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A GENERAL PROGRAM FOR DISCRETE LEAST pTH APPROXIMATION

PURPOSE :

LANGUAGE :

AUTHORS :

AVAILABILITY:

DESCRIPTION:

To minimize an objective function of k variables defined
as the generalized discrete least pth objective using

gradient methods.
FORTRAN IV; 1005 cards, including comments.

J.R. Popovic¢ and J.W. Bandler
Department of Electrical Engineering,
McMaster University,

1280 Main St. W.,

Hamilton, Ontario, Canada. L8S 4L7

A user's manual with an example. and program listing

is appended.

The program, called FMLPO,is applicable to problems of
meeting and/or exceeding design specifications on several
disjoint closed intervals and thus is relevant to a

wide range of specifications and a wide variety of
network and system design pfoblems, especially in filter
design.

The program utilizes the approach of the practical
generalized least pth approximation proposed by Bandler
and Charalambous [1]. Gradient minimization algorithms
due to Fletcher and Powell [2] and, more recently, to

Fletcher [3] are used. Least pth approximation with p=2

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



‘gives a discrete least squéresAapproximation. With sufficiently large
ivalues of p an optimal solution very close to the optimal minimax solution
can be obtained. Values of ? up to 106 have been succeésfully employed.
Proper scaling alleviates the ill—coﬁditioning\ when large values of p
are used and automatically defines both problems, meeting or exceeding

design specifications, into one optimization problem.

The program can be used in é.less general least pth approximation problem
for fitting a continuous fﬁnction to another one or to data on a closed |
interval. Although the program is not written for nonlinear programming,
we found that it is also applicable to problems with parameter constraints.

The user has to write all the required specifications in each interval,
the approximating functions with partial derivatives and weighting functions for
 different specifications in a straightforward way. The number of intervals
and discrete point sets are user specified as well as the values of p, the
parameter constraints and the initial parameter values. Also, the
choice about which optimization method is to be used, checking the gradients
and the stopping criteria may be made. The optimal point, weighted errors
from various intervals 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, number of

intervals or discrete point sets.

A recent publication [4] contains the background theory for the
optimization algorithm,detailed organization of the program FMLPO and in-

structions on how to use it for both unconstrained and constrained optimization

problems. This includes a block diagram of the package and flowcharts



3.

of its subroutines. The examples demonstrating FMLPO were taken in
system modelling and multi-section transmission-line filter design.
Document NAPS ----- contains a completé listing and detailed user's

manual for the given package fully illustratea with examples.

Typically less than a minute of CDC 6400 computer time and a core

requirement of about 15 K. = is sufficient to optimize a constrained problem

10
with five parameters and fifty-two sample points.
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USER'S MANUAL FOR FMLPO

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

Purpose To minimize the objective function of k variables a
N
defined as the generalized discrete least pth object-
ive using gradient methods.

lHow to use Set the input deck as follows:

/DATA DECK 6

7 FMLPO PACKAGE 5

/ FUNCTION 4
/ FUNCTION FUNCS | 3

./ SUBROUTINE FCTAPP 2
/" MAIN PROGRAM | 1

1. Main program

Write the main program as indicated below.

Dimension the following arrays

A(K), ASTRT(K), G(K), Y(K), PY(K), DUM1(K), DUM2(K), GRAD(K),
EPS(K), H(M), XX(3, NINT), NUMB(N), INUMB(N), X(N), X1(N),

ERROR(N), EHELP(N), AP(N), IPA(ITER)



where

K is the number of variéble parameters,

M=K (K+7)/2,

NINT is the number of intervals,

N 1s the total discrete point set of independent parameter
from all intervals, and

ITER is the maximum number of times the optimization method
is used.

Call the subroutine FMLPO as follows:

CALL FMLPO (A, ASTRT, G, Y, PY, DUMl, DUM2, EPS, Ii, GRAD,

NUMB, XX, X, X1, ERROR, EHELP, AP, INUMB, IPA)

2. Subroutine FCTAPP

Subroutine which defines the approximating function in each

interval and calculates its gradients with respect to variable vector

a.
N

Write subroutine FCTAPP as follows:
SUBROUTINE FCTAPP (X, K, A, APP, GRAD, IINT, INDIC)

DIMENSION A(1), GRAD(1)

where X, K, A, IINT and INDIC are input, and APP and GRAD are output

variables.

INDIC may have values 1 or 2 and indicates whether the

approximating function or its gradients should be calculated,

respectively.



Write the approximating function APP 2 F(A,X) where
3F(A,X)

A, ’
i

ne e

£ [a; A, ... AQ", and all its gradients GRAD(i)

Q 1°72

i=1,2,...,K for each interval IINT = 1,2,..., NINT. The value of

APP is already available at the time when the gradients are to be
calculated.

3. Function FUNCS

Function subprogram FUNCS defines upper or iower specified
function Su(x) or Sz(x), respectively, in various intervals. Write
function FUNCS as follows :

FUNCTION FUNCS (X, IINT)
where X and IINT are both input variables representing a discrete
point and a current interval, respectively.
Note If the upper and lower specified functions are defined
for the same set of the independent parameter x, consider the common

interval (or subinterval) twice.

4. Function W

Function subprogram W defines an'upper and lower positive
weighting function wu(x) and wz(x), respectively, in various inter-
vals.

Write subprogram W as follows:

FUNCTION W(X, IINT)

where X is a discrete point in the IINTth interval.

5. FMLPO package

A listing is appended to this manual.



6. Data deck

Parameters to be supplied as data are defined below:

NINT

NUMB(I), I=1, NINT

XX(1,I), I=1, NINT
XX(2,I), I=1, NINT

XX(3,I), I=1, NINT

IREAD

The number of independent variable para-
meters a.
The total number of upper and lower intervals.
Number of subintervals in each intervél of
independent farameters.
The left end point of ith interval.
The right end point of ith interval.
Numbers in floating point which supply in-
formation on the specified function in thé ‘
ith interval: |
set XX(3,I)=1. for the upper specification
and
set XX(3,I)=-1. for the lower specification.
Integer which denotes whether or not the dis-
crete set of points in each interval will
be read.
If IREAD=0 the discrete set of points will
be set equidistantly in each interval with
NUMB(I) subintervals in the ith interval.
If IREAD=1 the discrete point set will

be read from data.



NINT
X(1), I=1, }
I=1

(NUMB(I)+1)

KSI

ASTRT(I), I=1, K

IGRDCH

MET

MAX

ITER

IPA(I), I=1, ITER

IOPT

IPRINT

Discrete point set of the independent
parameter.
The artificial margin £.
Startiné values for
the K variable parameters.
Gradients to be checked if IGRDCli=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 objective.
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 intermediate output is

desired.



IDATA : 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(I), 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 FMLPO.

Setting up the data deck is illustrated in Table 1.

Recommended values for some of the parameters

MAX = 100

EPS(I), I=1, K, each 107°

DIF = 1077

EST A lower bound of the minimum value of the objective function

may be obtained from physical reasons. If the true minimum
is not known, for the case when the specification is violated
EST=0 is convenient, and when the specification is satisfied

choose EST sufficiently negative.

Comnments

If the variable parameters are to be constrained, then each
must have an associated lower and upper desired bound supplied by the
user. Fictitious sample points are associated with each variable

parameter in the correct sequence. The constraints are treated
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exactly like single point specifications with one specification
relafed to one‘fictitious point. For a single point specifiéation,
the number of subintervals is zero and the upper bound is equal

to the lower bound.

Low values of p, e.g., 2, intermediately large valges 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-riﬁple) 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 wolutions will be obtained. Recommendation:
start with 2, increase to 10 then to 100, etc., as needed. Optimization
for larger values of p starts automatically at the optimum of the
previous optimization unless otherwise specified.

The program terminates when stopping criteria for the
Fletcher-Powell or Fletcher ﬁethod are satsified or when the relative
change in the objective funcfion 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 FMLPO requires the CDC system routine SECOND
which keeps track of elapsed time. For a different system the cards
Alll, A123, A131, Al143, G17, G57, 120, H25 and H53 should be replaced
by cards appropriate to the system or removed together with cards Al125,

Al45, G58, 1126 and 1i54.



Input-output Example

An example, the same as the Example 3 in the paper [4] but

with constraints on parameter a, such that

0 < azf 2

shows how to set the user's written subprograms and the data deck.
The Fletcher-Powell optimization method is called.
The user's written listing is shown in Fig. 1. The typical

output of FMLPO for the example when p=2 is shown in PFig. 2.



TN
1

5

~ o~

> "

/.

1

ORARDAM TET (TNPHT sNUTPUT s TAPF&=TNOPUT s TAPF6=0UTPUIT)
MOATM PR NGB R AM
STMENMSTANM A(2) e (2) Y (2) DY () s ASTRT () sNUIMI(2) 4NUMD(2) oFPS (2,

T An2) s (18 s XX (294 ) s X(TOA) s XT (104 s NUMR(10A) sFPRAR(1NA) o
TOTHTIDIY T LAY AD(TNAY S INIIMA(TNAY o TDA(B)

FALL E DA A s ASTRT 4 YaDY s NUMT oDUM2 s FPS s H s GRAN s NUMP 4 XX s
EY g X1 G EROAT (FHE Py AD, TNLMA, TPA)

CApL EXTT

Fan

.................‘................................C.........'....‘

SUaRAITINE CCTAPD (X oK g Ae APP sGRANGTTINT o TNNT ()

SHBERAUT INE WHTCH CAl CULATES ADPROXIMAT ING
FUMCTINON AND TS GRADIFNTS WITH RFSPFCT TO
VARIARLF PARAMETFRS

NIMENMSTON A(T1)e~DPAN(T)
A0 TAINC 42NN Y g TMNT -

GO T (T eTeP2e?2 ) ol TNT )

ADD=A(2) /ALY #TXD (=A (112X ) ¥STN(A(2)%X)
DETHIDN i )
ADD=A(2)

RETHIRA

SATN (e 20lkigl) o TINT

HO1 =1 4 /A(2)#EXP (=4 (7 )*X)
HO2=HP1#STMN A2y %X)
HD2=HD1#CNS (A 2)%X)
ADAN(])y=—ADDxX

CRBAN( 2V =1 g /L D2)YHADDLA(2)AX*HD2
ARAN(2)=HDD

TETIDN

CRID(T )=

ARAT( DY =1,

GDAﬁ(?i:ﬂ.

DETIHIPM

AN

© 2000 0000980000 00Q@00000000°00000006000°00060©060060e00000000e00000600006600e0ee

FUNCTTIAM TUMOS(Y g TINT)

FUNMCTTOANM SHIOPRNAGAPDAM WHTCH NErTNFQ
HPDEDR AR | NWER
ADECTETEN EHNCTTAN

SN TN 161626 2) e TTNMT
FUMIS =2 /0 g2 EXD (=X )47 o /62 ¢ #F XD (=R g ¥ X )= FXP (=D g¥X) /AR ¢ (24 %S IN

KDY LY+ T TN D Xy
DETHIDMN

Fig. 1

10.



Y v

Al

11.

2 rumrq=7.h
DETHIDM

2 EUNCS=N G0
DET!IIDM
Can

® 0 60 00000 0800000000000 0000 °0 00006000 09°00090°0009000600000000000°00%000e000

FUNCTINN W (XeTINT)

FUNCTTON SURDRPNAGRAM WHICH NDFFINES
I2DED AD | AWED .
WETGEHTING FUNCTINON

W= °
RPETURN
= \Ip}

3 4 1 5 n n
50 n, e nn 10,0F no 1.0F nn
=N NelE nn 1N, NF nn -1,0F ~n
n 760 1 2 o NF 1 1 NF nn
n 2,08 1 2.0F 1 —1.0F 00
-1,0F no 1.0F -4 20 ,0€ -2
1.0E an 1.0F no 1.0F nn
2 100 1 1
1,08 -4 _
> 10 100 1000 1r00n

323248 WNRDS WFRE REAUIRED FOR LOADING

Fig. 1 (continued)
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SURRNUT INF FMLPO (A9XSTRT’GoY9PY9DUM10DUM29FPS9H9GRAD9NUM89XX’X9X1

1 yERRORsEHELP s AP INUMB s IPA)

SUBROUTINE WHICH COORDINATES THE OTHER
SURROUTINFS IN THE PACKAGE FMLPO

EXTERNAL FUNCSsWsFCTsFUNGT
LOGICAL CONVSUNITH

DIMFNSION A(1)s G(1)s Y(1)s PY(1)> XSTRT(1)s DUMI(1)s DUM2(1)s FPS

101)e H(1Y GRAD(1)s NUMB(1)s XX(3s1)s X(1)> X1(1)s ERRORI(1) s

2(1)s AP(1)s INUMBI(1)s IPA(1)
COMMON T1,KOsNFE

FRR(Z)=FPSNP(ZsTINTsFCTsWsAsN1sGRADsAPPsPST sXXs1)

UNITH=TRUE»

Tl:-oo »

READ (53s38) N1sNINTsTOPTsITFRsIRFADS IGRDCH
DO 1 I=1sNINT

RFAD (5940) NUMR(TI)s(XX(JsT)eJ=193)
CONTINUE

k=0

IF (IRFAD-EQ.0) IREAD=2

GN TO (2s4)s IRFAD

PO 3 J=1oNINT

K=K+1

KL=K+NUMB(J)

RFAD (5942) (X(T)sI=KsKL)
K=KL

CONTINUE

RFAD (5e42) FSTSsDIFsPSIT
WRITF (6+39) PST

WRITF (6+46)

RFAN (5942) (XSTRT(1)sI=19N1)
DO 5 I=1sN1

A(T)=XSTRT(I)

CONTINUE

k=0

GO TH (6+9)s IRFAD

"N B8 J=1eNINT

I1INT=J

WRITE (6951) TINT

K=K+1

KL =K+NUMB ( J)

PO 7 T=KsKL

FRROR(T)Y=FRR (X(T1))

L=T1-K+]

WRITF (6+50) LsX(I)sERROR(I)
FHFLP(TI)=FRROR(T)*#XX(3sJ)
AP(1)=APP

CONTINUE

K=KL

CONTINUE

GO TO 11

PO 10 J=1sNINT

TINT=Y

WRITF (6951) TINT
L=NUMB(J)+1

IF (NUMB(J)eFQe0) Z=XX(1sJ)
DO 10 I=1sL

TF (NUMR(J}eGT.0) 7=XX(1 o)+ (XX(2sJ)=XX(19J))*(T1=-1)/NUMR(J)

EHELP

> > P> B> BB P>> P> P> PP IPPIPPEPI>PI>ERPD>PDP>P> PP PR

O @®NOUVH WN -~

10



— )

Yy

FRP=FRR(2Z) 60
WRITF (6550) 14Z5FR 61
K=K+1 62
ERROR(K)=ERR(2Z2) 63
FHELP (K)=FRROR(K)#XX (34 J) 64
X(K)=2Z 65
AP(K)=APP 66

67
68
69
70
71
72
73
74
75
76
77
7
79
80
81
82
83
84
85
86

EVAX=EHELP(1)
NO 12 M=2,4K

FMAX=AMAX1 (EMAXsEHELP(M))

CONTINUF

WRITE (6548)

WRITF (6349)

WRITF (6s47) FMAX A _

CALL ERRO (FCTsWsASN1sKsGRADIAPPsPSI 92 sNUMBsXXsXsX19sFRRORSEHELP sAP
1sFMAXsNs INUMBSNINTSIP)

WRITF (6s44)

WRITF (6945)

WRITF (6950) (JsX1(J)sFRROR(J) sJ=19sN)

DATA FOR THF OPTIMALITY _
FOR THE OPTIMIZATION METHOD USED

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

DO 37 K=19I0PT A

KR=1 A

IF (K=1) 14514413 A

RFAD (85s42) (XSTRT(TI)sI=71sN1) A
RFAD (5438) MFT,MAXsIPRINTsIDATA A 87
IF (METeFQel) RFAD (85942) (EPS(I)sI=1sN1) A 88
IF (METeEQe2) RFEAD (5542) EPSI1 A 89
READ (5938) (IPA(I)s1=141TFR) A 90

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

DO 36 KK=1sITER 91
92

93
94
95
96
97
98
99
100
101
102
103

104
105

106

OPTIMIZATION

IP=IPA(KK)

IF (KK.GTe1) FF=F

IF (KRe«EQeO) GO TO 15

DO 16 I1=1»sN1

A(T)=XSTRTI(I)

CONTINUE

IF (IGRDCHeNFel) GO TO 17

CALL GRDGHK (N19A9699Y9Y9GRAD9APD;DSI9MUMRyXX9X9X1,FRROPoFHFLP,AP$
1FMAX o N o INUMBONINT s TPsDUM])

IF (KReFQe0) GO TO 18

IF (IDATAEQ.0) GO TO 18

CALL TMPUT (MFTsMsMAXsN1sIPRINTs IDATASFPS1sFSTsFPSsXSTRT)

IF (MET.EQeQ) MET=4 107
INDFX=0C 108
GN TO (19925932531)s MFT 109
CANTTNUF 110

111
112
113
114
115
116
117
118

CALL SFCOND (T1)

IF (IPRINT.FQs0) GO TO 20
CALL WRITF1 (1)

IF (KReNEsO) GO TO 22

DO 21 I=14N1

ACT)=DUMI(T)

CONTINUF
CALL FMNFG (N1 sAsFsGoHsUNTTHIFSTsFPSsMAXsIPRINTSTEXITsGRADSAPP 4PST



24

1 sNUMR s XX s X3X1sFRROR s EHELP s AP s FMAX sN s INUMRsNTNT s TP)

Do 23
DUM1 (1

I1=19N1
y=A(1)

CONTINUE

CALL SECOND
INAL (AsFsN1sMET)
T=72-T1
IF (T1.FNs0s) GO TO 24

CALL F

WRITF

(6941)

CONTINUE
GO TO 31
CONTINUE
CALL SECOND
1F (IPRINT.FNR.0) GO TO 26
CALL WRITF1

IF (KR
pe 27

o NF 0}
I=1sN1

ACI)=DUM2(T)
CONTINUE

CALL FMFPG
INUMBs XX sX9X1 sERRORSEHELP

nn 29
DUM2 (1

IT=1,N1
y=A(1)

CONTINUE

CALL SFCOND
INAL (AsFoeN1sMET)

T=T2-T1
IF (T1eFDeDo) GO TO 30

CALL F

WRITF

(hots1)

CONTINUE
INDFX=TNDFX+1

KR=0
WRITE
WRITE
KN=0
K0=0

(6943)
(6946)

(T2)

T

(T1)

(2)
GO TO 28

(FUNGT sN19AsFsGsESTsFPS1sMAXSIFRsHs TPRINTsGRADSAPPSPST
s AP sEMAX sNs INUMBsNINTSIP)

(T2)

T

1P

DO 34 J=1sNINT

TINT=J
WRITE

(As51)

KQ=KQ+1
KL=KQ+NUMBI(J)
DO 33 1=K0OsKL
L=T-K0O+1

FR=FRR
WRITF

(X(IY)
(6950)

KN=KN+1
CNANTINUE

Ko=KL

CONTINUE

WRITE
WRITE
WRITF
WRITF
WRITF
WRITF

(6s44)
{6945)
(6950
(6948)
(A949)
(6e47)

TINT

LeX(I)sFR

(JsX1(J)sFRROR(JYsJ=19sN)

FMAX

IGRDCH=IGRDCH+?2
IF (KK=1) 36536535
FTST=ARS((FF=F)/FF)

P>I>PPPI>D>P>P> P> P>P>P>P>>DPI>>I>>P>ID>DP>D>D>D> PP P> D> P
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127
128
129
130
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132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

148

149
150

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

172 .

173
174

175 .

176
177
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IF (FTSTLLT.DIF) GO TN 37
CONTINUF

CONTTNUF

RETURN

FORMAT (8110)

FORMAT (1H1920Xs4HKST1=9FE23,127///77)

FORMAT (11053F16.8)

FORMAT (1HOs//25X926HFXFCUTION TIME IN SFCONDS sF10.5)
FORMAT (5F16.8)

FORMAT (1H1s19Xs4HQ =917//7/77)

FORMAT (//41Xs13HFRROR USFD IN)

FORMAT (40Xs18HOBJFCTIVE FUNCTION/)

FORMAT (8Xs1HNs6Xs20HTNDEPENDENT VARIARLFaSX;GHERRORS)
FORMAT (13XsF20,12)

FORMAT (//20Xs8HVALUE OF)

FORMAT (18Xs13HMAXIMUM ERROR/)

FORMAT (1993X92F23,172)

FORMAT (/20X s9HINTFRVAL +127)

END :

FUNCTION EcT (ZsFUNCSsWeTINTsPST »XX)

FUNCTION SUBPROGRAM WHICH DEFINES
MODIFIED UPPER AND LOWER

SPECIFIED FUNCTION

EXTFRNAL FUNCSsW

DIMENSTON XX(351)
FCT=FUNCS(ZsTINT)+PSTI%#XX(3sTINT)/W(ZsTINT)
RETURN

END

© 08009 0¢000600000060000000009200600600000006000°0000000600000000000000008006

FUNCTTON FPSNP (ZsTINTsFCTsWsAsN1I sGRADSAPPsPSTsXXsTPOINT)

FUNCTION SUBPROGRAM WHICH CALCUL ATES
UPPER AND LOWER WEIGHTED ERROR FUNCTION

FXTFRNAL FUNCSsWsFCT

DIMFNSTON A(1)s GRAD(1)s XX(291)

IF (IPOINT) 19291

CONTINUF

CALL FCTAPP (ZsN1sAsAPPsGRADSIINTs1)

CONTINUE

IF (PSI) 39443
EPSNP=(APP-FCT(ZsFUNCSsWs TINTsPST s XX))#W(ZsTINT)

RETURN
FPSNP=(APP=FUNCS(ZsTINT) )Y *W(ZsTINT)
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RFTURN
FND
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SURRAUTINF FRRN (FCTsWsAsN19KsGRADSAPPsPSTs TNDTCsNUMR XX sX9X1sFRRO
IRsFHFLP sAPsFMAXsNs INUMBSNINT s IP)

SUBROUTINE WHICH SELFCTS THE WEIGHTED
ERROR FUNCTION OF INTEREST FOR
THE OBJECTIVE FUNCTION

FXTERNAL FUNCSsWsFCT
DIMFNSTON A{71)s GRAD(1)s NUMR(1)s XX{2s1)s X(1)s X1(1)s FRROR(71)>
1FHELP(1)s AP(1)s ITNUMBI(1)
FRRIZ)Y=FPSNP(ZsTINTsFCTsWsAsN1sGRANSAPPsPST s XXsIPOINT)
GO TO (1s9)s INDIC
CONTINUE

IPOINT=1

K=0

KL=0

DO 7 J=1sNINT

TINT=J '

IF (JeFQel) GO TO 2
KL=KL+L

L=NUMB(JY+1

DO 6 I=1,L

K=K+1

IF (JeEQe1) GO TO 5

DO 4 KK=1sKL

IF (X{(K)=X(KK)YY 49394

AP (K)=AP(KK)

APP=AP(K)

IPOINT=0

GO TO 5

CONTINUE
FRROR (K Y=FRR(X(K))

EHELP (K )=FRRNOAR(K)*XX(3sJ)
IF (IPOINTeNE.O) AP(K)=APP
IPOINT=1

CONTINUE

CONTINUF

FMAX=FHELP (1)

DO 8 M=2,K
FMAX=AMAX1(FMAXsFHFLP(M))
CONT INUE

CONTINUE

IF (EMAX) 10s11411
I1P=-TABS(IP)

GO TO 12

IP=IABS(IP)

k=0

N:O

INUMB(11)=0

PO 16 J=1sNINT

TINT=J

L=NUMB({J)+1

N

O O VP WN
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DN 15 T=1sL
K=K+]

TF (TP)Y 144124172
IF (FHFLP(K)) 15414914
N=N+T

X1 (My=X(K)

CRPOAP (N)Y=FRPNAD (K )
FHELP(N)=AD(K)
CONTINUF
INUMB(J+1)=N
CONTINUF

RFTURN

FND

............Q....QQ.‘Q......‘....................................'

SURRAUT INF FUNGT (N1sAsORJsGsGRANSAPPsPST sNIIMR XX sXsX] s FRROR s FHFL P
19AP s FMAX N o TMIMRGMINT o TP)

SUBROUTINF WHICH COMPUTES THF OBJFCTIVE FUNCTION
AND ITS GRADIFNTS WeReTe THE VARIABLE PARAMFTERS
IN THFE LFAST P-TH SENSE

FXTFRNAL FUNCSIWeFCT

NTMENSTON Al1)s ARAN(ET) s NUMR(T)s XX(3s71)s X{(1) X1(1)s FRROR(71)s
1FHELDP(1)s AP(71)s INUMR(1)Ys G(1)
nrRJP=0,

GRADP=0,

DO 1 K=1¢N1

G(K)zoo

CONTINUE

CALL FRRO (FCToWsAsNTsKsGRANIAPPSPST 519 NUMRsXXsXsX]19sFRRORSFHFELPsAP
19 FMAX sNs INUMRSNINT 3 TP )

nn 7 I::]QN

Z=X1(1)

DFL=FRROR(T1)/EMAX

OBJI=DEL**IP

GRADI=DEL*%¥(IP-1)
NORJP=0RJP+0OBJI

NN 4 J=14NINT

IF (T-INUMB(J+1)) 2294

IF (T=TNUMB(J)) 4sl4is?

IINT=J

GO TO 5

CONTINUE

CONTINUFE

APP=FHFLP(TI)

CALL. FCTAPP (ZsN1sAsAPPsGRADSIINT D)
PO 6 K=1eN1
GRAD(K)Y=GRADTI*W(Z s TINT)*¥GRAN(K)
G(K)=G(K)Y+GRAD(K)

CONTINUE

CONTINUF

PR=1./1P

ORJ=EMAX* (OB JP*%*PR)

GRP=NR JP##(PR=1,)

N
(7,
°
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DO 8 K=1sN1
G(K)=GRP#G(K)
CONTINUE
RFTURN

FND

......'...‘..00...........b..‘......‘...".............‘........’..

SURROUTINF GPDGHK (N3sAsG3sPYsYsGRADsAPPsPST sNUMRsXXsXPsX1sFERROR s EHE
TLP s AP sEMAX sNP s INUMBsNINT 5 TP sDUM1 )

SUBROUTINE WHICH CHECKS THE GRADIENTS
WeReTe ALL VARIABLE PARAMETERS

DIMENSTION A(1)s Gl1ys PY(1)s Y(1)s GRAD(71)s NUMR(71)s XX(3s71)s XP()
7)s X1(1)s FRROR(1)s FHFLP(1)s AP(1)s INUMB(7)s DUMI(1)
CALL FUNGT (NsAsFsGsGRADIAPPIPST sNUMBsXX3sXP sX19sFRRORsEHELP s AP s FMAX
1sNPs INUMRSNINT S IP)

DO 3 I=1sN

IF (ARS(A(I))elLTeleF=16) GO TO 1

DELX=1eE-4*A (1)

GO TO 2

DELX=1,E=-20

ACT)=A(T)+DFLX

CALL FUNGT (NsAsFNFWsPYsGRADSAPP sPST sNUMRsXXsXPsX1sFRRORSEHELP sAP s
1EMAX s NP s TNUMRsNINT s IP)

Y(I)=(FNFW=F)/DFLX

DUMI(T)=Y(])

ACT)=A(T)=DELX

CONTINUE

DO 4 I=1sN

IF (ABS(Y(T1))elLTeleE=20) DUMI(I)=1.E=20
PY(1)=ARS{(Y(1)=G(T))/DUM1(T))*100,

CONTINUF

WRITF (6s8)

WRITF (659)

WRITE (6910) (IsA(I)sI=1sN)

WRITE (6+511)

DO 5 I=1sN

WRITE (6912) G(I)sY(I)ePY(T)

CONTINUE

nH 6 T=1sN

IF (PY(1)eGTe10a) GO TO 7

CONTINUF

WRITE (E&513)

RFTURN

WRITE (6s514)

CALL EXIT

FORMAT (1H1)

FORMAT (1HOs5Xs18HGRADIENTS CHFCKING9/96X91R(]H-)9//96X950HGPADIEN
1TS HAVE BFFEN CHFCKFD AT THE FOLLOWING POINT/)

FORMAT (1CXe2HA(9I1292H)=3E1648)

FORMAT (///31HCs5Xs20HANALYTICAL GRADIENTSs5Xe19HNUMERICAL GRADIEN
1TSe5Xs16HPERCENTAGE ERRORs /)

mmmm m
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Y Y

FARMAT (1HO35X93(F16e899X) )

FORMAT (1HDs// 36X 19HGRADIFNTS ARF .0 Ke)

FORMAT (1HOs//56Xs64HYNUR PROGRAM HAS BEEN TERMINATED BECAUSE GRAD
JIFNTS ARE INCORRFCTs/6Xs21HPLEASF CHECK IT AGAIN) '

END

.......0.............‘........0.....'.O.............Q....‘..'.....‘

SURRNUT INF FMNEG (Msx,FsG9HsUNITH,FFST9FPSsMAXFN9IPRINTolFXITsGRAn
19APP9PSI9NUMR9XX9XP9X19ERROR9EHFLP9AP9FMAX9NP9INUMBsNINTsID)

PURPNSE ' '
TO FIND A LOCAL MINIMUM OF A FUNCTION OF SEVERAL VARIABLES

ASSUMING THAT ITS GRADIENTS CAN RE CALCULATED EXPLICITLY
BY THE METHOD OF FLETCHER

THE METHOD IS DESCRIBED IN THE FOLLOWING ARTICLE
Re FLETCHERs A NEW APPROACH TO VARIABLE METRIC ALGORITHMS,

COMPo JOURNALs VOLs13s 1970s PP4317-322,

DIMENSION X(1)s G(1)s H(1)s EPS(1)s GRAD(1)s NUMB(1)s XX{(351)s XP(
11)s X1(1)s ERROR(1)s EHELP(1)s AP(1)s INUMB(1) ‘
LOGICAL CONVSUNITH

COMMON T19KOsNFNS

CALL SECOND (T13)

KN=0

CALL FUNGT (N9X9FoG’GRAD9APpspSI9NUMRoXX9XP9Xl9FRROR9FHFLP9AP9FMAX
1sNPsINUMBSNINTSIP) :
IF (FeLTFEST) GO TO 213

MFNS=1

I1TN=0

STEP‘-'-'l ®

IDX=N

IDG=N+N

ITH=IDG+N

IF (4NOTLUNITH) GO TO 2

IJ=TH+1

DO 1 I=1,N

DO 1 J=1sN

H( IJ)=OO

IF (TeFQeJ) H(I1J)=1,0

1U=10+1

CONV=.TRUE.

GDX=O.

DO 6 1I=19N

Z=0,

1J=1TH+1

IF (I.FQel) GO TO 4

I1=1-1

DO 3 U=1,11

2=2-H{1J)y*G(J)

I1J=1J+N=~-J

CONTINUE

DO 5 J=1sN

Z=2-H(I1JY*G(J)

TJ=1J+1

27.
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CONTINUF

IF (ABS(Z)eGToFPS(1)) CONV=.FALSF,
HUINX4+T)=Z

GNX=GDX+G( 1) *Z

CONTINUE

IF (IPRINTFN0) GO TO 7

IF (MON(TITNSIPRINT)NE.,O)Y GO TO 7
CALL SFCOND (T4)

TIME=T4-T3

CALL WRTITF2 (XsNoGRsFsNFNSsTTNs TIMFE)
TIEXIT=1

IF (CONV)Y GO TO 24

IFEXIT=2

IF (GDXeGFe0a) GO TO 24

Z=1e

IF (ITN.LT.N.AND.UNITH) Z=STEP
W=2,%(FFST-F)/GDX

IF (WOLT.Z) Z=W

STEP=Z

GDX=GDX*Z

DO 9 I=1sN

HUIDX+T)=H(IDX+T)%*2Z
XCI)=X{1)+H(IDX+1)

CONTINUE

CALL FUNGT (NsXsFPsHIGRANDSAPPsPST sNUMBsXX3sXPsX19FRRORSFHELP AP sEMA
1XsNPs INUMBSNINT s IP)

IF (FP,LT.FEST) GO TO 23
NFNS=NFNS+1

IFXIT=13

IF (ITNeFQeMAXFN) GO TO 24
GPDX=0,

DO 10 I=1sN
HOIDG+T)=H(I)=G(1)
GPDX=GPDX+H{I)*H{INX+1)
CONTINUE

NGDX=GPNDX-GDX

IF (FeGTFP-,0001%GNXYy GO TO 1?2
TEXIT=4

IF (GPDXelLTeOeeANDeITNeGToN) GO TO 24

Z2=3%(F-FP)+GPDX+GDX
W=SQRT(1-GDX/Z#GPDX/Z)*ABS(2Z)
2=16-(GPDX+W=Z)/(DGDX+2¢%W)

IF (ZeLTe0e1) Z=0,1

DO 11 T=1sN

XET)=X(T)=11(IDX+T)

CONTINUE

GO TO 14

F=FP

DO 13 I=16N

G(I)=H(I)

CONTINUE

IF (DGDXeGTe06) GO TO 15
GNX=GPHX

Z=40

STEP=Z%#STEP

GO TO 8

IF (GPDXelLTeOeB5%GDX) STEP=2.%STEP
DGHDG=0e

N
00
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NA 19 T=1sN

7=06¢

T1J=TH+I

IF (1.EQe1) GO TO 17

I11=1-1

DN 16 J=1s11
2=7+H(T1J)y#H{IDG+J)
1J=TJ+N=-J

CONTINUF

PN 18 J=T19N
Z=7+H(TUY*H(IDG+J)

TJ=TU+1

CONTINUF
DGHDG=DGHDG+Z%*H(IDG+1)
H(1)=Z

CONTINUF .
TF (DGHDGeLTeDe0) DGHDG=NGNX%*04¢0
IF (DGPXsLTeNGHNGY GO TO 21
W=1e O+NGHNG/NGDX

PN 20 1=1sN
HOIDX+T ) =W¥H{INDX+T)=HI(T)
CONTINUE

DGDX=DGDX+DGHDG

DGHNG=DGNX

1.J=TH

PN 22 T=16N

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

DO 22 J=1sN

1J=1J+1

HIT Y =HITJ)+W*H{TIDX+J)=Z%H(J)
TTN=TTN+]

N TO 2

IFXT1T=5

IF (TFXITeENel1) K0O=1

IF (IPRINT<FQe0) RFTURN

GN TO (25926927+26+28)s I1EXIT
WRITE (6+30) TEXIT

GO TO 29

WRTITF (6+31) TFXTT

GNTO 29

WRITF (As32) TFXIT

GO TO 29

WRITE (6s32) TEXIT

CONTINUF

RFTURN

FARMAT (/91HNs6HIFXTT=9123s40HCRTTFRION FOR APTIMUM HAS BFFN SATISF

TTFD)
FORMAT (/91HNsAHTEXIT=912943HEITHER OF THE FOLLOWING THINGS HAS HA

1PPFNEDs/99Xs26H1e EPS CHOSEN 1S TOO SMALL/+9Xs?8H?e GRADIENTS ARE
?NNT CORRECTs/39Xs25H3,s MATRIX H GOES SINGULAR)

FORMAT (/s1HO»6HIFXIT=912s55HMAXIMUM NUMBER OF ALLOWABLFE ITERATION
1 HAS BEEN EXCEFDED)

FORMAT (/5s1HNs6HTFXTIT=312960HFUNCTION VALUF LFSS THAN MINIMUM FSTT
IMATFD HAS BEFN DFTFCTFN)

FND
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SURRNUT INF FMFPG (FUNGTsNsXsFsGesFSTFPSs L IMITsIFRsHsIPRINT sGRADAP
1D9PSTosNUMB XX 9 XD X1 9sFRRORSFHFLP s AP sEMAX NP s TNUMBSNINT s TP)

PURPOSE
TO FIND A LOCAL MINIMUM OF A FUNCTION OF SEVFRAL VARIABLES
ASSUMING THAT I1TS GRADIFNTS CAN RE CALCULATED FXPLICTITLY
BY THE METHOD OF FLETCHER AND POWELL

THE METHOD IS DESCRIBED IN THE FOLLOWING ARTICLE
Re FLETCHFR AND M.JeDs POWFLLs A RAPIDLY CONVERGENT

DESCENT METHOD FOR MINIMIZATIONs COMP, JOURNAL s
VOLe6s 19635 PP,163-168,

COMMON T1sKO sNUMF
DIMENSTON H(1)s X(1)s G(1)s GRAND(1)s NUMB(1)s XX(3s1)s XP(1)s X1(1

1)s ERROR(71)s EHELP(1)s AP(1)s INUMBI(1)

COMPUTE FUNCTION VALUF AND GRADIENT VECTNAR FNOR INITIAL ARGUMENT
KO=0

CALL SFCOND (T3)
CALL FUNGT (NsXsFsGsGRADSAPPsPST sNUMBsXXsXP sX13sFRRORsSFHFLP s AP« FMAX

sNPs INUMRSNINTsIP)

KOUNT=0

NUMF=1

CALL SFCOND (T4)

TIMF=T4-T>

IF (IPRINTFR0) GO TO 1 '
CALL WRITED? (XsNsGsFsNUMF sKOUNT s TIME)

CONTINUE

—d

RFSFT ITERATION COUNTER AND GFNERATF IDENMTITY MATRIX
IFR=0
KK =0
N2 =N+N
N3=N2+N
N31=N3+1
K=N31
DO 5 J=1sN
Hi{K)Y=1,
NJ=N-J
TF (NJ) 69693
PO 4 L=1sNJ
KL=K+L
HKL)Y=0,
CONTINUE

K=KL+1
CONTINUE

START ITERATION LOOP
TF (KOUNT.FN.0) 6O TO 7
IF (KKeNEIPRINT) GO TO 7
KK=0
CALL SECOND (T4)
TIME=T4-T3

30.
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CALL WRTTED (XsNsGsF sNUME sKOUNT s TTMF )
CANTTNUF

KOUNT =K OUNT+1

KK=KK+1

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

DETERMINE DIRFCTION VECTOR H
K=J+N3
T=0,
DO 10 L=1sN
T=T=G(L)Y*¥H(K)
IF (L-J) 89959
K=K+N-{
GO To 10
K=K+1
CONTINUF
H(J)=T
CONTINUE

CHECY WHFTHFR FUNCTION WILL DFCRFASF STFPPING ALONG H,
DY'—'OQ
HNRM=0, -
GNRM=OO

CALCULATE DIRECTIONAL DERIVATIVE AND TESTVALUES FOR DIRECTION
VECTNR H AND GRADIENT VECTOR G.

DO 12 J=1,N ‘

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

GNRM=GNRM+ARS(G(J) )

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

CONTINUF

REPFAT SEARCH IN DIRECTION OF STEEPFST DFSCENT IF DTIRECTIONAL
DERIVATIVE APPEARS TO BE POSITIVE 0OR ZERO.
IF (DY) 1357457

RFPFAT SEARCH IN DIRFCTINN OF STEEPFST DFSCENT IF DIRFCTION
VECTOR H IS SMALL COMPARED TO GRADIFNT VECTOR G.
IF (HNRM/GNRM=EPS) 57357514

SEARCH MINIMUM ALONG DIRECTION H

SEARCH ALONG H FOR POSITIVE DIRECTIONAL DERIVATIVE
FY=F
ALFA=2 4% (EST~F) /DY
AMBDA=1,

USE ESTIMATE FOR STFPSIZF ONLY IF IT IS POSITIVE AND LESS THAN

le OTHERWISE TAKE 1. AS STEPSIZE
IF (ALFA)Y 17517515

IF (ALFA-AMBDA) 164+17+17
AMBDA=ALFA

31.
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17

18

=

¢

ALFA=O.

SAVF FUNCTION AND DFRIVATIVF VALUES FOR:- OLD ARGUMENT
FX=FY
DX=nY

STED ARGUMENT ALNNG H
NA 19 T=1eN
X(TI)=X(1)Y+AMRDA®H(T)
CONTINUE

COMPUTE FUNCTION VALUE AND GRADIENT FOR NEW ARGUMENT
CALL FUNGT (NsXstGaGRADsApPOPST§NUMR9XX9XP,X]9¢RROR0FHFL90AP9FVAX
T oNP s ITNUMRBSNINTsIP)Y
NUMF=NUMF+1
FY=F

COMPUTE DIRECTIONAL DERIVATIVE DY FOR NEW ARGUMENT. TERMINATE
SEARCHs IF DY IS POSITIVE. IF DY IS ZFRO THE MINIMUM IS FOUND
DY=0,
DO 20 I=14N
DY=NY+G(T)*H(T)

CONTINUE
IF (DY) 21941524

TERMINATE SEARCH ALSO IF THE FUNCTION VALUE INDICATES THAT
A MINIMUM HAS BEFN PASSED
IF (FY=FX) 225244524

REPEAT SFARCH AND DOURLF STEPSIZE FOR FURTHER SFARCHFS
AMRDA=AMBRDA+ALFA
Al FA=AMRBDA

FND OF SEFARCH LOOP

TERMINATE IF THE CHANGE IN ARGUMENT GETS VERY LARGE
IF (HNRM*AMBDA-1,F10) 18518923

LINFAR SEARCH TFCHNIQUE INDICATES THAT NN MINIMUM FXISTS
IFR=2
GO TO 62

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

T=0,

IF (AMRDA) 2/941 926

Z2=3o%(FX=FY)/AMRDA4NX+NY

ALFA=AMAXT(ARS(Z)ARSI(DX) sABS(DY))

DALFA=Z/ALFA

DALFA=DALFA*DALFA-DX/ALFA¥DY/ALFA

IF (DALFA) 5792727

W=ALFA*SQRT(DALFA)

ALFA=DY-DX+W+W

IF (ALFAY 284529428

ALFA=(DY=Z+W)Y/ALFA

GO T0 30

ALFA=(Z+DY-W)/{(Z4+DX4+7+NY)

ALFA=ALFA*AMBDA

DO 31 1=1sN
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X{T)=X(TY+(T-ALFA)Y*H(T)
CONTTINUF

TFRMINATFs IF THF VALUE OF THF ACTUAL FUNCTION AT X TS LESS
THANM THE FUNCTION VALUFS AT THF INTFRVAL FENNSe. OTHFRWISF RFPUCF
THFE INTERVAL BY CHOOSING ONF END-POINT EQUAL TO X AND REPEAT
THE INTERPOLATION. WHICH END-POINT IS CHOOSEN DEPENDS ON THE
VALUE OF THE FUNCTION AND ITS GRADIENT AT X

NUMF=NUMF +1

CALL FUNGT (N9X9F9G,GRA09APP9PST9NUMR9XX$XP9X]9FRROR9CH¢L09AP9FMAX

sNP s TNUMRSNINT s IP)

IF (F=FX) 3222937

IF (F-FY) 41441433
DALFA=O.

DO 34 I=1sN .
DALFA=DALFA+G(T)*H(T)
CONTINUE

IF (DALFA) 35938538
IF (F=FX) 37936938

IF (DX=DALFA) 3744137
FX=F

DX=DALFA

T=ALFA

AMBDA=ALFA

GO TO 25

IF (FY=F) 405390440

IF (DY=DALFA) 40441440
FY=F

DY=DALFA
AMBDA=AMBDA—-ALFA

GO TO 24

TERMINATEs IF FUNCTION HAS NOT DECRFASED DURING LAST ITFRATION

IF (OLDF=-F+FPS) 57942942

cOMPUTFE DIFFFRFNCE VFCTORS OF ARGUMENT AND GRANTIENT FROM

TWN CONSFCUTIVF TTFRATIONS

DO 43 J=1sN
K=N+J
HIK)Y=G(J)=-HIK)
K=N+K
H{K)Y=X{J)=H(K)
CONTINUF

TFST LENGTH OF ARGUMFNT DIFFERENCE VECTOR AND DIRECTION VECTOR
1F AT LEAST N ITFRATIONS HAVE BEEN FEXECUTED.

ROTH ARE LFESS THAN EPS
1FR=0
IF (KOUNT=N) &47s44s044
T=0e
DO 45 J=1,N
K=N+J
W=H(K)
K=K+N
T=T+ARS(H{K))
CONTINUE
IF (HNRM=FPS) 46946947
IF (T—-EPS) 62962947

TERMINATE, IF

w
(V)
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H 232:

TERMINATEs IF NUMBER OF ITERATIONS WOULD EXCEED LIMIT H 233
TF (KOUNT-LIMIT) 4R455,455 H 234
o H 235
PRPEDARF UPNDATING OF MATRIX H H 236
ALEA=0, H 237
7Z=0, H 238
NO 52 J=1eN H 239
K=J+N3 H 240
W=0, H 241
DO 51 L=1sN H 242
KL=N+L H 243
W=W+H (KL y*H(K) H 244
TF (L=J) 49+50,50 H 245
K=K+N-L H 246
GO TO 51 H 247
K=K+1 H 248
CONTINUE H 249
K=N+J H 250
KN=K+N H 251
7=7+H{K)%H(KN) H 252
ALFA=ALFA+W¥H(K) H 253
HiJ)=W H 254
CONTINUF H 255
H 256

REPEAT SEARCH IN DIRECTION OF STEEPEST DFSCENT IF RFSULTS H 257 .
ARF NOT SATISFACTORY H 258
IF (Z*¥ALFA) 53,402,573 H 259
H 260
UBNDATF MATRIX H H 261
K=N21 H 262
NN B4 L=1sN H 263
KL=N2+L H 264
DO 54 J=L N H 265
NJ=N2+] H 266
HIK)=HIK)Y+H(KL)*H(NJ) /Z-H(L)*H(J) /AL FA H 267
K=K+1 H 268
GO TO 6 H 269
FND OF ITFRATION LOOP H 270
H 271

NO CONVERGFNCF AFTFR LIMIT TITFRATIONS H 272
1FR=1 H 273
IF (KKeNESIPRINT) GO TO 56 H 274
CALL WRITF2 (XsNsGsFsNUMF sKOUNT s TTIMF) H 275
CONTINUF H 276
o TN 62 H 277
H 278
RESTORF OLD VALUFS NF FUNCTION AND ARGUMFNTS H 279
NO 58 J=1sN H 280
K=N2+J H 281
X(J)y=H(¥) H 282
CONTINUF H 283
CALL FUNGT (N;X,F;G,GRAngAPDopsr9NUMR,XX9XP9X19FRROR9FHFLPoAP,FMAX H 284
ToNP s TNUMRSNINT 5 TP) H 285
NUMF=NUMF +1 H 286
H 287
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RFPFAT SFARCH IN DIRFCTION OF STEFEPFST DFSCENT IF DERIVATIVE
FAILS TO RF SUFFICIENTLY SMALL
1F (GNRM—EPS) 61961959

TFST FOR RFPFATFD FAILURE OF TTERATION
IF (IER) 62960560
IFR=-1
GO TO 2
1ER=0
I11=1ER+2
IF (T14EQe2) KO=1
IF {(IPRINT.FEQeC) RFTURN
GO TO (63+64s65566)s 17
WRITE (6968) IER
GO TO 67
WRITE (6+69) IER
GO TO 67
WRITE (6970) IER
Gn T0 67
WRITE (6+71) IFR
RFTURN

FORMAT (1HOs4HIFR=912+32H ERROR IN GRADIENTS CALCULATIONS)
FORMAT (1HOs4HIER=912941H CRITERION FOR OPTIMUM HAS BEEN SATISFIED

M

FORMAT (1HOs4HIFR=512+57H MAXIMUM NUMBFR OF ALLOWABLE ITERATIONS H
1AS BFFN FXCFFEDFD) ~

FARMAT (1HOs4HIFR=912983H CHANGF IN ARGUMENTS GFTS TOO LARGEs LINE
1AR SEARCH INDICATES THAT NO MINIMUM EXISTS)

END

20 ® 000 0000000060000 000000 000000000 00000 °2000900000000000000%0e000009%0

SURRPRNAUT INF INPUT (MFTsMeMAXSNsIPRINTSINDATASFPS]9sFSTeFPSsASTRT)

PRINTS THE INPUT DATA
FOR THE OPTIMIZATION PROCESS

DIMFNSION ASTRT(1)s EPS(1)

WRITF (6+5)

IF (METoeNEeleANDeMFTeNFe?2) GO TO 4
INDEX=0

GO TO (1+2)s MET

WRITE (6+6)

GO Tn 3

WRITE (697)

CONTINUE

WRITE (658) N

WRITE (699) MAX

WRITE (6+10) IPRINMT

WRITF (6911) ASTRTI(7)

WRITF (6912) (T9sASTRT(I)sI=29eN)

IF (MFT.FNe1) WRITF (6+412) FPS(1)
IF (MFTeFGQe1) WRITF (6914) (IsFPS(T)sI=24N)

(7]
(7, ]
.
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IF (MET«EQe2) WRITF (6s15) FPSI1
WRITE (6916) EST

RETURN

WRITF (6s17)

CALL EXIT

FORMAT (1H1910HINPUT DATAS/91Xs10(1H=)9s//91Xs34HFOLLOWING METHODS

1HAVE BEFN CALLFEDs/)

FORMAT (1HOs15HFLETCHER METHOD)

FORMAT (1HOs22HFLETCHER-POWELL METHOD)

FORMAT (1HOs/1Xs31HNUMRER OF INDFPENDENT VARTIARLFS$38(1He) s2HN=s15
1e7/)

FORMAT (1HO»38HMAXIMUM NUMBER OF ALLOWABLE TTFRATIONSs27(1He) s 4HMA
1X=9159/) :

FORMAT (1HOs857HINTERMEDIATE OUTPUT TO RE PRINTED EVERY IPRINT ITER
1ATIONS95(1He ) s THIPRINT=9154/)

FORMAT (1HNs30HSTARTING VALUE FOR VECTOR A(T1)929(1He ) 910HASTRT( 1)
1=9E16.8)

FORMAT (1HO 959X s6HASTRT(s1292H)=3F16,8)

FORMAT (1HOs/s1Xs45HTFST QUANTTITIES TO RF USED IN FLFTCHFR METHOD
1176(1He ) s8HEPS( 1)=sF1648)

FORMAT (1HOs61Xs4HFPS(s1292H)=sF1648)

FORMAT (1HNs/5s1Xs50HTFST QUANTITY TO RF USEN IN FLFTCHFR-POWFLL MF
1THOD 914 (1He ) s5HFPS1=9F1648)

FORMAT (1HOs/s1X9s81HESTIMATE OF LOWER BOUND ON FUNCTION TO BE MINI
IMIZEDs14(1He ) s4HFST=3F16,8)

FORMAT (1HO»49HNONE OF THE OPTIMIZATION METHODS HAVF BFEN CALLFDs/
131X 29HPLFASF CHFCK- THE VALUF OF MFTs/s1XsOHREMATINDFR s/ 91X s40HMET =

21 FLFTCHFR MFTHON WOULD RF CALLFDs/9s1Xs&4THMFT=> FLFTCHFR-POW
RFLL MFTHOD WOULD BRE CALLFD)
END

..........'.............Q.Q.C.O‘.........Q............l...........

SURRNAUTINF FINAL (AsFsNsMFT)

PRINTS THF RESULTS
FOR THE OPTIMIZATION PROCESS

COMMON T1sKOsNFF
NDIMFNSION A(1)

WRITF (695)

TF (KO,FR.O) GO TN
WRITF (696)

GO TO 2

WRITFE (8s7)

CONTINUE

WRITE (6+8) F

WRITE (699) (IsA(I)sI=1sN)
GO TO (3s4)s MFT
WRTTF (6s10) NFF
RFTURN

WRITF (6s11) NFF
RETURN
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FORMAT (1H1) .

FARMAT (41X933HFOLLOWTING 1S THF OPTIMUM SOLUTIONs/s41Xs33(1H=))
FARMAT (45X s 26HRFSULTS AT LAST TTFRATION/94&8Xs26(1H-))

FORMAT (//+s48X93HF =9F16e89/)

EORMAT (45X 92HA(9129e2H)=9E16e8)

FORMAT (//25X953HNUMBER OF FUNCTION EVALUATIONS BY THE FLETCHER ME
1THOD110)

FORMAT (//25Xs60HNUMBFR NOF FUNCTION EVALUATIONS BY THE FLETCHER-PO
1IWFLL MFTHODsI10)

FND

...0........O.........Q......OO...............O...O..'..‘-O.......

SURROUTINE WRITF1 (N)

PRINTS THF INTFRMFDIATF RESULTS

COMMON TIME sKOSNFF
WRITE (6+5)

GO TO (1s2)s N

WRITE (6+6)

GO TO 13

WRITE (697)

CONTINUE

IF (TIMF,FQe0o) GO TO &
WRITF (6+8) :
RETURN

WRITF (6+9)

PFTURN

FORMAT (1H1)
FORMAT (1HDs21HOPTIMIZATION RY FLETCHFR MFTHONs/s1HO»31 (1H-))
FARMAT (1HOs38HOPTIMIZATION RY FLETCHER-POWFLL MFTHOD s/ s 1HN 938 (1H=

1))
FORMAT (1HOsOHITFRATINN 2 Xs8HFUNCTIONs&Xs12HTIMF FLAPSFDs8X9s9HORJF

1CTIVF 314X s20HVARTARLF VECTOR A(T)s0Xs20HGRANIENT VECTOR G(TI)s/1HO»
2 AHNUMBER 35X s 1 THFVALUATIONS s 3X sOH (SECONDS) 9 11X s 8HFUNCTION /)
FORMAT (1HC99HITFPATIﬁM92X98HFUNCTION’8X99HGRJECTIVE914X920HVAQIAB

JLE VECTOR A(1)99Xs20HGRADIENT VECTOR G(I)s/1HOs6HNUMBFR 95X s 1 1HEVAL
2UATTONS 95X sBHFUNCTTONS /)

FND

..C..C‘.........l.C..........Q..'.O‘...............C.“...........

SURROUTINF WRITF2 (AsNsGsFasNUMFsITFRsTIMF)
PRINTS THF INTFRMFDIATF RFSULTS
COMMON T19KOsNFF

NDIMENSION A(1)s GI(1)
IF (T1eFQ0e) GO TO 1
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WRITF (692) TTERSNUMFsTIMFEsFs((A(T)sG(T))sT=19N)
RETURN

WRITF (693) TTERINUMFsF o ((A(T)sG(T))sT=1sN)
RETURN

FORMAT (1HNsI155s7XeT595XsF16e833XsF16689s12X995(F16e8+13XsF16e8s/570
1X)) : .

FORMAT (1HOsI1597Xs1598X9F16e897X995(F16e89123X9sF16e83/949X))

END '
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