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Abstract:

This report contains a description of subroutines which can be used for testing unconstrained
optimization codes. These subroutines can easily be obtained either by using the anonymous
ftp address ftp://ftp.cs.cas.cz/pub/msdos/opt (file TEST11.FOR) or from the web
homepage http://www.cs.cas.cz/luksan/test.html. Furthermore, all test problems
contained in these subroutines are presented in the analytic form.
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Introduction

This report describes subroutines TIUX11, TIUD11, TFFU11, TFGU11 TFBU11 which con-
tain 82 sparse problems for testing unconstrained optimization codes. These problems
were chosen from the CUTE testing environment [2] (we have selected only problems
for large-scale sparse unconstrained optimization with an arbitrary number of vari-
ables). Most of these problems were implemented using the AMPL sources contained
in [1]. Several CUTE problems were modified:

We added four new problems DIXMAANM, DIXMAANN, DIXMAANO, DIX-
MAANP.

Original problems CHNROSNB and ERRINROS use parameters a;, 1 < i < n
corresponding to n = 50. We have replaced these particular parameters, lying
between 0.5 and 2.5, by analytically defined parameters «; = 1.5 + sin(7), which
allows us to choose an arbitrary dimension of these problems.

Since problems FLETCBV3 and INDEF are not bounded from below, we have
replaced their linear terms z;, 1 < ¢ < n by nonlinear terms 100sin(x;/100),
1< <n.

The SIF files of NCB20 and NCB20B contain misprints. We have corrected them.

Problems SBRYBND and SCOSINE contain too large scaling factor. We have
changed the scaling factor from 12 to 6.

Our implementation of the selected CUTE problems was motivated by the requirement
that all problems should be tested simultaneously in the same run.

All subroutines are written in the standard Fortran 77 language. Their names are
derived from the following rule:

The first letter is T - test subroutines.
The second letter is either I - initiation, or F - objective function.

The third letter is either U - initiation of unconstrained problem, or F - compu-
tation of the function value, or G - computation of the gradient vector, or B -
computation of both the function value and the gradient vector simultaneously.

The fourth letter is either U - universal subroutine, or D - subroutine for prob-
lems with unknown sparsity patterns, or X - an artificial subroutine (defining the
dimensions of problems).

The last two digits determine a given collection (the numbering corresponds to the
UFO system [3], which contains similar collections).

Initiation subroutines use the following parameters (array dimensions are given in
parentheses):



N

M

X(N)
TH(N+1)
JH(M)
FMIN
XMAX
NEXT
IERR

input

output
output
output
output
output
output
input

output

number of variables,

number of elements of the sparse Hessian matrix,

vector of variables,

pointers of diagonal elements of the sparse Hessian matrix,
column indices of nonzero elements of the sparse Hessian matrix,
lower bound of the objective function value,

maximum stepsize,

number of the problem selected,

error indicator (0 - correct data, 1 - N is too small).

Although N is an input parameter, it can be changed by the initiation subroutine when
its value does not satisfy the required conditions. For example, most of the problems
require N to be even or a multiple of a positive integer.

Evaluation subroutines use the following parameters (array dimensions are given in

parentheses):
N input
X(N) input
F output
G(N) output
NEXT input

number of variables,

vector of variables,

value of the objective function,
gradient of the objective function,
number of the problem selected.



2 Test problems for general unconstrained optimiza-
tion

Calling statements have the form

CALL TIUX11(N,NEXT)

CALL TIUD11(N,X,FMIN,XMAX,NEXT,IERR)
CALL TFFU11(N,X,F,NEXT)

CALL TFGU11(N,X,G,NEXT)

CALL TFBU11(N,X,F,G,NEXT)

with the following significance:

TIUX11 - selection of dimension N.

TIUD11 - initiation of vector of variables X, which has dimension N.

TFFU11 - evaluation of the general objective function value F at the point X.
TFGU11 - evaluation of the general objective function gradient G at the point X.
TFBU11 - evaluation of the general objective function value F and gradient G at the

point X.

We seek a minimum of a general objective function F(z) from the starting point
z. For positive integers k and [, we use the notation div(k,[) for integer division, i.e.,
maximum integer not greater than k/l, and mod(k,[) for the remainder after integer
division, i.e., mod(k,l) = I(k/l — div(k,l)). The description of individual problems
follows.

Problem 1. ARWHEAD

Problem 2. BDQRTIC

n—4
F(z) =Y [(3 = 42:)” + (a7 + 207, + 32}y, + 4a, 5 + 522)?),
1

.
Il

Problem 3. BROYDN7D

n/2

F(z) = 11—z — 201 + (3 — 2z:) 2" + Y |25 4 Tign ol
i=1 i=1

p="T7/3, my=w,11=0, z;=10 >1.



Problem 4. BRYBND

En: [m, 2+527) + 1 — ij(l—kxj)r,

=1 JjeJ;

Ji=1{j:j#i, max(l,i—5) <j<min(n,i+ 1)}, i=1,....n,
zi=-10, i>1.

Problem 5. CHAINWOO

n/2—1
Flr)=1 + Z [100(@2- — a5 1) + (1 — 22-1)" + 90(22i42 — Igi—O—l)Q

=1

1
10

Ty =T3=-30, To=24=-10, 7 =-20, i>5.

+ (1 = @941)* + 10(mg; + Taigo — 2)% + (D9 — Toita)?|,

Problem 6. COSINE

Problem 7. CRAGGLVY

n/2—1

Fx) = >

=1

lexp(z2i—1) — in]4 + 100(xq; — £U2i+1)6

4+ [tan(@is1 — Toire) + Toir1 — Taire)t + 15 + (Taie — 1)?],

Problem 8. CURLY10
F(sc):znlf( ) [fie) (f2(x) — 20) — 0.1,

min(i+k,n)
filzy= > =z, k=10, z;=0.0001/(n+1).

j=i

Problem 9. CURLY20

min(i+k,n)
fil@)= S w, k=20, &=00001/(n+1).

j=i



Problem 10. CURLY30
F(m)zilf( ) [fi2) (f2(x) — 20) — 0.1,

min(i+k,n)

j=t
Problem 11. DIXMAANE
F( =1+ Z a:zc + Z ﬁl’ Tit1 + $z+1 + nyxz H—m + Z 6xzxz+2m>
1= 1 i=1 i=1
m=n/3, «a=10, =00, v=0.125, §=0.125,

Problem 12. DIXMAANF

F( =1+ Z Oél' + Z ﬁl‘ Tiy1 + 'Z'z—i-l + Z’yxz Litm + Z 6xzxz+2m7

1= 1 =1 =1 = 1
m=n/3, a=10, B=00625 -~=0.0625 §=0.0625,

Problem 13. DIXMAANG

n—1

F( =1+ Z Oél' + Z ﬁl‘ Tiy1 + 'Z'z—i-l + Z’yxz Litm + Z 6xzxz+2m7

1= 1 i=1 i=1
m=mn/3, a=10, f=0.125 ~v=0.125, §=0.125,

Problem 14. DIXMAANH
F( =1+ Z Oél' + Z ﬁl‘ Tiy1 + 'Z'z—i-l + Z’yxz Litm + Z 6xzxz+2m7
1= 1 =1 =1
m=n/3, a=10, =026 ~v=0.26, §=0.26,

Problem 15. DIXMAANI
Ly
l‘) = 1+Z (ﬁ) Oéx + Z 5[[’ xz+1+xz+1 +Z’Y$Z z+m+z ( ) 5xixi+2m7
i=1 i=1
m=n/3, «a=10, =00, v=0.125, §=0.125,



Problem 16. DIXMAANJ

x)zl—i—zn:( ) ox; +Zﬂ$€ l‘z+1+$l+1 +Z’YQ3Z Hm‘i‘Z( ) 0T Titom,
i=1

m=n/3, a=10, B=00625 -~=0.0625 &=0.0625,

Problem 17. DIXMAANK

T) = 1+§:<;> a; +Zﬂx (Tig1+27,1) +val Z+m+z< ) 0T om,
=1

m=n/3, a=10, B=0125 ~=0.125 J=0.125,
7; =20, i>1.

Problem 18. DIXMAANL

r) = 1—1—2%(;) ox; +Zﬂl’ $z+1+9€,+1 +Z’Y9ﬂz Z+m+z< ) 0T Titom,
i=1 i=1

m=n/3, a=10, §=0.26 ~=0.26, = 0.26,
7, =20, i>1.

Problem 19. DIXMAANM

x) = 1+§: (:z) ar; —i—Z 6x (Tip1+27 ) —i-z -vxl Hm—kZ( ) 0T Tivom,
i=1

m=n/3, a=10, =00, ~=0.125 0=0.125,
7 =20, i>1.

Problem 20. DIXMAANN

x) = 1+zn:( ) x; +Z Bx a:z+1~|—xz+1 +Z 793, z+m+Z( ) 0% Tt om,
=1

m=n/3, a=10, B=00625 -~=00625 &=0.0625,
7, =20, i>1.

Problem 21. DIXMAANO
n . m 7/ 9
LU) = 1+Z ( ) ax; +Z ﬁx xz+1+$z+1 +Z f}/xz z+m+z (ﬁ) 5xixi+2m7
=1 i= 1 =1

m=n/3, a=10, [=0.125, ~=0.125, ¢ =0.125,



Problem 22. DIXMAANP

F(zx) = 1—|—Z (%) ox: +Z 595 xz+1+xl+1 —1—2 yxl Hm—I—Z( ) 0T Tivom,
i=1 i=1
m=n/3, a=10, =026 ~v=0.26, §=0.26,
7, =20, i>1.

Problem 23. DQRTIC

Problem 24. EDENSCH
n—1
F :L‘) =16 + Z [(l’z — 2)4 + (mixiﬂ — 2$i+1)2 + (l’i+1 + 1)2 ,

Z; =00, i>1.

Problem 25. EG2

n—1
1
F(z)=> sin(z; +2; — 1) + B sin(z2),
i=1

Problem 26. ENGVALI1

Problem 27. CHNROSNB — modified

n

Fz) = 2 [16(% L — 22)2(15 + sin(i))? + (s — 1)2],

Problem 28. ERRINROS — modified

F(z)=>" [[xz 1 — 1627(1.5 + sin(4))*]> + (@ — 1)2},

=2



Problem 29. EXTROSNB

F(z) = (z, — 1)* + 100 i(ml —z2 )3

=2
7, =10, i>1.

Problem 30. FLETCBV3 — modified
F(z [ +Z i—T —l—xﬂ— i[lOO <1+ 2>sin<wi> 1cosx]
- 1 l+1 n p pt h2 100 h2 2|

p=10"% h=1/(n+1), z;=i/(n+1), i=1,...,n
Problem 31. FLETCBV2
F(z) [xl + Z — 1)+ xi} —h*) " (2x; + cosz;) — T,
i=1
h=1/(n+1), z;=i/(n+1), i=1,...,n.

Problem 32. FLETCHCR

n—1

F(z) =100 (ziy1 — 2 + 1 — 27)?,

i=1

Problem 33. FMINSRF2

2 ~1p-1
Yp/2, 2
F(z) = p/np/ — 1) Z RTR! + —1)? [(yi,j — Yir1j+1)* + Yir1y — Iz’,j+1)2}7
=1 j=1

Yij=Tnprg, 1<i<p, 1<j<p, p=+n,
T(i—ip+j = Uiy, 1<i<p, 1<j5<p,
gy =40 -D/p=1)+1 g,;=40-1/(p-1D+5 1<j<p,
Uip =8 —1)/(p—-1)+1, #1=8G-1)/(p—1)+9, 1<i<p,
Ji; =0, l<i<p, 1<j<p.

Problem 34. FREUROTH

n—1 n—1

2 2
F(:L‘) = Z [(5—l‘i+1)l‘?+1—|—l'i—2$i+1—13} +Z [(1+l‘i+1)l’?+1+l‘i—14l'i+1—29 s

=1 =1

i’l = 05, i’z = —20, .f'i = OO7 Z Z 3



Problem 35. GENHUMPS

- 1
Z {sm (20z;) sin?(202;41) + —

7, = —506.0, 7 =—506.2, i>2.

Problem 36. GENROSE
i=2

Zi=if(n+1), i>1

Problem 37. INDEF — modified

n ) n—1
F(x) = 1OOZsin (1%0) + ; Z cos(2x; — x, — x1),
i=1 i=2

,=1i/(n+1), i>1.

Problem 38. LIARWHD

Problem 39. MOREBYV — different start point

n h2 . 2
F(z) = Z {2% — Ti—1 — Tit1 ?(xZ +th + 1)3} ,

i=1
hzl/(n—l—l), $0:$n+1:0, ZEZ:OE), ZZ]_

Problem 40. NCB20 — corrected
n—30 10 1 20

F(z) = 2+ Z [(Zlﬂ_g_l)z way 1

i T

n—10 10
+ > (@ +2) + 107D (2i@ir10Titn—10 + 2771, _10),

=1 i=1

2, =00, 1<:<n-10, z;,=10, n—-10<7<n.

Problem 41. NCB20B — corrected

120

(Z Zl?z+j2—1 )2 sz+j )
J

- 1+ Livi—1

Fa) =3 [10

i=1 L

2(10095;} +2),

=1




Problem 42. NONCVXUN

Y

F(ZL’) = Z |:(IZ + xj—i—l —+ Ik+1)2 + 4COS(JIZ‘ + CL’j_H + (L‘]H_l)
=1

j=mod(2i —1,n), k=mod(3i—1,n), z;=14, >1.

Problem 43. NONCVXU2

n

F(.T) = Z |:(x1 + Tjt1 + xk+1)2 + 4COS(Z’Z' + Tj+1 + xk+l):|7
i=1

j=mod(3i —2,n), k=mod(7i—3,n), z;=1i, i>1.

Problem 44. NONDIA

Problem 45. NONDQUAR

F(z) = (z1 — 22)* + (1 — 20)* + Z(:}c, + T + 1) 4,

i=1
z; =1.0, mod(:,2) =1, z;=-1.0, mod(s,2)=0.

Problem 46. PENALTY3

n/2 n—2
F(z) = 14 (v —1)*+exp(xy) Y (xi + 22441 + 102540 — 1)°
=1 =1
n—2 n—2
—+ Z(l’l + 2Q3i+1 -+ 10l'l'+2 — 1)2 (21’1 + Tiy1 — 3)2

=1 7

I
—

n—2 n

+ exp(w,-1) ;(2% + 2 —3)" + [;(‘T’Z B n)r,

Zi=if(n+1), i>1

Problem 47. POWELLSG

n/4

F(z) =) (x; 4 10z11)* + 5(zje2 — Tj13)” + (@51 — 22542)" + 10(z; — 3j43)",
=1

=43 —1)+1,
T; = 30, HlOd(’L,4) = 1, T; = —10, mod(z,4) = 2,
7; = 0.0, mod(i,4) =3, z;=1.0, mod(i,4) = 0.

10



Problem 48. SBRYBND - different scaling

n

F(ﬂf)=Z{(2+5p Jpivi + 1= > p;(1 +pﬂfj)}

=1 Jj€J;

Ji={j:j#i max(1,i~5) <j<min(n,i+ 1)}, i=1....n,

Ti=1/p;, i>1, p;i=exp <6;__11>

Problem 49. SCHMVETT

_ = 1 . (TTip1 + Tig2 i+ Tiyo
P =3 [~ g s () e [ (P

=30, i>1.

Problem 50. SCOSINE - different scaling

F( ) _ nz_:l ( 2.2 pz‘+1$z’+1)
T) = 2 cos (p;z; —5 )

—1/°
Problem 51. SINQUAD
n—1 2
F(z)=(z1— )"+ (27 —27)* + ) [sin(xi —Tn) — 20 + xf} :
i=2
=01, i>1
Problem 52. SPARSINE
1
F(z) = 3 > i{sin x; +sinx;, +sinxj, + sinzj, + sinz;, + sin xjg)r,
i=1

j1=mod(2i —1,n)+1, jo=mod(3i—1,n)+1, j3=mod(5 —1,n)+1,

Jja=mod(7i — 1,n)+1, j5=mod(1li —1,n)+ 1,

Problem 53. SPARSQUR

n
2
2 2 2 2 2 2
Zi{% + Ty + T, + T, TG, T+ mjs} ;

i=1

OO\»—l

ji=mod(2i —1,n)+1, jo=mod(3i—1,n)+1, j3=mod(5i—1,n)+1,

Jja=mod(7i — 1,n)+1, j5=mod(11li—1,n)+1,

11



Problem 54. SPMSRTLS .
=> "> fulx)
i=1 k=1
fjk(x) ( 4(['] 1= pj—4pj—1)27 m0d<k7 5) = ]-a 1> 27
fix(x) = (xj_sxj_1 +xjo12; — pj_3Pj—1 _pjflpj>27 mod(k,5) =2, i > 1,
fir(x) = (.:1:? p?)z, mod(k,5) = 3,
+ ('rj 2373 1~ p] 2]7] 1)27 1> 17
+ ($]+2x]+1 _pj+2pj+1)2> i <m,
ik () (@j43%j41 + Tj1%5 — Djpabie1 — Pyapy)”,  mod(k,5) =4, i <m,
fir(x) = (2j4a2j41 — pjrapj1)?,  mod(k,5) =0, i <m — 1,
=p;/5, pi=sini®, j=3>(—-1)+1, m=(n+2)/3.
Problem 55. SROSENBR
n/2
F(:L‘) = Z [100(l‘22 - ZL’gi_l)Q + (IL‘QZ‘_1 — 1)2],
i—1
7;=—12, mod(i,2)=1, z; =10, mod(i,2)=0.
Problem 56. TOINTGSS
n-2 10 (Il — J]i+1)2
Fle) = ; {(n—i- 2 +xl+2> (2 P {_ 0.1+ 22, ])]’
7 =30 i>1
Problem 57. TQUARTIC
F( ) :L‘l - 1 + Z z+1 y
=01, i>1
Problem 58. WOODS
n/4
Fla) = 30 [100(wns = o8 )+ (1= wug)? + 90(@s — o, _)°
i—1
2 2, 1 2
+ (1 —24-1)° + 10(2gi—2 + x4 — 2)* + 10(554@ — Z4)" ],
7;=—-30, mod(i,2)=1, z=-1.0, mod(i,2) = 0.

12
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