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[Abstract] The Cuckoo Search (CS) Algorithm is a new Swarm'intelligence optimization algorithm with a simple
structure and good searching ability. Its disadvantages include an imbalance between exploration and exploitation and
easily falling into the local optimum.To solve these problems, we propose a Multi-Strategy Reconciled Cuckoo Search
(MSRCS) algorithm. The proposed algorithm is based on, probability rules in selecting reconciliatory strategies,
including a self-adaptive step size and modified solution-update ' methods to realize individual updates.The self-adaptive
step size leads Cuckoos in a better direction. Three modified solution-update methods are searched from their respective
neighborhoods, move toward the contemporary optimum, and generate a random solution to balance exploration and
exploitation. This algorithm effectively imptoves the adjusting ability of global and local searches during the iteration
process. The experimental results obtained using 28 benchmark functions of the CEC2013 test show that MSRCS has at
least 12 functions that are superior to the original CS and its seven improved algorithms and ranks first, indicating better
optimization ability in solving unimodal, multimodal, and combinatorial function problems.In addition, MSRCS yields
better convergence speed and seolution,accuracy than three classical swarm intelligence optimization algorithms.
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I 2.09E+01+4.80E-02 2.09E+01+4.61E-02 2.09E+01+4.25E-02 2.09E+01+4.26E-02 2.08E+01+9.74E-02
f 2.98E+01£1.90E+00 2.84E+01£1.97E+00 3.24E+01+£1.77E+00 3.02E+01+1.82E+00 2.59E+01+3.14E+00
o 2.64E-02+1.73E-02 3.34E-02+1.95E-02 9.25E-02+5.22E-02 9.71E-02+3.38E-02 1.10E-01+5.38E-02
1 1.21E+01£6.95E+00 1.68E+01+7.88E+00 5.54E+01+1.71E+01 3.32E-02+1.79E-01 2.16E+01+£5.91E+00
i 1.61E+02+3.31E+01 1.02E+02+2.51E+01 1.11E+02+3.36E+01 1.87E+02+4.12E+01 7.45E+01+2.09E+01
i 2.03E+02+3.14E+01 1.49E+02+2.84E+01 1.80E+02+4.33E+01 2.16E+02+2.36E+01 1.25E+02+2.14E+01
i 4.21E+02+1.60E+02 5.77E+02+2.72E+02 2.95E+03+5.68E+02 9.42E+01+2.99E-01 1.52E+03+4.00E+02
s 4.21E+03+2.46E+02 4.48E+03+2.89E+02 3.90E+03+2.98E+02 3.96E+03+4.03E+02 3.78E+03+5.31E+02

i

1.32E+00+£2.07E-01

1.02E+00+1.69E-01

1.42E+00+2.52E-01

1.22E+00+1.85E-01

6.00E-01+2.92E-01
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g3k
Avg+Std
cs ACS DACS SACS MSRCS
£ 5. 18E+017.77E+00 5.01E+01+6.38E+00 1.20E+02+2.45E+01 3.05E+015.88E-02 5.88E+018.36E+00
fis 2.26E+02+4.07E+01 1.70E+02+1.80E+01 1.37E+02+2.76E+01 2.23B+0242.29E+01 9.50E-+01£1.76E-+01
fio 7.41E+00+1.50E+00 5.71E+0022.25E+00 9.26E+00+3.70E+00 5.50E-01:1.93E-01 3.85E+0021.38E+00
foo 1.23E+015.13E-01 1.22E+01£5.97E~01 1.49E+0143.56E—01 1.28E+01+7.48E—01 112E+016.78E-01
£ 2.56E+0245.07E+01 2.74E+02+8 32E+01 3.07E+02+7.11E+01 227E+024.47E+01 3.07E+02+9.00E+01
for 7.11E+0242.32E+02 1.05E+03+4 27E+02 3.39E+03+7.36E+02 4.25E+014.26E+01 1.41E+035.72E+02
£ 5.12E+03+4.14E+02 5.34E+03+5.09E+02 4.97E+03+4.53E+02 5.02E+034 40E-+02 4.10E+035.25E-+02
fou 2.81E+0241.07E+00 2.74E+02+7.19E+00 2.86E+02+6.24E+00 2.82E+02+5.16E+00 2.61E+02+1.29E+01
fis 2.99E+02+5.08E+00 2.85E+02+8.31E+00 2.95E+02+7.75E+00 3.02E+02+6.43E+00 2.76E-+029.43E+00
foe 2.00E+02+2.70E—02 2.21E+02+5.45E+01 2.30E+02+6.68E+01 2.06E+0243.24E+01 2. 11E+02£4.15E+01
£ 1.06E+03+1.83E+02 1.03E+03+4.80E+01 1.14E+035.56E+01 9.40E+02+3.02E+02 9.52E+02+7.33E+01
fis 2.96E+02+2.22E+01 3.38E+02+2.06E+02 3.00E+02+2.10E-13 2.89E+02+4.12E+01 3.00E+02+1, 1B~ 13
rank 50714 45714 63929 5.2857 33204
/= 16/5/7 16/4/8 20/5/3 14/6/8

%3 d=30Ff GBCS.GCS.NACS.SDCS.MSRCS &£ CEC2013 i)zt iF £} SL 16 45 B
Table 3 Experimental results of CEC2013 test functions of GBCS,GCS,NACS,SDCS,MSRCS algorithms when d=30

Avg+Std
GBCS GCS NACS SDCS MSRCS
1 0.00E+00+0.00E+00 0.00E+00+0.00E+00 0.00E+00+0.00E+00 0.00E+00+0:00E+00 0.00E+00+0.00E+00
A 1.13E+06+6.13E+05 2.96E+05+1.13E+05 7.87E+04+3.97E+04 3.91E+04+2.17E+04 4.38E+04+1.70E+04
£ 1.00E+10+0.00E+00 1.00E+10+0.00E+00 1.00E+10+0.00E+00 1.00E+10:£0.00E+00 1.00E+10+0.00E+00
/i 3.20E+01+1.73E+01 9.27E+02+5.50E+02 5.78E+03+4.22E+03 1.81E+01£2.00E+01 7.49E-01+£6.91E-01
A 1.52E-14+3.86E-14 0.00E+00+0.00E+00 3.79E-15+2.04E-14 1.14E-14+£3.41E-14 5.31E-14+5.67E-14
Js 3.66E+00+8.95E+00 3.79E+00+8.15E+00 6.20E+00+4.51E+00 1.54E+01+6.93E+00 4.66E+00+9.73E+00
f 5.12E+01+1.63E+01 9.63E+01+1.50E+01 1.01E+02+2.43E+01 1.14E+02+2.64E+01 3.93E+01+1.65E+01
Ty 2.09E+01+4.49E-02 2.09E+01+3.75E-02 2.09E+01+4.87E-02 2.09E+01+4.12E-02 2.08E+01+9.74E-02
J 2.70E+01+1.79E+00 2.89E+01+2.04E+00 3.01E+01+2.36E+00 2.63E+01+2.98E+00 2.59E+01+3.14E+00
o 3.74E-02+1.97E-02 3.33E-02+2.27E-02 320E~01+1.22E-01 1.07E-014+4.96E-02 1.10E-01+5.38E-02
1 2.43E+01+7.69E+00 2.76E+01+1.31E+01 324E-01+1.33E-01 2.84E+01+1.06E+01 2.16E+01+5.91E+00
S 7.18E+01+1.44E+01 1.60E+02+3.21E+01 1" 77E+02+4.68E+01 1.55E+02+4.34E+01 7.45E+01+2.09E+01
i 1.15E+02+2.12E+01 2.05E+02+3.03E+01 2.51E+02+5.00E+01 2.26E+02+4.68E+01 1.25E+024+2.14E+01
s 9.50E+02+3.55E+02 5.90E+02+2.54E+02 1.94E+03+5.58 E+02 1.16E+03+3.28E+02 1.52E+03+4.00E+02
fis 4.59E+03+3.54E+02 3.77E403+3.20E+02 4.01E+03+6.07E+02 3.52E+03+4.64E+02 3.78E+03+5.31E+02
e 1.45E+00+2.07E-01 267E-01£5.03E-02 1.20E+00+2.86E-01 1.10E+00+3.37E-01 6.00E-01+2.92E-01
1y 4.92E+01+6.50E+00 6.60E+01%1.48E+01 1.18E+02+3.34E+01 1.31E+02+3.58E+01 5.88E+01+8.36E+00
fis 1.32E+02+1.44E+01 1'51E+02+2.48E+01 1.86E+02+3.80E+01 2.67E+02+6.73E+01 9.50E+01+1.76E+01
fro 3.77E+00+1.16E+00 7.07E+00+2.02E+00 1.66E+01£8.32E+00 5.90E+00+2.66E+00 3.85E+00+1.38E+00
o 1.26E+01+1.07E+00 1.20E+01+4.97E-01 1.20E+01+7.34E-01 1.20E+01+5.56E-01 1.12E+01+6.78E-01
o 3.28E+02+9.00E+01 2.59E+02+5.93E+01 3.44E+02+9.11E+01 2.48E+02+7.52E+01 3.07E+02+9.00E+01
fo 1.07E+03+2.62E+02 9.47E+02+4.03E+02 2.32E+03+6.82E+02 1.34E+03+3.96E+02 1.41E+03£5.72E+02
s 4.73E+03+3.66E+02 4.63E+03+4.82E+02 4.77TE+03+4.99E+02 4.43E+03+5.86E+02 4.10E+03+5.25E+02
Jra 2.64E+02+1.10E+01 2.80E+02+1.13E+01 2.82E+02+1.00E+01 2.72E+02+7.82E+00 2.61E+02+1.29E+01
Js 2.77E+02+8.03E+00 2.99E+02+6.50E+00 2.99E+02+6.24E+00 2.83E+02+6.13E+00 2.76E+02+9.43E+00
S 2.12E+02+4.16E+01 2.00E+02+5.62E-03 2.24E+02+6.01E+01 2.00E+02+3.08E-03 2.11E+02+4.15E+01
Jfry 9.55E+02+8.74E+01 1.09E+03+4.74E+01 1.07E+03+6.86E+01 1.02E+03+6.13E+01 9.52E+02+7.33E+01
Jas 3.00E+02+2.56E-13 3.00E+02+4.15E-14 6.20E+02+7.19E+02 3.00E+02+1.63E-13 3.00E+02+1.17E-13
rank 43571 4.500 0 6.714 3 4.750 0 3.3214
+/=/— 12/10/6 15/7/6 23/3/2 16/8/4
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Fig.5 Convergence curves of CS,ACS,DACS,SACS,GCS,MSRCS algorithms on the sectional test functions
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Table 4 Experimental results of MSRCS algorithm by using different strategy on the CEC2013 test functions when d=30

Avg+Std
MSRCS-1 MSRCS-2 MSRCS-3 MSRCS
1 0.00E+00+0.00E+00 0.00E+00+0.00E+00 2.27E-13+0.00E+00 0.00E+00+0.00E+00
5 8.69E+05+4.49E+05 9.64E+05+5.70E+05 4.84E+04+3.52E+04 4.38E+04+1.70E+04
£ 1.00E+10+0.00E+00 1.00E+10+0.00E+00 1.00E+10+0.00E+00 1.00E+10=+0.00E+00
£ 1.30E+02+5.86E+01 7.88E+00+4.90E+00 4.77E-04+6.46E—04 7.49E=01#£6.91E-01
fs 7.58E—15+2.84E-14 9.85E—-14+3.86E—14 3.33E-13+5.82E-14 5.31E—-14+5.67E—-14
fy 1.41E+00+5.43E+00 6.05E+00+1.02E+01 2.15E+01+2.27E+0 L 4.66E+00+9.73E+00
f 5.64E+01+1.80E+01 4.35E+01+1.60E+01 6.87E+01+3.20E+01 3.93E+01+1.65E+01
Js 2.09E+01+4.82E-02 2.09E+01+3.37E-02 2.08E+01+8.60E—02 2.08E+01+9.74E-02
f 2.68E+01+1.87E+00 2.68E+01+1.36E+00 2.79E+0122.T9E+00 2.59E+01+3.14E+00
o 4.09E-02+2.30E-02 1.12E-014+8.84E-02 3'08E=01+2,06E-01 1.10E-01+5.38E-02
S 1.77E+01£6.74E+00 1.85E+01+5.83E+00 9.04E+01+4.09E+01 2.16E+01+5.91E+00
i 7.02E+01£1.25E+01 7.34E+01+1.71E+0 1 1.09E+02+4.18E+01 7.45E+01+2.09E+01
fis 1.20E+02+2.52E+01 1.27E+02+2.18E+01 1.61E+02+3.29E+01 1.25E+02+2.14E+01
Sia 5.97E+02+1.88E+02 6.31E+02+2.86E4+02 1.86E+03+5.52E+02 1.52E+03+4.00E+02
s 4.41E+03+4.78E+02 4.55E+03+3.60E+02 3.53E+03+3.94E+02 3.78E+03+5.31E+02
e 1.51E+00+2.23E-01 1.48E+00+2.24E-01 7.67TE-01+3.41E-01 6.00E-01+2.92E-01
iy 4.77E+01+7.23E+00 4.78E+01£6.85E+00 8.37E+01+1.91E+01 5.88E+01+8.36E+00
fis 1.39E+02+1.78E+01 1.35E+02+1.25E+01 1.18E+02+2.94E+01 9.50E+01£1.76E+01
Jio 3.63E+00+1.22E+00 3.89E+00+1.37E+00 2.97E+01+5.53E+01 3.85E+00+1.38E+00
T 1.16E+01+3.57E=01 1.16E+01+3.85E-01 1.33E+01+1.53E+00 1.12E+01+6.78E-01
o 2.78E+02+5.37E+01 3.13E+02+8.14E+01 3.13E+02+8.14E+01 3.07E+02+9.00E+01
T 7.42E+0242:46E+02 7.94E+02+3.20E+02 2.11E+03+6.16E+02 1.41E+03+5.72E+02
fos 4.98E+03+3.88E+02 4.82E+03+5.30E+02 3.87E+03+5.36E+02 4.10E+03+5.25E+02
Joa 2.71E+02+9.51E+00 2.60E+02+1.07E+01 2.67E+02+9.84E+00 2.61E+02+1.29E+01
s 2.85E+02+5.19E+00 2.80E+02+8.37E+00 2.82E+02+1.25E+01 2.76E+02+9.43E+00
Jas 2.00E+02+2.03E-02 2.11E+02+3.97E+01 3.06E+02+7.55E+01 2.11E+02+4.15E+01
fo 9.72E+02+1.22E+01 9.79E+02+6.35E+01 9.52E+02+9.74E+01 9.52E+02+7.33E+01
Jag 3.00E+02+1.99E-13 3.00E+02+2.92E-13 5.44E+02+5.31E+02 3.00E+02+1.17E-13
rank 23036 2.678 6 3.0357 1.9821
+/=/= 12/9/7 14/12/2 19/8/1
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Fig.6 Convergence curves of MSRCS-1,MSRCS-2,MS
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Table 5 Experimental results of CUDE, MEABC,NSRaFA , MSRCS algorithms on the CEC2013 test functions when d=30
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