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A SPECIAL PROGRAM FOR LEAST pTH APPROXIMATION INCLUDING

INTERPOLATION

PURPOSE : Minimization of a least pth objective function of k
variables using gradient methods. Interpolation brings
the discrete problem closer to the continuous minimax

approximation problem.
LANGUAGE : FORTRAN IV; 1023 cards, including comments.

AUTHORS : J.R. Popovic and J.W. Bandler
Department of Electrical Engineering,
McMaster University,
1280 Main St. W.,
Hamilton, Ontario, Canada. L8S 4L7
AVAILABILITY: A user's manual with an example ‘and program listing is

appended.

DESCRIPTION: The program,called FMCLP, can be used for fitting a con-
tinuous approximating function to another single
specified function or data én a closed interval and thus
is relevant in optimization used in computer-aided circuit
and system design, and modelling [1].

FMCLP utilizes the practical least pth approximation

approach with extremely large values of p proposed by

This work was presented at the 16th Midwest Symp. on Circuit Theory,
Waterloo, Canada, April 12-13, 1973,



Bandler and Charalambous [2] in conjunction with efficient gradient mini-
mization algorithms such as Fletcher-Powell [3] and the Fletcher method [4].
Discrete least pth approiimation with p=2 is the well known discrete least
squares approximation and with extremely large values of p the correspond-
ing optimal approkimations tend to become discrete minimax (or Chebyshev)
approximations. Proper scaling is used to alleviate the ill-conditioning
resulting from very large values of p, such as 106. Quadratic interpolation
is employed to bring the discrete problem closer to the continuous minimax
approximation problem. Using quadratic interpolation the sampling for the
oEjective function takes fewer points.

The user has to write the subprograms by which the weighting function,
specified function, approximating function and its derivatives with respect
to the parameters are explicitly available. The information about the
number of sample points forming the discrete point set, the starting point
for the design parameters and the values of p should be supplied as data.
Also the choice about quadratic interpolation, which optimization method is
to be used, checking the gradients, the stopping criteria and the form of
the results may be made. The optimal point, the value of the objective
function, the weighted errors and execution time are printed out, and the
intermediate results in the optimization procedure if desired.

There is no restriction on the number of design parameters and the sample

points.



A recent publication‘[s] contains the background theory for the
optimization algorithm, detailed organization of the program FMCLP and
instructions on how to use it. This includes a block diagram of the
package and a description of the algorithm for quadratic interpolation
with a flowchart of the corresponding subroutine. The examples which
demonstrate FMCLP were taken in numerical analysis and system modelling.
Document NAPS ----- contains a complete listing and detailed user's
manual for the given package fully illustrated with an example.

A few seconds of CDC 6400 computer time and a core requirement of

abount 14 K10 is sufficient to optimize a five parameter design problem.
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USER'S MANUAL FOR FMCLP

J.R., POPOVIC and J.W. BANDLER
Department of Electrical Engineering
McMaster University
Hamilton, Ontario, Canada

Purpose To minimize the objective function of k variables a
N
defined as a discrete least pth objective with a single

specification using gradient methods.

How to use Set the input deck as follows:

” DATA DECK
" FMCLP PACKAGE 5

K(FEBNCTION W 4

(" FUNCTION S 3

(/,;LBROUTINE FAPP ‘ 2
/" MAIN PROGRAM ' 1

1. Main program

Write the main program as indicated below.
Dimension the following arrays
A(K), ASTRT(K), G(K), GRAD(K), Y(K), PY(K), DUM1(K), DUM2(K),

EPS(K), H(M), X(N2), ERROR(N2), IPA(ITER)



where
K is the number of variable parameters,
M = K(K+7)/2, N2 = N+2,
N is the discrete point set,
ITER is the maximum number of times the optimization method
is used.
Call the subroutine FMCLP as follows:
CALL FMCLP (A, ASTRT, G, GRAD, Y, PY, DUM1, DUM2, EPS, H,

X, ERROR, IPA)

2. Subroutine FAPP

This subroutine calculates the approximating function and its
gradients with respect to variable vector a.

Write subroutine FAPP as follows:

SUBROUTINE FAPP (X, K, A, APP, GRAD, INDIC)

DIMENSION A(1), GRAD(1)
where X, K, A and INDIC are input and APP and GRAD are output variables.

Compute the value of the approximating function APP 4 F(A,X)

4 T p FF(AX) Y
where A=A Ay ... A and its gradients GRAD(i) = _~§K;~— ,
i=1, 2, ..., K. The value of APP is already available at the time

when the gradients are to be calculated,

INDIC may have walues 1 or 2 and indicates whether the
approximating function or its gradients should be calculated,

respectively.



3. Function S

Function S is a subprogram of a single input variable X and

defines a specified function

S = S(X).

4. Function W

Function W is also a subprogram of a single input variable X

and defines a weighting function

W= w(X).

5. FMCLP package

A listing is appended to this manual.

6. Data deck

Parameters to be supplied as data are defined below:

N The number of sample points forming the discrete
point set.
XA, XB The left and the right end points of the interval

of the independent parameter.
NSUB ‘ The number of subintervals over [XA, XB].
IREAD Integer which denotes whether or not the
discrete set of points in [XA, XB] will be read.
If IREAD=0 the discrete point set
will be arranged equidistantly over
the interval;
If IREAD=1 the discrete point set

will be read from data.



X(1), I=1, N

ASTRT(I), I=1, K

IGRDCH

MET

MAX

ITER

IPA(I), I=1, ITER

10PT

IPRINT

IDATA

The discrete point set over the interval.
The number of the independent variable
parameters 2.
Starting values for the K variable parameters.
Gradients to be checked if IGRDCH=1; it should
be set to 0 if gradients are not to be checked.
Optimization method to be called:
if MET=1 Fletcher method will be
called;
if MET=2 Fletcher-Powell method
will be called.
Maximum number of permissible iterations.
Has already been defined in the main program
as a length of the working array.
Vector containing the values of p for different
least pth objectives.
Denotes how many times the optimization is
repeated with different starting points and/or
different optimization techniques.
Intermediate output is printed out every IPRINT
iterations it should be set to 0 if no inter-
mediate output is desired.
Input data is printed out if IDATA=1; it
should be set to 0 if input data is not to be

printed out.



EST Minimum estimated value of the objective function.

EPS(1), I=1, K Small test quantities used by the Fletcher method.

EPS1 Small test quantity used by the Fletcher-Powell
method.
DIF Small test quantity used by the subroutine FMCLP.

Setting up the data deck is illustrated in Table 1.

Recommended values for some of the parameters

NSUB = 5

MAX = 100

EPS(I), I=1, K, each 10°°

DIF = 107%

EST A lower bound of the minimum of the objective function may be
obtained from physical reasons. If the true minimum is not

known, choose EST to be small enough (negative values are

allowed). For approximation problems 0 is convenient.

Comments

Low values of p, e.g., 2, intermediately large values of p,
e.g., 10 to 1,000, as well as extremely large values of p, e.g.,
1,000,000 are optional to the user depending on how close to a
minimax (Chebyshev, equal-ripple) solution he wants to come. Low
values of p will generally allow quicker optimization to nonequal
ripple solutions. Large values of p may slow down optimization

but better near equal ripple solutions will be obtained.
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Recommendation: start with 2, increase to 10 then to 100, etc.,

as needed. Optimization for a larger value starts automatically at
the optimum of the previous optimization unless otherwise

specified. If a continuous minimax solution is desired, the values
of p should be kept constant until the factor q. i., which indicates
the number of quadratic interpolations, becomes zero.

The program terminates when stopping criteria for the Fletcher-
Powell or Fletcher method are satisfied or when the relative change
in the objective function in two successive iterations is less than
a small prescribed quantity. If the gradients of the approximating
function are not supplied correctly, the program will terminate and
print out the appropriate message. Also, suitable diagnostic
messages are printed out whenever there is any unusual exit.

The package FMCLP requires the CDC system routine SECOND
which keeps track of elapsed time. For a different system the cards
A90, A102 Al10, A122, F16, F55, G21, G25 and G53 should be replaced
by cards appropriate to the system or removed together with cards

Al04, Al24, F56, G26 and G54.

Input-output Example

An example which shows how to set out the user's written
subprograms and data deck is shown in Fig. 1. It corresponds to
Example 2 in the paper [5]. Both optimization methods, Fletcher-Powell
and Fletcher, are called.

Typical output of FMCLP for the example when p=2 and

the Fletcher method is employed is shown in Fig. 2.
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10.

INITIAL SET OF INDEPENDENT VARIABLE ERRORS
1 0. 1.000000000000E+00
2 2.222222222222E-01 1.421688375175E+00
3 bollbbblblhbhabllyyEm(1 1.806537077854E+00
& beb666GEEABARTE=0] 2.169956263277E+00
S 8.888888888889E-01 5.531190885386E+00
6 1.111111111111E+00 2.914274987394E+00
7 1.333333333333E+00 3.349223450239E400
8 1.555555555556E+00 3.873520328773E+00
9 1.7777777777785+00 4.533377541282E+00
10 2.000000000000F+00 5.383056098931E+00
ABSOLUTE VALUE
OF MAXIMUM ERROR
5.389056098931€¢00
GRADIENTS CHEGKING
GRADIENTS HAVF BEEN CHECKED AT THE FOLLOWING POINT
AC 1= 1.000000060E+00
A{ 2)= 1.00000000E+00
ANALYTICAL GRADIENTS NUMERICAL GRADIENTS PERGENTAGE ERROR
3, 70668618E+00 3,70668784EF 400 4047540722205 o
1 21495 o4 LE+01 1.21496381FE+01 1:12618381¢

GRADIENTS ARE 0. K.

NPUT DATA

‘OLLOWING METHODS HWAVE REEN CALLED

'LETCHER METHOD

IUMBER OF INDEPENDENT VARIABLEScsessescscocosovcccssssccnsensonagseN= 2
AXTIMUM NUMBER OF ALLOWABLE ITERATIONSesecscsoccsccscosccosscosss e MAXE 50
NTERMEDTATE OQUTPUT TO BE PRINTED EVERY IPRINT YTERATIONSesseesIPRINTZ |

TARTING VALUE FOR VECTOR A(])occesssocososessscscnsscosessee ASTRT( 1)=1.,00000000F+00
ASTRT( 2)=1.00000000F%00

EST QUANTITIES TO BE USED IN FLETCHER METHODosocesscceascosoeeEPS( 1)=1.00000000F=06
EPS( 2)=1.00000000F=06

STIMATE OF _LOWER BOUND ON FUNCTION TO BE MINIMIZEDosseosooonoooecEST=0,

Fig. 2
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ITE
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2 (continued)
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1CRITERION FOR OPTIMUM HAS BEEN SATISFIED

TEXIT

11,




12.
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ERRORS
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1.26146669E+00
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LISTING OF FMCLP
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~

SUBROUTINE FMCLP (AsXSTRTsGsGRADsY sPYsDUM1sDUM2sEPSsHsXsERRORs IPA)

SUBROUTINE WHICH COORDINATES THE OTHER
SUBROUTINES IN THE PACKAGE FMCLP

EXTERNAL FUNCT
EXTERNAL SoW

DIMENSTON A(1)s XSTRT(1)s G(1)s Y(1)s PY(1)s DUMI(1)>

1{1%s H(1)s GRAD(1)s X(1)s ERROR(1)s IPA(1)
COMMON T1eKOsNFE

LOGICAL CONVSUNITH
FRRIZ1=WFRR(ZsSsWsAsGRAD)
UNL1TH=TRUE

Ti1=0,

PeAD (5942) N1sNsNPODsIRFADsIOPTs ITERs IGRDCH
READ (6s44) XAsXB

KAR=XRB-=XA

ND=N+1

IF {IREAD«EQeO) IRFAD=2

GO T (3s1)e IREAD

X{2)=XA

K=N=1

DELTA=XAB/K

DO 2 I=14K

X(142)=XA+I*DELTA

CONTINUE

X{N+1)=XB

GO TO 4

READ (85s44) (X(1)s1=2sNP)
WRITE (6+52)

READ (5s44) ESTeDIF

READ (5944) (XSTRT(T1)sel=1eN1)
DO 5 I=1eN1

AlLTY=XSTRTI(1)

CONTINUE

DO 6 1=2sNP

il=1-1

ERROR({TI=ERRIX(T1})

WRITE (6953) TTeX({T)sERRORI(I)
CONTINUE

I+ (NPOD.LEe1)Y GO TO 9

CALL NEWSET (XAsXRsNPONsSsWosAsGRADsNsXsFRRORSIQT)
WRITE (6+45) 1QI

1r (1QL)Y 9997

WRITE (6+47)

PO 8 1=2sNP

1i=1-1

ERROR(TI=FERRIX(TI)

WRITE (A983) T1sX(T)sFRROR(T)
CONTINUF

FRROR(1)1=FRROR(2)

PO 10 I=34NP
ERROR(11=AMAX1(FRROR(1)+ERROR(T))
CONT INUE

WRITE (6950

WRITE (6¢51)

WRITE {(6+49) FRRORI(1)

DATA FOR THE OPTIMALITY

DUM2 (1),

EPS
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11
192

13

14

18

14

21

27

03

24

Px
oA

FORP THE NPTIMIZATION METHOD USFD

N 41 v=1,10PT
-

IF (K=1) 12412611

RPEAN (5944) (XSTRT(T)sI=19sN1)

RFAD (Re42) MFToMAXsTIPRINTSIDATA

IF (MFTeFQel) RFAD (5s44) (FPS(I)sI=1sN1)
IF (MFT.FEQe?) RFAD (5s44) EPS]

READ (5942) (IPA(I)sI=1sITFER)

NN 40 KK=141TFR

NPTIMIZATION

IP=1PA(KK)

IF (KKeGTel) FF=F

TF (KRGFNL,0) GN TN 13

PO 14 1=1oN1
A{TYI=XSTRT(1)

CONTINUFE

TF (IGRNCHNFel)Y GO TO 15

CALL GRDCHK (N1sA9sCGoPYsYsGRADsNsXsERRNORsIPsNUMYT)

IF (KRFN.0) GN TO 16
IF (IDATAFNLC) GO TO 16
M=2

CALL TNPUT (MFToaMyMAXsNT s IPRINT s IDATASFPSTsFSTeFPSeXSTRT)

IF (MFTWFN.0) MFT=4
INDEX=0

GN TN (17+722523429), MFT
CONTINIIF

CALL SFCOND (T1)

IF (IPRINT.FN.0) GO TO 18
CALL WRITF1 (1)

IF (KR NF,0) GO TO 20

PO 19 I=1,N1
ACT)Y=DPUMI(T)

CANTTAUF

CALIL FMNFC (N1sAsFoRsHsUNTTHIFSTsFPSsMAXs TPRINTSTFXTTeRRANsNeXsFRR

1NRLIP)

DO 21 T1=1sN1
DUMI(T)Y=A(T)

CONTINUE

CALL SFCOND (T2)

CALL FTNAL (AsF¢NT1sMFT)
T=T2-T1

ITF (T1eFNe0eY GO TO 22
WRITF (As43) T
CONTINUF

Gn Tn 29

CONTINUF

CALL SFCOND (T1)

IF (TPRINTFQeD)Y GO TO 24
CALL WRITFY (2)

IF (KR.MNF.0) GN TO 26
DA 25 T=1eN1
AlLTI=DUM2(T1)

CONT ITNUF

CALL FMFPC (FUNCTsN1sAsFsGeFSTsFPSTsMAXsIERIHs IPRINT sGRAD SN sX s FRRO

TRsIP)

-
(%]

]>)>>I>J>}>)>)>)>)>}>)>)>I>I>1>)>)>I>)>)>>]>D)>J>]>)>J>I>)>]>l>1’>DX))>I>)>]>)>]>)>1>]>}>)>'J>_J>)>)>)>)>l>]>]>]>)>)>

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
R3
24
Qs
86
87
88
89
Q0
91
92
93
94
95
96
Q7
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118



27

28
29

30

ER
3?2

23

34

25

26
27

38

29

40
41

472
473
44
45
46
47
48
49
=0

DO 27 1
DUM2 (1)

=1 N1
=A(1)

CONTINUE
CALL SECOND (T2)
CALL FINAL (AsFsN1sMET)

T=T2-T1

IF (T1.EQeOe) GO TO 28
WRITE (6+43) T
CONTINUE

INDEX=TINDEX+1

IF (MeFQel) GO TO 30
GO TO 32

DO 31 I

=]1sN1

ALT)=XSTRT(1)
CONTINUE
CONTINUE

KR=0

WRITF (6s46) IP
WRITE (6+48)

DO 34 1
I1=1-1

=2 s NP

WRITE (6+53) TT1¢X(I)eERRORI(I)

CONTINUE

IF (NPOD.LEs«1)Y GO TO 37

CALL NEWSFEFT (XAsXBsNPODsSsWsAsGRADSNsXsERRORSIQI)

WRITF (&6s45) 101

IF (1Q1

) 37937935

WRITF (6s47)

DO 36 1
II1=1-1
ERROR (1

=2 s NP

J=FRR{X(T1))

WRITE (6953) ITsX{I)sERRORI(T)
CONTINUF

FRROR (1
DO 38 1
FRROR (1

y=FRROR(2)

=3 g NP

)=AMAX1 (FRROR(1)sFRROR(TI))

CONTINUE

WRITE (6450)

WRITF (6951)

WRITF (6s49) FRRORI(1)

IGRDCH=

IGRDCH+2

IF (KK=1) 40540539
FTST=ARS{(FF=F)}/FF)
IF (FTSToLTeDIFY GO TO 41

CONTINUE

CONTINUF

RFTURN

FORMAT (81109

FORMAT (1HOs//?725Xe26HFXFCUTION TIMF IN SECONDS sF1065)
FORMAT (5E16.8)

FORMAT (1H1914Xs15HNUMBER OF Qele=s13)

FORMAT (1H1s13Xs4HP =917)

FORMAT (/8Xs31HNEW SET OF INDEPENDENT VARIARLEs15Xs6HERRORS/)
FORMAT (/13X s20HINDEPENDFENT VARIARLEs21Xs6HFRRORS/)
FORMAT (13XsF204.17)

FORMAT (//15Xs14HARSOLUTF VALUF)
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51 FORMAT (15Xs16HOF MAXIMUM FRROR/)

52 FORMAT (1H1s8Xs35HINITIAL SET OF INDEPENDENT VARIABLE s9Xs6HERRORS/
1)

53 FORMAT (1991XsF23412910X5E23.12)
END

© e ©© © 0000 000000000000 00 00 00086006600 0C0 6000000609000 00 0606060006090 0°00e0690e

FUNCTION WERR (Z+SsWsBsGRAD)

FUNCTION SUBPROGRAM WHICH CALCULATES
WETIGHTED FRROR FUNCTION

NN N

EXTERNAL SoW

DIMENSION B(1)s GRADI(1)

CALL FAPP (ZsN1sBsAPPsGRADs1)
WERR=(APP=-S(Z))*W(Z)

RETURN

END

©© 96600000006 000600006000C00O605 0000000500060 090600e060060600060006000060600600e6000

SUBROUTINE NEWSET (XAsXBsNPODsSsWsBsGRADsNsXsERRORsIQI)

SURROUTINF WHICH CALCULATFES THF NFEW SFT OF THF TNDFPFNNDFNT
VARIABLES WHICH INCLUDE ALL THE EXTREMA OF THE WEIGHTED
FRROR FUNCTION

NN DY N

EXTERNAL SsW

DIMENSION B(1)s GRAD(1)s X(1)s ERRORI(1)

FRRIZ)=WFRRI(ZsSsWsBsGRAD)

FPSN(Z)=ARS(WFRR(ZsSsWsBsGRAN))

IER=0

NN=N+1

NNN=N+2

X{1)=XA

X {NNN) =XR

11=2

10=1

IND=1

101=0

DO 29 1=1sNN

IF (X{1)=X{T1+41)) 1529s29
1 IMIN=X{TI+1)

ZMAX=X(1)

1Q=1ND

IND=1

Z=7MAX

FMAX=FPSNI(7)}

EMIN=FPSN{ZMIN)

DELTA=(ZMIN=-ZMAX)Y/NPOD

NPODI1=NPOD+1

MM=1

> > >D>
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1?2

13
14
18
14

17
18
19

21
22

23
24

25
26
27
78
79

30

31

MIN=NPOD1

DO 7 K=1sNPOD
ETRFN=EPSNI(Z)

IF (ETREN-EMAX) 6+6+2
EMAX=ETREN

MM =K

IMAX=Z
ZTEST1=ZMAX+DELTA
FTFEFST1=FPSN(ZTEST1)

IF (FMAX-ETEST1) 6s693
ZTEST2=ZMAX=DFLTA

IF (XA={ZMAX-DELTA)) 4s&4s6
ETEST2=FPSNI(ZTFST2)

IF (FMAX-FTEST2) 63645
IND=2

GO TO 8

2=72+DELTA

CONTINUE

IF {(XA-(ZMAX=DELTA}) 999413
IF (MM=NPOD) 10410413

GO TO (13s11)s IND
Q1=FPSN(ZMAX-DELTA)
Q2=EPSN(ZMAX+DELTA)
RA=({EMAX%#2.~Q1-Q2)%2

IF (RA) 129173517
ZMAX=ZMAX+(Q2=NQ1)*DELTA/RA
I0I=101+1

IMIN=ZTESTI1

IF (I-1) 1414517

IF (ZMAX~-ZMIN) 15929929
GO TO (29s16%)9s IND
X{1)=2ZMAX

XKP=X(2)

X(2)y=ZMIN

GO TO 29

IF (X{(1-1Y-ZMAX) 18s21s21
IF (ZMAX-ZMIN) 19+21s21
GO TO (23520)s IND
X{Ty=ZMAX

IF (X({1)Y=ZMIN} 22+75925
XKP=X(1+1)

X{1+1)Y=ZMIN

GO TO 25

GO TO (25+24)s 1IQ
X{T1)y=XKP

1F (T—-NNY 2992629

1 (X1 )1=X{TI41Y) 27220420

IF (FRPSN{XTTHY)=FPSNIX{T+1) )
11=171-1

CONTINUE

IF (EPSNIX{Z))=-FPSN(X{1))) 30s31,31

11=11-3%

1F (11~2) 32+50432

20420429
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32
23
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48
46
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48

49
50

AN ANN

IF (1142) 42933442

JJI=NN/2+]

IF (N=2) 394+39,3¢4

IF (EPSN(X(JJ=1))-EPSN(X(JJ+1))) 35936436
JJ=JJ-1

GO TO 37

JJ=JJ+1

IF (FPSN(X(JJ=1))=FPSN(X(JJ+1))) 38939539
JJi=JJ-1

DO 40 K=2sJJ

I=JJ+2-=K

X(1)=X(1-1)

CONTINUE

JJJ=JJ+1

DO 41 K=JJJsNN

T=K+1

X(I=-1)=X(1)

CONTINUE

IF (11=1) 46443446
IF (FPSN(XINNN))=FPSN(X(2))) 50544544

DO 45 T=2sNN

XC1)y=X(1I+1)

CONTINUE

IF (11+1) 50547450

IF (FPSN(X(1))=FPSN(X(NN))) 5095048

DO 49 K=2sNN
I=NN+2~K
X(I)=X{(1-1)
CONTINUE
CONTINUE
RETURN

END

SUBROUTINF FUNCT (N12RsORJsGIGRANSNsXsFRRORsIP)

SURROUTINF WHICH SELECTS THE MAXIMUM ERROR
AND COMPUTES THE OBRJECTIVE FUNCTION AND ITS
GRADIENTS WeReT. THE VARIABLF PARAMETERS

IN THE LFAST P-TH SENSE

EXTERNAL SoW

DIMENSION B(1)s G(1)s GRAD(1)s X(1)s ERRORI(1)

FRRIZ)=WFRR(ZsSsWsRsGRAD)
OBJP=O¢

GRADP=0,

PO 1 K=1sN1

G(K)=0,

CONTINUE

NN=N+1

ERROR(1)=0,

DO 2 I=2,NN
FRROR(I)Y=ERRI(X(I})
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CONTINUF

DO 4 I=2sNN

IF (ARS(FRROR(I))I=FERRNR(1)) 43453
ERROR(1)=ABS(ERROR(1))
CONTINUE

DO 6 T=2sNN

Z=X(1)
DEC=ERROR(I)/ERROR(1)
DEL=ABS(DEC)

OBJI=DEL®*IP
GRADI=DEL®#*(IP-2)%#DEC
ORJP=0RJP+0OBJII

CALL FAPP (ZsN1sBsAPPsGRADs2)
DO 5 K=1sN1
GRAD(K)=GRADI#W(Z)*GRAD(K)
G{K)=G(K)+GRAD(K)

CONTINUE

CONTINUF

PR=1./1P
ORJ=ERROR(1)*(OBJP#%#PR)
GRP=0BJP#%# (PR=1,)

DO 7 K=1sN1

G(K)=GRP*G(K)

CONTINUE

RETURN

END

D050 668 e RPTO P00 0EILOT000E 0060000000000 0 0000000000000 0Ee 0000 0006060 @

SURROUT INF GRNCHK (NsAsGsPYsYsGRADsNPsXPsFRPORs IPsNUMT )

SURROUTINF WHICH CHECKS THE GRADIENTS
WeReTe ALL VARIABLE PARAMETERS

DIMENSION A(1)s G(1)s PY(1)s Y(1)s GRAD(1)s XP(1)s ERROR(1)s DUM1(
11)

CALL FUNCT (NsAsFsGsGRADsNPsXPsERRORsIP)

PO 3 I=1sN

TF (ABS(A(I))eLToleF=16) GO TO 1
DELX=1.F=4%A (1)

GO TO 2

DELX=1eF~20

ACT)=A(1)+DFLX

CALL FUNCT (NsAsFNEWsPYsGRADsNPsXPsERRORIP)
Y(I)=(FNFW-F)/DELX

PUMI(T)=Y(T1)

ALT)=A(T)=DFLX

CONTINUF

PO 4 T=1sN

IF (ABS(Y(I))elTeleF=20) DUMI(I)=14E=20
PY(T)=ARS({Y(T)=G(1))/DUMI(T)) %1004

CONTINUE
WRITFE (6s8)
WRITE (6s9)

WRTITF (6510) (TsA(T)sI=1N)
WRITF (64119

N
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DO 5 I=1sN

WRITE (6s12) G(TI)sY(I)sPY(T)
CONTINUE

DO 6 I=15N

IF (PY(1)eGT410,) GO TO 7
CONTINUF

WRITE (6513)

RETURN

WRITF (6514)

CALL EXIT

FORMAT (1H1)

FORMAT (1HOs5X9s1RHGRADIENTS CHECKINGs/s6Xs18(1H=)s//+6X9s50HGRADIEN
1TS HAVE BEEN CHECKED AT THE FOLLOWING POINT/)

FORMAT (10Xs2HA(s1292H)=9F1668)

FORMAT (///91H09s5Xs20HANALYTICAL GRADIFNTSs5Xs19HNUMERTICAL GRADIEN
175+5Xs1&6HPERCENTAGE ERRORs/)

FORMAT (1HO95X93(FE16e899X))

FORMAT (1HOs//9s6X919HGRADIENTS ARE Oe Ke)

FORMAT (1HOs//96Xs64HYOUR PROGRAM HAS BEEN TERMINATED BECAUSE GRAD
1T1ENTS ARF INCORRECTs/6X9s21HPLEASE CHECK IT AGAIN)

END

© 0 2 @09 0000006 000600060060 000H0D000 0000000 0000000000060000000060690°50000060

SUBRNUTINF FMNFC (NeXsFoeGosHsUNITHsFFSTsEPSsMAXFNSsTPRINTSTFXITHGRAD
19NPsXPsFRROR s IP)

PURPOSF
TO FIND A LOCAL MINIMUM OF A FUNCTION OF SEVERAL VARIABLES
ASSUMING THAT 1TS GRADIFNTS CAN BFE CALCULATFED EXPLICITLY
RY THE METHOD OF FLETCHER

THE METHOD IS DESCRIBED IN THE FOLLOWING ARTICLE
Re FLETCHERs A NEW APPROACH TO VARIABLE METRIC ALGORITHMS,
COMP, JOURNAL»s> VOLo13s 1970s PPe317-322.

NDIMENSTON X(1)s Gl1ys H{1)s FPS(1)s GRAD(1)s XP(1)s FRROR(1)
LOGICAL CONVSUNITH

COMMON T1sKOsNFNS

CALL SFCOND (T13)

K0=0

CALL FUNCT (NosXsFsGsGRADsSNPsXPsFRRORSIP)
IF (FoeLTFEST) GO TO 213

NFNS=1

1TN=0

STEP=1,

IDX=N

IDG=N+N

ITH=IDG+N

IF {oNOTLUNITH)Y GO To 2

1J=1TH+1

DO 1 I=1sN

DO 1 J=1IseN

H(IJ)=O.

N
b

mmmMmmmmmmmMmMmmMmMmMmMMmMmMmMMmMMMMMMmMmMmM

Lttt g 4 o T ¢ T Tt Tt e T W+ e M T+ T o M T T s e Tl ¢

28
29
30
31
32
33
34
25
36
37
38
39
40
41
42
43
44

46
47
48
49
50-

O N NP WN



10

TJ=1J+1

CONV=.TRUF.

GDX=0,

DO 6 I=1sN

Z=O-

TJ=TH+I

IF (1eFEQal) GO TO 4
Ii=1-1

DG 2 J=1.11
Z2=2-H{TUY%GLY)
TJ=TJ+N~J

CONTINUF

DO 5 J=IsN
Z=2-H{TJY*G(J)
TJ=1J+1

CONTINUE

TF {(ARS{Z)YGTLFPS(TY) CONV=.FALSF,
HIETDX+1)=Z
GDX=0GNX4+G(T)*Z
CONTINUE

IF (IPRINT.EQ.O0)Y GO TO 7

IF (MOD{ITNsIPRINT)NFE.O) GO TO 7
CALL SECOND (T4

TIMF=T4-T72

CALL WRITED? (XsNsGsFsNFNSsTITNsTIMF)
TEXIT=1

IF (CONVY GO TO 24

TEXIT=>

IF (GDXeGE.QOe) GO TO 24

Z=1s

IF (TTNLTeNaANDJUNTITHY Z=STEP
W=D # {FEST=FYy/aDX

TF (WellToZ2) Z=W

STeEp=Z

GDX=GDX*Z

DO @ I=1eN

HUIDX+T ) =HIIDX+1)%#Z

XTI =X{TIY+H{IDX+T)

CONTINUF

CALL FUNCT (NeXsFPsHsGRADsSNPsXPsFRRORSIP)
IF (FPLTLFFSTY GO TO 273
NFNS=NFNS+1

IEXIT=13

IF {ITNeFQ«MAXFN) GO TO 24
Gpr:Oo

DO 10 T=16N

HIIDG+T ) =H{TY~GI(I)
GPDX=GPDX+H{T)#H{IDX+1)

CONTITNUF

DENX=GPDX-GDX

IF {(FeGToFP~,0001%GNX)Y GO TO 1?2
IEXTIT=4

IF (GPDXelTo0s e ANDeITNGT«N) GO TO 24
=3 % (F~FPJ+GPDX+GDX
W=SOQRT{1~GDX/Z*GPDX/ZY¥ABS(Z)
2=1e~(GPDX4W=Z)/(DEDX+7 s %#W)

IF (ZQLTcoal) Z=001

[
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DO 11 I=1sN

X)) =X(1)=HIDX+T1)
CONTINUE

GO TC 14

F=FP

DO 13 T=14N

GII)=H(I)

CONTINUF

IF (NDANX,GT,0,) GO TO 15
GDX=GPDX

Z=4o

STEP=Z%#STEP

GO To 8

DGHDGzOo

DO 19 I=1sN

Z=0,

TJ=TH+1

IF (TeEQel) GO TO 17
I1=1-1

DO 16 J=1,11
Z=Z+H(TUY*H(IDG+J)
1J=TJ+N=]

CONTINUE

DO 18 J=1sN
Z=Z+H(TJ)%*H{TIDG+ )
1J=1J+1

CONTINUE
DGHDG=DGHDG+Z*¥H( IDG+1)
H{I)=2Z

CONTINUE

IF (DGHDGeLTe0s0) DGHDG=DGDX*#0,01
IF (DGDXeLTeDGHDG) GO TO 21
W=1,0+NDGHDG/NGDX

DO 20 1=1sN

HUIDX+T)=W*H (IDX+T)=H(T)
CONTINUF
DGDX=DGDX+DGHDG
DGHDG=DGDX

1J=1H

DO 22 1=1sN
W=H(IDX+1)/DGDX
Z=H(1)/DGHDG

DO 22 J=T1sN

1J=1J+1

HITJ) =HITJ)+WHHIDX+J)=Z%H( J)
TTN=TTN+1

GO T0O 2

IFXIT=5

IF (1EXITeEQel) KO=1

IF (IPRINT.EQNeO) RETURN
GO TO (253269277265 28)s TEXIT
WRITF (6+30) IFXIT

GO TO 29
WRITE (6s31) IFXIT
GO TO 29
WRITE (6s32) IFXIT
GO To 29

WRITE (6s33) IEXIT
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CONTINUF
RFTURN

FORMAT (/s1HOs6HIEXIT=312340HCRITERION FOR OPTIMUM HAS BEEN SATISF
1TEDY

FORMAT (/s1HOs6HIEXIT=s12943HEITHER OF THE FOLLOWING THINGS HAS HA
1PPENED /99X s26H1e EPS CHOSEN IS TOO SMALLs/s9Xs28H2e GRADIENTS ARE
INNT CORRFCTs/3s9Xs25H3, MATRIX H GOFS STNGULAR)

FORMAT (/31HOs6HIFXTT=912s55HMAXTMUM NUMRER OF ALLOWARLF TTFRATION
1 HAS BFEN EXCEFEDED) ,

FARMAT (/s1HAsBHIFXIT=312960HFUNCTION VALUE LESS THAN MINIMUM ESTI
1MATED HAS BEEN DETECTED)

END

.ODU@Q.Q..O...II...Q..‘.....‘.............C.....'...............‘.

SURROUTINE FMEPC (FUNCTsNsXsFsGsFSTsFEPSsLIMTTsTFRsHs TPRINTsGRANINP
1sXPsFRROR S IP)

PURPOSE
TO FIND A LOCAL MINIMUM OF A FUNCTION OF SEVERAL VARIABLES
ASSUMING THAT 1TS GRADIENTS CAN BE CALCULATED EXPLICITLY
BY THE METHOD OF FLETCHER AND POWELL

THE METHOD 1S DESCRIBED IN THE FOLLOWING ARTICLF

Re FLETCHER AND MeJeDe POWELLSs A RAPIDLY CONVERGENT
DESCENT METHOD FOR MINIMIZATIONs COMP, JOURNALS
VOLe«bs 19639 PP.163-168,

COMMON T1sKO s NUMF

DIMENSIONED DUMMY VARTABLES
DIMFNSTON H{1)s X({1)s G(1)s GRAD(1)s XP(1)s ERROR(1)

COMPUTE FUNCTION VALUE AND GRADIENT VECTOR FOR INITIAL ARGUMENT
K0=0
CALL SECOND (T13)
CALL FURNCT (NeXsFsGsGRADsNPsXPsFRRORsIP)
kOUNT =0
NUMF=1
CALL SFCOND (T4
TIME=T4~T3
IF (IPRINTEQeOy GO TO 1
CALL WRITE? (XeNeGsFsNUMF sKOUNT s TIME)
CONTINUE

RESFT TTERATION COUNTFR AND GFNFRATF IDFNTITY MATRIX
IFR=0
KK =0
N2=N+N
N3=N2+N
N31=N3+1
K=N31
DO & J=1sN
HIK) =1
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NJ=N-J

IF (NJ) 69653
DO 4 L=1sNJ
KL=K+L
H(KL)zOo
CONTINUF
K=KL+1
CONTINUE

START ITERATION LOOP
IF (KOUNT.EQ.0) GO TO 7
IF (KKeNEGSIPRINT) GO TO 7
KK=0
CALL SECOND (T4)
TIMF=T4-T3
CALL WRITE? (XsNsGesFsNUMF sKOUNT s TIME)
CONTINUE
KOUNT=KOUNT+1
KK=KK+1

SAVE FUNCTION VALUEs ARGUMENT VECTOR AND GRADIENT VECTOR
OLDF=F
DO 11 J=1sN
K=N+J
HIK)Y=G(J)
K=K+N
HIK)Y=X{J)

DETERMINE DIRECTION VFCTOR H
K=J+N3
T=Oo
DO 10 L=1sN
T=T=G(L)*H(K)
IF (L-J) 89959
K=K+N-L
GO TO 10
K=K+1
CONTINUE
HiJY=T
CONTINUF

CHECK WHETHER FUNCTION WILL DECREASE STEPPING ALONG He
DY=Oo
HNRM=OQ
GNRM=0,

CALCULATE DIRECTIONAL DFRIVATIVE AND TESTVALUES FOR DIRECTION
VECTOR H AND GRADIENT VECTOR Ge

DO 12 J=1sN

HNRM=HNRM+ABS (H({J))

GNRM=GNRM+ABS(G(J))

DY=DY+H(J) %G (J)

CONT INUE

REPFAT SFARCH IN DIRFCTION OF STFEPEST DFSCFNT IF DIRFCTIONAL

DERIVATIVE APPFARS TO BE POSITIVE OR ZERO.
IF (DY) 13+57+57

REPEAT SFEARCH IN DIRECTION OF STEEPEST DFSCENT IF DIRECTION

DOODDOODDNOONDDDOOOODDNOOONOOOOONOOODDOOOOONDND aloNaRaoNaNaRaNaNANaNaNANaNA]

N
(74}
°

40
41
42
43
44
45
46
47
48
49
50
51
52

53
54

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
26
87
88
89
90
91
92
93
Q4
o5
96
97
98



NTYTY YN

o

VECTOR H 1S SMALL COMPARED TO GRADIENT VFCTOR Ge
T (HNRM/GNRM=FPS) 57557514

SEARCH MINTMUM ALONG DIRECTION H

SEARCH ALONG H FOR POSITIVE DIRECTIONAL DERIVATIVE
FY=F
ALFA=7? ¢ # (EST=F) /DY
AMBDA=1,

USE FSTIMATF FOR STFPSIZF ONLY IF IT IS POSITIVF AND LFSS THAN

le OTHFRWISE TAKE 1. AS STEPSIZE
IF (ALFAY 1717515
1IF (ALFA-AMBDA) 16517517
AMBDA=ALFA
ALFA=0,

SAVE FUNCTION AND DERIVATIVE VALUES FOR OLD ARGUMENT
FX=FY
DX=DY

STEP ARGUMENT ALONG H
DO 19 I=15sN
X(I)=X({T)+AMBDA®H(TI)
CONTINUE

COMPUTE FUNCTION VALUE AND GRADIENT FOR NEW ARGUMENT
CALL FUNCT (NsXsFsGsGRADSNPsXPsERRORSIP)

NUMF = NUMF +1
FY=F

COMPUTE DIRECTIONAL DERIVATIVE DY FOR NEW ARGUMENT. TERMINATE
SEARCHs IF DY IS POSITIVE. IF DY IS ZERO THE MINIMUM IS FOUND

DY=Oo

DO 20 T=1sN
DY=DY+G{T)1*H(T)
CONTITNUF

IF (DY) 2141524

TERMINATE SEARCH ALSO IF THE FUNCTION VALUE INDICATES THAT
A MINIMUM HAS BFFN PASSED
IF (FY-FX) 22¢24524

RFPEAT SFARCH AND DOURLF STFRPSTZE FOR FURTHFR SFARCHES
AMBDA=AMBDA+ALFA
ALFA=AMBDA

END OF SEARCH LOOP

TFRMINATFE TF THF CHANGE IN ARGUMENT GETS VERY LARGE
IF (HNRM#AMBDA-1.F10) 18+18+23

LTNFAR SFARCH TFCHNTQUF INDTCATFS THAT NN MINTMUM FXTISTS
[FR=2
GO TO 62

INTERPOLATE CUBICALLY IN THE INTERVAL DEFINED BY THE SEARCH
ABOVE AND COMPUTE THE ARGUMENT X FOR WHICH THE INTERPOLATION
POLYNOMIAL 1S MINIMIZED

T=Oo
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IF (AMBDA) 26341426

Z=3 % (FX=FY)/AMBDA+DX+DY
ALFA=AMAXT (ARS(Z)sABS(NX) sARS(DY))
DALFA=Z/ALFA :
DALFA=DALFA¥DALFA~DX/ALFA*DY/ALFA
IF (DALFA) 57427927
W=ALFA*¥SQRT(DALFA)

ALFA=DY=DX+W4+W

IF (ALFA) 28529528
ALFA=(DY-Z+W)/ALFA

GO To 30
ALFA=(Z+DY-W)/(Z+DX+Z+DY)
ALFA=ALFA*AMBDA

DO 21 I=15sN
X{T)=X{I)+(T=ALFAY*H(T)

CONTINUE

TFRMINATFs TF THF VALUF OF THF ACTUAL FUNCTION AT X IS LFSS
THAN THE FUNCTION VALUES AT THE INTERVAL ENDSe OTHERWISF RFDUCE

THE INTERVAL BY CHOOSING ONE FND-POINT EQUAL TO X AND RFPEAT
THE INTERPOLATIONe WHICH END-POINT IS CHOOSEN DEPENDS ON THE

VALUE OF THE FUNCTION AND ITS GRADIENT AT X

NUMF =NUMF +1

CALL FUNCT (NsXsFsGsGRADsSNPsXPsFRRORsIP)

IF (F=FX) 32532433

IF (F=FY) 41+41+33
DALFA=0,

DO 34 T=1sN
DALFA=DALFA4+G(TI)*H(T1)
CONTINUE

IF (DALFA) 35938938

IF (F-FX) 37+36938

IF (DX-DALFA) 37s41+37
FX=F

DX=DALFA

T=ALFA

AMBDA=ALFA

Go To 25

IF (FY=F) 40639,40

IF (DY-DALFA) 40+s41+40
FY=F

DY=DALFA
AMBDA=AMBDA-ALFA

GO TO 24

TERMINATEs IF FUNCTION HAS NOT DECRFASED DURING LAST ITFRATION

IF (OLDF=F+EPS) 87542942

COMPUTE DIFFERENCE VECTORS OF ARGUMENT AND GRADIENT FROM

TWO CONSECUTIVE ITERATIONS
DO 43 J=1sN

K=N+J
HIKY=6(J)=H(K)
K=N+K
HIK)=X{J)=H{K)
CONTINUE

TEST LENGTH OF ARGUMENT DIFFERENCE VECTOR AND DIRECTION VECTOR
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IF AT LEAST N ITFRATIONS HAVE REEN FXECUTED. TERMINATEs IF

ROTH ARE
IFR=0
1F {(KOUNT=N
T=0.
DO 45 J=1sN
K=N+J
W=H{K)
K=K +N
T=T+ARS(HIK
CONTINUF
IF (HNRM-EP
IF (T-FPS)

TERMINAT
IF (KOUNT-L

PREPARE
ALFA=0,
Z‘-:Oo
PO 52 J=1sN
K=J+N3
W=Oo
DO 51 L=1sN
KL=N+L
W=W+H (KL Y*H
1F (L=J) 49
=K +N-L
GO TO 51
K=K+1
CONTINUE
K=N+J
KN=K+N

LFSS THAN FPS

) 47944444

1)

SY 46946947
62962947

Es IF NUMBER OF ITERATIONS WOULD EXCEED
IMIT) 485554955

UPDATING OF MATRIX H

(K
050450

Z=Z+H Ky #HKN)

ALFA=ALFA+W
HiJ)=W
CONTINUFE

REPEAT SEARCH IN DIRECTION OF STEEPEST DFSCENT IF RESULTS

ARE NOT
IF (Z%ALFAY

UPDATE M
K=N31
DO 54 L=1sN
Ki=N2+L
DO 54 J=L N
NJ=NZ+J
HI{K)=H{K)Y+H
K=K+1
Go To 6

FND OF T

MO CONVE
TER=1
TF (KKeNEeT
CALL WRITE?
CONTINUE
GO TO 62

#H(K)

SATISFACTORY
5352953

ATRIX H

(KLY#HINDY /Z-HILY*H{J)Y /AL FA

TFRATION LOOP

RGFNCF AFTFR  LIMIT TTERATIONS

PRINT) GO TO 56
{XsNoeGsF s NUMF s KOUNT s TIME)

LIMIT
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RFSTORF OLD VALUFS OF FUNCTION AND ARGUMFNTS
DO 5R J=1sN
K=N2+J
X(J)=H(K)
CONTINUF
CALL FUNCT (NsXsFsGsGRADINPsXPsFRRORsIP)
NUMF=NUMF+1

REPEAT SEARCH IN DIRECTION OF STEEPEST DFSCFNT IF DERIVATIVF

FAILS TO BF SUFFICIENTLY SMALL
1F (GNRM—EPS) 61961959

TEST FOR REPEATED FAILURE OF ITERATION
IF (TER) 62960460
IER==-1
GO 70 2
IER=0
11=TER+?2
IF (11.EQe2) KO=1
IF (IPRINT.EQe0O) RETURN
GO TO (63s64965966)9 11
WRITE (6s68) IFR
GO TO 67
WRITE (6+69) IER
Go To 67
WRITE (6+s70) TER
GO TO 67
WRITF (6s71) IFR
RETURN

FORMAT (1HOs4HIER=912932H ERROR IN GRADIENTS CALCULATIONS)

FORMAT (1HOs4HIER=512s41H CRITERION FOR OPTIMUM HAS BEEN SATISFIED
1)

FORMAT (1HOs4HIFR=912s57H MAXIMUM NUMBFR OF ALLOWABLF ITFRATIONS H

1AS BEEN FXCFFDED)
FORMAT (1HOs4HIFR=s12983H CHANGFE IN ARGUMENTS GFTS TOO LARGEs LINFE

1AR SEARCH INDICATES THAT NO MINIMUM EXISTS)
END

© 26200690000 00000800600 00000006000000000°0006006000060000606060609°0660660600060

SURRNUTINF INPUT (MFTsMeMAXINs TPRINTsINATASFPS1sFSTsFPSsASTRT)

PRINTS THF INPUT DATA
FOR THE OPTIMIZATION PROCESS

DIMENSTON ASTRT(1)s FPSI(1)

WRITF (645)

IF (METeNFe1cANDeMFTeNEs?) GO TO 4
INDEX=0

GO TO (1s2)s MFT

WRITF (656)

GO TO 3

29.
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WRITF (657)

CONTINUE

WRITF (6s8) N

WRITF (699) MAX

WRITF (6510} IPRINT

WRITE (6511) ASTRTI(1)

WRITE (6912) (TIsASTRT(1)sI=2sN)
IF (METeEQel) WRITE (6513) EPS(1)
TF (MFTeFQel) WRITE (6s14) (IsEPS(I)sI=2sN)
IF (MFToF0e2) WRITF (6515) EPSI
WRITF (Ks16) FST

RETURN

WRITE (6517)

CALL EXIT

FORMAT (1H1s10HINPUT DATAs/s1Xs10(1H=)s//91Xs34HFOLLOWING METHODS
1HAVF BFEN CALLFEDs/)

FARMAT (1HOs15HFLFTCHFR MFTHOD)

EORMAT (1HOs ?2HFLETCHFR-POWELL MFTHOD)

FORMAT (1HOs/1Xs31HNUMBER OF INDFPENDENT VARIABLES936(1He) s 2HN=515
1s/)

FORMAT (1HOs3R8HMAXIMUM NUMBER OF ALLOWABLE ITERATIONS 27 (1He ) s 4HMA
1X=9159/)

FORMAT (1HOsS57HINTERMEDIATE OUTPUT TO BE PRINTED EVERY IPRINT ITER
1ATIONS e5(1He ) s THIPRINT=915s/)

FORMAT (1HOs20HSTARTING VALUE FOR VECTOR A(T1)929(1He)s1OHASTRT( 1)
1=9F1668)

FORMAT (1THNsB59Xs6HASTRT(s12352H)=9F1668)

FARMAT (1HOs/s1Xs45HTEST QUANTITIES TO BF USED IN FLFTCHER ME THOD »
116 (1He ) sBHEPS( 1)=3FE1668)

FORMAT (1HOs61Xs4HEPS(s1292H)=3E1668)

EARMAT (1HNs/s1XsB50HTEST QUANTITY TO BF USEN IN FLFTCHFR—-POWELL MFE
TTHOD s 14 (1Hs ) s5HFPS1=3F1648)

FORMAT (1HOs/s1Xs51HESTIMATE OF LOWER BOUND ON FUNCTION TO BE MINI
IMTZFN 9 14{1He ) s4HFST=3F1668)

capMaT (1HOs49HNONE OF THF OPTIMIZATION METHODS HAVE BFEN CALLEDS/
151X 29HPLFASF CHFCK THE VALUF OF MET s/ s1X9s9HREMATNDER s/ 91X s 40HMFT=

21 FLETCHER METHOD WOULD BE CALLEDs/s1Xs&4THMET=? FLETCHER~POW
3FLL METHOD WOULD BE CALLED)
END

...O...0.!.0..O.QQ..Q...'.....O......O............................

SUBROUTINE FINAL (AsFsNsMET)

PRINTS THF RFSULTS
FOR THE OPTIMIZATION PROCESS

COMMON T1sKOsNFF
DIMFNSTION A(1)

WRITE (6+5)

IF (KOEQsO}) GO TO 1
WRPITF (6s6)

GO TO 2

WRITF (6s7)
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CONTINUFE

WRITF (6s8) F

WRITE (699) (I1sA{I)sI=1sN)
GO TO (3s4)s MET

WRITE (6+10) NFF

RETURN

WRITF (6s11) NFF

RETURN

FORMAT (1H1)

FORMAT (41Xs33HFOLLOWING IS THF OPTIMUM SOLUTIONs/s41Xs33(1H-))
FORMAT (45Xs28HRFSULTS AT LAST ITERATION/s4&8Xs28(1H=))

FORMAT (//948Xs3HF =3F1648s/)

FORMAT (45Xs2HA(s12s2H)=3E1668)

FORMAT (//25Xs53HNUMBER OF FUNCTION EVALUATIONS BY THE FLETCHFR ME
1THOD S 110) ‘

FORMAT (//25Xs60HNUMBER OF FUNCTION EVALUATTONS BY THE FLETCHER-PO
1WELL METHODs110)

ENC

SUBROUTINE WRITE1l (N)
PRINTS THF INTFRMEDIATE RESULTS
COMMON TIMEsKOsNFF

WRITF (6355)
GO TO (192)s N

WRITE (6+6)

GO 10 3

WRITE (6+7)

CONTINUE :

IF (TIMFeFNe0s) GO TO 4
WRITE (658)

RETURN

WRITF (6s9)

RETURN

FORMAT (1H1)

FORMAT (1HNs3THOPTIMIZATION BY FLFTCHFR MFTHODs/s1HO»31 (1H=))

FORMAT (1HO s 28HOPTIMIZATION BY FLETCHFR-POWFLL METHODs/s1HO 3R (1H-
1))

FORMAT (1HOS>9HITERATIONs?Xs8HFUNCTIONs6Xs12HTIME ELAPSED s8X s QHORJE
1CTIVEs14Xs20HVARIABLE VECTOR A(1)99Xs20HGRADIENT VECTOR G(I)s/1HOs
26HNUMBFR 355X s 1THFVALUATTONS 93X s9H(SECONDS) s 11X s 8HFUNCTIONS /)

FORMAT (THNsOHITFRATIONS2Xs8HFUNCTION8XsOHNRJIFCTIVF»14Xs 20HVARTAR
ILF VECTOR A(T1)s9Xs20HGARADIFNT VFCTOR G(1)s/THOs6HNUMRFRs5X s 1 1HFVAL
PUATIONS 95X s RHFUNCTION s /)

END

............0............0........l.........‘......00.0‘.0..'..0..
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SURROUT INF WRITF2 (AsNsGsFeNUMFs ITERsTIMF)
PRINTS THE INTFRMEDIATE RESULTS

COMMON T1eKOsNFE

DIMENSION A(1)s G(1)

IF (T1.FQ.0e3 GO TO 1

WRTITE (6s2) TTFReNUMFsTIMFsFs((A(T)sG(T)I)sT=1sN)
RFETURN

WRITE (as2) TTERSNUMFsFe((A(T)sG(T))al=1sN)

RETURN

FORMAT (1H0915,7x.Is,sx,Els.a,ax,El6.8,17X905(E16.8;13X9E16.8,/.7O
1X)) .

FORMAT (1H09!697X91598X9F}6.897X,95(516.891?X9F16.89/949X))

END

32.
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