 + 8.81E-01 + 5.10E+00 +
3.04E+00 1.45E+00 5.52E-01 2.25E+01 3.46E+00 7.85E+00 1.22E+00 0.00E+00
F5 5.39E+04 + 1.39E+03 + 3.19E+01 + 2.88E+01 + 1.47E+05 + 5.01E+01 + 2.68E+01 + 2.03E+03 +
3.56E+04 8.86E+02 5.89E+00 9.03E-02 1.27E+05 7.71E+01 5.96E+00 6.94E-13
F6 4.67E+02 4.84E+01 3.03E+00 £ 2.03E+00 + 1.04E+03 + 3.83E+00 4.50E-01 + 1.49E+02 +
1.45E+02 1.66E+01 1.06E+00 6.07E-01 4.00E+02 5.69E-01 3.18E-01 8.67E-14
F7 1.62E-01 9.90E-02 1.83E-02 + 2.60E-02 + 5.76E-01 + 4.97E-02 £ 5.94E-03 + 9.65E-03 +
6.09E-02 3.18E-02 6.82E-03 2.94E-02 2.75E-01 2.39E-02 6.47E-03 6.02E-03
F8 2.20E+02 2.04E+02 3.45E+01 = 1.36E+01 + 8.94E+01 + 1.24E+02 9.96E-09 + 4.66E+01 =
1.10E+01 1.82E+01 1.42E+01 5.19E+01 1.88E+01 3.28E+01 4.19E-08 3.61E-14
F9 6.26E+00 3.49E+00 2.31E-02 + 5.32E-07 8.97E+00 1.32E-02 + 3.68E-06 + 4.07E+00 £
6.35E-01 4.37E-01 7.64E-03 9.24E-07 1.39E+00 6.27E-03 6.74E-06 3.61E-15
F1o0| 6-16E+00 1.43E+00 £ 6.55E-02 + 6.57E-02 £ 1.17E+01 + 451E-02 + 2.66E-09 + 2.66E+00
1.71E+00 1.74E-01 6.47E-02 2.16E-01 3.53E+00 7.85E-02 1.04E-08 1.36E-15
F11| 1.10E+01+ 2.74E+00 4.43E-01 + 1.65E-01 + 3.27E+01 + 6.59E+00 + 3.96E-02 + 2.14E+00
4.80E+00 1.46E+00 2.59E-01 1.11E-01 3.63E+01 1.19E+01 5.30E-02 9.03E-16
F1o| 2.69E+03+ 8.19E+00 * 2.34E+00 1.20E+00 + 2.87E+04 3.09E+00 £ 3.28E-01 + 4.17E+00
9.19E+03 3.55E+00 6.04E-01 3.30E-01 4.22E+04 1.60E+00 2.37E-01 9.03E-16
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