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NONLINEAR PROGRAMMING PACKAGE FOR CONSTRAINED

OPTIMIZATION: VERSION FLNLP1
J.W. Bandler and W,Y. Chu

Abstract  The program developed solves nonlinear programming problems
using a minimax approach with the efficient gradient method by Fletcher,
It is available for batch-processing as well as on the time-sharing

system INTERCOM of McMaster's CDC 6400.

I. INTRODUCTION

The package FLNLP1 is a modified and more concise version of
CONOPT[1] to be used for solving constrained optimization problems. The
technique proposed by Bandler and Charalambous [2-4] is used to transform
the constrained optimization problem into the minimization of an uncon-
strained objective function. Practical least pth approximation [5] is
used to solve the resulting minimax problem. An equality constraint is
treated as two inequality constraints, e.g., h(xl,xz,...,xn) = 0 will
be treated as h(xl,xz,...,xn) > 0 and -h(xl,xz,...,xn) > 0. The program
is currently limited to 100 inequality constraints,

Three options are available for the package FLNLP1l. The user
can access the package for batch-processing, or he can use the package
on the time-sharing system INTERCOM of the CDC 6400 computer. One of the
options is a demonstration program for the package as used on INTERCOM.
Except for this option, the user has to supply the main program and a

subroutine called FUNCT which defines the actual objeétive function, the
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constraint functions and all first partial derivatives.

II. USAGE
The three options of the package FLNLP1 are stored on

permanent files; each has its ocwn filename, They are called:

1.  FLNLP1B [for batch-processing]
2.  FLNLP1I [for INTERCOM]
3. FLNLP1D [for the demons:z::ion program on INTERCOM]

Instructions for using the package ar -:

A. Batch processing

1. Set up the input deck as follows:

/ DATA DECK
¢ SUBROUTINE FUNCT
MAIN PROGRAM
/" CONTROL CARDS

2. CONTROL CARDS

A typical set of control cards is:



ABCD. USER NAME
.1-

ATTACH, 2fn, FLNLP1B, ID=z**%%%%*%% MR=]
FIN,
LOAD (2fn)
LGO.
END OF RECORD
PROGRAM TST (INPUT, OUTPUT, TAPES = INPUT, TAPE6 = QUTPUT)
3. MAIN PROGRAM
Write the main program as indicated below:

(a) Dimension the following arrays

X(N), EPS(N), G(N), H(K)

where N

The number of independent variables

K = N«(N+7)/2

(b) Supply the values of the following parameters.

N = The number of independent variables
K = N*(N+7)/2
NC = The number of inequality constraints

(c) Call subroutine FLNLPl as follows:

CALL FLNLP1 (N, K, NC, X, G, H, EPS)
(d) Add STOP and END cards.
4, SUBROUTINE FUNCT

This subroutine defines the actual objective function and the

T 2fn stands for logical filename of no more than 7 characters.

Appropriate identification parameterID should be inserted in ¥¥*¥*#¥kx



cbjective function and the constraints in a suitable manner to give
the unconstrained objective function F and its gradients. The sub-
routine FUNCT should be written as follows:

SUBROUTINE FUNCT (X, F, G, U)

DIMENSION X(N), G(N), C(NC), GU(N), GC(N,NC),

A(NT), TT(NT)

where N = The number of independent variables (n)
NC = The number of inequality constraints (nc)
NT = NC + 1

and all three numbers should be entered explicitly in the dimension
statement,
Define the actual objective function

U = U(xl, Xos wens xn)

Define the inequality constraints

C(1) = cl(xl, Xos wees xn)
C(2)

cz(xl, Xoy ooy Xn)

C(NC)= cnc(xl, Xos ey X)

Define the gradients of the objective function

_au
Gu(1) = Pre
1
AU
GU§2) = 55
. 2
)
GUN) = 5;;
Define the gradients of the inequality constraints
T
1
GC(1, 1) = T
1
.aci
GC(Z, 1) = T

-2



GC(N, 1) =

GC(N, 2) =

GC(N, NC) =

9X
n

Define the artificial unconstrained objective function by

CALL FMIMAX (N, NC, NT F, G, GU, C, GC, U, A, TT)

RETURN

END

If any other statements are necessary to define the actual objective

function and the constraints, they may be added to this subroutine,

e.g.,function U may be defined in another subprogram which may be called

by subroutine FUNCT.

5. DATA DECK

Parameters to be supplied as input data are defined below.

MAX

IPT

ID

EST

AOQ

EPSC

Maximum number of iterations allowed

Intermediate output is printed out every IPT iterations;
it should be 0 if no intermediate output is desired.
Input data is printed out when ID=1; it should be 0

if input data is not to be printed

Minimum estimated value of the objective function
Initial value of the parameter o used in formulating
the unconstrained objective function [1,4]

The margin by which constraints may be violated



X(1), Starting values for the variables

I=1,N Xps Xgs ey X

EPS(I), Test quantities used by Fletcher method.
I=1,N

Recommended values for some of the parameters are

MAX = 100
A0 = 1.0
P =1,E+ 5

EPSC= 1.E - 5
EST = 0.0
EPS(I), I=1,N Each = 1.E - 6

6. ARRANGEMENT OF THE DATA DECK

CARD NO. FORMAT PARAMETERS
1 315 MAX, IPT, ID
2 S5E16.8 EST, AO, P, EPSC
As many as _
required 5El6.8 X(), I = 1,N
As many as ' : _
required 5E16.8 EPS(I), I = 1,N

B. Time-sharing system INTERCOM

On the time-sharing system INTERCOM, the user may either access
the standard package or the demonstration program, To use the standard
package:

1. The user should access the file by typing the command

ATTACH, %fn, FLNLP1I, ID= *#*xs#sxs T



2., The user then gets into the EDITOR mode to create the main program and
subroutine FUNCT required by the package. This can be done by typing
the commands
EDITOR .

CREATE
The main program and subroutine FUNCT should be written in the
same manner as described in the previous section. However, for the

INTERCOM option, one more array has to be dimensioned in the main program,

The dimension statement should be DIMENSION X(N), EPS(N), G(N), H(K),

XS(N) and the CALL statement for the package should be CALL FLNLP1

(N, XK, NC, X, G, H, EPS, XS). After typing the main program and subroutine

FUNCT, the user may leave the EDITOR mode by typing the commands

SAVE, filename
BYE
‘The edit file is saved and may be stored as a permanent file for future use.
3. To compile the program just written, the user should type the command
FIN, I = filename,

4. To execute the program with the package FLNLP1, the necessary commands

are
CONNECT, INPUT, OUTPUT,
XEQ.
LOAD = LGO, 2fn.T

EXECYTE

+2fn stands for logical filename and it should be the same in both the
ATTACH and LOAD commands.



5. The input data required is the same as in batch processing. However,
in the interactive mode, the user will be instructed to enter the
required data. Input format is arbitrary. Each value may be separated
by a blank, a few blanks, a comma or by typing the RETURN key. If a
line cannot accommodatc « specific input string, go to next line by
typing the LINE FEED k¢ ‘tess specified, questions are expected
to be answered by YES or NO. The user is also allowed to modify his
data after he has entered all the data.

At the end of the run, the computer will await an instrucfion

to stop execution or to rerun the program with different input data.

To use the demonstration program, the user simply types the
following commands:

ATTACH, 2fn, FLNLPID, ID = **dskxxkx

CONNECT, INPUT, OUTPUT.

XEQ, 2fn.
The main pfogram and subroutine FUNCT for a specific problem will be printed

out. The user is then asked to enter the data and the program is executed.

III. COMMENTS

The user will find much flexibility when using FLNLP1 on INTERCOM.
However, for a long subroutine FUNCT, it is advisable to store the created
program on permanent file. The user can then call back his program
subsequently as needed,

In all three options, by choosing appropriate values of IPT and
ID the user may or may not print out the input data and the intermediate
output. Execution time is usually faster if no intermediate printout is

desired. Results for some of the problems solved using this package have



been included in Appendix A and B. The example in Appendix B is that
used on the demonstration program. Appendix C shows the general structure

of the package.
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APPENDIX A

To minimize

+ 2x2 + 2x2 + x2 + 2X.X, + 2X.X

U=19-8x) - 6x, - 4xg 1 2 ¥ X3 1%2 1%3

subject to

with starting point:

x, =1,0
X, = 2,0

1.0

o]
1]

A suitable listing of the main program and subroutine FUNCT,
the input deck, a printout of the input data and some final results

(using the batch-processing option) are given in Figs. 1-3.
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1z,

ATTACHSTAPF s CLNLPT Ry IN=HSRORNL FRaMP =1,
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PLOADN(CTARE)
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'

AHO0 FNN AF RECARD
DROAGPRAM TST (TMPUT aNITPUT !‘T/\‘DF—'R‘:TMDHT, TAPEA=OLITPIIT)
NPIMEMETON X(2)aG(R)eH({TR)Y B3
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STOP
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F=Doe®X (7))

e+ (X1 +X 234X {2 )t o0V 40 (X (2 )= )+ X (2 X {2) =D gnr

Cl1y=X01)
C(2Y=X (21
Clay=Y(2)y

ClLy="g=X{11=X{7)=F
G ) ==Ra +7 ¥R 4N4E
G2 ==R e+ ¥NEE
QIR )zl o +F +F
GCL1e1 )=

G247 1Y=0,

AC(Re 110,
CC{1eD2)Y=0g
FC(2e?2)Y=1,
CC{Re2)1=0,
CO(1e2)=0
GC{?247)=0a
GC{ReR)=1,
GC{lal)==Te
CC(26liYy==16
CO{Re/1)y==D,

AL FMIMAX( 26/ 0B eF oMo nliaC e allanaTT)

RETIHIRN
SNID]
640D FND NE RECORD
1 1 )
Te" TeF+ B eF~— £
?el) e
A1 e AT e F = .

TN AR CTY

Fig. 1 Main program and subroutine FUNCT for the example of
” Appendix A,
Data for the problem is also shown.

CHIY



TNPUT 0NATA
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INTFRPMEQIATFE PRINTOUT AT CVYERPY TPT JTODATTONS i asesces TPT

STAPTING VALUF FORP YERTND X(T) eoeoosvsoesoccssesssaX( 1)

Y{ ”)

X 2)

=oS( 2)
InS( 3

FSTTMATF NF (CWCO ANINA OF FUNCTTAON T0 AF MINTMT7fFn,,EQT
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Fig. 2 Input data for the example of Appendix A.
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IFXTIT = 1§
CRITEPTON FOR APTTMUM (NHANARE INM YECTAR ¥ LT, E£PS) HAS 3FEN SATISFTON

APTIMAL SALITION TOUND PY FLETCHE® METHNN

G e A R RGP e S AR O D @R OB G5 GF D o WD a3 M D @D WD D o WH > om TR G D OF @ e WS B e

ARPTIFINTAL UNSOMSTRATNTD FUNCSYION F = «1111128 420

SR ANTUAL NRJFCTTYFE FUNCYTON 4 = 44444454+90 -
¢ 13 = e 1 TRTTTE 404 e 1) = LOTE{7{T =Y
X€ 2y = TTTITT7EHAN G{ ?2) = cARTT782F =l
X{ ) =

bbbl E 400 50 3) = .197730E-1%

INFQUALTTY CONSTRATNTS

cC 1) = «137RTTIC 401
ct 2) = J7TTT7ESRND
- c{ 3) = alifelalbhbbF+00
CC 4y = e1291337 -5

NUMARFe JF FUNCTION EVALUATTONS = 77
FIMAL YALUE NF THF PARAMETFD ALPHA = JAannjnE+ng

. TYXTATION TTME IN SECANNS = ,308

Fig. 3 Results for the example of Appendix A.
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APPENDIX B

To minimize

+ 7x

2 2 2
U= x; + x, + 2x, + x4 - le - sz - 21x3 4

2 3

subject to

- x2 - x2 - Xy - x2 - X, + +
1 5 X, - X X

E~N
o
N

2

2
1 - 2x

2 2
- X, - 2x2 - x3 4 + x1 + x4 + 10 > 0

2 2 2 :
- 2x1 - x2 - x3 - 2x1 + X, + X

+
wi
tv
(=]

with starting point:

Xy = 0.0
X, = 1.0
Xg = 0.0
Xy = 1.0

Commands to access the demonstration program, a listing of the
main program and subroutine FUNCT, instructions for entering data, a

record of the input data and the final results are given in Figs. 4-8.
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Fig, 4 Commands for accessing the demonstration program (option FLNLP1D)
for the example of Appendix B,



17.

o S S0 G A 00 00 S NI S0 G A0S N0 0 Al e 0 e 00 S A0 0
: ; LML, W

THE LISTI CIHE FATH PROGEAN ST ULBFROGEFAM FUNCT o
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THIx I%

PEHPUT s CUTFUT s TAPES=THFT s TRFES=00TRLT )
s Ueb b e EFS 0T a M US55 0
NTFLHLf1"

SR TRT

CIMES THE MUMEBER OF URRTATLES. 500 H
SOTHE GUAMTTTY M (M7
THE HUMEEF OF COMETREAIHTS

wuru FUMOT Cea Fraae Ll
T T A B P U A B 1 R N I A A P = (G A PR AP Py

E B LN )
. BRI ¢.ﬂ£4 .1.‘ dieLa.

i
THE DBJECTIVE FUMCTION WITH RESPECT TO THE UARIABLE

IHL LHH ARATHTS WITH BESFECT TO THE UARIABLE PRARANETERES

hL?iHE xHE hﬁTIFIﬁIHL UMCOHSTEATHED OBJECT IVE FUMCTION
HOTHE CRLL STATEMEMT &
THE FIEZT ARGUMEMT DEFIMEDS THE HUMEER OF UARIABLES
THE &hLUHL Ninl utFLHE: THE HUMEER OF COMSTEATHTS. SRY MO
THE THIFED OHE DEFIHES THE SURMTITY MO+l
CHLL FEIMAS D S wd-?w&nh“ntuﬂfqﬂnH«11l
“ETLIEH
EHI

Fig., 5 Main program and subroutine FUNCT for the example of Appendix B.
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FOLD WERT T HAVE R OEECORED OF SYOUR THPUT DRTAs OTHERHTSE
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ﬂ
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i MY
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Fig. 6 Instructions for entering input data for the example of Appendix B,
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Fig. 7 Input data for the example of Appendix B,
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Fig. 8 Results for the example of Appendix B.
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APPENDIX C

The general structure of the package is

MAIN
PROGRAM

v

FINAL o — FLNLP1 —2>»4  GRDCHK

!

OUTPRT S S—— FLVMM1

FUNCT e

FMIMAX

Attached is the complete FORTRAN listing of the package - option FLNLP1I,
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SURDAUTING PP MLPT (Nek aN( aXoe(3alialMPSe X))
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UM T Tiiz o TRUF o

WRITTE (~e24)
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WRITE (Ae27)
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WRITE (ARe2R)

READ (®e%) FST
WRITE (Ae20)

RPEAD (Rax) AN
WOTTE (Aef7)
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VIRTTE (Ash9)
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~nOTO O

YRTTE (As27)

DEAY [(Hex) 1IN
TN

WRITE (Ae22)

DEAN (B g} TQT
onoTN o

WRITF (Ae?29)

REATY (Hex) AN

GN TN

Wri Tk (hel7)

READ (Rex) P

ooy T
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NEAN (Rea) FDS
snoTn
WRTTE (Ae22)

AL DHA=AN
NA12 L T=T0N
XS{TYy=X{T1)
CONTTMUF

TF (TN rng™y an Tn 12

WD]Tr (A2

WRITE (Ag24) M

WRITE (£,25) MAX

WETTF (AsR6) 1PT

Wl TF (As”7)

WRTTE {(£92R) {(TeX(T)seT=19N)
WRTTE (Ae20)

WorTre (aeny (TarnT(7)aT=1ah)
WeYTE a1y FAT

WRTTE (Aen2) AD

WERITE (Aen0) P

WRTTF (ARaR0) FPRSC

=0

CALY GRACHKE (MaX ™)

e (]F)Tsﬁr?er\" oo TO Y4
BIDTTE (Aef)

WRTTE (Aehil]

WRT TS (Ashus)

A ()

NF =1

CALL SEFCOND (T

M=ty

AL L VM (Mol gX ol aratde! IMTTIIaE ST oarPSgMaXarDT)
1C=1
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TE (TAerMNe e™P X {TeMNeR) GO TN 14
ALPHA=A] PHA® 1O, 0

~ T 15
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82
TEF (ANG,FNgNY
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T 18
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G0 To
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