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Abstract: A three phases shuffled frog leaping framework for multi objective combinatorial optimization is proposed.
The framework adopts the idea of phasing and modularization, and divides the evolutionary process of population into
three phases: rapid convergence, exploration and expansion, exploit extremum. In the rapid convergence phase, the Pareto
front is quickly positioned so that the whole population quickly gathers near the front. In the exploration and expansion
phase, the accuracy of the solution is further improved and the population is evenly distributed on the front. In the
exploit extremum phase, the boundary extremum on each objective is searched to enhance the distribution performance.
For different modules in different stages, different strategies are adopted to improve the solution performance of the
framework. The proposed framework has good generality for multi-objective combinatorial optimization problems. When
solving different types of problems, only the corresponding coding mode, individual generating operator and constraint
processing mechanism need to be designed. The classical multi-objective knapsack problem is used as the test problem,
and compared with five existing algorithms, the results show that the proposed framework has good performance, and the
hybrid frog hop algorithm based on the framework has better convergence and distribution.

Keywords: multi objective combinatorial optimization; shuffled frog leaping framework; rapid convergence; exploration
and expansion; exploit extremum; discrete leaping rule
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3-200 5.92E-2(4.64E-3)  6.03E-2(2.73E-3)+ 8.01E-1(4.29E-2) 7.99E-1(2.13E-2)= 4.49E-1(2.16E-2) 4.62E-1(1.58E-2)+

AT +/=/- 8/0/0
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br b2 SR s ) X 38 T MOSFLA. NSGA-
II. SPEA2. Two-Arch2. MOFPA K151 3E S Fefig 1y
REL/NEEIN, JOIEIREL Pareto FIVE LRI ITA X
B, SEUEAITRY R EREH BT R Gk; MOEA/D %
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%3 TP-SFLA-KP B 5HMEXHIXILLER

(373 IGD HV Spread IGD HV Spread
HA 2 75 mean(std) 2 100 mean(std)

TP-SFLA-KP  1.10E-2(3.10E-3)  8.23E-1(1.10E-2)  6.35E-1(5.16E-2)  1.35E-2(1.78E-3)  8.28E-1(1.44E-2)  5.78E-1(6.15E-2)
MOSFLA  243E-2(7.83E-3)+ 8.08E-1(1.74E-2)+ 6.85E-1(5.14E-2)+ 193E-2(3.96E-3)+ 8.11E-1(1.61E-2)+ 6.14E-1(5.53E-2)+
NSGA-II  9.89E-2(2.39E-2)+ 7.915-1(1.325-2§+ 8.43E-1(5.65E-2)+ 8.43E—2E2‘08E-2 -+ 7.80E—1(1.69E—2;+ 8.37E-1(3.24E-2)+

SPEA2 3.45E-2(1.06E-2)+ 8.03E-1(1.60E-2)+ 7.19E-1(7.80E-2)+ 5.12E-2(9.24E-3)+ 7.95E-1(1.46E-2)+ 7.58E-1(5.92E-2)+
MOEA/D  3.18E-2(4.65E-3)+ 8.30E-1(1.72E-2)- 6.04E-1(7 09E-2)-  3.11E-2(4.24E-3)+ 8.34E-1(1.81E-2)-  5.62E-1(6.28E-2)-
Two-Arch2  1.55E-1(1.62E-2)+ 7.66E-1(1.11E-2)+ 9.29E-1(3.43E-2)+ 1.55E-1(1.68E-2)+ 7.43E-1(1.17E-2)+ 9.41E-1(3.34E-2)+
MOFPA 7.67E-2(1.45E-2)+  8.03E-1(1.19E-2)+ 8.23E-1(3.66E-2)+ 9.24E-2(1.89E-2)+ 7.73E-1(1.52E-2)+ 8.32E-1(4.11E-2)+

Bt +/=/- 6/0/0 5/0/1 5/0/1 6/0/0 5/0/1 5/0/1
4 2 125 mean(std) 2 150 mean(std)

TP-SFLA-KP  2.17E-2(3.92E-3)  8.37E-1(1.32E-2)  5.75E-1(3.99E-2)  1.20E-2(1.49E-3)  8.05E-1(1.27E-2)  5.90E-1(4.74E-2)
MOSFLA  3.22E-2(3.85E-3)+ 8.17E-1(1.27E-2§+ 6.66E-1(5.33E-2)+  2.37E- 254 83E- 3; 8.00E-1(1.26E-2)+  6.67E- 1§5 05E-2)+
NSGA-II  7.75E-2(1.08E-2)+ 7.74E-1(1.17E-2)+ 8.10E-1(3.50E-2)+ 1.20E-1(1.83E-2)+ 7.64E-1(9.32E-3}+ 8.84E-1(2.40E-2)+

SPEA2 6.25E-2(7.54E-3)+ 7.81E-1(1.15E-2)+ 8.01E-1(4.23E-2)+ 5.38E-2(6.94E-3)+ 7.83E-1(1.10E-2)+ 7.94E-1(4.45E-2)+
MOEA/D  4.70E-2 5‘23E.33+ 8.19E-1£1.57E-2 +  6.03E-1(5.78E-2)+ 2.93E-2 3‘73E-33+ 8.00E-151.35E-2)+ 6.50E-1(5.92E-2)+
Two-Arch2  1.91E-1(1.27E-2)+ 7.25E-1(1.25E-2)+ 9.53E-1(2.90E-2)+ 2.01E-1(1.18E-2)+ 7.45E-1(1.01E-2)+ 9.50E-1(1.90E-2)+
MOFPA 1.17E-1(1.42E-2)+  7.65E-1(7.99E-3)+ 8.63E-1(2.75E-2)+ 124E-1(1.94E-2)+ 7.71E-1(9.75E-3)+ 8.78E-1(2.71E-2)+
St +=/- 6/0/0 6/0/0 6/0/0 6/0/0 6/0/0 6/0/0
HA 2 175 mean(std) 2 200 mean(std)

TP-SFLA-KP  1.89E-2(3.17E-3)  8.23E-1(9.74E-3)  5.70E-1(6.27E-2)  1.69E-2(3.09E-3)  8.32E-1(1.19E-2)  5.93E-1(5.05E-2)
MOSFLA  4.11E-2(6.85E-3)+ 8.00E-1(1.42E-2)+ 7.06E-1(4.01E-2)+ 4.98E-2(9.81E-3)+ 8.08E-1(1.36E-2)+ 7.29E-1(3.77E-2)+
NSGA-II 1.40E- 151 51E-2;+ 7.505.151‘2115.2 +  8.93E-1(2.70E-2)+ 1.52E-1(1.92E-2)+ 7.60E-1(1.45E-2)+ 8.95E-1(2.55E-2)+

SPEA2 7.53E-2(7.87E-3)+  7.76E-1(9.92E-3)+ 8.22E-1(4.79E-2)+ 1.03E-1(1.19E-2)+ 7.69E-1(1.23E-2)+ 8.51E-1(3.78E-2)+
MOEA/D  4.98E-2(3.96E-3)+ 3.96E-3(7.97E-1)+ 6.44E-1(6.24E-2)+ 5.20E-2(5.54E-3)+ 8.13E-1(1.19E-2)}+ 6.79E-1(5.08E-2)+
Two-Arch2  2.30E- 151 36E—2;+ 7.275-121.135-2§+ 9.55E-1(2.15E-2)+ 2.53E-1(1.41E 23+ 731E-1(6.64E-3)+  9.64E-1(1.61E-2)+
MOFPA 1.59E-1(1.44E-2)+ 7.57E-1(9.75E-3)+ 8.99E-1(3.00E-2)+ 2.08E-1(1.78E-2)+ 7.47E-1(7.63E-3)+ 9.27E-1(1.68E-2)+
St +/=/- 6/0/0 6/0/0 6/0/0 6/0/0 6/0/0 6/0/0
k17 3100 mean(std) 3 200 mean(std)

TP-SFLA-KP ~ 5.49E-2(3.61E-3)  8.53E-1(4.66E-2)  4.32E-1(2.54E-2)  5.92E-2(4.64E-3)  8.01E-1(4.29E-2)  4.49E-1(2.16E-2)
MOSFLA  9.87E-2(6.14E-3)+ 7.83E-1(4.51E-2)+ 4.73E-1(2.00E-2)+ 1.03E-1(7.02E-3)+ 7.09E-1(4.62E-2)+ 5.06E-1(1.86E-2)+
NSGA-II 1.52E-1(1.07E-2)+  6.52E-1(3.09E-2)+ 5.70E-1(3.53E-2)+ 1.51E-1(7.56E-3}+ 6.21E-1(2.50E-2)+ 6.19E-1(2.79E-2)+

SPEA2 1.26E-1(7.73E-3)+ 7. 11E-1E4.93E-2g+ 5.36E-1(3.43E-2)+ 1.30E-1 9.25E-33+ 6.69E-152.9ZE-2§+ 5.53E-1(2. 205-2;+
MOEA/D  7.71E-2(5.73E-3)+ 8.48E-1(4.07E-2)+ 4.34E-1(2.36E-2)+ 9.94E-2(6.68E-3)+ 7.42E-1(6.04E-2)+ 4.83E-1(2.41E-2)+
Two-Arch2 ~ 227E-1(1.16E-2)+ 5.98E-1(2.06E-2)+ 7.97E-1(2.99E-2)+ 2.76E-1(9.66E-3)+ 5.68E-1(2.14E-2)+ 8.46E-1(2.54E-2)+

MOFPA 1.50E-1(1.40E-2)+ 6.57E-1(2.70E-2)+ 6.02E-1(2.69E-2)+ 2.19E-1(1.25E-2)+ 6.00E-1(2.23E-2)+  6.90E-1(2.28E-2)+
Bt +/=/- 6/0/0 6/0/0 6/0/0 6/0/0 6/0/0 6/0/0
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