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Abstract

I many Evolutionary Algorithing (EAs), a crossover with two parents is commonly
used to produce offsprings. Interestingly, we need not restrict ourselves to two-parent
crossover sinee EA allows us 1o emulate natural evolution in « more flexible fashion.
There are experimental results in the literature which show that multi-parent crossover
operators can achieve better performance  than  traditional two-parent  versions.
However, most of these experimental results are bused on conmmon test functions.
Lxperimental studies involving real-life, NP-hard problems such as network design
problen are yery rare. This paper presents Memetic Algorithm with Multi-Parent
Crossover (MA-MPC) with a view to providing a case study of multi-parent crossover
within the framework of MA for network topology design problem. Resulty show that
MA-MPC does not abways ouiperform MA, It depends on the size of the problem and the
aumber parents (be it 3, 5, 7, or uny other).

Keywords: Evolutionary Algorithms, Multi-Parent Crossover, NP-hard problems, Memetic Algorithm,
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1.0 Introduction

Memetic Algorithm (MA) isknown 1o be one of the highly effective meta-heuristic approaches for solving a large
number of constraint satisfaction and optimization problems [1]. One of the key features of a MA is the crossover operator
for gencrating offspring solutions. Generally, mcaningful crossover operators enhance healthy diversification in the
population and prevent premature convergence of the population.In many Evolutionary Algorithms (EAS), a crossover
operation with two parents is commonly used to produce offsprings. However, we need not restrict ourselves 1o two-parent
crossover only as EAs allows us Lo emulate natural evolution in a more flexible fashion. Several attempts studying the use of
more than two parents for crossover in EAs have been reported [1, 2, 3,4]. In fact, there are experimental results in the
literature which show that multi-parent crossover operators can achieve better performance than their two-parent
versions.Elsayed ¢t al [5] showed that the efficiency of genetic algorithm (GA) can be enhanced by using multi-parent
crossover with a randomized operator. Ting and Buning [6] proposed a tabumulti-parent genetic algorithm (TMPGA) and
observed from their computational experiments that TMPGA achieved faster convergence and better solution quality than the
classic two-parent GA. Eiben [7, 8 | provides excellent overview of multi-parent crossovers. These researchers and a host of
others havedemonstrated the effectiveness of multi-parent crossoverson functionaloptimizigon problems as well as multi-
objective problems. However, computational experiments involving, real-life, NP-hard problems such as network design
problem are very rare.

In this paper, we provide a case study of (diagonal) multi-parent crossover operatorwithin memetic algorithm for multi-
objective network design problem.
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For 10-node network. it is evident from Table 1 that the use of multi-parent crossoyer will always enhance the efficiency of
MA since MA has the highest CPU time (410 seconds). It could also be abserved that quality of results is either degraded as
it is the case with MA-MPC with 3 and § parents or not affected at all by multi-parent crossover as it is the case with MA-
MPC with 7 parents.

For 21-node network, Table 2 shows that multi-parent crossover will reduce computation time of MA whenever it s
used. Results quality is however either reduced or left unaffected by multi-parent crossover.

In the case 36-node network, Table 3 depicts that multi-parent crossover can cither improve or impede the efficiency of
MA depending on the number of parents involved. Results also reveal that when the efficiency of MA is improved owing to
the use of multi-parent crossover, its effectiveness is cqually hampered and vice versa. The table also shows that multi-parent
crossover will either improve solution quality as it is the case with MA-MPC (with 5 parents) or degrade solution quality as it
is the case with MA-MPC (with 3 and 7 parents)

5.0 Conclusion

In this paper, the impact of multi-parent crossover on a Memetic Algorithm applied to solve real-life problem is investigated.
In particular, MA-MPC is designed and tested for a multi-objective network design problem whose size ranges from small
(10-none network), mediun (21-node network) to large (36-node network). The results obtained show that, while multi-
parent crossover will certainly improve the efficicncy of MA for small and medium networks, it is not the case for large
networks. For large networks, multi-parent crossover will cither improve or impede the efficiency of MA depending on the
number of parents used.
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Table I: Table of Results for 10-node network problent

Number of Parents Cost AvDelay Rank CPU Time
2 (MA) 619.6 0.05 | 410
3 934.9 0.045 3 150
5 758 0.03 2 142
7 689.6 0.03 1 185

Tuble 2: Table of Results for 21-node network problem

Number of Parents Cost AvDelay | Rank CPU Time
2 (MA) 1167.4 0.04 | 5665
3 1354.3 0.07 4 2899
5 1293.8 0.03 | 3390
7 1350.4 0.03 2 990
Table 3: Table of Results for 36-node network pr bl
Number of Parents Cost AvDelay Rank CPU Time
2 (MA) 1167.4 0.05 2 5673
3 1258.9 0.055 3 4744
5 1163.8 0.04 | 6455
v/ 1350.4 0.06 4 990
APPENDIX

i TEST DATA

10-NODE NETWORK

Node Details (Node Type, C;) = { (01,42) (0, 78) (10,33) ,(00,53) (01,42) ,(00,13) ,(10,9) ,(11,23) ,(10,57) [(10,25) }

Link Details (Dy. Cy, CAPy, LFLOW ) = { (28.47,60,46) ,(20.43,90,72) ,(28,12,54,28) 1(62,39,61,46) ,(42,23,24.9)
(42,30,16,14),(36,3,44,16)  (40,18.75,54) (10,36,29.8) ,(44.30,79.53) (44,45,54,35) 1(36,18,66,51) ,(32,13,78,25)
(14,16,96.54) (16,13, 84,74) ,(21,28,76,17) (22.3,80,71) .(3,39,55,54) ,(47,12,66,62) (26,11,89,56) ,(13,42,77.47)
(46.22,45,39) ,(28,6,53,16) ,(5.38.89,57) (28,40,16, 9) (48,49.49.40) ,(18,34,37.9) (34,35,11,8),(11,41,39,31) ,(46,20,32.9)
(11,3,50,35)  (70,1,54.41) ,(18,6.8.65) (35.4291,66) .(14.33,10,26) ,(11,33,60,9) (43,16,79,49)  (20,43,88.56)
(16,13,96,68) ,(6,30,91,67) .(34,49,16,7) .(37.21,57.49) (20,12.79,62) ,(33,46.81,70) (48,25.8,7) }
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For 10-node network, it is evident from Table | that the use of multi-parent crossover will always enhance the efficiency of
MA since MA has the highest CPU time (410 seconds). It could also be observed that quality of results is cither degraded as
it is the case with MA-MPC with 3 and 5 parents or not affected at all by multi-parent crossover as it is the case with MA-
MPC with 7 parents.

For 21-node network, Table 2 shows that multi-parent crossover will reduce computation time of MA whenever it is
used. Results quality is however either reduced or left unaffected by multi-parent crossover.

In the case 36-node network, Table 3 depicts that multi-parent crossover can cither improve or impede the efficiency of
MA depending on the number of parents involved. Results also reveal that when the efficiency of MA is improved owing to
the use of multi-parent crossover, its effectiveness is ¢qually hampered and vice versa. The table also shows that multi-parent
crossover will either improve solution quality as it is the case with MA-MPC (with 5 parents) or degrade solution quality as it
is the case with MA-MPC (with 3 and 7 parents)

5.0  Conclusion

In this paper, the impact of multi-parent crossover on a Memetic Algorithm applied to solve real-life problem is investigated.
In particular, MA-MPC is designed and tested for a multi-objective network design problem whose size ranges from small
(10-none network), medium (21-node network) to large (36-node network). The results obtained show that, while multi-
parent crossover will certainly improve the efficicney of MA for small and medium networks, it is not the case for large
networks. For large networks, multi-parent crossover will cither improve or impede the efficiency of MA depending on the
number of parents used.
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Table 1: Table of Results for 10-node network problem

Number of Parents Cost AvDeluay Rank CPU Time
2 (MA) 619.6 0.05 | 410
3 934.9 0,045 3 150
5 758 0.03 2 142
7 689.6 0.03 ! 185

Tuble 2: Table of Results for 21-node network roblem

Number of Parents Cost AvDelay | Rank CPU Time
2 (MA) 1167.4 0.04 | 5665

3 1354.3 0.07 4 2899

5 1293.8 0.03 | 5390

7 1350.4 0.03 2 990

Table 3: Table of Results for 36-node network problent

Number of Parents Cost AvDelay Rank CPU Time
2 (MA) 1167.4 0.05 2 5673
3 1258.9 0.055 3 4744
S 1163.8 0.04 | 6455
7 1350.4 0.06 4 990
APPENDIX
TEST DATA

10-NODE NETWORK

Node Details (Node Type. C;) = { (01,42) (0, 78) (10,33) ,(00,53) (01,42) ,(00,13) ,(10,9) ,(11,23) ,(10,57) ,(10.25) }

Link Details (Dy, Cy, CAPy;, LFLOW ;) = { (28,47,60.46) ,(20.43,90,72) ,(28,12,54,28) 1(62,39,61,46) ,(42,23,24,9)
(42,30,16,14),(36,3,44,16)  (40.18,75,54) (10,36,29.8) ,(44.30,79.53) ,(44,45,54,35) ,(36,18,66,51) ,(32,13,78,25)
(14,16,96,54) (16,13, 84,74) ,(21,28,76,17) (22,3.80,71) (3,39.55,54) ,(47,12,66,62) (26,11,89,56) ,(13,42,77.47)
(46,22.45.39) ,(28,6,53,16) ,(5,38,89,57) ,(28,40,16. 9) (48,49.49.40) ,(18,34,37,9) ,(34,35,11,8),(1 1,41,39,31) ,(46,20,32,9)
(11,3,50,35)  (70,1,54.41) (18,6,8,65) .(3542.91.66) (1433,10,26) ,(11,33,60,9) ,(43,16,79,49) (20,43.88,56)
(16,13,96,68) ,(6,30,91,67) .(34.,49,16,7) (37.21.57.49) (20.12,79,62) ,(33,46.81,70) ,(48,25.8,7) }
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For 10-node network, it is evident from Table | that the use of multi-parent crossover will always enhance the efficiency of
MA since MA has the highest CPU time (410 seconds). It could also be observed that quality of results is either degraded as
it is the case with MA-MPC with 3 and 5 parents or not affected at all by multi-parent crossover as it is the case with MA-
MPC with 7 parents.

For 21-node network, Table 2 shows that multi-parent crossover will reduce computation time of MA whenever it is
used. Results quality is however either reduced or left unaffected by multi-parent crossover.

In the case 36-node network, Table 3 depicts that multi-parent crossover can either improve or impede the efficiency of
MA depending on the number of parents involved. Results also reveal that when the efficiency of MA is improved owing to
the use of multi-parent crossover, its effectiveness is equally hampered and vice versa. The table also shows that multi-parent
crossover will either improve solution quality as it is the case with MA-MPC (with 5 parents) or degrade solution quality as it
is the case with MA-MPC (with 3 and 7 parents)

5.0  Conclusion

In this paper, the impact of multi-parent crossover on a Memetic Algorithm applied to solve real-life problem is investigated.
In particular, MA-MPC is designed and tested for a multi-objective network design problem whose size ranges from small
(10-nene network), medium (21-node network) to large (36-node network). The results obtained show that, while multi-
parent crossover will certainly improve the efficiency of MA for small and medium networks, it is not the case for large
networks. For large networks, multi-parent crossover will either improve or impede the efficiency of MA depending on the
number of parents used.
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Table I: Table of Results for 10-node network problem

Number of Parents Cost AvDelay | Runk CPU Time
2 (MA) 619.6 0.05 | 410

3 934.9 0.045 3 150

5 758 0.03 2 142

7 689.6 0.03 | 185
Table 2: Table of Results for 21-node network problem

Number of Parents Cost AvDelay | Rank CPU Time
2 (MA) | 11674 0.04 | 5665

3 1354.3 0.07 4 2899

5 1293.8 0.03 | 5390

A 1350.4 0.03 2 990

Table 3: Table of Results for 36-node network problem

Number of Parents Cost AvDelay Rank CPU Time
2 (MA) 1167.4 0.05 2 5673
3 1258.9 0.055 3 4744
5 1163.8 0.04 1 6455
T 1350.4 0.06 4 990
APPENDIX
TEST DATA

10-NODE NETWORK

Node Details (Node Type, €)= { (01,42) (0, 78) .(10,33) ,(00,53) .(01,42) ,(00,13) ,(10,9) ,(11,23) ,(10,57) ,(10,25) }

Link Details (Dy, €y, CAPy, LFLOW ) = { (28,47,60,46) ,(20,43,90,72) ,(28,12.54,28) ,(62,39,61,46) .(42,23.24,9)
(42,30.16,14),(36,3,44,16)  (40,18,75,54) ,(10,36,29.8) ,(44,30,79,53) (44,4554.35) ,(36,18,66,51) ,(32,13,78,25)
14,1696,54) (16,13, 84.74) (21.28.76,17) ,(22,3,80,71) ,(3.39,55,54) (47,12,66,62) ,(26,11,89,56) ,(13,42,77,47)
(46,22,45,39) (28,6.53,16) ,(5.38,89,57) .(28,40,16, 9) ,(48,49,49,40) (18,34,37,9) ,(34,35,11,8),(11,41,39,31) ,(46,20,32,9)
(11,3,5035) (70,1,5441)  (18.6.8.65) .(35.42.91,66) (1433.10,26) .(11,33,60,9) ,(43,16,79,49) ,(20,43,88.56)
(16,13.96.68) (6,30.91.67) (34,49,16,7) (37.21.57.49) ,(20.12,79,62) .(33.46.81.70) (48,25.8,7) }
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