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Abstract: To improve the optimization performance of harmony search algorithm, a multiple-sub-
groups hybrid harmony search ( MHHS ) algorithm is proposed. The algorithm sorts the entire
harmony individuals according to the space distance between each harmony and the best harmony,
and then builds multiple layers based on the ranked results, where each layer is as a unique sub-
group. Different sub-groups integrate various differential adjustment strategies to broaden search
ranges. Meanwhile, the communication mechanism is built to facilitate the information exchange
among the multiple-sub-groups and to promote multiple-sub-groups coevolution. Simulation results
show that the proposed algorithm is better than the existing algorithms such as HS, EHS, NGHS,
MPSO, CLPSO, DE, ODE and IABC in terms of optimization accuracy, convergence and
robustness.

Key words: harmony search algorithm; sub-group; differential adjustment; communication
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*3 9 MEERTIRFH N, ~(N=10,30,50) KRR
Table 3 Optimization results of nine algorithms for f, - £, ( N=10,30,50)
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8ts  HS
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fi
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mean 6. 92e - 007
SD 1. 10e -006
mean 8. 53e — 004
SD 2.55e -003
mean 2. 65¢ +001
SD 5.68e —001

4.36e -033
1. 88e —029
5.11e -013
5.16e -013
3.71e —006
5. 00e —007

5.98e - 016
1. 00e - 015
2. 0de —008
2.33e -008
5. 36e —003
5. 60e —003

0. 00e —000
0. 00e —000
8. 8% -033
4. 64e -033
3.72e -023
3.40e - 023

8.76e —033
3.78e —035
7.35e -014
3.22e -014
7.23e —004
1.43e - 004

1. 56e 011
7.55e -011
5. 05e —009
4. 89 -009
3.48e - 004
1. 09e — 004

1. 65e - 016
6.25e —017
2.13e -012
4.52e -012
9.23e -007
7.20e —008

0. 00e —000
0. 00e —000
2.75e - 025
8.47e -025
5.26e -015
7.54e - 015

0. 00e —000
0. 00e —000
0. 00e —000
0. 00e —000
8. 15e —-(44
9. 06e — 043
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f
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mean 1. 87e —004
SD 3.2e -005
mean 1. 71e —001
SD 7.28e -002
mean 3. 40e +002
SD 2. 66e +002

1. 65e -016
6.25e —017
2.13e -012
4.52e -012
9.23e -003
7.20e — 004

1. 00e —005
2.20e —005
7.28e —002
1. 14e - 001
4. 96e +001
5.91e +001

3.00e -256
0. 00e +000
1.13e -219
0. 00e +000
3.90e - 015
7.85e 015

4.59% -023
2.65e —033
3.54e -014
4.86e - 015
3.43e - 002
5.45e -002

3.97e -035
5.01e 033
3. 13e - 006
2. 64e — 006
2.03e +000
1. 96e +000

0. 00e —000
0. 00e —000
1. 36e - 013
3.03e -012
1. 17e - 006
2.27e —006

9.24e -033
1. 94e - 029
3.26e -013
1.07e -012
1. 15e -002
1. 17e - 002

0. 00e —000
0. 00e —000
0. 00e —000
0. 00e —000
7.43e -017
2.32e -016
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mean 1. 87e —004
SD 3.24e -005
mean 1. 71e —003
SD 7.28e -002
mean 3. 40e —002
SD 2. 66e —002

2.44e -033
7. 80e —035
3.97e -032
5.0le -033
8. e -014
3.04e -015

0. 00e —000
0. 00e —000
8. (e —034
3.04e -031
2.88e -018
1.23e - 018

0. 00e —000
0. 00e —000
2.78e —044
4.98e — 042
3.48e -014
7.97e -012

2.35e -032
1. 5% -032
3.90e -035
7.85e —032
1. 26e - 033
1. 30e - 033

5.76e — 048
9.63e —046
1.34e 012
4. 64e -012
4. 64e —006
7.68e —007

0. 00e —000
0. 00e —000
5.76e —038
1. 36e —038
2.35e -012
1.57e -012

0. 00e —000
0. 00e —000
2.78e —034
4.98e - 036
2.35e -022
1. 60e —022
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0. 00e —000
3.90e - 045
7.85e — 044
2.78e -034
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mean 2. 37e - 004
SD 1.24e -005
mean 2. 31e —001
SD 4.23e -002
mean 3. 40e +002
SD 2. 66e +002

1.39¢ -016
4.42e -015
3.8% -016
8.32e -015
8.52e 015
8.21e 015

7.11e -016
4.11e -015
8. 04e -013
3.04e -012
3.97e -015
5.0le -013

1.27e -015
0. 00e —000
2.56e - 015
2.75e -015
5.05e -009
4. 89 —009
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6.21e - 015
7.90e - 013
2.38e - 015
2.48e -015
4.48e -015

8. 62e —003
1.52e -002
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1. 02e - 001
1. 75¢ —001

1. 56e - 015
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1. 78e - 015
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2.01e -015
1.77e - 015

2.34e -016
3.40e - 015
6.32e - 016
1. 80e - 015
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SD 2.83e +004
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1.92e - 004
6. 85e — 004
4.91e -001
5.29e - 002

2.42e -016
4.98e -016
9. 19e -001
1.93e - 002
1. 90e +001
1.32e +001

1. 09e - 026
2. 14e - 026
5.38e -018
1.12e -018
4.74e -016
4.26e -017

2.74e - 011
8. 11e -012
9.32e —002
1. 50e —003
1. 50e —003
3.34e - 004

1. 65¢ 003
1.38e - 002
1. 38e —001
1. 99¢ - 001
2.99e - 000
4. 99 - 001
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7. 66e —029
2.51e —028
1.34e - 032
3.08e 018
7.26e —017

5.76e —058
1. 30e —057
4.47e -048
2.88e — 048
9.28e -018
5.78e -017

6. 76e — 108
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2.47e —098
3.48e - 097
2.8% —-038
6. 88e —037
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