MFNC - A FORTRAN PACKAGE FOR
MINIMIZATION WITH
GENERAL CONSTRAINTS

J.W. Bandler and W.M. Zuberek
S0S-82-6-U2
August 1983

© J.W.Bandler and W.M. Zuberek 1982, 1983

No part of this document, computer program, source code, compiled code, related documentation and
user manuals, magnetic tape, constituent subprograms, test programs, data and data files may be
acquired, copied, reproduced, duplicated, executed, lent, disclosed, circulated, translated, transcribed
or entered in any form into any machine without written permission. Address enquiries in this
regard to Dr. J.W. Bandler. Neither the authors nor any other person, company, agency or institution
make any warranty express or implied, or assume any legal responsibility for the accuracy,
completeness or usefulness of the material presented herein, or represent that its use would not
infringe upon privately owned rights. This title page and original cover may not be separated from
the contents of this document.



MFNC - A FORTRAN PACKAGE FOR MINIMIZATION

WITH GENERAL CONSTRAINTS

J.W. Bandler and W.M. Zuberek

Abstract

MFNC is a package of subroutines for minimization of a nonlinear
objective function subject to nonlinear constraints. It is an extension
and modification of a set of subroutines of the Harwell Subroutine
Library (subroutines VFO02AD, VF02BD, VF0O2CD, VEO2A, LAO2A, MBO1C,
FMO2AS). First derivatives of all functions with respect to all
variables are assumed to be available. The solution is found by an
iteration that minimizes a quadratic approximation of the objective
function subject to linearized constraints. The method was presented by
Han and Powell. The package and documentation have been developed for
the CDC 170/730 system with the NOS 1.4 level 552 operating system and

the Fortran Extended (FIN) version 4.8 compiler.

This work was supported by the Natural Sciences and Engineering
Research Council of Canada under Grant GO647.

The authors are with the Simulation Optimization Systems Research

Laboratory and the Department of Electrical and Computer Engineering,
McMaster University, Hamilton, Canada L8S 4L7.

W.M. Zuberek is on leave from the Institute of Computer Science,
Technical University of Warsaw, Warsaw, Poland. He is now with the
Department of Electrical Engineering, Texas A&M University, College
Station, TX 77843, U.S.A.



I. INTRODUCTION

The package of Harwell subroutines (with the main subroutine
VF02AD) for minimization with nonlinear constraints [1,2,3] has been
modified and extended to provide a uniform printed output of input
parameters as well as intermediate and final results of optimization.
The modifications include:

(1) conversion to single precision,

(2) replacement of the subroutine MBO1B by MBO1C, which supersedes
MBO 1B and removes the restriction on the matrix order,

(3) adjustments in the subroutines LAO2A and VEO2A required by MBO1C,

(4) standardization of the source code.

The extensions, in the form of additional subroutines, contain:

(1) more flexible and more detailed printed output generated by the
package,

(2) numerical verification of partial derivatives,

(3) replacement of the "reverse communication" by the separate
user-defined subroutine that evaluates the functions and their
first-order derivatives.

Consequently, the calling sequences have been changed appropriately,

however, the original call to the subroutine VFO2A (in single precision)

has been preserved with slight modifications only.

The whole package is written in Fortran IV for the CDC 170/730
system, At McMaster University it is available in the form of a library
of binary relocatable subroutines which is 1linked with the user's
program by an appropriate call to the main subroutine of the package.

The name of the library is LIBRMFN. The library is available as a group



indirect file under the charge RJWBAND., The general sequence of NOS
commands to use the package can be as follows:

/GET(LIBRMFN/GR) - fetch the library,

/LIBRARY (LIBRMFN) - indicate library to the loader.

The user's program should be composed (at least) of:

- the main segment that prepares arguments and calls the main
subroutine of the package,

- the subroutine which evaluates the objective and constraint functions
and their partial derivatives at points determined by the package;
the name of this subroutine can be arbitrary because it is
transferred to the package as one of the arguments.

This document includes the user's manual of the MFNC package
presented together with illustrative examples. A Fortran listing of the

package is found in [4].
IT. GENERAL DESCRIPTION

The purpose of the package is to minimize the objective function

. T
F(5) of n variables, x = [x ...xn] ,» subject to the general equality and

1
inequality constraints
f = .= * o 0
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where the objective and the constraint functions are differentiable and
their first-order derivatives are available.
The algorithm used in the package is Powell's [1,5] variable metric
method for constrained optimization which is based on the results of Han

[2]. In the kth iteration the search direction gk is determined as the

solution of the linearly constrained quadratic minimization subproblem



Minimize ?(5k-1, gk) = F(x

hk

~

subject to the constraints
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kT ' k=1 k k-1
h gj(g ) + aj fj(x )y >0, J=2eq+1,....2 ,
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where E'(g) and g;(g), j=1,...,%, are the gradient vectors of the
objective and constraint functions, respectively, gk is a positive
definite square matrix of dimension n containing second-order derivative
information which is updated in consecutive iterations according to the
BFGS formula (initially the matrix is set to the unit matrix, go = 1),
and ak is an additional variable introduced in order to allow
infeasibility in 1linearized constraints, while ag, j:zeq+1,...,2, are

defined as

5 1, if fj(zk_1) >0,
a, =
T e e, <o

Usually the solution of the quadratic subproblem results in ak = 1. If
the only feasible solution corresponds to ak = 0 and h™ = 0, the
algorithm terminates and it is assumed that the constraints are
inconsistent. Positive values of ak are used in a subsequent one-

dimensional search of the consecutive approximations 5k of the solution



k
where Bk is a positive multiplier, 0 < B < 1, which is chosen in such a

way that
-, k- - k-1 k
F(x71 + 855, 5 < FET, 5,
where
F(x, B) = F(x) + c(x, p)
and
c(x, w = z uAf(x) ] + z u,Imin(0,f . (x))1 .
1<j<e 3 L <j<n J

c(x, u) is equal to zero when all the constraints are satisfied, and is

positive otherwise. The vectors Ek depend on the Lagrangian multipliers

Ak (determined at the solution Qk of the quadratic subproblem) in the

following way:
1 1

Uj = Iljlo J=1,e00,4,
k k k-1 k .
My = max(lkjl, 0.5 (uj + ijl)), J=1, 00008, k=2,3,... .

The multiplier Bk is determined iteratively (line search) starting with

the value 6? = 1. In each step i of the search

_ k =k
B.+1 = max (0.1 Bi’ Bi)

where E? is the value that minimizes the quadratic approximation of the

function
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The value B is equal to the first B? that satisfies the condition
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Usually the condition is satisfied in the first step of the line search
k

and Bk = 81 = 1. However, when the starting point is far from the
solution, more line search steps can be required. If the number of
required line search steps is greater than 5 it is assumed that the
gradient vectors are incorrect and the algorithm terminates.

The algorithm terminates when any one of the following conditions
is satisfied:
(1) the required accuracy is obtained

k k-1
th E (x Db+ I 1A fi(x D L e
1<5<8

where € is defined by the user (argument EPS),

(2) an uphill search direction is obtained, which can only be due to
rounding errors; the required accuracy cannot be obtained in this
case,

(3) the number of function evaluations exceeds the limit defined by the
user (argument MAXF),

(4) the line search procedure requires more than 5 steps, which is
usually due to incorrect derivatives but can also occur when the
required accuracy cannot be achieved and the function values are
dominated by rounding errors,

(5) a vector of variables that satisfy the constraints cannot be
determined, which is usually due to inconsistent constraints but

can also occur when constraint function derivatives are incorrect,



(6) the changes of the values of variables are restricted by an
artificial bound (with default value 106) which is usually due to
an unbounded solution but may also occur when the problem is badly
scaled.

Moreover, the user can terminate the iterative procedure and cause the

return from the package by setting one of parameters during evaluation

of functions and their first-order derivatives (see argument FCD).

ITI. STRUCTURE OF THE PACKAGE

There are 3 different entries to the package and 3 corresponding
"main" (or interfacing) subroutines:

1. subroutine MFNC1A - standard entry which provides uniform printing
of input parameters as well as intermediate and final results,

2. subroutine MFNC2A - basic entry which does not provide any form of
printed output (it is the user's responsibility to organize
printing of data and results in this case),

3. subroutine VF02A - original entry, as defined in VFO2AD subroutine
specification [3].

Block diagrams of the package, corresponding to entries 1, 2 and 3
are shown in Fig. 1, 2 and 3, respectively. It can be observed that the
PRINTOUT package of subroutines is used only when entry 1 (subroutine
MFNC1A) is called, and that the subroutine MFNOOQ (Fig. 1), which is for
printing the values of the functions and their first-order derivatives,
is replaced by the dummy subroutine MFNOOZ (Fig. 2) when entry 2 is

used.
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standard entry (subroutine MFNC1A).
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Fig. 2 Structure of the MFNC package corresponding to the

basic entry (subroutine MFNC2A).
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Fig. 3 Structure of the MFNC package corresponding to the

original entry (subroutine VF02A).
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The common part of the package is composed of subroutines VFO02A,
VFO2B, VF02C, VEO2A, LAO2A, MBO1C and FMO2AS. VFO2A subdivides the
workspace (defined by the user) into a set of vectors and matrices used
by the remaining subroutines and checks formal correctness of some
parameters. VFO02B controls the minimization procedure, implements the
line search, calls VF02C for solving quadratic subproblems, updates the
approximation of the Hessian matrix, and checks the convergence of the
algorithm. VFO2C determines 1linear approximations of the constraint
functions, calls VEO2A to solve 1linearly constrained quadratic
minimization, and calculates Lagrangian multipliers; it also checks
whether the required feasibility conditions hold for the solution
returned by VEOZ2A. VEO2A finds a minimum of the quadratic function
subject to linear equality and inequality constraints using the method
of Fletcher. The method requires a feasible initial point, and this is
obtained by calling LAO2A. MBO1C is used for the matrix inversion, and
FMO1AS for the evaluation of the inner product of two real vectors.

The main segment MAIN and the subroutine FCD for the evaluation of
functions and their first-order derivatives must be supplied by the
user.,

When the standard entry (Fig. 1) is used, the subroutine MFNC1A and
the set of subroutines PRINTOUT provide printed output containing
principal input parameters of the problem to be solved, and the solution
obtained by the package. Moreover, the subroutine MFNOOQ outputs the
values of functions and their derivatives according to the argument IPR
in the call statement of MFNC1A,

For the standard entry (Fig. 1) and the basic entry (Fig. 2) the

subroutine MFNC9A checks the formal correctness of input parameters,



- 12 =

calls the user-defined subroutine FCD for the evaluation of functions

and their derivatives and sets the output parameters to the values

corresponding to the solution found by the package.

IV, LIST OF ARGUMENTS

Standard entry (subroutine MFNC1A)

The subroutine call is

CALL MFNC1A (FCD,N,L,LEQ,X,EPS,MAXF,W,IW,ICH,IPR,IFLAG)

The arguments are as follows.
FCD is the name of a subroutine supplied by the user. It must have
the form
SUBROUTINE FCD(N,L,X,F,G,C,D,K)
DIMENSION X(N),G(N),C(L),D(K,L)
and it must calculate the values of the objective function F,
its gradient G, the constraint functions fi(l) and their
derivatives afi(g)/axj at the point x corresponding to

X(,Xx@2),...,X(N), and store the values in the following way:

G(J) = BF(g)/BxJ, J=1,...,N,
I = £.(0), I=1,...,L,
D(J,T) = ¥ (0 /3, Iz1,00asLy J=1,...,N.

Note: The name FCD can be arbitrary (user's choice) and must
appear in an EXTERNAL statement in the segment calling

MFNC1A.

The user can terminate the iterative procedure and force the
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return from the package by setting to zero (in the subroutine
FCD) the variable MARK in the common area MFN0OO

COMMON /MFNOOO/ MARK
(on entry to the package MARK is set to 1).
is an INTEGER argument which must be set to n, the number of
optimization parameters. Its value must be positive and it is
not changed by the package.
is an INTEGER argument which must be set to %, the total number
of equality and inequality constraints. Its value must be
positive or zero and it is not changed by the package.
is an INTEGER argument which must be set to 2eq, the number of
equality constraints. 1Its value must be positive or zero and
not greater than L, and not greater than N. Its value is not
changed by the package.
is a REAL array of the length at least N, which on entry must
be set to the initial approximation of the solution, X(I):xg,
I=1,...,N. On exit, X contains the best solution found by the
package.
is a REAL variable which on entry must be set to the required
accuracy of the solution. The iteration terminates when the
objective function is predicted to be within EPS of its final
value and allowance is made for any constraint violation. If
EPS is chosen too small, the iteration terminates when no
better estimation of the solution can be obtained because of
rounding errors.
is an INTEGER variable which must be set to an upper bound on

the number of calls to FCD (i.e., the maximum number of
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functions evaluations). On exit, MAXF contains the number of
calls to FCD performed by the package.
is a REAL array which is used as workspace. Its length is
given by IW. On exit, the first L+1 elements of W contain the
function values at the solution, i.e., W(1)=F(x) and
W(I+1)=fI(£), I=1,...,L.
is an INTEGER argument which must be set to the length of W.
Its value must be at least

IWR = 19+5*N*N+24 ¥N+6 *L+N*¥L+max(L,3*N+3).
The values of IWR for a set of initial values of arguments L
and N are given in Table 1.
is an INTEGER argument which must be set to the unit number (or
channel number) that is to be used for the printed output
generated by the package. Usually it is the unit number of the
file OUTPUT. If ICH is less than or equal to zero, no printed
output will be generated by the package. The value of ICH is
not changed by the package.
is an INTEGER argument which controls the printed output
generated by the package. It must be set by the user and is
not changed by the package. The absolute value of IPR, as a
decimal number, is "logically" composed of 4 fields

|IPR| = pgrs

where q, r and s are the least significant one-digit fields,
and p is the remaining part of the number. If q is not equal
to zero (i.e. q=1,...,9) then the first q evaluations of
functions (i.e., the first q calls to FCD) are reported in the

printed output. Further, if p is not equal to zero then every
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pth evaluation of functions is reported in the printed output.
Consequently, if p=1, the value of q is insignificant because
all function evaluations will be reported by the package.
Printing of partial derivatives is controlled by the fields r
and s. If s is not equal to zero (and is not greater than q)
then the values of partial derivatives calculated in the first
s calls to FCD are reported in the printed output. If r is not
equal to zero (and p is greater than zero) then every (p*r)th
evaluation of partial derivatives is reported as well.
Moreover, if q is equal to zero and p is not equal to 1 (i.e.,
when the first call to FCD is not reported by the package),
then the "starting point" values of optimization variables 59
and corresponding function values £(59) are printed; if, at the
same time, s is greater than zero, the values of partial
derivatives are included in the "starting point" information.
It should be noted that the values of partial derivatives can
only be printed for those evaluations for which printing of
function values is indicated.

If the value of IPR is negative, the partial derivatives
calculated by FCD are verified numerically by comparing values
supplied by FCD with the differences of function values in the
small environment of the starting point. All partial deriva-
tives which differ from the numerically approximated ones by
more than 1% (with respect to the numerical approximation) are
reported in the printed output. Partial derivatives of the ob-

jective function are indicated by the subscript equal to zero.
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IFLAG is an INTEGER variable which on exit contains information about

the solution:

IFLAG

IFLAG

IFLAG

IFLAG

IFLAG

IFLAG

IFLAG

IFLAG

-4

artificial bound reached (usually because of
unbounded solution),

line search requires more than 5 steps (usually
because of incorrect derivatives),

feasible region is empty (usually because of
inconsistent constraints),

incorrect input arguments,

required accuracy obtained,

machine accuracy reached,

limit of function evaluations reached,

iteration terminated by the user.

Basic entry (subroutine MFNC2A)

The subroutine call is

CALL MFNC2A (FCD,N,L,LEQ,X,EPS,MAXF,W,IW,IFLAG)

A1l arguments are the same as for the standard entry. It should be

noted, however, that 2 arguments of the standard entry do not exist in

this case (arguments ICH and IPR), since no printed output is generated

for the basic entry to the package, however, diagnostic messages can be

obtained by setting the variable LPR in the common area MFN111

COMMON /MFN111/ LPR

to the unit number of the output file (LPR has a preset value 0).
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Original entry (subroutine VF024)

The subroutine call is

CALL VFO2A (N,L,LEQ,X,F,G,C,D,K,MAXF,EPS, IP,W, IW)

The arguments are described in the documentation of the subroutine
VFO02AD [3] of the Harwell Subroutine Library, however:
(1) the length IW of the workspace W must be at least
18+5 ¥N*¥N+23 ¥N+U ¥L+max (L, 3¥N+3),
(2) to obtain printed output, the variable LPR in the common area VF02D
COMMON /VF02D/ VLN,LPR
must be set to the unit number of the output file (LPR has a preset

value 0); VLN controls the artificial bound and is preset to 106,

V. AUXILIARY SUBROUTINES

The package contains several auxiliary subroutines which can be
used to change or to set the values of additional parameters controlling
the form of the printed output generated by the package. All these
subroutines (if used) should be called before the standard entry to the

package.

Subroutine MMXHDR

Subroutine MMXHDR defines the title line which is printed within
the page header. The title must be a string of up to 80 characters
which is stored in consecutive elements of a REAL array, 10 characters

in one element.
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The subroutine call is
CALL MMXHDR(L,T)
where L is the number of array elements required for the title, and T is
the name of an array or the first eleqent storing the title. If L is

equal to zero, no title line is printed by the package.

Subroutine MMXPSZ

Subroutine MMXPSZ defines the "page size", that is the maximum
number of lines printed on a page. The preset value is 65,
The subroutine call is
CALL MMXPSZ(L)
where L is the defined page size, If the value of L is equal to zero,

the printed output is generated without page control.

Subroutine MMXPLM

Subroutine MMXPLM defines the limit of printed pages. The preset
value of this limit is 10, and it cannot be changed to more than 50.
The subroutine call is
CALL MMXPLM (L)
where L is the defined limit of pages.
When the limit of pages is reached the further output generated by

the package is suppressed except of the results of optimization.

Subroutine MMXLLM

Subroutine MMXLLM defines the limit of printed lines. The preset

value of this limit is 750.
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The subroutine call is
CALL MMXLLM(L)
where L is the defined limit of lines.
When the 1limit of printed lines is reached the further output
generated by the package 1is suppressed except of the results of

optimization.

Subroutine MMXGLM

Subroutine MMXGLM defines the bounds on the number of variables and
the number of constraint functions when the matrix of partial
derivatives is printed by the package (for some problems this matrix can
be quite large and it can be reasonable to print the initial part of it
only). The preset bound on the number of variables is 10, and on the
number of functions is 25,

The subroutine call is

CALL MMXGLM(K,L)
where K is the defined bound on the number of variables, and L is the

defined bound on the number of functions.

Subroutine MMXGVL

Subroutine MMXGVL defines, for the matrix of partial derivatives,
the number of columns printed in one line. The preset value is 10, and
it corresponds to 120 character line. If the standard form of generated
output is to be preserved this number should be defined as 6.

The subroutine call is

CALL MMXGVL (K)

where K is the defined number of columns per line.



Use of COMMON:

Workspace:

Input/output:

Subroutines:

Restrictions:
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VI. GENERAL INFORMATION

COMMON /MFNOOO/ (see argument FCD),

COMMON /MFN111/ (for basic entry),

COMMON /MMX000/ (for standard entry),

COMMON /VF02D/

COMMON /VFO2E/

COMMON /VEO02X/

COMMON /LA02B/

COMMON /MB0O1D/

Provided by the user; see arguments W and IW.

Output (for standard entry only) as defined by the

user; see argument ICH.

VF02A, VF02B, VF02C, VEO2A, LAO2A, MBO1C, FMO1AS and:

a)

b)

for standard entry: MFNC1A, MFNC9A, MFNOOQ,
MFNOOA, MFNOOG, MFNOOH, MFNOOV, MMXPSZ, MMXPLM,
MMXLLM, MMXHDR, MMXGLM, MMXGVL;

for basic entry: MFNC2A, MFNC9A, MFNOOZ.

N>0, L>0, LEQ2>0, LEQKZL, LEQZN, EPS>0, MAXF>0, IW>IWR.
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VII. EXAMPLES

Example 1 [3]
Minimize
F(x) = xf + X- + X

subject to the constraints

x1x2 - x3 =0,
x3 -1>0.
For the starting point
1
=] 2
3

and the required accuracy 10_7 the solution 1is obtained after 12

evaluations of the function (as in [3]).



G
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PROGRAM TRMFN1 (OUTPUT, TAPEG6=0QUTPUT)

HARVELL TEST PROGRAM.

DIMENSION X(3),T(3),W(166)

EXTERNAL FCD

DATA T/10HTRIMFN1 : H, 10HARWELL EXA, 10HMPLE. 4
CALL TIT¥IDR(3,T)

H1)=1.0

H(2)=2.0

H(3)=3.0

N=3

LEQ@=1

L=2

MAXF=28

EPS=1.0E~7

ICH=6

IPR=-10

LW=166

CALL MFNC1A(FCD,N,L,LEQ,X,EPS, MAYF,W,LW, ICH, IPR, IFLAG)
STOP

END

SUBROUTINE FCD (N,M,X,F,G,C,D,K)
DIMENSION X(1D,G(ID ,C(ID , DK, ID
Hi1=Z(1)

H2=X(2)

H3=E(3)

F=H1RI1+H2RE2+H3

G =X1+X1

G(2) =Z2+¥2

G(3)=1.0

C(1)=X1x¥2-%3

D1, 1)=X2

Dz, H=x1

D(3,13=-1.0

C(2)=%3-1.0

DC1,2)=0.0

D(2,2)=0.0

D(3,2)=1.0

RETURN

END

000001
000602
000093
000004
000005
¢o8e06
008007
002008
00009
000010
0000611
060012
000013
000014
000018
000016
060017
¢e0018
000019
008020
000021
000022
000023
000024
006625
000026
000027
000028
0000629
000030
000031
000032
060033
000034
0006035
000036
000037
0060038
002039
000040
000041
020042
000043



DATE s 82,05-19. TIME :
MINIMIZATION WITH NONLINEAR CONSTRAINTS

15.07.22.
(MFNC PACKAGE)
TRIFN1 : HARWELL EXAMPLE.

INPUT DATA

NUMBER OF VARIABLES () . . . ¢ ¢ ¢ o o o ¢ o o o &
NUMBER OF EQUALITY CONSTRAINTS (LE®@. . . « .+ .+ o .
TOTAL NWUMBER OF CONSTRAINTS (L) . . . &+ « o o &« o &
ACGCURACY (EPSB)  « ¢« ¢ ¢ & o o o s o o o o o o o o o
MA¥ NUMBER OF FUNCTION EVALUATIONS (MAXF) . . . . .
WORKING SPACE (IW) . « ¢« ¢ ¢ v o o & 4 o o o o o o &
PRINTOUT CONTROL C(IPR) . . . . . « & & & o o o o« &
STARTING POINT.
VARIABLES GRADIENT
1 1.000000008000E+00

2 2.000000000000E+00
3 3. 000000000000E+00

2.0000000000E+00
4.0000000000E+09
1.0000000000E+00

VERIFICATION OF PARTIAL DERIVATIVES PERFORMED.

SOLUTION
OBJECTIVE FUNCTION
VARIABLES GRADIENT
1 9.999999999993E~G 1 2.0000000000E+00
2 1.000000000000E+00 2.0000000000E+00
3 1.000000000000E+00 1.0000000000E+00

TYPE OF SOLUTION (IFLAG) . . ¢ o ¢ « o o o o o o &
NUMBER OF FUNCTION EVALUATIONS . . . « « « « « . .
NUMBER OF QUADRATIC ITERATIONS . . . ¢ & & o o o .
EXECUTION TIME (IN SECONDS) . . . « v o« o o o o o« &

OBJECTIVE FUNCTION :

PAGE : 1
(V:82.05)

1.000E-07
© e e e e e e e e 25
166
-10
5.000000000000E+00
CONSTRAINTS

1 -1.009000000000E+00
2 2.000000000000LE+00

¢ 2.999999999999E+00

CONSTRAINTS

1 -4.61852Y782441E-13
2 Q.

. 268
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Example 2 [6, Example 3]

This is the problem proposed by Brent [7] as an example in which
the continuous analogue of the Newton-Raphson method is not globally
convergent., The problem is to solve a system of 2 nonlinear equations

4(x1+x2) =0,

(XT-XZ)((X1-2)2 . xg) + 3%+ 5%, 2 0 .

More details and some solutions are given in [6]. It can be observed,
however, that the solution can be obtained by minimizing the objective
function
F(x) = (x1+x2)2
subject to the nonlinear constraint
2 2
(x1—x2)((x1—2) + x2) + 3x1 + 5x2 =0 .

The solutions are shown for 4 different starting points 5?

as in [6].



]

PROGRAM TRMFNZ (QUTPUT, TAPE1=0UTPUD)

€ BRENT EXAMPLE.

C

10

DIMENSION X(2),XX(4,2),T(3),W( 184

EXTERNAL F¥F

DATA T/10HTRIIFNZ2 : B, 10HRENT EXAMP, 10HLE s

DATA ¥X/2.0,-2.0,2.9,2.0,
2.0,-2.0,0.0,1.067

CALL IMITHDR(3,T)

N=2

LE@=1

L=1

DO 10 I=1,4

HO)=33(I, D

R(2)=30(1,2>

EPS=1.E~-6

MAXI =25

IW=104

ICH=1

IPR=-10

CALL MFNC1A(FFF,N,L,LEQ,X,EPS,MAXF,W, IW, ICH, IPR, IFLAG)

CONTINUE

STOoP

END

SUBROUTINE FFF(N,L,X,F,G,C,D,K)
DIMENSION (I ,G(I) ,C(L),D{K,L)
Hi=X(1)

H2=H(2)

R1=X1-32

R2=(X1-2.0) %k2+H2RH2

R8=X1+32

R4=R3+R3

F=R3%R3

G(1)=R4

G(2)=R4

CC1) =RIXR2+3, ORK1+5, 0%32

DCI, D =R2+(RI+R1IX(H1-2.0)+3.0
D2, 1) =-R2+RIX(E2+H2)+5.0
RETURN

END

600001
000002
000003
000004
o005
006006
(clelelolvirg
000008
00000
000010
000011
000012
000013
020014
000015
000016
0000617
000018
000019
000020
0000621
000022
000023
000024
000025
000026
0006027
000028
000029
000030
000031
000032
000033
000034
000035
000036
060037
000038
000039
060040
060041
000042
000043



DATE : 82/05-19.
MINIMIZATION WITH NONLINEAR CONS
TRITFNZ : BRENT EXAMPLE

IXPUT DATA

NUMBER OF VARIABLES (I . . .
NUMBER OF EQUALITY CONSTRAINTS

28 -

TIME @
TRAINTS

14.53.31.
(MFNC PACKAGE)

s o . © e & ¢ © © e o e e

(LE@. . . + « « « « « .

TOTAL NUMBER OF CONSTRAINTS (L) . . . « « « o ¢ o « o &

ACCURACY (EPS> . . . . « .« .

o ° ° o s o s . LR o e e

MAX NUMBER OF FUNCTION EVALUATIONS (MAYMF) . . . .« .« .« .

WORKING SPACE (IW) . . . . . .
PRINTOUT CONTROL (IPR) . . . .
STARTING POINT.

VARIABLES

1 2.000000000000E+00
2 2.000000000000E+00

VERIFICATION OF PARTIAL DERIVATI

SOLUTION

VARIABLES
1 -1.082246213238E-04
a 2.1716247987¢72E-04
TYPE OF SOLUTION C(IFLAG)Y . .
NUMBER OF FUNCTION EVALUATIONS
RUMBER OF QUADRATIC ITERATIONS
EXECUTION TIME (IN SECONDS)

B e o e s e & e e e e o

OBJECTIVE FUNCTION :

GRADIENT

8.0000000000E+00 1
8.0000000000E+00

VES PERFORMED.

°

OBJECTIVE FUNCTION :

GRADIENT

2.1787571711E-04 1
2.178¢371711E-04

s e e o s e ° CRY e e e
o ° s e e e e . e e e e

s ° B e o & o o e o o o .

PAGE : 1
(V:82.08)

-10

1.6000600003C0E+0 1
CONSTRAINTS

1.600000000000E+01

1.186745702620E-08

CONSTRAINTS
-5.405507481288E-04



DATE : 82/05/19.

29 -

TIME : 14.53.82.

MINIMIZATION WITH NONLINEAR CONSTRAINTS (MFNC PACKAGE)

TRMFNZ2 : BRENT EXAMPLE

INPUT DATA

NUMBER OF VARIABLES (I . .

s

° o e e o o e o © e e e o

NUMBER OF EQUALITY CONSTRAINTS (LE@). . . . « « « « « &

TOTAL NUIMBER OF CONSTRAINTS (L) . . . . . « « « o « o &

ACCURACY (EPS) . . . . . .

B ° ° B B s o e e . . e e

MAX NUIMBER OF FURCTION EVALUATIONS (MAXF) . . . « « . .

WORKING SPACE (IW) . . . .
PRINTOUT CONTROL (IPR) . . .
STARTING POINT.

VARIABLES

1 -2.0000C0000000LE+00
2 -2.000000000000E+060

o B . e o o e o o e LIRS

OBJECTIVE FUNCTION
GRADIENT

-8.0000000000E+00 1

~5.0000000000E+00

VERIFICATION OF PARTIAL DERIVATIVES PERFORMED.

SOLUTION

VARIABLES

1 -2.117626035708E-05
2 1.910968197971E-05

TYPE OF SOLUTION (IFLAG)

OBJECTIVE FUNCTION

GRADIENT

-4, 1331567547YE~-06 1

~4.1331567547E-06

B . ° s e s o e e o & o @

NUMBER OF FUNCTION EVALUATIONS . . . . . « « « + .
NUMBER OF QUADRATIC ITERATIONS . . . . . « « « o &
EXECUTION TIME (IN SECONDS) . . . . ¢ o« ¢ o o o o &

o0

PAGE : 1
(V:82.05)

1.000E~-006

25
104
~10

. 600000000CO0E+O 1

CONSTRAINTS
6C0000000000E+01

270746 182808E~-12

CONSTRAINTS

.29127Y5529750E-04



DATE : 82/85719.
MINIMIZATION WITH NONLINEAR CONS
TRMFNZ2 : BRENT EXAMPLE

INPUT DATA

NUIMBER OF VARIABLES (I . . .
NUMBER OF EQUALITY CONSTRAINTS

31 -

TIME : 14.56.17.
TRAINTS (MFNC PACKAGE)
(LE@. . . . . « « « o &

TOTAL NUMBER OF CONSTRAINTS (L) . . « + « ¢ o o« o« o &

ACCURACY (EPSY . . . . . . .

B . ° s o s e ° Y °

MAX NUMBER OF FUNCTION EVALUATIONS (MAXF) . . . . . . .

WORKING SPACE (IW . . . . . .
PRINTOUT CONTROL (IPRY . . .
STARTING POINT.

VARIABLES

1 2.000000000000E+00
2 1.000000000000E+09

VERIFICATION OF PARTIAL DERIVATI

SOLUTION

VARIABLES
1 -2.15735165877 1E-04
2 7. 4539943896317 1E~04
TYPE OF SOLUTION (IFLAGY . .
NUMBER OF FUNCTION EVALUATIONS
NUMBER OF QUADRATIC ITERATIONS
E¥ECUTION TIME ¢ IN SECOWDS) .

s e o s v 8 & © e e o e

OBJECTIVE FUNCTION
GRADIENT

6.0000000000E+00 1
6.0000000000E+00

VES PERFORMED.

OBJECTIVE FUNCTION

GRADIENT

1.0605184809E-03 1
1.0605184899E~-03

° s o s o . s e e o o e °
o e . B o s s o e Y .
. s e s o e ¢ e e . .

° RS DY . B s e e °

oo

PAGE : 1
(V:82.05)

1.000E-06
c e e e e e e . 25
104
e e e e e e . ~10
9.000000000000E+00
CONSTRAINTS

1.200000000000E+01

2.8117486207 19E-07

CONSTRAINTS
-7.649821902926E~-04



DATE : 82/05-19. TIME : 14.56.16. PAGE : 1
MINIMIZATION WITH NONLINEAR CONSTRAINTS (MFNC PACKAGE) (V:82.08)

TRIMFNZ2 : BRENT EXAMPLE

INPUT DATA
NUMBER OF VARIABLES (W) . . . o ¢ & o o o o o o o o o o o o o o o o o o 2
NUMBER OF EQUALITY CONSTRAINTS (LE@). . . + + ¢ o o o o o o o o o o o o & .1
TOTAL NUMBER OF CONSTRAINTS (L) . . . ¢ ¢« ¢ ¢ ¢« o o o o o o o o o o o o & 1
ACCURACY (EPSY . o o ¢ ¢ o o o o o o o o s o« o« o o« o s & o o & « « 1.000E-06
MA¥ NUMBER OF FUNCTION EVALUATIONS (MAMF) . . +« « © & ¢ o o o o o o + o & 25
WORKING SPACE (IW) . . © ¢ ¢ & ¢ ¢ o ¢ o o o o o o o o o o o o o o o o s 104
PRINTOUT GONTROL C(IPR) . . « ¢ ¢ ¢ o ¢ v o & o o o o o o o o « o o o o« -10
STARTING POINT. OBJECTIVE FUNCTION : 4.000000000000E+00
VARIABLES GRADIENT CONSTRAINTS
1 2.800600000000E+00 4.0000000000E+00 1 6.000000000000L+00
2 Q. 4.0000000000E+00

VERIFICATION OF PARTIAL DERIVATIVES PERFORMED.

SOLUTION
OBJECTIVE FUNCTION : 8.474781287047E~10
VARIABLES GRADIENT CONSTRAINTS
1 6.499981749980E~06 ~-3.7281530210E~05 1 2.035830275945E-05

2 ~2.85140746385511E~05 -3.7281530210E~05

TYPE OF SOLUTION (IFLAG) . . . ¢ ¢ ¢ ¢ « ¢ o o o« o o s o o o o o o o o ©
NUMBER OF FUNCTION EVALUATIONS . . . . ¢« & v ¢ o ¢ o o o o o o o o o o 6
NUMBER OF QUADRATIC ITERATIONS . . . . . « ¢ ¢ ¢ ¢ ¢ o o o o o o o o o 6
EXECUTION TIME (IN SECOIDS) . + + & v o 4 o o o o o o o o o o o o o o« & . 095
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Example 3

This is the Rosen-Suzuki constrained minimization problem [8]. It

is to minimize

2 2 2 2
F(x) = X[+ X, + 2x3 X, - 5x1 - 5x2 - 21x3 + 7xu
subject to the constraints
2 2 2 2
- x1 - x2 - x3 - xu - x1 + x2 - x3 + xu +8>0,
2 2 2 2
- x1 - 2x2 - x3 - 2x4 + x1 + xu +10 >0,
2 2 2 -
- 2X1 - X, - x3 - 2x1 Xy X+ 5 >0.
The solution is x¥* = [0 1 2 -1]T with F(x*) = - 44,

Two solutions are shown, which correspond to starting points 30 =
[2 25 OJT and 59 = 0, as in [9]. Both the solutions require slightly

different numbers of function evaluations. The differences, however,

are not significant.



00

[lel

PROGRAM TRMIFN3 (QUTPUT, TAPEG=0UTPUT)

ROBEN-8UZUKI PROBLEI.

-t

DIMENSION ¥(4) ,(4,2),T(8),W(3ed)

EXTERNAL FCD

DATA T/ 1OHTRIMFNSG : R, 19HOSEN-SUZUK, 10HI' PROBLEM /

DATA Hi/2.0,2,0,5.0,0.6,6.9,0.9,%.0,0.07

CALL IMMEEHDR(3, T

e

LES=0

L=

o 19 1i=1,2

Bo 20 JJ=1,4

OJFy=3E0IS, 11D

MAHE=30
1 6

19
TFRCLA(FCD, W, L, LEQ, ¥, EPS, MAXF, W, LW, ICH, IPR, IFLAG)

hrd-1.9

Fe ik (1-5,0) +H2:%({H2-5. 0 +H3%(R8-21. @) +Hdok (ZA+7 . Q)
G1y=RI~6.0

GC(2)=R2~4.0

C(8y=4.9%E3-21.0

2 4y 24 EA+T . O

COLy =3 IR(=Hl=1.0)+H2:4( 1. 0-E2) +HBR(~H3~1. 0+ ( 1. 0-E4)+8.0
C(2) = ik 1,031} -H2x( E2+3H2)Y ~HIRE3+ 4k 1, 0~H4-¥4)+10.0

DL, 1y=~R1
D(2, 1)=~-R2
B{3,1)=-RA3~-1.0
D4, 1) ==-Rd
D(1,2)=-R1+2.9
D(2,2)=~4,0%¥E2Z
D(3,2)=~R3
D(4,2)=1.0~4%. @%Es
D{1,3)=-2.0%R1
D(2,3)=-R2
D(3,3)=~-R3
D{4,33=1.9
RETURN

EHD

QDCOB T
a0oeD2
Leladalilsied
OReOD4L
0005
QOBOvo6
[2lluloleire
ViloLalitts]
GDo00Y
Qo010
B 11
QDO 12
POV 1LS
Q0014
GBee1E
©00B 16
lalalal7n ird
00018
G0eD19
GO0020
QpoOv21
lalils 2
@PoO23
00024
oBOY2T
SBo0206
[Glauloy e
Lalalalipde)
QDeBEY
oDBO30
oBoYs 1
QDOO3I2
GROOS3
D34
QLeo38
GpOe36
[alelatirsird
QDCOs8
ODoe39
00040
0041
OD0V42
GDoB43
GOOB44
ODOe4S
D084
alilalokid
ODOO4S
CDO049

@DOOS 1
000052
oD0053
000
000856
OBOOET
000058
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DATE : 83-08-05. TIME : €9.46.22:
MINIMIZATION WITH NORLINEAR CONSTRAINTS (MFRC PACKAGE)

TRIFHS : ROSEN-BUZUKI PROBLEM

WUMBER OF VARIABLES (HJY o « + o o o o o o o o o o o o o
HUMBER OF EQUALITY CONSBTRAIRTS (LE@. . . . . « « « « .

TOTAL WUMBER OF CORSTRAINTS (L) . « + ¢ ¢« o« « o o o« o &
AGOURACY (EPS) ¢ o o o o o o o o o s o s o o o o o o

ER OF FURCTION EVALUATIONS (MAEF)Y .« o o 2 o o

WORKING SPACE (IW) . .+ o o o o o o o o o o o s o o o =
PRINTOUT CONTROL C(IPR) . ¢« o ¢ o ¢ o o o o o o o o o o

POINT. OBJECTIVE FUNCTION

STARTIRG

GRADIENT

0000E+00
00GOE+00
-1.0000000000E+00
7 .0000000000E+00

IR
L@@
o
A4

GON =

PERFORIMED.

OBJECTIVE FUNCTION

VARIADLES GRADIENT

1 —-3.280674729311E~07 ~3.6000006561E+00 1
2  9.999999: 5] -3.0000001503E+00 2

3 2.000000256693E+60  ~1.2999998976E+01 2
4 -9.999997¢7841i6E-01 = 5.000000584SE+00

TYPE OF SOLUTION (IFLAG) . o o +. 6 o o o 2 o o o o o o

RUMBER OF FURCTION EVALUATIONS . .

WUMBER OF QUADRATIC ITERATIONS . o ¢ ¢ o o o o o o o &

FHECUTION TIME (IN SECONDS) . o ¢ s o o 2 o s o o o o

e

o0

e e e e e o o e <
© e e e e o o o ©

P
° o s e o o o - <

e e e e

e e o s 4 & o e 30
e o e o e o o 369
e e e o e o o e -10

~6.7O0DC0G00000E+0 1
CONSTRAINTS
~3.008000000000E+01

~2.500000000000E+01
~3.40008G600000E+01

~4 . 40000000026 1E+01

CONSTRAINTS

e e e e e e .
e e e e s e o 15
e e e e e e o o i1
e e e e e e 466



DATE : 88-08/85.

MINIMIZATION WITH NONLINEAR CONSTRAINTS

TRMFR3 : ROSEN-SUZUKI PROBLEM

HUMBER OF VARIABLES (I . .

KUHMBER OF

TOTAL NUMBER OF

ACGCURACY (EPS) o e o s.a e
A FUMBER OF FUNCTION
WORKING SPACE (IW» . . . . .
CONTROL C(IPRY . . .

STARTING POINT.

°

EVALUATIONS

35 -

TIME : 09,46.24.
(MFNC PACKACGE)

EQUALITY CONSTRAINTS (LE@. . . . . + « .«
CONSTRAINTS (LY . ¢« + « +« o o & o &

B - . o s e B B ° B o

(HMAXFY .. . . o &

OBJECTIVE FUNCTION

GRADIERT

VARIABLES

1
2
g
4

TYPE OF SOLUTION (IFLAG .

NUMBER OF
NUMBER
SECONDS

EEECUTION TIME (IX

°

GRADIENT

~4.999999 104CE+00
2.9999991469E+06

i o

T =1.3000081767E+O1

4.9299921102E+00

FURCTION EVALUATIONS . . o ¢ o o o o o .

OF QUADRBATIC ITERATIONS . . . o o + o o . .

B B ° o o & B o s e o

CO B =

FUNCTION

90

PAGE @
(V:82.0

e e e o e o o
e e e o o e s
o 6 s e s o o
e e e e e 1.000E~

3

QOOUEGD
DROVELG 1
5.000000000090E+00

-4 . 4600000004 EFO 1

CONSTRAINTS!

-1.568566 1390815~ 10
2.999982845454E-01
-1.4929923896870E~ 10

o e o . e o o
o . B e & o @ s
E Y . @ e e ®

P
° ° o o e CEEY o &

1
3

154

@6
S8
00
19
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Example 4 [10, Example 5.5]

This is the Colville's test problem 2 [11]. It is to minimize the

objective function

F(x) == 2 b, Xz, * 2 I eoxx +2 I dx
1<1<10 +1i . . Jj

subject to the constraints

X >0 ’ i=1,¢oo,15,

2 .
sy J=1,00445,

L
< e, + 2 Cy Xy + 3djxJ

Z a; X . s
1<igo I = 1<ics

where a, , b, c,  , d , e are as follows:
1] 1 1] J J
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c,. 1 2 4 5
ij
1 30 =20 =10 32 -10
2 =20 39 -6 -31 32

i 3 -10 -6 10 -6 =10

4 32 -31 -6 39 =20
5 =10 32 =10 =20 30

d, 4 8 10 6 2
J

ej =15 =27 =36 -18 -12

The solution is F(x*) = 32.34868, and it is obtained for the starting

point 59 where X; = 0.0001, i # 12, and x,. = 60.0 (as in [10]), and for

12

the accuracy 10-6 after 16 iterations (as in [1]).



PROGRAM TRMFN4 (OQUTPUT, TAPEG=QUTPUTD)

[ .
¢ COLVILLE TEST PROBLEHM 2.
G
DIMENSION H(18),T(4),W(2600)
WX&&&W&L FCD
DATA T/ 1OHTRMF 4 : G, 1GHOLVILLE TE, 10HST PROBLEM,ZH 2/
CﬁLL hﬂﬂﬁ@ﬁfé iy
P@ 106 I=1,18
16 (1}:®°@®@1
Xfiﬁ}=6®,®
N=18
LEG=0
r=50
=1.8E-6
6
8] @
L¥=200
CALL MFNC1A(FCD,N,L,LEQ,X,EPS,MAXF,W,LW, ICH, IPR, IFLAG)
STOP
ERD
C
C
SUBROUTIRE FCD(WN,L,3,F,G,C,D,KD
DIMENSION (I ,G(IN ,C(L) ,D(EK, L)
DIMENSION A(19,5), E(l@) Cl(" 53,D1(5),E(8) !
DATA A/-16.6,0.9,-3.5,0.9,0. @,da@ ~-1.9,-1.0,1.0,1.0,
+ 2.0,~2.0,0.0,-2.0,-9.0, @ 9,-1.0,-2.0,2.9,1.0,
+ O 9,0. ngeﬂ,ﬂoJ -2.6,-4.0,-1.0,-3.¢,8.0,1.0,
+ @79 4,6.9,-4.9,1.0,0. @ —1a®, -2.6,4.06,1.0,
+ @ J9@»®,@ @,-1.0,- m.u,@ @ ~-1.86,~-1.6,5.0,1.07
DATA B/-40.0,-2.06,-0.25,-4.0,-4 @ ~-1.9,-40.0,-60.
DATA C1/30. ®0*2@ ®,~-19.9,32. @ -16.6,
+ -20.90,39.0,-6.9,-31.6,32.90,
+ ~16.0,-6.0,10.0, ~6.0(~?® 2,
+ 82.0,-31.0,-6.0,39.6,-20.0,
+ -10.6,32.0,~-10.6,-26.9,30. @’
DATA DI1/4.06,8.0,10.0,6. %g@ @/
DATA E/-15.9,-2Y.0,-36.90,~18.0,~12.07
G
G OBJECTIVE FUNCTIOR F
c
r=0.0
Do 10 I=1,190
J=5+1
10 F=F~B(I)9Y€J}
DG 30 I=
Bo 20 J=1
20 F=r+GlCl Iy RECD
S0 F=r+2.0% uX{KJ'“S
G GRADIENT G OF THE OBJECTIVE FUNCTION
DO 46 I=1,10
J=5+1
40 G(J¥=-B(D)
BC 69 I=1,86
GC(I)=6.@xDIC D) R IR DD
BO 60 J=1,8
60 G(D)=G(D+HE(JI*R(C D+CLCT, 133
G
G CONSTRAINTS C
G

BO 7?6 I=1,1

&1

006001
000002
000003
800004
000005
000006
000007
000008
000009
060016
2000011

0008612
066013
000014
000018
000016
200017
000018
000619
000620
000021

000022

@O@OCg
000033
@@C .)Q"...‘
00003
O'@Puuo
@@“087
290¢
ﬁ@@@@

O@C@4®

000043
000044
000045
000046
000047
000048
000049

000050

00005
@@C@u
00005
000057
000058
000059
@@@06@

GOGOQf

Qr'\@z;\



[olele]

70

o
(29

90

110

B
@

s et
]
SR

CeD =X

DO 96 J=1,5

K=J+15
CLEY=E(D+3.0xDI(JI2E(JIRE(T) -
DO &6 I=1,5

CGIEY=C(ED+2., 050101, Jy I

DO 85 1I=1,10

JJ=5+11
C(R) =G ~ACIT, 5 *R(IT)
CONTINUE

DERIVATIVES D OF THE CONSTRAINTS

DO 106 I=1,15
B(I,1)=1.0

PO 116 I=1,18

DO 110 J=1,18
IFCI.RE.J) D(I,J>=0.0
CONTINUE

DO 149 J=1,5

K= 15+J
DO 120 I=
<y

oA

IFCI.E@.J
CONTINUE
B0 139 I=1,10
I1I=8+1
DCITI,EK3=~ACT,J)
CONTINUE
RETURHN

END

39 -

DOI,ED+6.0%D1(JYXECI)

090066
800867
6000668
660069
800070
000971
000072
660073
000074
00007s
009076
il rard
000078
0000679
00080
09 1

000086
000087
000088
000089
000090
00009 1
000092
000093
000094
000095
000096



DATE : 82/06/28.

MINIMIZATION WITH NONLINEAR CONSTRAINTS

TRMFN4 COLVILLE TEST PROBLEM
INPUT DATA
NUMBER OF VARIABLES (ID . . .

40 -

TIME : 15.11.08.

(IMFNC PACKAGE)

2

o o o s o o o e ¢ o e

NUMBER OF EQUALITY CONSTRAINTS (LE®. . . . . . . .

TOTAL NUMBLER OF CONSTRAINTS (
ACCURACY (EPSY . . « o o« o .

LY o . o ¢ o o o e e

° e o o o o s e & o °

MAX NUIMBER OF FUNCTION EVALUATIONS (IMAXE) . . . . .

WORKING SPACE (IW) . . . . .
PRINTOUT CONTROL (IPRY . . .
STARTING POINT.

VARIABLES

1.0000000000C0E-04
1.600000000000L~04
1.006000000000E~04
1.000000000000E~04
1.000000000000E~04
1.000000000000E~04
1.000000000000E-04
1.0006020000000E~04
1.000000000030E-04
1.000000000000E-04
1.0066000060000E~04
6.000000000C00E+O1
1.0006000000000E-04
1.0006000000000E-04
1.000600000000E-04

Bl s JON RSN RO RV

SOLUTION

VARIABLES

2.999918685990E-01
3.334635341015E~01
3.999820835348E~01
4.283149306028E-01
2.239687464390E-01
1.3994037Y2529 1E-16
1.4945132411908~14

1O GT D CO DD

> s o e s s o e e o o e

OBJECTIVE TFUNCTION =

GRADIENT

4. 4002400000E-03
2.8004800000E~-03
~4,3994000000E~03
2.8003600000E-03
4.4001200000E~-03
4.0000000000E+01
2.0000000000E+00
2.5000000000E~-01
4.0000000000E+00
4,0000000000E+00
1.06000206000E+0G0
4.0000008000L+01
6.0000000000E+01
~3.0000000000E+00
~1.6000000009E+00

OBJECTIVE FUNCTION :

GRADIENT
2,1753848156E+01

- 2.32658892599E+060

-2.0212949897E+00
2.4779014835E+01
4,2495198246E+00
4, 0000000000E+01
2.0000000000E+00

PACE : 1
(V:82.05)

20

2.400010525500E+03
CONSTRAINTS

000000200000 E~04
0000000000 00E-04
02000000 0BOE~04
000000000000E-04
00000000000 E-~04
1.000000CC0000E~04
1.000002C00000E~04
1.0C0000000000E~04
1.0000C00000C0E~04
1.00000CCC0000E~04
1.000000000000E~04
6.000000C000000E+01
1.0000000C0000E~04
1.000008000000E~04
1.000000000000E-04
4,.500605012000E+01
3.800380024000E+0 1
2.3998920030000E+0 1
4.200266018000E+01
4. 800408006000E+01

1
1
1
1
1

=t -
= OO 00T O\ OT i CO R =

ot
N

s
(%]

14

Pl e ek et et
Eegos A Nag«]

0
&

3.23486790C6597E+01

CONSTRAINTS

2.9900180852990FE~01
8.384635341015E~01
3.299820835345E-01
4.283149306028E-01
2.2389687464320E-01
1.389940372529 1E~16
1.494513241190E~ 14

AT 6T 00 B =



DATE :

TRMEN4

10
11
i2
13
14
18

82-,06/28.
MINIMIZATION WITH NONLINEAR CONSTRAINTS (MFNC PACKAGE)

5.174131652324E+60
0.
3.0611142841290E+00
1.188971715885E+61
0.
0.
1.0393387853445-01
4.,635547259249E~ 18

TYPE OF SOLUTION (IFLAGY .

°

TIME @

COLVILLE TEST PROBLEM 2

2.5000000000E-01
4.0000000000LE+00
4, 0000000000 E+00
1.00000600000E+00
4,0000000000E+01
6.0000000000E+01
-5.000000C000E+00
~1.0060000000LE+00

- s e e o o s o

NUMBER OF FUNCTION EVALUATIONS . . . . . . .

NWUMBER OF QUADRATIC ITERATIONS . . . . . .

E¥ECUTION TIME (IN SECONDS)

°

© s s o s o o o

15.11.08.

10
11
12

3
14
18
16
17
18
19
20

PAGE :

2

(V:82.05)

5.174131652324E+00
Q.

3.061114284129F+00
1.188971715885E+01
Q.

0.

1.039385785344E~01
4.635547259249E~15
2.0612794154105E~08
7.416374783705E-08
1.652826842832E-07
6.141108620209E~10
1.229532830694E~09

. e o o o ¢ o

12. 129
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Example 5 [12, Example 5]
The problem is to determine an optimally centered point §f=[x7 x;]T
that maximizes the relative tolerance r in the region Rc defined by the
inequalities

2 + 2x1 - X, >0,

143 - 11x, - 13x2 >0,

1
-60 4 1 >0
+ x1 + 5x2._ ’
i.e., to find a point x* and a tolerance r such that the tolerance

region R€

Ro={x 1 (-r) x¥ < x < (ar)x¥, i=1,2 |

is in the constraint region Rc and is as large as possible,

It can be shown [13] that if the constraint region Rc is one-
dimensionally convex (and it is in this case) then it is sufficient that
all vertices of Re belong to Rc to guarantee that the whole tolerance
region Re is in the constraint region Rc.

It is convenient to assume that the tolerance r is an additional
optimization variable (say x3) and then the vertices of the tolerance
region Re are described by the nonlinear expressions

T
+ * + *
L1 x3) x1 (1 x3) x2] .

Since x3 is to be maximized, the objective function can take the

form

F = -
(x) x3

and it is to be minimized subject to the constraints



- 43 =

2 * - +
+ 201 x3)x1 @ x3)x2 >0,

- + - +
143 - 111 x3)x1 1301 x3)x2 >0,
- + +
60 + 4(1 )(3)x1 + 1501 x3)x2 >0,
> 0.
x3 >

It should be observed that due to x3 > 0 the first 3 constraints
(and, in fact, 12 constraints) can be simplified to the form

2 + 2(1=x )x1 - (1+x)x. > 0,

3 3" 2 —
143 - 11(1+x3)x1 - 13(1+x3)x2 >0,
-60 + 4(1-x3)x1 + 1‘5(1-x3)x2 >0.
The solution is shown for the starting point 50 = Q. The resulting

relative tolerance r is equal to 0.3414 or 34.1% (as in [12]).



C

PROGRAN TRIFNS (QUTPUT, TAPEG=QUTPUD)

C TOLERANCING EXAMPLE.

C

DIMENSION X(3),T(3),W(184)

EXTERNAL FCD

DATA T/10HOTRIMINS : T, IOHOLERANCING, 10H EXAMPLE /
CALL IMITEDR(S, T

H(13=0.0

H(2)=0.0

X(3)=0.90

=3

LEQ@=0

L=4

MAIF=28

EPS=1.0L~6

ICH=6

IPR=~-10

LW=184

CALL MFNC1A(FCD,N,L,LEQ, X, EPS,MAXF,W,LVW, ICH, IPR, IFLAG)
STOP

END

SUBROUTINE FCD(N,L,¥,F,G,C.D,K)
DIMENSION X(ID ,G(IN),C(L) ,D(K, L)
H1=3H(1)

H2=HE02)

H3=(3)

R1=1.0-33

R2=1.0+33

F==¥3

G(1)=0.0

G(2)=0.0

G(3)=~1.0
CE=2.0%(1.0+X1xR1) 2%

D(1, 12=RI1+R1

D(2, 1)=-R2

D(3, 1) =-Hil-X1-X2
C(2)=143.0-R2%( 11,01+ 13, OxH2)
DE1,2)=-11.0%R2
D(2,2)=~13.0%R2
D(3,2)=~11.0%X1-13, 0:H2
C(3)=-00,0+R1u( 4, GRHE1+15 . QxI2)
D(1,3)=4.0%R1

D(2,3)=15.0%R1

D(3,3)=~4, 0%H1-15 ., 0%H2

G4y =33

D(1,4Y=0.0

D(2,4)=0.0

D(3,4)=1.0

RETURIT

END

020001
000002
000003
000004
000005
000006
000007
000008
000009
000010
000011
000012
000013
000014
000018
000016
Coen17?
000018
000019
o020
000021
000022
000023
000024
000025
000026
000027
000028
C00029
000030
000031
000032
000033
00034
000035
000036
000037
0000386
200039
000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
006050
00005 1
00032
000053
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DATE : 82/06/28. TIME : 15.17.11.
MINIMIZATION WITH NONLINEAR CONSTRAINTS (MFNC PACKAGE)
TRIMFNS : TOLERANCING EXAMPLE

INPUT DATA

NUIMBER OF VARIABLES (I /.« ¢ ¢ & o o o o o o o o o
NUMBER OF EQUALITY CONSTRAINTS (LE®. . . . « « .+
TOTAL NUMBER OF CONSTRAINTS (L)Y . . . ¢« + o + « + &
ACCURACY (EPSY & ¢ o o ¢ o o o o o o o s o o o o o
MAX NUMBER QF FUNCTION EVALUATIONS (MAXF) . . . . .
WORKING SPACE (IW) . ¢ o ¢« ¢ ¢ ¢ ¢ o o o o o o o o o
PRINTOUT CONTROL C(IPR) . ¢ . « o o « o & o o o o o
STARTING POQINT.

VARIABLES GRADIENT
1 0. Q.
2 0. Q.
3 Q. -1.0000000000E+00

VERIFICATION OF PARTIAL DERIVATIVES PERFORMED.

OBJECTIVE FUNCTION

N CO DD =

INFSY CTN

SOLUTION
OBJECTIVE TFUNCTICHN
VARIABLES GRADIENT
1 3.670138228676E+00 0.
a 5.094845628439E+00 D.
3 8.414065196318E-01 ~1.0003000000E+00
TYPE OF SOLUTION (IFLAG) . ¢ o o ¢ ¢« o« o« o o o o &

NUMBER OF FUNCTION EVALUATIONS . . . . « « « « « &
NUIMBER OF QUADRATIC ITERATIONS . . . ¢« o o « ¢ o &
EXECUTION TIME (IN SECONDS) . . . « & « o o o o &

PACE :
(V:82.0
e ¢« o o 1.000E~
e o e e e e o 1
0.

CONSTRAINTS.
2.000000000000E+00
1.43000000C000E+02

-6.000000000000E+01
0.

-2.414065195318E-01

CONSTRAINTS

-8,183515673300E~10
2.412889443804E~-09
6.580421541003E-09
3.414065195318E~-01

.3

1
33

76



(11

(2]

31

(4]

(5]

61

(71

(81

91

(101

(111

(121

(131
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