Abstract

In this paper, we propose two types of parallel genetic algorithm models for multi
objective optimization problems. One of them is called Divided Range Multi-Objective
Genetic Algorithm (DRMOGA). The other is Master-Slave model with Local Cultivation
model(MSLCO.

DRMOGA is one of the divided population models. The population is not randomly
divided into sub populations. In this model, the population of GA is sorted with respect
to the values of one of the objective functions and divided into sub populations in order.
Therefore, the individuals that are close to each other are collected in a sub population.

MSLC is one of master slave models. Usually, in a master slave model, only the
operation of evaluation is performed in a slave processor. On the otherhand in this model, a
master process chooses two individuals randomly and sends to a slave processor. In a slave
processor, the operation of crossover, mutation, evaluation and selection are performed.
Then, a slave processor returns two individuals to a master process. After these operations,
the individuals are sent to the slave processor from the master processor and renewed. The
master process updates the rankings of the solutions.

To clarify the characteristics and effectiveness of these models, the proposed models
are applied to knapsack problems. Thorough the numerical examples, it is become cleared
that these models are suited to parallel computers and can keep the diversity of the

solutions.
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Table 1 100item 2 Knapsack problems
1 Knapsack(capacity < 2732)

weight | 94 | 74 | 77 | 74 |29 |11 |73 | 80 | 81 | 82 | 75 |42 |44 |57 120|120 |99 | 95|52 |81
profit |57 |94 |59 | 8 |82 |91 |42 |84 |8 |18 |94 |18 |31 |27 | 31|42 |58 |57 |55 |97
weight | 68 | 16 | 79 | 30 | 16 | 90 | 21 |49 | 70 | 78 | 77 | 21 | 84 |19 |65 | 38 | 25| 43| 99 | 75
profit | 79 | 10 | 34 | 100 | 98 | 45 | 19 | 77 | 56 | 25 | 60 | 22 | 84 | 89 | 12 | 46 | 20 | 85 | 42 | 94
weight | 80 | 10 | 44 | 26 |21 | 74|20 |22 |81 |89 |15 |35 |24 |16 |43 |75 |25 | 76| 48 | 75
profit | 20 [ 65 |27 | 34 |27 (91 |17 |56 (23 |89 | 18 | 11|91 |79 |14 |99 | 45|73 | 81 | 96
weight | 15| 23 | 10 | 81 | 81 | 67 |58 | 77 {49 |16 |65 | 74 | 14 (41 | 74 | 74 | 17 | 12| 95 | 29
profit | 51 [ 96 | 63 | 40 |93 |87 | 71 | 54 | 74| 15|32 |57 |70 |62 |12 | 71|57 |97 |48 | 33
weight | 75| 61 |59 | 37 | 75|90 |17 |79 |15 |88 |76 |93 |98 80|33 |39 (96| 71|39 |49
profit | 42 [ 15|39 | 91 |17 |63 |81 |49 |60 |90 |87 |25 (15|30 |76 | 76| 53|59 |40 |59
2 Knapsack(capacity < 2753)
weight | 55 | 10 | 97 | 73 |69 | 23 | 62|47 |90 |62 |96 |88 | 95|61 |94 |16 |91 |61 | 27 |18
profit [ 20 119|120 | 66 |48 | 100 | 13 |87 |62 | 73 |53 |79 |17 |93 |78 |22 |85 | 86| 56 | 56
weight | 96 | 77 | 14 | 36 | 17 | 56 | 83 | 41 | 52 | 69 | 97 | 45 | 94 | 45 | 47 | 28 | 82 | 13 | 82 | 39
profit |44 | 86|94 | 93 |57 | 31 [ 20 (35|70 |79 |58 |24 |8 |12 |17 |43 |35 |47 | 92 | 38
weight | 28 | 41 | 55| 12 | 50| 32 |97 |87 |36 |11 |20 |37 | 87 |91 |19 |22 |89 |54 | 20 | 78
profit | 93 | 50 | 27 | 100 | 36 | 30 |23 |22 |56 | 73 |55 (32| 75|42 | 82|80 |55 |48 | 93 | 28
weight | 52 | 35| 18 | 96 |54 | 10 | 39| 17|51 |40 | 25|84 (54|31 |97 (37|63 |39 | 60 |87
profit | 26 [ 42 | 96| 93 |16 | 39 |46 |80 |24 | 87 [ 37 | 73|81 [ 38|98 | 13|91 |8 | 17 | 59
weight | 63 | 37 | 13 | 31 |84 | 90 | 84 |57 |21 |64 |63 |21 95|83 |81 |45 |68 |89 | 100 | 14
profit | 58 | 56 | 93 | 66 | 64 | 17 | 10 | 33 | 28 | 97 | 25 |42 | 17 | 23 | 37| 46 | 52 | 33| 26 | 90
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Table 2 250item 2 Knapsack problems O 1 Knapsack(capacity < 6536)0

weight | 79 [ 25199 |41 (94| 75 40|59 | 95 |99 | 95| 93 | 74|83 |14 | 89 |41 |53 |75
profit | 100 | 49 | 54 | 12 | 78 | 30 |65 |31 | 90 | 50 | 80 | 84 |53 | 72|94 | 60 | 74|58 |17
weight | 70 [ 49|19 |84 |16 | 25 |66 | 68| 79 |16 |93 | 14 | 20|99 | 93 | 100 | 56 | 62 | 69
profit | 24 |45 19 3339 | 91 |69 |48 | 56 |84 |66 | 60 | 95|49 |63 | 22 | 71 |83 | 36
weight | 91 [ 52 | 86|43 |76 | 45 |21 |57 | 45 |41 |58 | 33 | 68 |22 |66 | 8 | 50 | 64 | 35
profit | 15 | 64 | 28 |49 |41 | 14 |17 |28 | 65 | 27|65 | 28 |21 | 17|33 | 68 |51 |91 97
weight | 42 [ 33 166 |38 |57 | 69 [90| 79| 89 |28 | 70| 38 | 71|46 |41 | 49 |43 | 36 | 68
profit | 28 |91 | 82 |54 |12 | 47 |33 |30 | 65 |56 |57 | 91 | 8 |77 199 | 29 | 23|39 | 86
weight | 92 [ 33 |84 |90 22| 93 | 92|89 | 47 |23 |13 | 11 |34 |11 |60 | 82 | 10| 16 | 81
profit | 12 |85 |22 |64 33| 95 [ 32|10 | 44 |56 |8 | 38 | 72|10 |57 | 30 | 28 | 92 | 68
weight | 20 |85 52|92 31| 24 |83 |76 | 15 |38 |63 | 32 |99 |39 |97 | 28 |42 |80 |21
profit | 54 |34 |93 |35 |41 | 46 |82 |66 | 15 [ 89 | 70| 46 |43 |60 |36 | 63 | 18 | 67 | 13
weight | 99 | 11|91 |24 |45 | 28 |89 |31 | 81 |78 |48 | 72 |36 |77 |84 | 40 | 65| 43 | 49
profit | 12 |94 | 19 |65 |59 | 28 |91 37| 24 | 8 | 23 | 100 | 38 | 21 | 42 | 58 | 91 | 26 | 69
weight | 23 [ 82 41|22 |67 | 96 |58 |56 | 81 |42 | 55| 31 | 38|33 |10 | 43 | 84| 52| 96
profit | 72 |89 |34 |84 30| 24 [ 62|20 | 45 |11 |24 | 54 |61 |14 |97 | 79 | 65|68 |93
weight | 92 [ 51 |50 | 63 | 70| 46 | 30 | 45| 41 | 15|82 | 52 | 25|69 | 62| 26 | 64| 93 | 78
profit | 54 |36 | 41 | 62 |90 | 10 |58 | 57| 46 |8 [ 19| 15 |15 |44 | 70 | 17 |25 | 24 | 37
weight | 82 | 71 165|140 | 25| 20 {24 |19 | 10 |12 |31 | 22 |96 |79 |31 | 98 |80 | 10 | 31
profit | 45 |97 | 85 | 64 |46 | 74 | 86 | 89| 12 |83 |24 | 40 |99 |27 |28 | 65 | b7 |66 |75
weight | 42 | 99 | 26 | 21 |83 | 78 | 66 | 54 | 100 | 22 | 48 | 16 | 25|97 | 95| 70 |22 |20 | 16
profit | 50 | 42 |34 | 12|59 100 |12 | 61| 98 |14 | 68 | 64 |46 | 87 | 68 | 33 |43 | 28 | 24
weight | 17 [ 1949|190 |44 | 53 |18 | 42| 26 |87 | 55| 58 |32 |61 32| 10 |11 |12 |61
profit | 25 |29 | 13 |59 20| 66 | 84 |16 | 40 |69 | 55| 73 |8 [ 25 | 17 | 81 |32 | 74|90
weight | 96 |59 |94 |25 |30 | 70 |53 |35 | 54 |91 |51 | 20 |87 | 70| 50 | 52 | 31 | 43 | 32
profit | 88 | 11 |98 |59 | 12| 93 |16 | 97| 37 |59 |57 | 16 | 73 | 74|65 | 12 | 33 | 28 | 66
weight | 25 | 40 | 78

profit | 17 | 88 | 86
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Table 3 250item 2 Knapsack problems O 2 Knapsack(capacity < 6489)0

weight | 17 [ 63 | 65 [ 19 | 79 | 11 | 83 |88 |29 | 75 | 83 |47 |77 (1943 30| 89 | 70| 48 | 39
profit | 40 | 16 | 42 |50 |99 | 12 | 46 |43 |97 | 28 | 41 | 15|36 |96 |69 | 24| 36 | 21| 54 | 38
weight | 17 [ 54 | 28 | 73 | 71|99 | 50 | 19 | 55 | 25 | 43 |10 |49 | 83|57 41| 42 | 80| 33 | 19
profit |43 | 17|19 |48 |81 |50 | 28 | 34|51 |98 |24 |61 |11 |78 |8 |89 | 45 [ 20| 16 | 74
weight | 78 | 61 | 50 | 56 | 58 | 36 | 44 | 82 | 49 | 90 | 46 | 37 | 31 | 98 | 51 | 48 | 14 | 94| 36 | 58
profit | 11 |92 {99 |92 | 15|50 |54 |30 |97 |8 |19 |11 | 78| 73|47 |96 | 47 | 74| 96 | 19
weight | 44 [ 52 | 65 |98 |39 |22 |12 |21 |17 |88 |93 |16 |86 | 41|10 | 10| 32 | 45| 13 | 87
profit | 12 | 34 | 78 |26 | 30 | 95|99 | 68 | 84 | 28 | 79 | 61 | 56 | 99 | 95 | 27| 16 | 38 | 28 | 38
weight | 39 | 70 | 49 | 45 | 11 | 16 | 55 | 15 |42 | 80 | 43 |42 | 31| 61 |41 |21 | 51 | 55| 43 | 41
profit | 85 | 62 | 62 | 18 | 65 | 83| 65|86 | 76 | 55 | 74|94 |80 | 91 | 71 | 20 | 42 | 90 | 100 | 75
weight | 15 | 76 | 72 |24 | 32|11 |90 | 78 20|21 |11 |68 |31 |18 |14 |19 | 65 |14 | 11 | 83
profit |99 | 32| 17 |59 | 10 | 88 | 55|95 |44 |41 |69 |10 |41 |83 |10 |62 | 75 | 24| 26 | b5
weight | 22 | 60 | 90 | 21 | 44 | 93 | 50 | 66 | 41 | 90 | 88 | 63 | 42 | 89 | 50 | 53 | 39 |64 | 39 | 41
profit | 34 | 25|60 | 72| 78|64 |62]|93|97(92|21[36[99|94|65[27| 96 |69 | 76 | 32
weight | 33 [ 79|46 |39 | 78|95 |56 |41 |24 68|90 |12 |10 33|30 72| 74 |13 | 71 |77
profit | 75|43 |55 | 77 | 13|64 | 65|50 | 16| 73|96 |66 |43 | 15| 76|58 | 8 |29 | 26 |20
weight | 66 | 30 | 87 [ 69 | 16 | 76 | 94 | 33 | 94 | 23 | 92 |59 | 66 | 99 | 88 | 38 | 54 | 46 | 32 | 76
profit | 31 | 26 | 54 |38 | 75|21 |30 |93 |58 |82|92|24|32|34|41 36| 25 [54| 55 |77
weight | 67 | 27 | 15 | 84 | 73 | 84 | 78 | 81 | 56 | 45|23 |59 |91 |70 |86 | 44| 35 |83 | 26 | 87
profit | 67 | 11 | 56 | 74 | 51 | 32 | 53 | 54 |92 |53 | 23 |34 |91 |27 |25 | 75| 13 | 65| 47 | 52
weight | 57 | 55 | 80 | 22 | 62 | 20 | 47 | 69 | 11 | 38 | 59 | 17 | 35|25 |39 | 58 | 67 | 31| 83 | 17
profit | 51 | 55 |27 | 78 | 74| 73 |85 |10 |41 | 70|92 |67 |30 |11 |54 |34 | 96 | 32| 87 | 65
weight | 82 | 53 | 53 | 55 | 81 | 16 | 16 | 39 | 34 | 60 | 95 | 56 | 85 | 82 | 47 | 88 | 100 | 77 | 82 | 75
profit | 12 |39 |21 |98 | 24|19 |60 | 77|10 |18 96|23 |93 |19 |73|93| 16 |60 | 77 | 54
weight | 95 | 74 | 84 | 18 | 17 | 17 | 58 | 36 | 60 | 59

profit | 78 | 50 | 94 | 15| 90 | 54 | 78 | 90 | 36 | 36
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Table 4 Cluster system

CPU Pentium IT (Deschutes) 500MHz *16
Memory 128 Mb
(O8] Debian GNU/Linux 2.2 (kernel 2.2.17)
Network FastEthernet
TCP/IP
Communication library MPICH1.2.1

Table 5 Used parameters

SGA | DGA | DRMOGA | MSLC

Crossover rate 1.0

Mutation rate 0.0
Number of islands - 16
Migration interval - 10 -

(sort interval)

Migration rate - 0.1 - -
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Table 6 The Max-Min values (MSLC)

population number | problem | function method max value | min value | difference
400 populations | 100 item fi tournament 4190 3413 o
roulette 4169 3571 598
fo tournament 3945 3293 652
roulette 3901 3350 551
250 item fi tournament 9229 8312 917
roulette 9174 8426 748
fo tournament 9878 8764 1114
roulette 9840 9005 835
750 item fi tournament 28078 26677 1401
roulette 27840 26833 1007
fo tournament 28123 26659 1464
roulette 27933 26909 1024
4000 populations | 100 item fi tournament 4235 3336 899
roulette 4260 3366 894
fo tournament 3978 3193 785
roulette 4021 3251 770
250 item fi tournament 9454 8122 1332
roulette 9404 8272 1132
fo tournament 10083 8553 1530
roulette 10005 8587 1418
750 item fi tournament 28954 26149 2805
roulette 28722 26441 2281
fo tournament 29017 26114 2902
roulette 28850 26603 2248
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Table 7 Comparison of necessary generation with respect to the problems and methods

population number | problem method generations

400 100 itmes SGA 135.0
DGA 226.2

DRMOGA 10002.0

MSLD 174.3

250 itmes SGA 285.2

DGA 305.9

DRMOGA 5725.8

MSLD 355.1

750 itmes SGA 990.0

DGA 2317.1

DRMOGA 3783.6

MSLD 1258.9

4000 100 itmes SGA 116.9
DGA 172.5

DRMOGA 10002.0

MSLD 143.6

250 itmes SGA 252.9

DGA 250.9

DRMOGA 10002.0

MSLD 368.3

750 itmes SGA 802.9
DGA 787.6

DRMOGA 8216.0

MSLD 1129.4
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Table 8 Comparison of necessary generation with respect to the problems and methods

problem method generations
100 itmes DGA (16p) 226.2
DGA (128p) 270.8
DRMOGA (16p) 10002.0
DRMOGA (128p) 10002.0
250 itmes DGA (16p) 250.9
DGA (128p) 10002.0
DRMOGA (16p) 10002.0
DRMOGA (128p) 10002.0
750 itmes DGA (16p) 787.6
DGA (128p) 10002.0
DRMOGA (16p) 8216.0
DRMOGA (128p) 10002.0
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Table 9 Calculation time

method | Number of Processors | Times(sec)

SGA 1 16657.2
DGA 1 16657.2
2 4011.3

4 1318.3

8 477.3

16 213.4
DRMOGA 1 16657.2
2 4271.1

4 1500.3

8 583.2

16 264.3

MSLC 1 40424
2 5160.8

4 2371.0

8 1675.9

16 1685.1
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