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Abstract

QUSNTN is a package of a compiled 1library subroutine and a
user-supplied subroutine. The package implements the 1972 version of
Fletcher's quasi-Newton method for unconstrained optimization [1] with
the minor changes outlined in'FLOPTS (2], a previously produced package
for minimax optimizatidn;‘ The program has been tested on a CYBER 170
compﬁter. .The report ihcludes a FORTRAN 1listing of the program, a

user's guide and illustrating»examples.
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INTRODUCTION

The purpose of producing this package is to provide a simple
user-oriented program for unconstrained function minimizétion. Although
the available FLOPT-series of programs, constructed originally for
constrained optimization, may also be wused for unconstrained
optimization, the user has to realize more general features, supply more
information and define more dimensional variables than what is actually
needed. In the QUSNTN program, we have extracted the relevant computing
statements and reduced thé information supplied by the user to a
minimum. The subroutines of the package can, however, be attached to a
general constrained optimization program via suitable calling
statements.

The user has to supply the external subroutine XUGU which defines
the objective function and its gradients with respect to the variables.
Subroutine QUSNTN is called to perform the function minimization. The
user defines the number of variables, the maximum allowable number of
function evaluations, the initial values. of the variables, and the
vector EPS used.to check the convergence criterion. On_output,’the
values qf var;ables and objective function at the local minimum reached,
the nuﬁber of iterations and number of function evaluations performed

are available.
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DEFINITION OF VARIABLES

'Integer.Variables

IFN

ITN

MAX

N

Index for the number of function evaluations performed
Index for the number of iterations per formed
Maximum allowable number of function evaluations

Number of variables

Real Variables

EPS

GU

Array of N elements of "small" positive values used for testing
the convergence with respect to variations in variables between
successive iterations

Array of N elements 'containing the current values of partial
derivatives of the objective function w.r.t. the variables

Array of dimension N¥(N+1)/2 used to store the current estimate
of the Hessian matrix

Current value of the objective function to be minimized

Array of N elements containing the current values of variables

Array of dimension U4*¥N used as working area



EXAMPLES

We present three examples to illustrate the use of the package for

unconstrained minimization.

Example 1 (Rosenbrock's function [3])

Minimize
2 2 . . .\2
U= 100(x1 - x2) + (1 - x1) .
The.function has a minimum value of zero at x1 = x2 = 1.0. The
starting poinﬁ used is x, = -1.2, x, = 1.0.

1 2
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QOO

SUBROUTINE XUGUANXyUyGU)
THIS SUBROUTINE DEFINES FUNGTION U AND ITS GRADISNTS
DIMENSION X(1)4GU(1)

A=X(1)*¥X (1)

R=A=X(2)

C=1.0-X(1)

U=100.0%B*3+C*C
GU(L)=40040%X(1)*(A=X(2))=C~-C
GU(2)=-200.0%3

RETURN

FND



THE DBTAINED RESULTS

NO. OF ITERATIONS PERFORMED 37

NO. OF FUNCTION EVALUATIONS 47

VARIABLES AT SOLUTION = «100000E+01 «100000=+01
FUNCTION AT SOLUTION = « 2587461 =24

GRANDIENTS AT SOLUTION = =-.7602R1F~-11 <426326--11



Example 2

Minimize

The function has a mihimum of 0.0 at x1 = x2 = x3 = 0.0 and xu

1.0. The starting point used is X = Xy = X3 = X, = 2.0.



- 10 -

o~
[
-
a
[ -
- zZ
o . »
i -~ > e
Y] " (o0 BEPSN
(U8 — » e N
[a 9 o KON
b ¢ Z MmN BN
b~ [ ] LI [
-y v NN e
[l P wd NNDOX
=w ZU¢ ™o et
a.0. b (AN » e e
Zul b o L EMNW
o e X o » a\\ o
o~ x - *» N O s
NGO Tew (O A et
(oo ] Z2Z LN N el
Q. ~ o Z V3 e
(S g4 Nt HO NS
- (w8 ]| LU, Z @) -
o~ i = O e
[ =] "o MO %
juick o} T~ Ot N
Q. - ol e <t il
- T~ WEDZ =Z
=S oe a2 X TiLdOZO
C -~ D O O
L3 4 (D e %  Zobebdpm
[ - -z LAV RTE R ] o giiv
oD D2DW XZ JDJd
Q. o MOZOJ0O
Z e« > e o O NCO N
bt o~ ~Z N b w
- © Zh NdAbb -
Nt i b N O T T
- > w =z Uz <
%3] Z © e~ DN W
= - e Z0N T LT
o O e - OZ
T+ Ol e 1 2D~ D

IS COHONAZC > =0 C el bt

[ = = R | RS TS R FU RD ¢ OO

VUl Hedomopm J=AF o s Z I

OXIX HNZAHOXOOQISDOX O

- IO~ DI -OZZ>uinZ

ACQZTEO>XLIOCOIT VL % 5% % % o 11!
% b N % %

i o



-1 -

XUGU (Ny Xy U4 GLH)

SUBROUTINE

NTS

-
-

THIS SUBROUTINE DEFINES FUNCTION U AND ITS GRAOI

OO

1) +X(3)*¥X(3)

(1),GU(D)
X
1

Lemamtm+ U nz
ZOA AOM M omemomom o~ )Y
lLfjs—me ort =M ITOUMD
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(RS §oal $F enden T ST L ST RN, Yo S B
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THE OBTATNED RESULTS

P e e e e R R

NO. OF ITERATIONS PERFORMED = 79
NO. OF FUNCTION EVALUATIONS = 90

VARIABLES AT SOLUTION =  .253E-12 «711E-06 .3336-12 «1005+01
FJNCTION AT SOLYTION =  .3u467580-24

GRADISENTS AT SOLUTION = =-.£f92E-16  =.351E£-18 «803c-14 . 1075-17
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Example 3 (Qdadratic function)

Minimize

U = xf + 4 XX, + 5 xg + 2 Xq = X5 + 7.25.

The function has a minimum of 0.0 at X, = -6.0 and X, = 2.5. The
starting point used is Xy = X5 = 0.0. The output message indicates that
U cannot be minimized any further. The zero gradients on output

indicate that the optimum has been‘already achieved.
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SUBROUTINE XUGU (NyXyUy GU)
THIS SURROUTINE DEFINES FUNCTION U AND ITS GRAJIENTS

DIMENSION X(1),6GU(1)

WX (L)X (1) +0 0FX (1) *X(2) +5,0¥X(2)*X(2) 2. 0¥X (1) =X{2)+7.25
GU(1)=2.0%¥X(1) +4.0%X(2)+2.0

GU(2)=4.0¥X (1) +10.0%¥X(2)~-1,.0

RETURN

END
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U CANNOT BE DECREASED ANY FURTHER-CHECK OPT IMALITY

THE OBTAINED RESULTS

e m s D W S S 4D D WS WS > W W o W @

NO. OF ITERATIONS PERFORMED 5

NO. OF FUNCTION EVALUATIONS 6

VARTABLES AT SOLUTION = =-.r00000E+01 2 258000Z+01
FJNCTION AT SOLUTION = =-.198952t-12

GRADIENTS AT SOLUTION = 0. s

ft



(1]

(2]

(3]
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PERFORMANCE CF LINEAR EXTRAPOLATION FOR SEARCH PARAMETER
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