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35.2 MR
35.2.1 Sphere Function

n
sy Min.;(xiz)

YR 30, AR ETEME{E [-100, 100], 4 iL{E 0.

=YER

=H

1stOpt Constant n=30;

. Parameter x(n)=[-100,100];
NE MinFunction Sum(i=1:n)(x[i]"2);
Objective Function (Min.): 0

1stOpt x;: g
x2:
RS x3:0




35.2.2 Schwefel's Problem 2.22

Min.zn:(lxil) + ﬁ(lxil)
i=1 i=1

5E X
YepE 30, AFEVUFEME 10, 10], &REMME 0.
oo ‘
O .} ‘
=V 7 o)
%E:E aHmw ‘
1stOpt Constant n=30;
. Parameter x(n)=[-10,10];
N MinFunction Sum(i=1:n)(abs(x[i]))+Prod(i=1:n)(abs(x[i]));
Objective Function (Min.): 0
1stOpt X;: 8
x2:
EEES x3:0

35.2.3 Schwefel's Problem 1.2

; 2
. Min. X;
7E X .
j=1
i=1
HEFE 30, AUl {E [-100, 100], £JRHMIH 0.

=4
=H o
1stOpt Constant n=30;

. Parameter x(n)=[-100,100];
N MinFunction Sum(i=1:n)((Sum(j=1:1)(x[j1))"2);
1stOpt | Objective Function (Min.): 0
s x1: 0
A




x2:0
x3: 0

35.2.4 Schwefel's Problem 2.21

Min.max(|x;]) i=1..n

TE X ‘ - .
YR 30, A EUFEME[-100, 100, AR 0.
SR il
= |
co m ) ”
0 X = d
100 "o .
1stOpt Constant n=30;
. Parameter x(n)=[-100,100];
e MinFunction MaxIn(i=1:n)(abs(x[i]));
Objective Function (Min.): 0
1stopt | XL:0
x2:0
45 .
x3:0
35.2.5 Rosenbrock Function
n-1
N 100(x;41 — x2)% + (x; — 1)
. Z( (Xiar = X2 + G — 1)?)
Y 30, EuFEE (-30,30], A RERAE .
=4ER
= A
1StOpt Constant n=30;
. Parameter x(n)=[-30,30];
NE MinFunction Sum(i=1:n-1)(100*(x[i+1]-x[i]"2)"2+(x[i]-1)"2);
1stOpt Objective Function (Min.): 1.34677481631058E-17

x1: 0.999999999950306




sEE x2: 0.999999999937923
x3: 0.999999999931753
352.6 Step Function
n
‘ D (@i +05)?)
EX i=1
YEFE 30, AFEUREEME[-100, 100], 4)ifiAb 0.
10
|
= 4R d
%ﬁ\ E (2 [
RS
= 100
1stOpt Constant n=30;
. Parameter x(n)=[-100,100];
e MinFunction Sum(i=1:n)((x[i]+0.5)"2);
Objective Function (Min.): 0
1stOpt X;: '8'2
x2: -0.
aR x3:-0.5
35.2.7 Quartic Function
n
JEN Z(ixf) + random
EX i=1
Yk 30, AP EuFE(E[-1.28,1.28], £ JREMLE 0.
=YR
=E
1stOpt Constant n=30;
A Parameter x(n)=[-1.28,1.28], rnd=[0,1];




MinFunction Sum(i=1:n)(i*x[i]"4)+rnd;
Objective Function (Min.): 0
1stopt | X1 0
s x2:0
R x3: 0
35.2.8 Schwefel
30
. 2 (—xisin( |xl-|))
X i=1

4E)F 30, A &G FEME[-500,500], 4R At{E-418.9829*n.

=R
HE 500

4000
500 -

Algorithm = DE1;

1stOpt Constant n=30;

. Parameter x(n)=[-500,500];

(& PassParameter obj=-418.982887272433*n;
MinFunction Sum(i=1:n,x)(-x*sin(sqrt(abs(x))));

Objective Function (Min.): -12569.486618173
1StOpt x1: 420.968745599421
x2: 420.968746251568

Lt
- x3: 420.968747159277

35.2.9 Rastrigin Function

n

2(9512 — 10cos(2mx;) + 10)

i=1

YEfT 30, AEuMEI{E]-5.12,5.12], 4 RIHMIE O.

€ X




=4iR
BH

1stOpt Constant n=30;
. Parameter x(n)=[-5.12,5.12];
(N MinFunction Sum(i=1:n,x)(x1"2-10*cos(2*pi*x)+10);

Objective Function (Min.): 0

1stOpt i; 8
HR x3; 0
35.2.10 Ackley Function
, > ?zl(xiz) > :lzl(cos(anl-))
e Min.—20exp| —0.2 — | exp m + 20 + exp(1)

YERE 30, ASEVEENE[-32, 321, 4 mEmAiE o.

Eé&ﬂ_‘_\‘ 10
=&

Constant n=30;

1stOpt | parameter x(n)=[-32,32];

Awi MinFunction -20*exp(-0.2*sqrt(sum(i=1:n)(x[i]"*2)/n))-
exp(sum(i=1:n)(cos(2*pi*x[i]))/n)+20+exp(1);

Objective Function (Min.): 4.44089209850063E-16

1stopt | X1 0
x2: 0

gk .

- x3: 0




35.2.11 Griewank Function

& X i 2501532) H( )

HERE 30, Ay HE{E [-600, 600], é)%ﬁxma 0.

=4YEoR
%;@ B

1stOpt Constant n=30;
. Parameter x(n)=[-600,600];
(N MinFunction sum(i=1:n,x)(x"2)/4000-prod(i=1:n,x)(cos(x/sqrt(i)))+1;

Objective Function (Min.): 4.44089209850063E-16

1stOpt X;: g
X2:
EEES x3:0

35.2.12 Penalized Function

Min. %(10 (sin(ny(l)))z
+ Z((}’(i) — 1D?)(1+10(sin(my (i + 1)))*) (v(30) — 1)2>
i=1

30
5E L + ) (u@®)
2

y
g

X]+1
4

y( =1+

u(j) = if(xj > a,k(x]- - a)m, if(xj < —a, k(—xj - a)m, 0)
4EFF 30, AEYEFEME[-50,50], 4 RELE .




=YR

=E
Algorithm = DE2;
Constant n=30,a=10,k=100,m=4;
1stOpt ConstStr y(j)=1+(x[j]+1)/4,
. u(@)=if(x[j]>a,k*(x[j]-a)m,if(x[j]<-a,k*(-x[i]-a)"m,0));
(¥E Parameter x(n)=[-50,50];
MinFunction (pi/n)*(10*(sin(pi*y(1)))*2+sum(i=1:n-1)((y(i)-1)"2*
(1+10*(sin(pi*y(i+1)))"2)+(y(n)-1)"2))+sum(i=1:n)(u(i));
Objective Function (Min.): 1.57044103551786E-32
1stopt | XL -1
x2:-1
g5 .
x3: -1

352.13 Penalized 2 Function

E X

Min. 0.1 ((sin(Bﬂxl))2

n-1

+ ((xl- — 121 + (sin(3mx;4 ))2))
Z )

30
+(x, — 121+ (sin(3nxn))2)> + Z(u(i))
i=1

Hor:
4

yG) =1+

u() = if (x> a, k(x; — @)™, if (x; < —a,k(~x; — a)™,0)

YERE 30, ARV HEE[-50,50], 2)RRIUE 0.




E/EZT—\‘ )
=K

Algorithm = DE2;

Constant n=30,a=5,k=100,m=4;

1stOpt | constStr u(j)=if(x[j]>a,k*(x[j]-a) m,if(x[j]<-a,k*(-x[j]-2)"m,0));

AW Parameter x(n)=[-50,50];

MinFunction 0.1*((sin(3*pi*x[1]))"2+sum(i=1:n)((x[i]-1)"2*(1+(sin(3*pi*x[i]))"2))+
((X[n]-1)"2)*(1+(sin(2*pi*x[n]))"2))+sum(i=1:n)(u(i));

Objective Function (Min.): 1.96599223184384E-32

1stopt | X111
x2:1

bk

- x3:1

35.2.14 Foxholes Function

—1
Min. | — \
l 500
] + (xl - alj) ) /
5E X
Hr:
a(2,25)=[-32,-16,0,16,32,-32,-16,0,16,32,-32,-16,0,16,32,-32,-16,0,16,32,-32,-16,0,16,32,
-32,-32,-32,-32,-32,-16,-16,-16,-16,-16,0,0,0,0,0,16,16,16,16,16,32,32,32,32,32];
YefE 2, BREREIE-65,65], AJREAE 0. 998.
=4ER
I
| LAY )
i LEEEEEEL!
Constant n=2;
1stOpt Constant a(2,25)=[-32,-16,0,16,32,-32,-16,0,16,32,-32,-16,0,16,32,-32,-16,0,16,32,-32,-16,0,16,32,
. -32,-32,-32,-32,-32,-16,-16,-16,-16,-16,0,0,0,0,0,16,16,16,16,16,32,32,32,32,32];
(¥E Parameter x(n)=[-65,65];
MinFunction (1/500+Sum(j=1:25)(1/(j+Sum(i=1:n)((x[i]-a[i,j1)"*6))))\(-1);
1stOpt | Objective Function (Min.): 0.99800383779445

9



+
4h

x1:-31.9783337134144
X2: -31.9783336333451

35.2.15 Kowalik Function

11

Mi x1(b? + x;b;) ’
i % b? + x3b; + x,4

i=1
EX | H
a=[0.1957,0.1947,0.1735,0.16,0.0844,0.0627,0.0456,0.0342,0.0323,0.0235,0.0246],
b1=[0.25,0.5,1,2,4,6,8,10,12,14,16];
YERE 4, EJEHIMEL-5 , 5], AJREAE 0. 000307.
=YER
=B
Constant n=4;
1stOpt Constant a=[0.1957,0.1947,0.1735,0.16,0.0844,0.0627,0.0456,0.0342,0.0323,0.0235,0.0246],
. b=1/[0.25,0.5,1,2,4,6,8,10,12,14,16];
(NE Parameter x(n)=[-5,5];
MinFunction sum(i=1:11,a,b)((a-((x1*(b"2+x2*b))/(b"2+x3*b+x4)))"2);
Objective Function (Min.): 0.000307485987805605
1stOpt x1: 0.192833452958509
x2:0.190836239164387
£

x3:0.123117296287896
x4:0.135765990157802

35.2.16 Six-hump Camel-back Function

E X

6
x
Min. 4x? — 2.1x} + ?1 + x1x, — 4x3 + 4x5

YERE 2, ARVEEIE-5 , 5], EJRRILE-L 3016.

10



=4iR
BH

1stOpt Constant n=2;
5 Parameter x(n)=[-5,5];
ﬁ 5 MinFunction 4*x112-2.1*X1M+X1M6+X1*X2-4*x2/\2+4*x2"\4

1stOpt Objective Function (Min.): -1.03162845348988
i x1:-0.0898420121058821
EEES x2:0.71265640283931

35.2.17 Branin Function

_ x?51 5 2 1
%% Min. x2—4—n2+Ex1—6 +10(1—5)cos(x1)+10

Yerg 2, ZEVEHIE-5 ,5], &RmIUE 0. 398.

=R 0.

1stOpt Constant n=2;
. Parameter x(n)=[-5,5];
N MinFunction (x2-x172*5.1/(4*(pi"2))+5/pi*x1-6)"2+10*(1-1/(8*pi))*cos(x1)+10

1stOpt Objective Function (Min.): 0.397887357729738
s x1: 3.1415926560214
EEES x2: 2.27500000281768

35.2.18 Goldstein-Pric Function

Min. (1+ (x; +x, + 1)2(19 — 14x; + 3x% — 14x, + 6x,x, + 3x2)(30
E X + (2x; — 3x,)%(18 — 32x; + 12x7 + 48x, — 36x,x, + 27x2)
iR 2, AAEJEEMEL-5 ,5], &RmE 3.

11



=4iR
BH

Constant n=2;

1stOpt | parameter x(n)=[-5,5];

/f'hﬁg, MinFunction (1+(x1+x2+1)"2*(19-14*x1+3*(x1"2)-14*x2+6*x1*x2+3*x2"2))*
(30+(2*X1-3*x2)A2*(18-32*X 1+12*(x1/2) +48*x2-36*X 1 *x2+27*(x2"2)));

Objective Function (Min.): 2.99999999999992
s x1: 4.89938704426081E-10
EEES x2: -0.999999999456401

1stOpt

35.2.19 Hartman 3 Function

4
Min. — ciexp| — 2 (ai,j ((xj - pi,j)z)))
=
=1
Hrp
a(4, 3)=[3, 10, 30,
0.1, 10, 35,
3 3,10, 30,
0.1, 10, 35],

c=[1,1.2,3,3.2],
p(4,3)=[.3689,.117,. 2673,
. 4699, . 4387, . 747,
. 1091, . 8732, . 5547,
. 03815, . 5743, . 8828] ;
4efg 2, AEEEIEL 3], SRR IUE-3. 86.

Y aon | i
ot ‘

1stOpt | Constant n=2;

12



AR

Constant a(4,3)=[3,10,30,
0.1,10,35,
3,10,30,
0.1,10,35],
c=[1,1.2,3,3.2],
p(4,3)=[.3689,.117,.2673,
.4699,.4387,.747,
.1091,.8732,.5547,
.03815,.5743,.8828];
Parameter x(n)=[-3,3];
MinFunction -sum(i=1:4)(c[i]*exp(-(sum(j=1:3)(a[i,j1*((x[j1-p[i.j])"2)))));

1stOpt

+
a5

Objective Function (Min.): -3.86278214782076
x1: 0.1146143396929

x2: 0.555648849969821

x3: 0.852546953496436

35.2.20 Hartman 6 Function

Min. — ciexp| — zé:(ai,j ((xf - pirf)z)))

j=1

a(4,6)=[10,3,17,3.5,1.7,8,
.05,10,17,.1, 8, 14,

E X 3,3.5,1.7,10, 17,8,
17,8,.05,10,. 1, 14],
c=[1,1.2,3,3.2],
p(4,6)=[.1312,.1696, .5569, . 0124, . 8283, . 5886,
. 2329, .4135,.8307, . 3736, . 1004, . 9991,
. 2348, . 1415, . 3522, . 2883, . 3047, . 6650,
. 4047, . 8828, . 8732, . 5743, . 1091, . 03817 ;
4R 6, EJuHEMEL 1], REMRE-3. 32.
=R I
Constant n=6;
Constant a(4,6)=[10,3,17,3.5,1.7,8,
1stOpt 05,10,17,.1,8,14,
AR 33.5,1.7,10,17,8,

17,8,.05,10,.1,14],
c=[1,1.2,3,3.2],

13



p(4,6)=[.1312,.1696,.5569,.0124,.8283,.5886,
.2329,.4135,.8307,.3736,.1004,.9991,
.2348,.1415,.3522,.2883,.3047,.6650,
.4047,.8828,.8732,.5743,.1091,.0381];
Parameter x(n)=[0,1];
MinFunction -sum(i=1:4)(c[i]*exp(-(sum(j=1:6)(a[i,jl*((x[i]-p[i,j1)"*2)))));

1stOpt
EZE S

Objective Function (Min.): -3.32199517158424
x1: 0.201707618624006
x2: 0.146780946359304
x3: 0.476744852086078
x4: 0.275342390889558
x5: 0.311651875672778
x6: 0.657275162912526

35.2.21 Shekel 5 Function

m
-1
n
, 2
Min. — ((xj - aj,i) + ci)
j=1
i=
>N EP:
5E X a(4,10)=[4,1,8,6,3,2,5,8,6, 7,
4,1,8,6,7,9,3, 1,2, 3.6,
4,1,8,6,3,2,5,8,6,7,
4,1,8,6,7,9,3,1,2,3.6],
c=[.1,.2,.2,.4,.4,.6,.3,.7,.5,.5];
Yepg 4, FEJEEME , 10], &REMRE-10. 1532.
BV 7 v
=&
Constant n=4, m=5;
Constant a(4,10)=[4,1,8,6,3,2,5,8,6,7,
4,1,8,6,7,9,3,1,2,3.6,
1stOpt 4,1,8,6,3,2,5,8,6,7,
05 4,1,86,7,93,1,23.6],
c=[.1,2,2,4,4,6,3,7,5,5];
Parameter x(n)=[0,10];
MinFunction -Sum(i=1:m)((Sum(j=1:4)((x[i]-a[j,i))"2)+c[i)(-1));
Objective Function (Min.): -10.1531996790582
1stOpt x1: 4.0000371528205
- X2: 4.00013327659262

x3: 4.00003715282014
x4: 4.0001332765927

14



35.2.22 Shekel 7 Function

m
n -1
. 2
Min. — Z ((xj - aj_i) + Ci)
j=1
i=
o
€ X a(4,10)=[4,1,8,6,3,2,5,8,6, 7,
4,1,8,6,7,9,3,1,2,3.6,
4,1,8,6,3,2,5,8,6, 7,
4,1,8,6,7,9,3,1,2,3.6],
c=[.1,.2,.2,.4,.4,.6,.3,.7,.5,.5];
YERE 4, AEJEEMEL0 , 101, 4 RHMmIE-10. 4029.
=t : —
Constant n=4, m=7;
Constant a(4,10)=[4,1,8,6,3,2,5,8,6,7,
4,1,8,6,7,9,3,1,2,3.6,
1stOpt 4,1,86,3,2586.7,
A5 4,1,86,7,9.3,1,2,3.6],
c=[.1,.2,.2,.4,.4,56,3,.7,.5,5];
Parameter x(n)=[0,10];
MinFunction -Sum(i=1:m)((Sum(j=1:4)((x[j]-a[j,i))"2)+c[i)(-1));
Objective Function (Min.): -10.4029153367777
1stOpt x1: 4.00057281925618
X2:3.99960620960477
ah R

x3: 4.00057281925589
x4:3.9996062096047

35.2.23 Shekel 10 Function

-1

Min. — N ((xj - aj,i)z + cl-)
j=1

J

y
&

a(4,10)=[4,1,8,6,3,2,5,8,6, 7,
4,1,8,6,7,9,3,1,2,3.6,
4,1,8,6,3,2,5,8,6,7,
4,1,8,6,7,9,3,1,2,3.6],

15



e=[.1,.2,.2,.4,.4,.6,.3,.7,.5,.5]:
4ERE 4, EVEEIMEL0 , 10], 2R RME-10. 5364,

-
X VIN

O4

Constant n=4, m=10;
Constant a(4,10)=[4,1,8,6,3,2,5,8,6,7,
4,1,8,6,7,9,3,1,2,3.6,
1stOpt 4,1,86,3,2586.7,
G 4,18,6,7,9,3,1,2,3.6],
c=[.1,.2,.2,4,4,6,3,7,5,5];
Parameter x(n)=[0,10];
MinFunction -Sum(i=1:m)((Sum(j=1:4)((x[j]-a[j,i))"2)+c[i)(-1));

Objective Function (Min.): -10.5364431534835
1stOpt x1: 4.00074686821781

- X2: 3.9995094801027

- x3: 4.00074686831147

x4: 3.99950947999945

35.2.24 Bukin Function

Min. 100 /Ixz —0.01x2| + 0.01]x; + 10|

X geprg 2, X1€[-15, -5], X2€[-3, 3]. ZRACEVES MM/ ME, &i1Hk
T

=

S

1stOpt | Parameter x1=[-15,-5], x2=[-3,3];
FRRD MinFunction 100*sgrt(abs(x2-0.01*x1"2))+0.01*abs(x1+10);

1stOpt Objective Function (Min.): 1.38893341272706E-13
- x1: -10.0000000000139
4R x2: 1.00000000000278
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35.2.25 Cross-in-Tray Function

100 —

Vx4 x2
7E X T

) +0.1

Min. —0.0001 ((sin(xl)sin(xz))) exp(

#iREly 2, Xiel[-10, 10].

=YEIR
=z
=

1stOpt Parameter x(2)=[-10,10];
. ConstStr factl = sin(x1)*sin(x2), fact2 = exp(abs(100 - sqrt(x1"2+x2"2)/pi));
N MinFunction -0.0001*(abs(factl*fact2)+1)"0.1;

1stOpt Objective Function (Min.): -2.06261187082274
st x1: 1.34940660378129
4R x2: -1.34940661850582

35.2.26 Drop-Wave Function

1+ cos (12 x? +x22)
0.5(x% + x3) + 2

HEREN 2, Xi€[-5.12, 5.12], & RBME-1.

Min. —

E X

=YR

=z

. !

1stOpt Parameter x(2)=[-5.12,5.12];
. ConstStr fracl = 1 + cos(12*sqrt(x1"2+x2"2)),frac2 = 0.5*(x1"2+x2"2)+2;
e MinFunction -fracl/frac2;

1stOpt Objective Function (Min.): -1

x1: 0
+
EEES x2: 0

17



35.2.27 Eggholder Function

X
Min. (—(x2 + 47)sin< |x2 + ?1 + 47|>)

TE X
+ <(—xlsin (\/le — (x, + 47)|))>
YepESy 2, Xi€[-512, 5121, HMARHN-959. 64
Y ‘ ‘ T 1000
\ 4 \ : o
Y 7N |

|
o 00
> 200
0

-400
200

‘_" W

0 -200

a0 — 400
am

Parameter x(2)=[-512,512];

1stOpt | ConstStr terml = -(x2+47) * sin(sqrt(abs(x2-+x1/2+47))),
ez term2 = -x1 * sin(sqrt(abs(x1-(x2+47))));
MinFunction term1 + term2;

1stOpt Objective Function (Min.): -959.640662720851
st x1: 512
4R X2: 404.231804958642

35.2.28 Gramacy & Lee (2012) Function

. sin(10mx)
N n. ———+
SE X 2x
N1, XE[0.5, 2.5],

(x—1)*

=R
=H

1stOpt Parameter x:[0.5,2_.5]; _
. ConstStr term1 = sin(10*pi*x)/(2*x), term2 = (x-1)"4;
(N MinFunction terml + term2;

1stOpt | Objective Function (Min.): -0.8690111349895
o Xx: 0.548563444572258
=H

18



35.2.29 Holder Table Function

_ ( VxF+ x5 )
o — [sin(xy)cos(xy)exp| |1 ———=
7E X i
VA4S Jmtl/ME. 46208 2, Xi€[-10, 10].
=4 e
1 ' -
[

‘ 10
— > 5
-10 T — ’
5 —— g 34
- 3
5

1stOpt Parameter x(2)=[-10,10];
. ConstStr factl = sin(x1)*cos(x2),fact2 = exp(abs(1 - sqrt(x1"2+x2"2)/pi));
N MinFunction -abs(factl*fact2);

1stOpt Objective Function (Min.): -19.2085025678868
st x1: -8.05502346924964
4R x2: -9.66459002411031

35.2.30 Langermann Function

m
n

n

1

Min. Ciexp ——Z(xj —ai.j)z cos ”Z(xj —ai,j)z
T[j=1 j=1

c=[1,2,5,2,3],
A(5,2)=[3,5,
5,2,
2,1,
1, 4,
7,91;
“4EfE 2, Xielo, 10].

E X

19



| _
o Ay }.' ’- 0
—4EoR ‘- -2
e
E’»E ” T ‘L_J
B e’ 8
0 e ~: Z 8
2 o —— Z 4 g
‘4 £ Ree b ]
r * 8 ”“
10
Constant n=2, m=5;
Constant c=[1,2,5,2,3],
A(5,2)=[3,5,
5,2,
1stOpt 21,
R 14,
7.9];
Parameter x(n)=[0,10];
MinFunction Sum(i=1:m)(c[i]*exp(-1/pi*Sum(j=1:n)((X[j1-AL[i,j1)"2))*cos(pi*Sum(j=1:n)((x[j]-
Alii)"2)));
1stOpt Objective Function (Min.): -4.15580929184779
st x1: 2.79340221022608
-H x2:1.5972324991711

35.2.31 Levy Function

Min. (sin(nw(l)))z

n-1
+ Z ((w(i) — 12 (1 +10(sin(mw(@) + 1))°)
5 - 2
+ (w(n) — 1)? (1 + (sin(an(n))) )
Horb: w() =1+
YeRE 5, Xie[-10, 101, HALM#E 0.
XN
=H
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Constant n=5;

1stOpt ConstStr w(j)=1+(x[j]-1)/4;

. Parameter x(n)=[-10,10];

(MG MinFunction (sin(pi*w(1)))"2+Sum(i=1:n-1)((W(i)-1)"2*(1+10*(sin(pi*w(i)+1))"2))+(w(n)-
DN2*(1+(sin(2*pi*w(n)))"2);

Objective Function (Min.): 5.86631508851742E-23
x1: 0.999999999992528

1stOpt | x2: 0.999999999983402

4k B x3: 0.999999999983402

x4: 0.999999999983402

x5: 1

35.2.32 Levy Function N. 13

Min. (sin(3mx,))>?
E S + (x; — 1)2(1 + (sin(3mx,))?) + (x, — 1)2(1 + (sin(2mx,))?)
YR 2, Xie[-10, 10].

=YER

A

Parameter x(2)=[-10,10];

1stOpt ConstStr term1 = (sin(3*pi*x1))"2, _ _

. term2 = (x1-1)"2 * (1+(sin(3*pi*x2))"2),
R term3 = (x2-1)"2 * (1+(sin(2*pi*x2))"2);
MinFunction term1 + term2 + term3;

1stOpt Objective Function (Min.): 1.34969464963992E-31

x1:1
+
#iRk x2:1

35.2.33 Schaffer Function N. 2 Function

sin(x2 — x2))° = 0.5
s Min. o.5+( G = D) S
JE X (1+0.001(x? +x2))

YEEE N 2, Xi€[-100, 1001, #HACAEAN 0, x=[0,0].

21



=4ER

=E
Parameter x(2)=[-100,100];

1stOpt | ConstStr factl = (sin(x1°2-x22))*2 - 0.5,

v fact2 = (1 + 0.001%(X1/2+x2/2))2;
MinFunction 0.5 + factl/fact2;

1stOpt Olbjgctive Function (Min.): 0
x1:

+
EEES x2: 0

35.2.34 Schaffer Function N. 4 Function

2
(cos(sin(|x12 - xzzl))) - 0.5
E X Min. 0.5 + 5
(14 0.001(x? +x2))
YERES 2, Xi€[-100, 100]
'_‘Q . h“
VN W
= iy i ','l('l"o";l‘,’s‘
oy r "‘ V4 'l."' l'lf'» 1)
R Y
\'-‘.lf"" \l,‘f«‘, 1“-‘::% \"-‘:!‘ i
Parameter x(2)=[-100,100];
1stOpt | ConstStr factl = (cos(sin(abs(x1°2-x2/2))))*2 - 0.5,
RAG fact2 = (1 + 0.001*(x1/2+x2"2))"2;
MinFunction 0.5 + factl/fact2;
1stOpt Objective Function (Min.): 0.29257863203598
s x1: -7.14280666514745E-8
-H x2:1.25313183217751
35.2.35 Shubert Function
5 5
5E X Min. (Z (icos((i + Dy + i))) (Z (icos((i + Dy + i)))
1

i= i=1
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#REN 2, Xie[-10, 10], 4 @miE-186. 7309

=YER

A

Parameter x(2)=[-10,10];

1stOpt | ConstStr term1=Sum(i=1:5)(i*cos((i+1)*x1+i)),
AW term2=Sum(i=1:5)(i*cos((i+1)*x2+i));
MinFunction term1*term2;

1stOpt Objective Function (Min.): -186.730908831024
st x1: 4.85805687883443
4R x2: -7.0835064079717

35.2.36 Bohachevsky Function

Min. x? + 2x% + (—0.3cos(3mx;)) + (—0.4cos(4nx,)) + 0.7

X 4R 2, Xi€[-100, 1001, HALMA 0, x=[0,0]
X N v
=H

Parameter x(2)=[-100,100];

1stOpt | ConstStr factl = (cos(sin(abs(x1°2-x2/2))))*2 - 0.5,
RAG fact2 = (1 + 0.001*(x1/2+x2"2))"2;
MinFunction 0.5 + factl/fact2;

1stOpt Objective Function (Min.): 0.29257863203598
st x1:-7.14280666514745E-8
EEES x2:1.25313183217751

35.2.37 Perm Function 0, d, B

n 2

- Min. Z ((ji +10) (x;' —%))

#PF N n, Xi€[-n, n]
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=4iR
BH

1stOpt | Constantn=5, b=10;//b=0.5;
. Parameter x(n)=[-n,n];
(T MinFunction Sum(i=1:n)((Sum(j=1:n)((ji+b)*(x[j]i-1/j*1)))"2):;

Objective Function (Min.): 1.33401739332335E-23
x1: 1.00000000000091

1stOpt | x2: 0.500000000011737

4k B x3: 0.333333333270335

x4: 0.250000000105382

X5: 0.199999999946153

35.2.38 Rotated Hyper-Ellipsoid Function

n

- Min. Z (sz)

YEREN n, Xi€[-65.536, 65.536].

=R

=H

1stOpt Constant n=10;
. Parameter x(n)=[-65.536, 65.536];
e MinFunction Sum(i=1:n)(Sum(j=1:i)(x[j1"2));

Objective Function (Min.): 0

1stOpt X;: g
XZ:
RS x3:0
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35.2.39 Sum of Different Powers Function

n
oy Min. ;quﬂ)

45 A n, Xiel-1, 1]

=YR
BH

1stOpt Constant n=10;
. Parameter x(n)=[-1,1];
NE MinFunction Sum(i=1:n)((abs(x[i])"(i+1)));

Objective Function (Min.): 0

1stOpt X;: g
X2:
EEES x3:0

35.2.40 Sum Squares Function

n

. . 2
sy Min. Z(lxl- )

i=1

YEREN n, Xie[-10, 10]

Eéﬁﬂ—ﬁ 1o J
=&

1stOpt Constant n=10;
. Parameter x(n)=[-10,10];
N MinFunction Sum(i=1:n)(i*x[i]"2);

1stOpt Objective Function (Min.): 0

x1: 0
+
EEES x2:0

25



x3:0

35.2.41 Trid Function

n

Z(xi -1)% - Z(xixi—l)
i=2

TE X
=1
YN n, XiE[-nkn, n*n]
X VIN
=H

Constant n=10;
1stOpt Parameter x(n)=[-n*n,n*n];

PassParameter -n*(n+4)*(n-1)/6; /lprint out theoretically optimal values

(T PassParameter For(i=1:n)(xx[i]=i*(n+1-i)); //print out Optimal parameter values

MinFunction Sum(i=1:n)((x[i]-1)2)-Sum(i=2:n)(x[i]*x[i-1]);

Objective Function (Min.): -210.000000000003
x1:10.0000002120105
x2: 18.0000003503009
x3: 24.0000003761177
1stOpt x4: 28.0000002491024
s x5: 30.0000004123977
-H x6: 30.0000001069535
X7: 28.000000363765
x8: 24.0000000809627
x9: 18.000000081472
x10: 9.99999988192305

35.2.42 Booth Function

Min. (x1 + 2x2 - 7)2 + (le +x, — 5)2

X HERER 2, Xi€[-10, 10]
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=YK

e
1stOpt Constant n=2;

. Parameter x(n)=[-10,10];
E MinFunction (x1+2*x2-7)"2+(2*x1+x2-5)"2;
1stOpt Olbjictlve Function (Min.): 0

x1:

4

4R x2: 3

35.2.43 Matyas Function

Min. 0.26(x? + x2) — 0.48x,x,

JR\)
TE X SN .
Yeg N 2, Xie[-10, 10]
=YR
=z
=
1stOpt Constant n=2;
. Parameter x(n)=[-10,10];
N MinFunction 0.26*(x1/2+x2/2)-0.48*x1*x2;
1stOpt Objective Function (Min.): 0
x1:0
bk
-H x2: 0

35.2.44 McCormick Function

e X

Min. sin(x; + x,) + (x; — x,)? — 1.5x; + 2.5x, + 1
HEREN 2, X1E€[-1.5, 4], X2€[-3, 4]
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=4iR
BH

1stOpt | Parameter x1=[-1.5,4], x2=[-3,4];
AR MinFunction sin(x1+x2)+(x1-x2)"2-1.5*x1+2.5*x2+1;

Objective Function (Min.): -1.91322295498104
x1: -0.547197545365079
x2: -1.54719755013135

1stOpt

+
45

35.2.45 Power Sum Function

; i
sy Min. ij —b;
j=1
i=1

“4EREE N n=4, Xi€[0,d], b=(8, 18,44, 114).

=R
=H

1stOpt Constant n=4, b=[8,18,44,114]
5 Parameter x(n)=[0,n];
! MinFunction Sum(i=1:n)((Sum(j=1:n)(x[j]*i)-b[i])*2);

Objective Function (Min.): 7.77501308185829E-27
1stOpt x1: 2.99999999999973

st x2:1.9999991257255

4R x3: 2.00000087427418

x4: 1.00000000000065

35.2.46 Zakharov Function

n n 2 n 4
X Min. le? + (Z O.Sixi> + (Z O.Sixi>
i i=1 i=1

=1
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Y4ERENn, Xi€[-5,10].

=YER
e
=

Constant n=5;

1stOpt | ConstStr f=Sum(i=1:n)(0.5%i*x[i]);
AW Parameter x(n)=[-5,10];

MinFunction Sum(i=1:n)(x[i]"2)+f*2+f"4;

Objective Function (Min.): 0

x1: 0
1StOpt x2:0
e x3:0

x4: 0

x5:0

35.2.47 Three-Hump Camel Function

6
x
2x? — 1.05x7 + ?1 + x1%, + x3

4EEEAN 2, XiE€[-5, 5]

e X

=YR
=z
&

1stOpt Constant n=2;
. Parameter x(n)=[-5,5];
(N MinFunction 2*x1/2-1.05*x1"M+x1"6/6+Xx1*x2+x2"2;

1stOpt Objective Function (Min.): 0
x1: 0
x2:0

2

35.2.48 Six-Hump Camel Function

Y N x4
E X Min. (4 —2.1x% + ?1> x2 + x.x, + (—4 + 4x2)x?
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HEREN 2, Xi€[-3, 3]

=4iR
BH

1stOpt
AN

Parameter x1=[-3,3], x2=[-2,2];
MinFunction (4-2.1*x1"2+(X174)/3)*X1"2+x1*X2+(-4+4*x2"2)*x2"2;

1stOpt
ESE S

Objective Function (Min.): -1.03162845348988
x1: 0.0898420131596889
x2: -0.712656402697174

35.2.49 Dixon-Price Function

10
Min. (x; —1)* + Z i(2x? — x,)"
i—2

'
YE) N n, Xie[-10, 10]

=YR

=z

=
Constant n=10;

1stOpt | parameter x(n)=[-10,10];

R PassParameter For(i=1:n)(xx[i]=2"(-(2"i-2)/2"));
MinFunction (x1-1)"2+Sum(i=2:n)(i*(2*x[i]"2-x[i-1])"2);
Objective Function (Min.): 1.16818915484944E-20
x1: 0.999999999868227
x2:0.707106781116665
x3: 0.594603557449522

1stOpt x4: 0.5452538662869
x5: 0.522136891170456

PR

X6: 0.510948574285353
X7:0.505444642985836
x8: 0.502714950518905
x9: 0.501355637491785
x10: 0.500677359920016
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35.2.50 De Jong Function N. 5

25 -1

1
v Min. | 0.002 +
X 2 (i + (% — a8 + (x — az,i)6>

i=1

HEREA 2, Xi€[-65. 536, 65.536] .

=X VN
=z

Constant n=2;

Constant a(2,25)=[-32,-16,0,16,32,-32,-16,0,16,32,-32,-16,0,16,32,-32,-16,0,16,32,-32,-16,0,16,32,
. -32,-32,-32,-32,-32,-16,-16,-16,-16,-16,0,0,0,0,0,16,16,16,16,16,32,32,32,32,32];

(¥E Parameter x(n)=[-65.536,65.536];

MinFunction (0.002+Sum(i=1:25)(1/(i+(x1-a[1,i])"6+(x2-a[2,i])"6)))"(-1);

1stOpt

1stOpt Objective Function (Min.): 0.99800383779445
st x1: -31.9783353453833
4R x2: -31.9783323160425

35.2.51 Easom Function

Min. — cos(x;)cos(x,)exp(—(x; — m)? — (x, — m)?)

BX | eprwy o, Xie[-100, 100]

=R
=H

1stOpt Constant n=2;
. Parameter x(n)=[-100,100];
e MinFunction -cos(x1)*cos(x2)*exp(-(x1-pi)"2-(x2-pi)"2);

1stOpt Objective Function (Min.): -1
x1: 3.14159265146846
x2: 3.14159265146846

2
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35.2.52 Michalewicz Function

| NNE A
ey Min. — sin(x;) <51n<7>>

P Nn, Xielo, )

=R :
o 12
= ‘

Algorithm = RGO2;

1stOpt | constant n=10,m=10;

AW Parameter x(n)=[0,pil;

MinFunction -Sum(i=1:n)(sin(x[i])*(sin(i*x[i]"2/pi))*(2*m));

Objective Function (Min.): -9.66015171564135
x1: 2.2029055183045
x2: 1.57079632987288
x3:1.28499157131628
1stOpt x4: 1.9230584696599
s x5: 1.7204697725674
-H X6: 1.57079632668502
X7:1.45441397169618
x8: 1.75608652165324
X9: 1.65571741677492
x10: 1.57079632652128

35.2.53 Beale Function

Min. (1.5 — x; + x,%3)% + (2.25 — x; + x,x2)? + (2.625 — x; + x,%5)?

BX | weprw o, Xiel-4.5,4.5]

=R
Y]

1stOpt | Parameter x(2)=[-4.5,4.5];
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AW MinFunction (1.5 - x1 + x1*x2)"2+(2.25 - x1 + X1*x2"2)"2+(2.625 - x1 + x1*x2"3)"2;
1stOpt Objective Function (Min.): 1.7779593600904E-26

N x1: 3.00000000000033
P S

x2: 0.500000000000083

35.2.54 Branin Function

Min. a(x, — bx2 + cx; —1)% + s(1 — t)cos(x;) + s

E X Hrh: a=1. b=5.1/(412). c=54T. r=6. s=10 Al t=1/(8),
YeEE Ny 2, X1€[-5,10], X2€<[0,15].
S VN .
1stOpt Constant a=1,b=5.1/(4*pi*2),c=5/pi,r=6,5=10,t=1/(8*pi);
. Parameter x1=[-5,10], x2=[0,15];
NE MinFunction a*(x2-b*x2"2+c*x1-r)"2+s*(1-t)*cos(x1)+s;
1stOpt Oﬁjgci:;l;;gztgg é(l\)/glgin.): 0.397887357729738
GR |

X2: 6.56104390014507

35.2.55 Forrester et al. (2008) Function

Min. (6x — 2)? + sin(12x — 4)

Yl 1, Xielo, 1]
o 1
S d
= |
“
1stOpt | Parameter x=[0,1];
FeHL MinFunction (6*x-2)"2+sin(12*x-4);
1stOpt Objective Function (Min.): -0.592074001277944
ghm x: 0.247511122600896

35.2.56 Goldstein-Price Function

X

Min. (1 + 5,5,)(30 + s354)
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Hr: sy = (g +x, + 1)?%, s, =19 — 14x; + 3x7 — 14x, + 6x,x, + 3x3
s3 = (2x; — 3x,)?, s, = 18 — 32x; + 12x? + 48x, — 36x,x, + 27x2
YEEHN 2, Xie[-2,2]

=Y 7
Constant n=2;
ConstStr s1=(x1+x2+1)"2,
§2=19-14*x1+3*x1"2-14*x2+6*x1*x2+3*x2"2,
1Stopt fl:1+Sl*SZ,
. $3=(2*x1-3*x2)"2,
(MG §4=18-32*x1+12*x1"2+48*x2-36*x1*x2+27*x2"2,
f2=30+s3*s4;
Parameter x(n)=[-2,2];
MinFunction f1*f2;
1stOpt Objective Function (Min.): 2.99999999999992
ot x1: -4.39855001928663E-9
“H

X2: -1.00000000000659

35.2.57 Perm Function d, B

n n 2
s Min it 4+ (—J> - 1)
X 2 :(’ 2 <
j=1
i=1
4efE N n, Xi€[-n,n]
e ol
=4E7R |
B "
0l
1stOpt Constant n=5, b=0.5;
. Parameter x(n)=[-n,n];
e MinFunction Sum(i=1:n)((Sum(j=1:n)((ji+b)*((x[j1/j)"i-1)))"2);
Objective Function (Min.): 1.11477914252995E-20
1stOpt

x1: 0.999999999854174

34



g5k

x2: 2.00000000044031
x3: 2.99999999948293
x4: 4.00000000028216
X5: 4.99999999994043

35.2.58 Powell Function

n/4
Min. Z(sl + 5, + 53+ 5,)
i=1
iE X
Hr: sy = (xgi-3 + 10x45-2)% 53 = 50451 — X41)%
3= (X4i—2 — 2%4i-1)"*> S5 = 10(x4i-3 — x47)*
YA n, Xi€[-4,5]
=4ER
&
Constant n=12;
Parameter x(n)=[-4,5];
ConstStr s1 = (x[4*i-3] + 10*x[4*i-2])"2,
1stOpt $2 = 5 * (X[4%i-1] - X[4%i])"2,
AW $3 = (x[4*i-2] - 2*x[4*i-1])"4,
s4 =10 * (x[4*i-3] - x[4*i])"4,
s=51+5s2+s3+s4;
MinFunction Sum(i=1:n/4)(s);
Objective Function (Min.): 0
1stOpt X;: 8
X2:
+:
4R x3: 0

35.2.59 Styblinski-Tang Function

e X

n
1
Min. EZ(xf — 16x7 + 5x;)

=1

YR A n, Xi€[-5,5]
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=4ER
=
Constant n=15;
1stOpt | parameter x(n)=[-5,5];
AW PassParameter obj=-39.1661657*n,
MinFunction 1/2*Sum(i=1:n,x)(x"4-16*x"2+5*X);
Objective Function (Min.): -587.492485556571
1stOpt x1: -2.90353402266191
- X2: -2.90353402266191
- x3: -2.90353402266191
35.2.60 Sine Wave Function
n-1 2
( < /xl-zﬂ + x? - 0.5) \
N Min. +0.5
TE X \(0.001(xi2+1 +x7) +1)2 /
i=1
YN n, Xie[-100,100], HALAHN: —0.5+0. 5*n
=4ER
3
1stOpt Constant n=25;
. Parameters x(1:n)=[-100,100];
N MinFunction Sum(i=1:n-1)(sqr(sqrt(x[i+1]"2+x[i]*2)-0.5)/sqr(0.001*(x[i+1]"2+x[i]*2)+1)+0.5);
Objective Function (Min.): 12
1stOpt x1: 0.353540125970658
ot x2: 0.353566670562887
-H x3: 0.35354011103622
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35.3 /NG

FT 1stOpt, X /N TIEL M4 /AU HEAT 1 HSVE A, A SEBARRS K it 5245 R A
1stOpt AN AE LA H EDUL A CAS SEBLITA [ e, 10 HL YT RERFA RIS VA K 2= e A, X
LB AT 1stopt T &, JUFAAEMERE, s HERkE T “Bik” rm L.
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