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2. GAs: How Do They Work ?



Step 1. Population 초기화

v i pop sizei ( , , _ )= 1 L

* random generation

Step 2. Reproduction (or Selection)

<Roulette Wheel 만들기>

2.1 각 chromosome v i pop sizei ( , , _ )= 1 L 에 대한 fitness eval v i( ) 계산

2.2 population 의 total fitness 계산

F eval vii

pop size
=

=∑ ( )
_

1

2.3 각 chromosome v i pop sizei ( , , _ )= 1 L 에 대한 선택확률 pi (probability of

selection) 계산

p eval v Fi i= ( ) /

2.4 각 chromosome v i pop sizei ( , , _ )= 1 L 에 대한 누적확률 qi (cumulative

probability) 계산

q pi jj

i
=

=∑ 1

<Roulette Wheel 돌려 선택하기>

2.5 다음을 pop_size 회 반복

(1) Random number r ∈[ , ]0 1 생성

(2) q r q i pop sizei i−
< ≤ =1 2( , , _ )L 이면 i 번째 chromosome v i 선택.

단, r q< 1 이면 v1 선택

=> 새로운 population 생성
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Step 3. Crossover

3.1 Population 의 모든 chromosome 에 대하여, 다음 반복

(1) Random number r ∈[ , ]0 1 생성

(2) r p c< 이면, (단 pc : probability of crossover , 주어진 parameter)

crossover 대상 chromosome 으로 선택.

3.2 crossover 대상 chromosome 을 pair 로 묶는다.

3.3 각 pair 에 대하여,

(1) Crossing point 의 위치 결정

: random integer pos m∈ −[ , ]1 1 생성. (단 m 은 chromosome 길이)

(2) Crossover

( )

( )

b b b b b

c c c c c

pos pos m

pos pos m

1 2 1

1 2 1

L L

L L

+

+

and

⇒

( )

( )

b b b c c

c c c b b

pos pos m

pos pos m

1 2 1

1 2 1

L L

L L

+

+

and

Step 4. Mutation

모든 chromosome 의 각 gene (bit) 에 대하여 다음 반복.

(1) Random number r ∈[ , ]0 1 생성

(2) r pm< 이면, (단 pm : probability of mutation , 주어진 parameter)

해당 bit mutate

0 -> 1, 1->0

Step 5. (Stop Condition 만족 못하면) Go to Step 2
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(Ex) Maximize f x x x x x x( , ) . s in ( ) s in ( )1 2 1 1 2 221 5 4 20= + +π π

where − ≤ ≤ ≤ ≤3 0 12 1 4 1 5 81 2. . , . .x x
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● Representation

소수이하 4자리 표시시

x

x

1

17 18

2
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2 151000 2

2 17000 2

:

:

< ≤

< ≤

∴ x1 18 bit, x 2 15 bit : 총 33 bit -> 1 chromosome 구성

(ex) chromosome (010001001011010000111110010100010)

x decimal

x decimal
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2 1
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● Parameter
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Step 1. Population 초기화

* Random generation
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Step 2. Reproduction (or Selection)

2.1 Fitness

2.2 Total Fitness

2.3 Probability of Selection



2.4 Cumulative Probability

2.5 (1) Random number generation r ∈ [0, 1]

(2) Selection

(ex) r = 0.513870 => q10 < r ≤ q11 : v11 선택

r = 0.175741 => q3 < r ≤ q4 : v4 선택

......
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Step 3. Crossover

3.1 Chromosome 선택

(1) Random number generation : r ∈ [0.1]

(2) r < pc (0.25) 인 chromosome 선택 (기대치 = pop_size * pc )

v2', v11', v13' , v18'

3.2 Crossover Pair 결정 : (v2', v11'), (v13' , v18')

3.3 Crossover

(1) Crossing Point 결정 : random number pos ∈ [1, m-1]

pos = 9, pos = 20

(2) Crossover
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(Current Population)
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Step 4. Mutation

(1) random nimber r ∈ [0,1] 을 Population 의 모든 bit 에 대하여 생성

(2) r < pm (0.01) 인 bit 를 선택하여 mutation

* 기대치 = m × pop_size × pm = 33 × 20 × 0.01 = 6.6 (bit)
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(2nd generation 의 Fitness)

Geberation Total Fitness Best Fitness

1st 387.776682 30.060205 (v15)

2nd 447.049688 33.351874 (v11)
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(1000th Generation)

Population

Fitness

* Best Fitness = 35.477938
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※ 주의 사항

다음 Generation 의 Best Fitness 가 반드시 좋은 것은 아니다.

(ex) 396th generation 의 best fitness = 38.827553

(원인) Stochastic Errors of Sampling

(대책) 각 generation 의 best fitness 및 해당 chromosome 저장
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