1. GAs: What are They ?



Hillclimbing, Simulated Annealing, and Genetic Algorithms

O A4 : Max f(V) = | 11 one(v) - 150 |

V © binary strings of length 30.

one(V) : number of 1ls in the string V

(ex) V1 = (110110101110101111111011011011),
V2 = (111000100100110111001010100011),
V3 = (000010000011001000000010001000),

f(V1l) = [11-22 -150| = 92
f(v2) = [11-15 -150]| 15
f(v3) = [11-6 -150| = 84

(graph)

> one(v)

* (Global maximum
Vg = (111111111111111111111111111111)
f(Vg) = |11-30 -150] = 180

* Loval maximum
V1 = (000000000000000000000000000000)
f(VD) = [11-:0 - 150] = 150



© Hillclimbing Algorithm

begin
tr<-0
repeat

local <- FALSE
select a current string Vc at random
evaluate Vc
repeat
select 30 new strings in the neighborhood of Vc
by flipping single bits of VC
select the string Vn from the set of new strings

with the largest value of objective function f (Vn AA)
if f(Ve) < £f(Vn)
then Vc <- Vn (Vn o] W A& 3d)
else /ocal <- TRUE (Vn ©] #ow Stop)
until /ocal
t<- t+1
until ¢ = MAX

end

O Neighborhood
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! !
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© Simulated Annealing Algorithm

begin

t<-0

initialize temperature T

select a current string Vc at random

evaluate Vc

repeat

repeat
select a new string Vn
in the neighborhood of Vc

by flipping a single bit of Vc (Vn AA)
if f(Ve) < £(Vn)
then Vc <- Vn (Vn o] A9 Al 23))
else if random/0,1) < exp{ f(Vn) - £Vc)) / T }
then Vc <- Vn (1)
until (termination condition)
T <-g(Tt (2)
t<- 1

until (stop-criterion)

end

(1) Vn ©] Ve Bt} 22 9 0 -1 Alo]e] v r & WHAAZIT o] W] r < p
(Y p = exp{ {(Vn) - f(Vc) /T }) o] Ve<-Vn o2 & A 73,

=> random walk
=> local maxima & AU o+ o}

* p gto] AW =,
- f(Vn) & {(Vc) o Afol7} 22 A5,
- T 7} 2 4% random walk ¢ &E&9°] &t}
(2) g(T,t) < T for all t.
=> T kol HAp Zolxit
=> random walk 2] &Eo] #o}zit},

+Annealing (g5 %) : AA3] =& 931 HGE Y



(ex) Ve = (111000000100110111001010100000)
one(Ve) =12
f(Ve) = [11-12-150| = 18

oja, Aj2o] Aee Vn o] v #S o
one(Vn) = 13
f(Vn) = 7

(1) Hillclimbing
- Vn o] Ag= 4 gl

- local maxima VI ®3gko = Z3 (. one(Vc)

(2) Simulated annealing
- p = exp((f(Vn) - £(Vc)) / T )
= exp (-11/20) Gf T=20)
0.57695

~ Vn o] Aeld 50| 57.7%

* Genetic Algorithm ( Idea )

Population of string :
vH = (11111000000/0110111001110100000)
v6 = (00000000000]11101110010101111111)

=> crossover

vb' = (11111000000/1101110010101111111)

< 13)

- f(vb) = 16
: f(v6) = 16

t f(vB') = 59



- Hill-Climbing
A% BEF AQAA VR ke 2 BovlE Aug
AI1BAAE & 5 gl

- Simulated Annealing
A7HE} ol HAshel Fwetore] o] b A g wlF ] g 9Bt
ol A WA G| LET.

- Genetic Algorithm

ofefulele] BAFE B wekol Fule] Hapabow FEAL,
PATEE 5] o) 3 Lebopel] FaHAEA RET
e e ARl Qi BrHROl dE A AFEH, Fol 08 £
gro] AEs olEe] T ot Gl Hue)
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GA : What are they ?

O Optimization of a simple function

Maximize f(x) = x sin(10x x) + 1.0
where x € [-1, 2]
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Fig. 1.1. Graph of the function f(zx) = x - sin(10m - ) + 1.0

B Representation : chromosome (G4 A, gene (&3P
- x £ binary vector (= string = chromosome = 9AA]) o2 F 3
- vector length : Precision © wz} 274
- x & &axAolst 6 AE7A FAIE i,
size length (F string ¢ ) = (2-(-1)) * 1,000,000 = 3,000,000
2097152 = 2% < 3000000 < 2% = 4194304
22 bit T8

% binary vector —> A W3$

() (<D bao oo Do) = ( Zebr 2 ), = x
() x = -1.0 + x' - 3/ (21
(ex) (1000101110110101000111)
x' = 2288967
x = -1.0 + 2288967 * 3 / 4194303 = 0.637197

x gene (F-AA}) : binary vector (G2A]) ¢ 7+ bit
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B Population

Chromosome (binary vector) 59 ¢

M Evaluation fuction : Fitness (3-8%)
eval (v) = f(x)
(ex)
vl = (1000101110110101000111)
v2 = (0000001110000000010000)
v3 = (1110000000111111000101)
-> x1 = 0.637197, x2 = -0.958973, x3=1.627888
-> eval(vl) = f(x1) =1.586345,
eval(v2) = f(x2) =0.078878
eval(v3d) = f(x3) =2.250650



B Genetic Operators

- Reproduction : &4
- Crossover EnA:)
- Mutation =0l

(1) Reproduction
© o= Mtie] Population ©ZHEH ta Alte Population A43.

© A8 %7} 943 Chromosome EA] - AzAE A
No Chromosome Fitness % of Total
1 V1 1.586345 40.5%
2 V2 0.078878 2.0%
3 V3 2.250650 57.5%
(ex) Total 3.915873 100%
V2
V3 V1

* Roulette 7l9)< population size THE AA|5te], A& E chromosome o2 Th&A T2

population T-4J.

(e) 3 3 AAE] v3, v1, v3 A8 A

1 Al (v1, v2, v3) —-> 2 Al (v3, v1, v3) : v2 E=Ej



(2) Crossover
: 2 78 Chromosome & &§3ste] A= Chromosome 4.

(ex)

v2 = (00000|01110000000010000)

v3 = (11100/00000111111000101)

(5¥ =} o] % wiuf)

v2' = (00000100000111111000101) -> f(v2") = 0.940865

v3' = (11100101110000000010000) -> f(v3') = 2.459245

(3) Mutation

: Chromosome oA 3t 719 gene < WHA
(ex)

v3 = (1110000000111111000101)

(10WHA F-d2 =dAwo])

v3' = (1110000001111111000101)

-> x3' = 1.630818,

f(x3) = 2,342555 (increase fitness)

B Parameters

- Population Size (pop_size) : binary vector 59 & (F3AF )
J=])

- Probability of crossover (p.) : Crossover && (XA

- Probability of mutation (p.) : Mutation && (XA A])
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© Genetic Algorithm (or Evolution Program)

begin
t <=0
initialize P(t)
evaluate P(t)

while (not termination—condition) do

begin
t <—t+1
select P(t) from P(t-1) // Reproduction
alter P(t) // Crossover, Mutation

evaluate P(t)
end

end

P(t) : t HA generation ¢ Population

Generation ) _
Number Evaluation Function

1 1.441942

6 2.250003

8 2.250283

9 2.250284
10 2.250363
12 2.328077
39 2.344251
40 2.345087
51 2.738930
99 2.849246
137 2.850217
145 2.850227
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