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1.2.5. Implementacao Computacional

/| Baseada em [Goldberg, 1989]

[* Definicdo de constantes */

defina  maxpop = 100 /[ tamanho maximo da populacao
defina tamcrom = 30 /l tamanho do cromossomo

[* Definicdo dos tipos de dados */
tipo_de_dado alelo : booleana /[ tipo de dado que os alelos

/[ podem assumir (poderia ser
/I outros tipos como real e

/[ inteiro)
tipo_de dado cromossomo : alelo[tamcrom]
tipo_de dado individuo : {
crom : Cromossomo /[ cromossomo
fitness : real /I funcao de avaliacao

pail , pai2, jcross : inteiro // indice dos pais e ponto de

}

tipo de dado populacao : individuo[maxpop]

/| crossover
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1.2.5. Implementacao Computacional
c- |

[* Definicdo da variaveis globais */

declare popvelha, popnova : populacao

declare poptam, Icrom, gen, maxgen : inteiro

declare pcross, pmutacao , somafitness : real

declare nmutacao , ncross : inteiro // tipos usados nas estatisticas
declare media, max , min : real // tipos usados nas estatisticas
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1.2.5. Implementacao Computacional
c- |

[* Programa principal */
procedimento ag( )

gen <« 0
inicializacao () Il procedimento para inicializacéo
/| das variaveis e da populacéo
faca
gen<«gen+1 // nUmero de geracdes
geracao ()
estatistica( poptam , max , media , min , somafitness , popnova)
impressao () Il proc. para impressao na tela

popvelha <— popnova
enquanto ( gen < maxgen )
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1.2.5. Implementacao Computacional

procedimento geracao()

declarej, pail, pai2 , jcross : inteiro
j«1
faca
/[ Escolha dos Pais
pail « selecao( poptam , somafitness , popvelha)
pai2 <« selecao( poptam , somafitness , popvelha)
/l Reproducao
crossover( popvelha[ pail ].crom , popvelha[ pai2 ].crom,
popnova] j ].crom , popnoval j+1 ].crom,
lcrom , ncross , nmutacao , &jcross, pcross , pmutacao )

Il Filho j

popnova] j ].fitness « calcfitness( popnova[ j ].crom, lcrom)

popnova] j ].pail « pail // pai 1 do filho j

popnova] | ].pai2 <« pai2 I/ pai 2 do filho j

popnova] j ].jcross <« jcross // ponto de crossover do filho j
Il Filhoj+ 1

popnova[ j+1 ].fitness « calcfitness( popnova[ j+1 ].crom, lcrom)

popnova| j+1 ].pail « pail // pai 1 do filho |

popnova| j+1 ].pai2 « pai2 I/ pai 2 do filho |

popnoval j+1 ].Jcross <« jcross // ponto de crossover do filho |
j«]+2 // incremento do indice da populacao

enquanto (j < poptam)
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1.2.5. Implementacao Computacional
c- |

funcao selecao( poptam : inteiro ; somafitness : real ; pop : populacéo ) : inteiro

declare randomico , somaparcial : real
declare j : inteiro
somaparcial <0
j< 0
randomico <« rand(0,1) * somafitness // gera o ponto de parada da roleta
/[ rand(l,r) gera um variavel aleatoria real
/[ entre[l,r]com distribuicdo uniforme
faca
J<]t1l
somaparcial <« somaparcial + pop| j ].fitness
enguanto (somaparcial < randomico e j < poptam)
retorne (j)
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1.2.5. Implementacao Computacional

procedimento crossover( pail, pai2, filhol, filho2 : cromossomo ;
lcrom , ncross , nmutacao , jcross : inteiro;
pcross , pmutacao : real)

declare j : inteiro
se (rand(0,1) < pcross)
jcross « randint( 1, Icrom-1) /[ gera o ponto de crossover
// randint(l,r) gera um variavel aleatoria
Il inteiraentre [ |, r] com distrib. uniforme
NCross <« ncross + 1 /I contador de crossovers
senao
jcross « Icrom
fim se
paraj <« 1 até |« jcross
filhol[ j ] « mutacao( pail[j], pmutacao , nmutacao )
filho2[ j ] « mutacao( pai2[ j], pmutacao , nmutacao )
fim para
se (jcross < lcrom)
para j < jcross+1 até j < Icrom
filhol[ j ] « mutacao( pai2[ ], pmutacao , nmutacao )
filho2[ j ] « mutacao( pail[j], pmutacao , nmutacao )
fim para
fim se
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1.2.5. Implementacao Computacional
c- |

funcao mutacao( alelovalor : alelo ; pmutacao : real ; nmutacao : inteiro ) : inteiro

se (rand(0,1) < pmutacao )
nmutacao < nmutacao + 1 // contador de mutacdes
retorne ( !lalelovalor) /[ not alelovalor
/] se os alelos assumissem valores
/] inteiros, deveria
/[ retornar um numero inteiro aleatorio
senao
retorne ( alelovalor)

fim se
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1.2.5. Implementacao Computacional
c- |

[* Calcula estatisticas da populacéo */
procedimento estatistica( poptam : inteiro ; max , media , min , somafitness : real ;
pop : populacao)

declare | : inteiro

somafitness « pop[ 1 ].fitness I/l soma do fitness da populacéo

min <« pop|[ 1 ].fitness // minimo valor de fithess da populacao
max <« pop[ 1 ].fitness // maximo valor de fitness da populagéo

paraj <« 2 até j < poptam
somafitness «— somafitness + pop| j ].fithess
se (pop[ j ].fitness > max )
max <« pop| j ].fitness
fim se
se (pop[ j ].fitness < min))
min « pop| j ].fitness
fim se
fim para

media «<— somafitness / poptam  // média de fitness da populacéo
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1.2.5. Implementacao Computacional
c- |

Exemplo 2.4. Achar o maximo da funcéao
f(z)=(z)®
Sendo z um ndmero inteiro positivo entre 0 e (230-1)
[Goldberg, 1989]

— Observacoes

e Se um esquema enumerativo é utilizado, deve-se analisar 230
possiveis solucdes
— se o tempo de analise de cada solucao for de 1 ms, entdo seréo
necessarios cerca de 2 anos para a analise de todas as solucdes
e Se a funcao for normalizada entre O e 1, entdo apenas 1,05 %
das possiveis solucdes resultam em valores da funcao maiores
que 0,9
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1.2.5. Implementacao Computacional

Exemplo 2.4.

— Algoritmo Genético
e Funcao de avaliacao
— fithess (z,) = (z/ Z,4
e VariaentreOe 1
e Decodificacao
— Vetor de bits x;com dimenséo 30
e Exemplo: x, =[101...0]"
— O vetor de bits € decodificado para numeros inteiros
o Z =X (1)2°+x(2) 2L+ x,(3) 22 + ... + x;(30) 2%°

)10
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1.2.5. Implementacao Computacional
c- |

Exemplo 2.4.
- AG: funcéo de avaliacéo

/[* Calculo da funcéo de avaliacéo f (z) = (2/z,,,,)*° */
funcao calcfitness( crom : cromossomo ; Icrom : inteiro ) : real

declare zmax , z : real
zmax <« 1073741823.0 /[ fator de normalizacéo

/I 0 maximo valor de z é 23° — 1 (ver prox. slide)
z = decodificagao( crom, lcrom) // decodifica o vetor de bits em um valor int

I/l fenétipo (pode assumir outros tipos)

retorne ( poténcia(z/zmax ,10) )
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1.2.5. Implementacao Computacional

Exemplo 2.4.
- AG: decodificacao

[* Decodifica um vetor de bits em um namero inteiro */
funcao decodificacdo( vetor : cromossomo ; Ibits : inteiro ) : inteiro

declare j, valor , potdedois : inteiro
potdedois <« 1
valor < 0
paraj <« 1 até j « lbits
se (vetor[j])
valor < valor + potdedois
fim se
potdedois <« 2*potdedois
fim para
retorne (valor)
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1.2.5. Implementacao Computacional

Exemplo 2.4.
- Ver [Goldberg, 1989]
- AG: parametros
e poptam = 30
e pcross = 0,6
e pmutacao = 0,0333
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How Well Does It Work? 73

Population Report

Generation 0 Generation 1
# string X fitness . _ # parents xsite string X fitness
1) 111000011001100000101111110100 9.4621E+08 0.2824 | 1,19 30 111000011001100000101101110100 9.4621€+08 0.2824
2) 110011001011010111000000100001 8.5862E+08 0.1069 | 2) ¢ 1,19) 30 110101011110001110010011000101 8.9712E+08 0.1458
3) 010101111001011110000010001101 3.4739E+08 0.0000 | 3) (23,19) 19 110101011100000011010110000001 8.96556+08 0.1647
4£) 011001111000011101101111011010 4.3423E+08 0.0001 | 4) (23,19) 19 111111001000000010010011000101 1.0591€+09 0.8715
5) 011111111010010101011010110110 5.3539E+08 0.0009 | 5) (19, 1 1 111000011001100000110011000101 9.4621E+08 0.2824
4) 101101111001000011000101101101 7.6993E+08 0.0359 | 6) (19, 1N " 110101011110000010001111110100 8.9707E+08 0.1657
7) 000110101111100001001011111000 1.1312E+08 0.0000 | 7) (16, V) 6 111000011001100000101111100100 9.4621E+08 0.2824
2) 010100111010111010001111100010 3.5099€+08 0.0000 | 8) (16, 1) 6 110011010101101100011001110100 8.6132E+08 0.1103
9) 011011001110001010011110001011 4.5670E+08 0.0002 | 9) (23,17) 30 101111001000010011110110010001 7.9071E+08 0.0449
10) 010011010110101000001101011011 3.2470E+08 0.0000 | 10) (23,17) 30 110011101001000100011101100011 8.6640E+08 0.1170
11) 010111011010101011001101000010 3.9287E+08 0.0000 | 11) ( 6,26) 30 101101110001000011000101101101 7.6783E+08 0.0350
12) 010011010011001010110010001110 3.2379€+08 0.0000 | 12) ¢ 6,26) 30 110010000101010100110110011110 8.4024€+08 0.0861
13) 110000100101101110110000100111 8.1520E+08 0.0636 | 13) ¢ 2,19) 10 110101011110100010010000100001 8.9720E+08 0.1459
14) 010110001001111101000100110001 3.7171E+08 0.0000 | 14) € 2,19) 10 110011011011010111000011000101 8.6281E+08 0.1122
13) 010110111110000101101110011010 3.8538E+08 0.0000 | 15) (17,17) 26 110011111001000100011100100011 8.7060E+08 0.1228
16) 110011010101100100011001100000 8.6129€+08 0.1103 | 16) (17,17) 26 110010111101000100011100100011 8.5487€+08 0.1023
17) 11Q0111111010001000111001QQ011 8.7165E+08 0.1243 | 2 17) €19,17). .30 110101011110000010010011000111, 8.9707E+08 0.1657
18) 100000000100010111100101011100 5.3802E+08 0.0010 | 18) (19,17) 30 110011111101000000011101000011 8.7163E+08 0.1243
1$) 110101011110000010010011000101 8.9707E+08 0.1457 | 19) (19,19 24 110101011110000010010011000101 8.9707€+08 0.1657
20) 010011111000010001000011011101 3.3352E+08 0.0000 | 20) (19,19) 24 110101011110000010010011000101 8.9707E+08 0.14657
21) 001101011100110111010010000011 2.2567E+08 0.0000 | 21) (26,17) 30 110010000101010100110111011110 8.4024E+08 0.0861
22) 000110011111000001100100110110 1.0880E+08 0.0000 | 22) (26,17) .30 110000111101000100011100100011 8.2132E+08 0.0686
23) 101111001000000011110110010001 7.9064E+08 0.0469 | 23) (23, 1) 3 111000011001100000001111110001 9.4621E+08 0.2824
24) 011101100001100010100101100111 4.9533+08 0.0004 | 24) (23, 1) 3 101111001000000011110100010100 7.9064E+08 0.0469%
25) 010110111010001101010001010010 3.8434E+08 0.0000 | 25) (27, 1) 10 110000011001100000101001110011 8.1199E+08 0.0612
25) 110010000101010100110110011110 8.4024E+08 0.0861 | 26) (27, 1) 10  101001100001010101001101110100 6.9660E+08 0.0132
27) 101001100101110101001001100011 6.9778E+08 0.0134 | 27) ¢ 1,17) 25 110010001001100000101111110100 8.41356+08 0.0873
28) 100011110111010000100000110010 6.0169E+08 0.0031 | 28) ( 1,17) 25 111001111101000100011100100011 9.7231E+08 0.3707
29) 010010100010000100001101100011 3.1092E+08 0.0000 | 29) ¢ 1,19) 23 110101010001100000101111110100 8.9378E+08 0.1597
30) 001011001111001110010101100011 1.8854E+08 0.0000 | 30) ¢ 1,19) 23 111000011110000000010011000101 9.4739E+08 0.2859

Note: Generation 1 & Accumulated Statistics: max=0.8715, min=0.0132, avg=0.1732, sum=5.1967, nmutation=35, ncross= 10

FIGURE 3.16 SGA run, generation report z = 0-1.



Mapping Objective Functions to Fitness Form
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75

111100011010010010101111110001
111111001000100010611111110011
111111001000000010011111110100
111110011110000000101111100100
111111001101100001101111010110
111111001011000000101111101100
111111001001100000161111101100
111111001000000010011011000100
111111101000000010000011100111
111111001100000010011111110111
111111001000000010011111110111
111111101000000010011111110001
111011011000000010000011000101
111111001001110000101111110000
111110011010000010011111110001
111111001010000010101111100100
111110011110000010110611101111

111111011000001110101111100100

111111001000000010011111110000
111111001000000010010011000101
111110011110000010101111110000
101110011110010010101111100100
111111101000000010011111110001
111111001000000010011111110111
111111111000000010011111100100
111110010110000000101111110111
111111001001110001101111110000
011110011000010010000011000101
111111001100000010011011110001
111111001001100000101111100100

1.0135E+09
1.0592E+09
1.0591E+09
1.0481E+09
1.0605E+09
1.0599€+09
1.0595€E+09
1.0591E+09
1.0675€+09
1.0601E+09

1.0675€+09
9.9616E+08
1.0595E+09
1.0470E+09
1.0596€+09
1.0481E+09
1.0633e+09
1.0591E+09
1.0591E+09
1.0481E+09
7.7969E+08
1.0675E+09
1.0591E+09
1.0717€+09
1.0460E+09
1.0595E+09
5.0968E+08
1.0601E+09
1.0595€+09

FIGURE 3.18

0.8779
0.8715
0.8715
0.9430
0.9070
0.7484
0.0405
0.8872
0.7772
0.7772
0.9807
0.9430
0.8757
0.769%
0.8715
0.5615
0.9430
0.8801
0.9066
0.8715
0.769%
0.5615
0.4726
0.8715
0.8747
0.8752
0.8736
0.9523
0.8720

fitness R # parents xsite string X
0.5615 I 18,6 7 111111001011000000101111000100 1.0599€+09
0.8726 | 2) (8 6) 7 111111001000000010011011101100 1.0591£+09
0.8715 | 3) €9,24) 9 111111001000000010011010100111 1.0591£+09
0.7849 | 4) ¢9,26) 9 111111101000000010000111110111 1.0675€+09
0.8834 | ) € 6,18) 3 111111011000001110101111100100 1.0633£+09
0.8779 [ 66,18 3 111110001011000000111111101100 1.0431E+09
0.8747 | 7) (10,22) 22 101110011100000010011111110111 7.7910€+08
0.8715 | 8) €10,22) 22 111111001111010000101111100100 1.0610+09
0.9430 | 9) €15,15) 30 111110011010000010011111110001 1.0470£+09
0.8801 |10 ¢15,15) 30 111110011010000010011111111001 1.0470€+09
0.8715 | 1) 12,12) 5 111111111000000000011111010001 1.07165+09
0.9430 [ 12 ¢12,12) 5 111111101000000010011111110001 1.0675€+09
0.4724 | 13)€26,16) 15 111111001010000000101101110111 1.0596€+09
0.8752 | 14 (26,16) 15 111110010110000010101111100100 1.0460€+09
0.7772 | 15)¢20, 1) 30  111111001000000010010011000101 1.0591€+09
0.8758 [ 16)¢20, 1) 30 111100011010010010101111110001 1.0135+09
0.7850 | 17 ¢9,10 30 111111101000000010011011100111 1.0675€+09
0.9070 | 18 (9,100 30 111111001100000010011111110111 1. 0601£+09
0.8715 I 1903, 8 14 111111011000000010011111110100 1.0633£+09
0.8715 | 200 €3, 8 14 111111001000000010011011000100 1.0591€+09
0.7850 | 21,26 8 111110010110000000001110110001 1.0460€+09
0.0408 I 22 ¢1,26) 8 111100011010010010101111111111 1.0135£+09
0.9430 | 23 (18,200 30  111011011000001110101111110100 9.9621€+08
0.8715 | 26) (18,200 30 111111001000000010010010000101 1.0591E+09
0.9807 |25 (14,300 3 111111001001100000101111100000 1.0595€+09
0.7694 | 26 (14,300 3 111111001001110000101111010100 1.0595€+09
0.8752 | 2723, 3) 18 111111001001000010011111110001 1.0593+09
0.0006 I 28 (23, 3) 18 111111101100000010011111110100 1.0685E+09
0.8801 I 29 (2, 2) 30 111111001000010010001111110111 1.0591£+09
0.8747 I 30) (24, 2) 30 111111001000100010011111110011 1.0592E+09
max=0.9807, min=0.0405, avg=0.8100, sum=24.2997, nmutation=201, ncross=

SGA run, generation reportt = 6-7.
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