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‘l-Binaw Encoding

S Vbl gl can s a5 ple all, L e phge,eS

pabaal®e

Chromosome A 107100707 10070707 1100707
Chromosome B 1111111000007 10000011711

Example of chromosomes with binary encoding
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Chromoszsome A 12324 53245 04550 253293 245045
Chromosome B ABDJEIFJDHDIERJFDLDFLFEGT
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‘lSingIe-point crossover
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Parents Crossover Mask: 11111000000 Children

0/0({1{0|0(0 011{0|1|0(1

0/1|0(1(0|1 0/0|1(0(0|0
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Parents Crossover Mask: 00111110000 Children
1[1]1JoJ1JoJo]1]o]oJo 1[1]olol1]o]1[1]ol0]0
oonne ranann.

Uniform crossover
Parents Crossover Mask: 10011010011  Children
o[1]JoJo[1]o]o]o 1JoJoJoJ1]o]o]o]2]o]o0
ECEECETEE $— EEEECEEE
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(123456897)=>(183456297)

Adding Mutation: a small number (for real value
encoding) is added to (subtracted from) selected values

(1.29 5.68 2.86 4.11 5.55) =>
(1.29 5.68 2.73 4.22 5.55)
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Chromosome Fitness on a Roulette Wheel Chromosome Fitness
10710110 A
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20% 10110110

o 10000000 :
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25%
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Elitism, etc.

(Cross-0ver) s, calise glgl =
One-point crossover
Multi-point crossover
etc.

(Encoding) s li5as Gl glgl =
Bit string
Integer values
Ordered set of symbols

(Mutation) g il glgl = 32






- Genotype — collectivity of all genes
- Phenotype — expression of genotype in environment

genotype 00101
8 4 2 1 0
22 222
16 8 4 2 1

phenotype  0*16+0*8+1*4+0*2+1*1 = §

fithess 25 = f(x)

mapping
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String 1 00110 6 36
String 2 00011 3 9
String 3 01010 10 100
String 4 10101 21 441
String 5 00001 1 1
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String 1 00110 6 36
String 2 00011 3 9
String 3 01010 10 100
String 4 10101 21 441
String 5 00001 1 ®

dg.w < R ‘U")"J’" u
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String 1 00110 6 36
String 2 00011 3 9
String 3 01010 10 100
String 4 10101 21 G4D
String 5 00001 1 1

Ailos Cull ooz o3l B 0gls 0,155 0,8 (g
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String 1 00110 6 36
String 2 00011 3 9
String 3 01010 10 100
String 4 10101 21 441
String 5 00001 1 1

gl o LS5 b e ol 3l auhy m
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recombination) String3 | String 4 2

String 1. Lol [H

String 2:
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(equal recombination)

String 3:
String 4:

String 3
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Offspring -String 1: 00111 (7) > 10111 (23)

String 4: 10101 (21) > 10001 (17)
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(o)) 8 oe Curos

binary value fitness
String 1 10111 23 529
String 2 00010 2 4
String 3 01101 13 169
String 4 10000 16 256
String 5 10001 17 289
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Travelling Salesman Problem(TSP)
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TSP Sy adel Coro

(2,3,4,6,5) (4,3,6,2,5) (3,4,5,2,6)
(3,5,4,6,2) (4,5,3,6,2) (5,4,2,3,6)

(4,6,3,2,5) (3,4,2,6,5) (3,6,5,1,4)
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(2,3,4,6,5) (4,3,6,2,5) (3,4,5,2,6)

(3,5,4,6,2) (4,5,3,6,2) (5,4,2,3,6)

(4,6,3,2,5) (3,4,2,6,5) (3,6,5,1,4)

WS QAT e G g WS e
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(24635) (43652

(2,3,4,6,5) (4,3,6,2,5) (3,4,5,2,6)

(3,5,4,6\2) (4,5,3,6,2) (5,4,2,3,6)

(4,6,3,2, (3,4,2,6,5) (3,6,5,1,4)
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(2,3,4,6,5) (4,3,6\2,5) (3,4,5,2,6)

(3,5,4,6\2) (4,5,3,6\2) (5,4,2,3,6)

(4,6,3,2, (34,2,6,5) /(45,1,4)
N

3,4,5,6,2 5,4,26,3
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(2,3,4,6,5) (4,3,6,2,5) (3,4,5,2,6)

(3,5,4,6,2) (4,5,3,6,2) (5,4,2,3,6)

(4,6,3,2,5) (3,4,2,6,5) (3,6,5,1,4)

3,4,5,6,2 5,4,26,3
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(2,3,4,6,5) (2,3,6,4,5) (3,4,5,2,6)

(3,5,4,6,2) (4,5,3,6,2) (5,4,2,3,6)

(4,6,3,2,5) (3,4,2,6,5) (3,6,5,1,4)

3,4,5,6,2 5,4,26,3
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2,348,9 (,3,6, ,9) (3,4,5,2,6)

(3,5,4,6,2) (4,5,3,6,2) (5,4,2,3,6)

(4,6,3,2,5) (3,4,2,6,5) (3,6,5,1,4)

3,4,5,6,2 5,4,26,3

Tend to kill off the worst ones.
80



34562
(3,5,4,6,2)

(4,6,3,2,5)

(,3,6, ,5)

(4,5,3,6,2)

(3,4,5,2,6)

(5,4,2,3,6)

(3,4,2,6,5)

(3,6,5,1,4)
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(3.4,56,2) (2,3,64,5) (3,4,5,2,6)

(3,5,4,6,2) (4,5,3,6,2) (5,4,2,3,6)

(4,6,3,2,5) (3,4,2,6,5) (3,6,5,1,4)
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TSP30 (Performance = 941)
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TSP30 (Performance = 800)
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TSP30 (Performance = 652)

100 ¥

40 +

20 4+

0 10 20 30 40 50 60 70 80 90 100

86



TSP30 Solution (Performance = 420)
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Item 1| 2| 3| 4|5 ]| 6|7
Cro | 0| 1 | 0| 1] 01| 1|0
Benefit | 5 | 8 | 3 | 2 | 7 | 9 | 4
Weight | 7 | 8 | 4 |10 | 4 | 6 | 4

v
1100100: Benefit= 20, Weight=19.
0100011: Benefit= 21, Weight= 18. «
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