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F7
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Step Function

n

fo()= 31 +05 )7
—10(3_3 X; <100

Quartic Function with Noise

n
f2(x)= "> ix{* + randomf0, 1)
i1
_1.28<x; <1.28
min(f;)= f;(0,...,0)=0

Generilized Schwefel’s Problem 2.26

n

fS(X) = —Z(Xi X Sin( |Xi |))
i=1
~500 < x; <500
n=30:min(fg)= f3(420.9687,...,420.9687) = —12569.5

Generalized Rastrigin’s Function

n
fo(x)= z [x,z ~10c0s(27x;) +10]
i-1
_512<x <5.12

min(fg)= f4(0,...,0)=0

Ackley’s Function

n n
f10(x)=—20exp| - 0.2 /%Zx,z exp{%Zcos(Z;zxi )}
i1 i1

20+e
_30<x <32
min(f10)= f10(0 ..... 0)=0

\#

s Siladio plesscs 5 jlow dings i aly ) 55))

Sphere Model

h0-H

~100 < x; <100

Schwefel’s problem 2.22

n n
fz(X):Z|Xi|+H|Xi|
i=1 i=1
~10<x; <10
min(f,) = 5(0,...,0)=0

Schwefel’s problem 1.2

Schwefel’s problem 2.21

f (x) = m_ax{|xi|, 1<i< n}

~100 < x; <100

fs(0x)=2 [100(xi+1 x2F + (x _1)2}
) -30<x; <30
min(fg)= fs(L....1)=0
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Kowalik’s Function

fis(x)=) | a

min(fy5) ~ f,5(0.1928,0.1908,0.1231,0.1358)

i=1
—SSXi <5

~ 0.0003075

2
- |: __ Xl!bi2+bix2!:|
1

bi2 +bjX3 +Xg

Kowalik’s Function gl ouldicel y, g0 cut) pud:).cs J 9

| q bi
1 0.1957 1/0.25
2 0.1947 1/0.5
3 0.1735 1/1
4 0.1600 1/2
5 0.0844 1/4
6 0.0627 1/6
7 0.0456 1/8
8 0.0342 1/10
9 0.0323 1/12
10 0.0235 1/14
11 0.0246 1/16

Generalized Griewank Function

n n
1 2 Xj
fa(x)=—=>"xF - cos(—_]+l
—600 < x; <600
min(fy1)= 1(0,...,0)=0

Generalized Penalized Functions

frp(x)=Z 105i”2(7lY1)+Z_:(yi —1)2£L+105in2(7zyi+1)]
n +(yn -1)°

n
+ Zu(xi 10,100,4)
i=1
-50 < x; <50
min(fy,)= f1p(4...1)=0
n-1
f13(X) = Ol i=1
(x —1) [1+ sin? (27, )]

n

+ u(x,5,100,4)

ledb] (55 9LiS 9 p 3 SALI, (il g js ~ pale dlao

sin (3 )+ 3 (5 -2+ sin? (3.

Six-hump Camel-Back Function

f16(x) = 4x% — 2.1 +%x16 + X X Xy —4X2 + 4x5

-5< Xj <5
Xmin = (0.08983,-0.7126),(~ 0.08983,0.7126)
min(f; )= -1.0316285

Branin Function

2
f17(x):(x2 —5—'12x12 +£x1—6] +
A 7T

10(1— ij cos(x )+10
87

~5<x <10, 0<x, <15
Xmin = (—3.142,12.275),(3.142,2.275),(9.425,2.425)
min(fy7)=0.398

i=1

_50<x; <50
mln(f13)— f13(1, .,1)20

k(xi —a)" x;>a

u(xj,ak,m)=4 0 —a<x<a

Shekel’s Foxholes Function

\vV

1
=4
500
fia(x)=| 25 1

2
Ty bi-agf
~65.536 < x; <65.536
min(fyg) = f14(-32,-32)~1

(aij):(—SZ -16 0 16 32 -32 ...

0 16 32
-32 -32 -32 -32 -32 -16 ...

32 32 32
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Hartman’s Family gl ooliice) u 5 90 cot] pi:¥.cs [ 91

[ P j=1...6

1 |0.1312 | 0.1696 | 0.5569 | 0.0124 | 0.8283 | 0.5886

2 1 0.2329 | 0.4135| 0.8307 | 0.3736 | 0.1004 | 0.9991

3 10.2348 | 0.1415| 0.3522 | 0.2883 | 0.3047 | 0.6650

4 |0.4047 | 0.8828 | 0.8732 | 0.5743 | 0.1091 | 0.0381

Shekel’s Family

_i[(x—ai)(x—ai)T +ci]»1
: 0<X <10

5 for f21(X)
m=4{7 for fy(x)
10 for fy3(x)

1 .
Xlocal—opt ~ a| ) .[:(X|oca|_0pt)z C_ fOI’ 1<i<m
|

@.ql.: ). 9 Y O 6‘)“5 o 4.3f23 9f22 ‘f21 C?"?’
S9z90 B ooz 5o ulpd aiis (e pendi o

f21, fzz, f23 &Il‘}:" ouldicy/ .JJ}O g._t.!")-ac.ot‘.i J"J'A

i 8, ]=1,...4 C,
1 4 4 4 4 0.1
2 1 1 1 1 0.2
3 8 8 8 8 0.2
4 6 6 6 6 0.4
5 3 7 3 7 0.4
6 2 9 2 9 0.6
7 5 5 3 3 0.3
8 8 1 8 1 07
9 6 2 6 2 05
10 7 36 7 36 05

Goldstein-Price Function

19-14x; +
f10(X) = |1+ (% +xp +1)?| 3xZ —14x, +
18 11 X2 1 2
6% - X +3x§
18—32Xl+
x| 30+ (2x; — 3%, )| 12x2 + 48x, —
36X; - Xo +27x§
-2< Xj <2

min(f;g) = f15(0,-1)=3

Hartman’s Family

-~y

4 n
f(x)= Zci.exp —Zaij (xj
i=1 j=1

0< Xj <1

3 for fio(x)
n=
6 for fzo(X)

min(fyg)= f19(0.114,0.556,0.852) = —3.86
min(f, )= 5(0.201,0.150,0.477,0.275,0.311,0.657) = —3.32

Hartman’s 19 s jlaci asli ouldice) o5 90 st pu:Y.co J 9
Family

ila;, j=123| ¢, P, =123

1) 3 |10(30| 1 | 03689 |0.1170 | 0.2673

2101|1035 0.4699 | 0.4387 | 0.7470

0.1091 | 0.8732 | 0.5547

0.038150 | 0.5743 | 0.8828

Hartman’s ¥+ o jlaci asli ouldice) o5 90 ot Vs J 9

Family
i a;,j=1,....6 C;
1 10 3 17 35 | 17 8 1
2 0.05 10 17 0.1 8 14 12
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™ Exploitation

¥ Mutation

™ Selection

™ Trade off

™ Global IPO

" Local IPO

" Mathworks MATLAB R2011a

™ Generation

™ Convergence

" Average of best fitnesses

 Median of best fitnesses

¥ Average of mean fitnesses

™ Overal best fitness

™ Multimodal Functions with many Local minima
(Se53 w550 skae Ll o)™ Evolutionary methods
oS slaie el )" Swarm intelligence methods
(513 09,8

" Multimodal Functions with only Few Local
minima

*Pattern recognition

" Image processing
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' Heuristics

" Logistics

" Bioinformatics

" Data mining

* Chemical physics

" Black box

" Inclined Planes system Optimization (IPO)
* Heuristic

* To know

" To discover

" To find

'" To guide an investigation

'" Genetic Algorithm (GA)

'" Simulated Annealing (SA)

'* Harmony Search (HS)

¥ Artificial Immune System (AIS)
" Ant Colony Optimization (ACO)
" Particle Swarm Optimization (PSO)
'* Darwin's theory

™ Randomized phenomena

™ Central Force Optimization (CFO)
" Deterministic

" Population-based methods

" Optimum position

" Swarm intelligence

” Local IPO (I-best)

™ Global IPO (g-best)

™ Exploitation

™ Exploration

™ Agents

™ Particles

™ Fitness function

™ Iteration

" Exploration
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