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In this work we present the algebraic expression of a number of unconstrained optimization test
functions in order to be considered in different packages for testing unconstrained optimization
sotware. Some of these functions are from CUTE library. Some of them have been constructed
for this purpose. All these functions are in generalized or extended form. At the same time we
present the standard initial point.

Extended Freudenstein & Roth Function

n/2

2
F)= Y (1343, +(5 —x,)x, —2)xy,)
i=1
+(_29 +x,, H((x,; +)x,, _14)x2i)2 >
x, =[05,-2,05,-2,...,05,2].

Extended Trigonometric Function

S~ o sy i
x)= ) [k — ) cosx [Hi(l—cosx,)—sinx, [,
S =l NI ]D( ) [l

x, =[0.2,0.2,...,0.2].

Extended Rosenbrock Function

n/2

f(x)= Zc(xﬂ _x22i—1)2 +(1 _'x25—l)2’

X, =[-12,1,...,-12,1]. =100



Extended White & Holst Function

n/2

f(x)= Zc(xzf _ngi—l)z +(1 _x2i—1)2’

X, =[-1.2,1,...,-1.2,1], =100

Extended Beale Function
f(x)= ”ﬁ(l.S —x,(1=x,)) +(225-x,, (1-x2)) +(2.625-x,,(1-x2)) ",

i=1

x, =[1,08,...,1,0.8].

Extended Penalty Function

n-l , o O
f=Y(x -1) +sz§ -025],

i=1 =1
x, =[1,2,...,n].
Perturbed Quadratic Function

: 1 e 0O
f)= Qi+ .

x, =[05,05,...,05]

Raydan 1 Function

7= Y 1o lexpte) =)

x, =[LL,....1].

Raydan 2 Function

n

(=Y (exp(x,) - x,),

i=1
x, =[L1,....1].
Diagonal 1 Function
f(x)= Y (exp(x,) =ix,),
i=1

x, =[1/nl/n,..1/n]



Diagonal 2 Function

,, .
7= Y ote) =1
X, =[1/11/2,....1/n).

Diagonal 3 Function

n

S(x)= Y (exp(x,) =isin(x,)),

i=1

x, =[L1,....1].
Hager Function
S0 =Y (exp(x) =ix,),
i=1

x, =[LL,....1].

Generalized Tridiagonal-1 Function
n—1 5 4
S(x)= Z(xi X _3) +(xi “Xin +1) )
i=1

X, =[2,2,...2].

Extended Tridiagonal-1 Function

ni2
f(x)= Z('xh’—l X, _3)2 +(x2i—1 Xy +1)4’
x, =[2,2,...,2].

Extended Three Exponential Terms Function
n/2

Sf(x)= Z(exp(XZi—l +3x,, =0.1) +exp(xy, —3x,; —0.1) +exp( =, _0-1))a

i=1
x, =[0.,0.1,...,0.1].

Generalized Tridiagonal-2 Function

£ =((5-3x —x?)x, =3x, +1)" +

Z((5_3xi — X)X TXy ~3xy, +1)2 +((5_3xn = X)X, =X, +1)2’

i=1

x, =[-1,-1,...,-1].



Diagonal 4 Function

Diagonal 5 Function

F()= Zlog(exp(xa +exp(-x,)),

x,=[LLLL,...,L1].

Extended Himmelblau Function
n/2 )

f(x)= Z(xzzi—l X, _11)2 +('x2i—l +x22i _7) ’

x, =[LL,....1].

Generalized Rosenbrock Function (¢=100)

n—1

F= Y dx =x2) +(1-x)",

i=1
x, =[-12,1....,-12,1], ¢=100.

Generalized White & Holst Function (¢=100)

n—1

=Y dx -x) +(1-x),

i=1

x, =[-1.2,1....,-12,1, ¢=100.

Generalized PSC1 Function

n—1

2
=Y (32 +x2, +x,x,) +sin® (x,) +eos? (x,),
i=1

x, =[3,0.1,...,3,01].

Extended PSC1 Function

n/2
2 .
f(x)= Z(xzzi—l +x22i X x2i) +Sln2('x2i—1) +cos’ (x5,)5

i=1

x, =[3,0.1,...,3,0.1].



Extended Powell Function

nl/4

f(x)= Z(xm—s +10x4i—2)2 +5('x4i—1 _9541')2 +(x4i—2 _2x4i—1)4 +10(x4i—3

x, =[3,-1,0,1,...,3,-1,0.1].

Full Hessian FH1 Function

)= =3 + Y (3, =3 =20, 4, o))’

x, =[0.01,0.01,...,0.01].

Full Hessian FH2 Function

£ = =57+ (3, e, 1)’

x, =[0.01,0.01,...,0.01].

Extended Block Diagonal BD1 Function

n/2

f(x)= Z(xzzi—l +x22i _2)2 +(eXp(x2i—1 -1) _xzi)za

x, =[0.,0.1,...,0.1].

Extended Maratos Function (c=100)

n/2

2

S(x)= zsz +C(xzzi—1 + x5, _1) )
=T

x, =[1.1,0.,...,1.1,0.1], ¢ =100.

Extended CIliff Function

n/2
f(x)= ZD 100 g (xz,._1 —xz,.) +exp(20(x2,._1 —xz,.)),
=[0,-1,...,0,—1].

Quadratic Diagonal Perturbed Function

J(x)= & H+ 2100~

x, =[05,0.5,...,0.5].



Extended Wood Function

4
n/ 2

f(x)= Zloo(xii—S _954,'—2)2 +(x4i—3 _1)2 +90(x§i—1 _x4i) +

(1_954:‘—1)2 +10.1{(x4,._2 _1)2 +(x4,. _1)2} +19'8(x4i—2 _1)(x4i _1)7

x, =[-3,-1,3,-1,...,3,, 3, 1].

Extended Hiebert Function

n/2

()= (x5, =10)" +(x,,x,, —50000)",
=
x, =[0,0,...,0].
Quadratic QF1 Function
f0)=5 Y i =x,
x, =[LL,....1].

Extended Quadratic Penalty QP1 Function

n—1 n |j
f0=(x7-2) +§xf -05[J,
i=1 i=1
X, =[LL,....1].

Extended Quadratic Penalty QP2 Function

n-1 ) n ﬁ
f(x)= Z(xl2 —sinxi) +§xi2 —IOOH,
i=1 =1
x, =[LL,....1].

Quadratic Function QF2
1 n
f =5y« 1)’ -x,,

i=1
x, =[0.5,05,...,0.5].

Extended EP1 Function

n/2

S(x)= Z(exp(XZi—l = Xy;) _5)2 +(x2i—l _xzi)z(XZi—l —x,; 1 1)

i=1

x, =[15,15,...,1.5].

2
s



Extended Tridiagonal-2 Function
Jf(x)= ”i(xixiﬂ _1)2 +c(xi +1)(x,.+l +1)’
i=1

X, =[L,L,..,L.]. c=0l1

FLETCBYV3 Function (CUTE)

1 ol 2 [] hz
J[()C):EP()CI2 +x,3)+;§(x,. ,+1)2 ZD (h2 cp —cos(x,)

where:
p=1/10%, h=1/(n+1), c=1,
Xy, =[h,2h,...,nh].

FLETCHCR Function (CUTE)

n—1

F@)=Y o —x, +1-x2),

i=1

x, =[0.,0.,...,0.], ¢ =100.

BDQRTIC Function (CUTE)

n—4

= 3 [ +3) +{a? 2, 4302, +als 45x0)
x, =[L,L,...,L].

TRIDIA Function (CUTE)
Feo=y(& 1)+ 3 e, - i)
a=2 p=1 y=1 0=1,

x, =[LL,....1].

ARGLINB (m=20) Function (CUTE)

n s d
fG) =3 B ik =1,

i=T LJ=T

x, =[LL,....1].

0™



ARWHEAD Function (CUTE)

F0= S (ax, +3) 45 (22 422)',
i=1 i=1

x, =[L.1,...,L].

NONDIA (Shanno-78) Function (CUTE)
£(0)=(x, =1 + Y 100(x, —x2,)’,
i=2

x, =[-L,~L,...,-L].

NONDQUAR Function (CUTE)

n-2

4
f(x) = (xl _x2)2 +Z('xi +xi+l +'xn) +('x/1—1 +xn)2’
i=1

x, =[L,~1,....1,-1.,].

DQDRTIC Function (CUTE)
n-2

)=y (67 +exl, +dxl,),

i=1
c=100., d=100.,

x, =[3.3.,...,3.]:

EG2 Function (CUTE)

n—1 1
= E i +x? —1) +—sin(x?
f(x) < Sll’l(xl xl ) 2 Sln('xn )’

x, =[L,L,...,L].

CURLY20 Function (CUTE)
f(x)= g/ =20q; -0.1q,,
i=1

where
O, +x,,,++x,,, i<n—k,

i

q, =01 .
oOx; tx, et >n —k,

1

k=20,

x, =[0.001/(n +1),...,0.001/ (n +1)].



DIXMAANA - DIXMAANL Functions

f(x)—1+Zax %ﬁ

n—1

+Zﬁx

5 2 i 2 2m
e VB + 2 yxix
=n/3,

;e

a B y F) Kl k2 K3 k4
A 1 0 0.125 0.125 0 0 0 0
B 1 0.0625 | 0.0625 | 0.0625 0 0 0 1
C 1 0.125 0.125 0.125 0 0 0 0
D 1 0.26 0.26 0.26 0 0 0 0
E 1 0 0.125 0.125 1 0 0 1
F 1 0.0625 | 0.0625 | 0.0625 I 0 0 1
G 1 0.125 0.125 0.125 1 0 0 1
H 1 0.26 0.26 0.26 I 0 0 1
1 1 0 0.125 0.125 2 0 0 2
] I 0.0625 | 0.0625 | 0.0625 2 0 0 2
K 1 0.125 0.125 0.125 2 0 0 2
L 1 0.26 0.26 0.26 2 0 0 2

X, =[2.2.,...,2.].

Partial Perturbed Quadratic

(x)—x1 +ZE)C +m X, +x2+~..+xi)2§

x, =[05,05,...,05].

Broyden Tridiagonal Function

n—1

f(x)=(3x, —2x7)° +Z(3xi -2x7 =x,, —2x,,, *)’ 3x, 2x> —x,_, H)’,
i=2

n n-1

x, =[-1,-1,...,-1].

Almost Perturbed Quadratic Function

f(x)= sz + +x,)%,

To0

x, =[05,05,...,05).



Tridiagonal Perturbed Quadratic Function

n—1

_ 2 .2 2
S(xX)=x; +zlxi H(x tx; +xy)7,
i=

X, =[05,05,...,05].
Staircase 1 Function Function

n i |j
f(0)=Y D x, [,
== O

x, =[L1,....1].

Staircase 2 Function

0 0O
rig,
00O

J

n

F0=YmD «

i=1 L=

x, =[0,0,...,0].

LIARWHD Function (CUTE)

f(x)= ;4<—x1 +x7) +Z<xi -1)%,
x, =[4.,4,...,4].

POWER Function (CUTE)

n

f(x)= Z(z‘x,-)z,

x, =[LL,....1].

ENGVAL1 Function (CUTE)

n—1 n=1

f0)= Y (7 +x0))" + ) (x, +3),
T 222,20,

CRAGGLVY Function (CUTE)

m

f(x)= Z(eXp(sz) _x2i)4 +100(x,; _‘x2i+l)6 +

i=1

4 8 2
(tan(x,,, = Xy0) ¥ Xy —Xy00)" FX54 H(x,, D7,

10



x, =[12,...,2].

EDENSCH Function (CUTE)

n—1

S =16+ [(x, =2)" +(x,x, =2x,) +(x +)7,

x, =[0,0,...,0].

INDEF Function (CUTE)
n—1 1

f(x)= le. + ZECOS(ZXI. -X, —X,),
i=1 =2

_ O 1 2 n 0O
Yo T a1 n 10

CUBE Function (CUTE)
S()=(x =17+ 100(x, =x,)’,
i=2
x, =[-12,1,-1.2,1,...,-1.2,1].
EXPLIN Function (CUTE)
f(x) = exp(0.1x,x,,,) =10 ) (ix,),
i=1
x, =[0,0,...,0].
EXPLIN2 Function (CUTE)
m l'xlxl+1 n .
= —=y 10 .
F)= 2 exp( ) =10 (ix,)
x, =[0,0,...,0].

ARGLINC Function (CUTE)

m—1 -1

u
fE)=2+3 D jx, (i =D =10,

x, =[LL,....1].

BDEXP Function (CUTE)

11



n—2
S(x)= Z(xi +xi+l)exp(_xi+2(xi X ))’
=T
x, =[L1,....1].
HARKERP2 Function (CUTE)

n n n n

3
f(x)=[ x,ﬁ— <x-+1x5)+225 %[,

13
=1 i=1 2 FEARE

GENHUMPS Function (CUTE)

n—1

f(x)= ) sin(2x,)’ sin(2x,,,)* +0.05(x] +x7,)),
i=1

x, =[~506.,506.2,...,506.2].

MCCORMCK Function (CUTE)

n—1
F()= Y (15x, +2.5x, +1 +(x; —x,,,)° sin(x, +x,.,)),

i=1
x, =[L1,....1].
NONSCOMP Function (CUTE)

f(x)=(x, =1) +;4(xi -x5,)%,

X, =[3,3,...,3].

VARDIM Function (CUTE)

n n +1)|j n n(n_i_l)lﬁ
= =12 +[ .l_n(n O+ ix, ———[
jﬁ(x) ;g;(xﬁ 1) E;Z;lxﬁ 2 [] .:llxl 2 []’

QUARTC Function (CUTE)

Fxn =3 (x-1),

i=1

X, =[2.2.,...2.]

Diagonal 6 Function

12



fUD=Ze“—ﬂ—%L
x, =[L1,...,1].

SINQUAD Function (CUTE)
n—1

S = =D* + 3 (sin(x, —x,) =xF +x2) +Hax2 =),

x, =[0.,0.1,...,0.1].

Extended DENSCHNB Function (CUTE)

n/2

f(x)= Z(XZi—l _2)2 +(x2i—1 _2)2x22i +(x2i +1)

2
x, =[LL,....1].

Extended DENSCHNF Function (CUTE)

n/2

f(x)= Z(z(XZi—l +x2i)2 +(xy4 _xz,')z _8)2 +(5x22i—l +(x,; -3)’ _9)

i=1

2
x, =[2.,0.,2.,0.,...,2.,0.].
LIARWHD Function (CUTE)
f(x)= Y407 -x) + D (x, =1),
i=1 i=1

x, =[4.,4.,...4.].

DIXON3DQ Function (CUTE)

n—1

ﬂw:m—W+Zufwmfﬂn—w,

x, =[-L,-L,...,-1].

COSINE Function (CUTE)

n—l1

f(x)= Zcos(—O.Sx,.+1 +x,.2),

x, =[LL,....1].

SINE Function



n—1

f(x)= Zsin(—O.Sx,.+1 +x,.2),

x, =[LL,....1].

BIGGSBI1 Function (CUTE)

n—1

f(x)=(x, =1)? +;(x,-+l —x,)” +(1 -x,)*,
x, =[0,0,...,0].

Generalized quartic Function GQ1

n-1

Fo0= 3 x (v +x2),

x, =[LL,....1].

Diagonal 7 Function
f(x)= Y exp(x,)=2x, =x],
i=1
x, =[LL,....1].
Diagonal 8 Function
f(x)= Y x exp(x,) = 2x, = x;,
i=1
x, =[L1,....1].
Full Hessian Function
f(x)= ﬁx g + i(x exp(x,)—2x, —x7)
- s . i i i i/

x, =[LL,....1].

SINCOS Function

n/2
f(x)= ( S XD+ )2 +sin’ +cos’
X) = Xoimp T Xy T Xy Xy, Xoin1 Xois
i=1

x, =[3,0.1,3,0.1,...,3,0.1].

14



Generalized quartic Function GQ2

f) = =1’ +Z(xf x =2),

x, =[LL,....1].

TEODOR Function

I E I X (R R

x, =[32,32,....3.2].

15



