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FUNCTION OPTIMIZATION PACKAGE:

VERSION FLOPT1

J.W, Bandler and W.Y. Chu

Abstract The program developed solves unconstrained optimization
problems by the Fletcher method. It is adaptable to solving constrained
problems by using sequential unconstrained minimization techniques. The

program is available for batch processing as well as on the time-sharing

system INTERCOM of McMaster's CDC 6400.

I. INTRODUCTION

The package FLOPT1 is a modified and more concise version of
GRADMIN [1] to be used for optimizing any well-behaved once continuously
differentiable unconstrained objective function of the form
U= U(xl, Xos eees xn), where X15 X55 eeey X aTE independent variables.
By applying the Fiacco-McCormick method [2], objective functions subject
to equality and/or inequality constraints can readily be optimized.

Three options are available for the package FLOPT1. The user
can access the package for batch processing or he can use the package
on the time-sharing system INTERCOM. Except for using the demonstfation
program, the user has to supply the main program and a subroutine called
FUNCT which defines the objective function, the constraint functions

(if applicable) and all first-order partial derivatives.

This work was supported by the National Research Council of Canada
under grant A7239.
The authors are with the Group on Simulation, Optimization and

Control, and Department of Electrical Engineering, McMaster University,
Hamilton, Ontario, Canada,



II. USAGE
The three options of the package FLOPT1 are stored on permanent

files; each has its own filename. They are called:

1. FLOPT1B [for batch processing]
2, FLOPT1I [for INTERCOM]
3. FLOPT1D [for the demonstration program on INTERCOM]

A. Batch processing

1. Set up the input deck as follows:

L (( DATA DECK

{ SUBROUTINE FUNCT
/ MAIN PROGRAM

/ CONTROL CARDS

2. CONTROL CARDS

A typical set of control cards is:



ABCD. USER NAME
ATTACH, 2fn, FLOPT1B, ID = *¥**k*¥%* MR = IT
FTN.

LOAD (2fn)

LGO.

END OF RECORD
PROGRAM TST (INPUT, OUTPUT, TAPES5=INPUT, TAPE6=0UTPUT)
3. MAIN PROGRAM

Write the main program as indicated below:

(a) Dimension the following arrays

X(N), G(N), EPS(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
M =1 if data deck is to be read

0 if data deck is not to be read.

Always set M equal to 1 for the first call of FLOPTI.
(c) Call subroutinevFLOPTl as follows:
CALL FLOPTI(N, K, M, X, G, H, EPS)

(d) Add STOP and END cards.

2fn stands for logical filename of no more than 7 characters.
Appropriate identification parameter ID should be inserted in ******xx%



4, SUBROUTINE FUNCT

This subroutine defines the objective function, the constraints
(where applicable) and all first-order partial derivatives. It is to be
written as follows:

SUBROUTINE FUNCT (X, G, U)

DIMENSION X(N), G(N)
where N = The number of independent variables (to be entered explicitly

in the dimension statement)
Define the objective function
U= U(xl, Xps eees xn)

Define the gradients of the objective function

_ U
G(1l) = T
1

U
G(2) = =—=—
axz

_ ou
G(N) = v
n

Add RETURN and END cards.

If other statements are required for defining the function or
the gradients, they may be added to this subroutine, e.g., function U
may be defined in another subprogram which may then be called by
subroutine FUNCT. Additional statements are also required if the problem

is subject to constraints (See Appendix A).



5. DATA DECK

Parameters to be supplied as input data are defined below.

MAX Maximum number of iterations allowed

IPT Intermediate output is printed out every IPT iterations;
it should be 0 if no intermediate output is desired

ID Input data is printed out when ID=1; it should be 0 if

input data is not to be printed

EST Minimum estimated value of the objective function

X(D), Starting values for the variables

I=1,N Xy x2, oo xn

EPS(I), Test quantities used by Fletcher method

I=1,N

Recommended values for some of the parameters are

MAX = 100
EST = 0.0

EPS(I), I=1,N Each = 1.E-6

6. ARRANGEMENT OF THE DATA DECK

CARD NO.
1
2

As many as
required

As many as
required

FORMAT
315

E16.8

5E16.8

5E16.8

PARAMETERS
MAX, IPT, ID

EST

X(I), I=1,N

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, 2fn, FLOPT1I, ID = *********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, there
are some minor adjustments. In the main program, the dimension state-
ment should be

DIMENSION X(N), G(N), EPS(N), H(K), XS(N)
and the CALL statement should be

CALL FLOPT1 (N, K, M, X, G, H, EPS, XS, JOPT)

The parameter JOPT, which specifies the mode of optimization, has to be
defined. For unconstrained optimization, JOPT should be set to 0; for

constrained optimization, JOPT has to be set to 1.

After typing the main program and subroutine FUNCT, the user
may leave the EDITOR mode by typing the commands
SAVE, filename

BYE



3. The program just written has to be compiled. The user should type
the command
FIN, I = filename.
4. To execute the program with the package FLOPT1, the necessary
commands are
CONNECT, INPUT, OUTPUT.
XEQ.
LOAD = LGO, %fn’
EXECUTE
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. The user may separate
each value by a comma, a blank, a fewblanks or by typing the RETURN
key. If a line cannot accommodate a specific input string, the
user may go to the next line by typing the LINE FEED key. Unless
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 instruction
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, FLOPTID, ID = *¥**%%%%%x%
CONNECT, INPUT, OUTPUT.

XEQ, &fn.

Tzfn stands for logical filename of no more than 7 characters.
It should be the same in the ATTACH command and in the LOAD command,



The main program 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 the package
on INTERCOM. However, for a long subroutine FUNCT, it is advisable
to store the created program on permanent file. The user can sub-
sequently call back his program for execution.

In all the 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. Problems with constraints may be solved using
the Fiacco-McCormick techniques as illustrated in Appendix C. 1In
Appendix A, instructions for using the package to solve problems with
constraints are given. Results for some of the problems solved using
this pacakge have been included in Appendix B and C. Appendix D shows

the general structure of the package.
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APPENDIX A
The program package is primarily written to splve unconstrained
optimization problems. By using the Fiacco-McCormick [2] techniques,
a constrained problem can readily be transformed into an unconstrained
one. The technique is basically to add the constraints as penalties
to the unconstrained objective function. For example, to minimize

with respect to ¢
Y

U= U(i) (A.1)

subject to inequality constraints

gl¢) >0 (A.2)
Ny n
and equality constraints
h(¢) = 0 (A.3)
NN n
A new objective function is defined
T 1 5 .2
P(¢p,r) = U + T fo— h? A.4
(¢,7) = U(®) [Z-W] &_[Z @] (A.4)

i=1 j=1
to be minimized instead of U(¢). By reducing the parameter r, the effect
Y]
of the penalty is reduced and under suitable conditions, a constrained
minimum will be obtained.
A typical way of implementing the Fiacco-McCormick method is

as follows

1. In subroutine FUNCT, define the penalty function as described above.
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To avoid possible confusion, define the unconstrained objective

function as F and the new objective function as U (function P in Eq. A.4).
The constraint functions, their gradients and the gradients of the

new objective function have to be defined. Appropriate adjustment

in the dimension statement is expected.

2. In the main program, define the parameter r (the value of r should be
available to the subroutine FUNCT and this can easily be done by
using a COMMON statement) and put the subroutine FLOPT1 in a DO
loop. In the batch processing option, the user has to pre-determine
the number of calls of subroutine FLOPT1., In the interactive pro-
cessing option, there is no such restriction.

Samples of the main program required when solving constrained
problems are shown below:

For batch processing option FLOPT1B

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

COMMON/SS /R
M=1
R =1.0

DO1I=1,5
CALL FLOPT1 (N, K, M, X, G, H, EPS)
M=0

R

0.01*R
1 CONTINUE
STOP

END



For interactive processing option FLOPT1I
DIMENSION X(N), G(N), EPS(N), H(K), XS(N)
COMMON/SS/R
M=1
R =1.0
JOPT = 1

1 CALL FLOPT1 (N, K, M, X, G, H, EPS, XS, JOPT)

M=0

R = 0.01*R

GO TO 1

END

12,
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APPENDIX B
To minimize
2 2
)

U= 100(3:? - x

2 +(1-X1)

with the starting point:
x, = 0,0
x, = 0.0

A suitable listing of 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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pena, CHU W
ATTACHa TAPF s FL NDPTIRS IN=HSRORNLFRsMR=1,
ETN :
I AAN(TADF)
1 An,
J K400 END OF RFCORD
PROGRAM TST (INPUT 4NUTPUT s TAPES=INPUT s TAPEL=NOUTPUT)
NIMENSTAN X(2)eG(2)eH(Q)sFPS(?2)
CALL FLOPT1(2+9919XeGeHeFPS)
cTAD
END
.

SURRAUITINFE FUNCT (X sGol))
DIMENSTINON X(2)e6(2)
A=X(1)%#X(1)
P=A=X{2)
C=1e0=X{(1)
- THFE ORJECTIVE FUNCTINN
=100 g #REP 4 %
s ARANTEMTS NF THFE NRJFCTTVF FUNCTTION WITH RFSPECT TO THF VARTARLF
C PARAMETFERS
AIY=4D0 TR IXTTY¥A=X{( 1Y %X (2)Y)Y=D N%C
CUP2)==200,0%p

DCTIIDN
CM{‘.

' ALDT FND NF RFECOARH

100 1 1

’\.’\

Atﬂ 0.0

1, F= A1eF=— 6

' FND NF FTF

Fig. 1 Main program and subroutine FUNCT for the example of Appendix B.

Input data is also shown.
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INPUT DATA

1]
N

—_>NUMBE_R OF 7'INnEpENDF~T VARIABLES.'...."...Q.‘.."I.....N

MAXTMUM NUMRFR OF ALLOWABLE ITFRATIONS:essssseossssssMAX 1nn

INTERMEDIATE PRINTOUT AT EVFRY TPT TTFRATTIONSeeeseeesT?T = 1

SF&‘R‘TTNG'VﬁtﬁF—F‘ﬁﬁ_V'EC“T“ﬁﬁ Xt s s s es s s isisssssss s XU ——"5— T
Xt 2)y = ",

TEST QUANTITTES TO 3F USFNeeesesssasssscsssossosneser ™S 1) = 1031055 =0c

£oS( ?2) = B VR SRR R

ESTIMATE OF LOWFR BOUND OF FUNGCTION TO 2F MINIMTZ7EN,.E<T = 0,

Fig. 2 Input data for the example of Appendix B.

IFXIT = 1 .
CRITERION FNOR OPTTIMUM (CHANGE IN VECTOR X .LT. FPS) HAS REFN SATISFTED

G S WD . N A D . D e A D un D ep D wn WS A TS ap T WS AW = I

U = «534L1R7E~13

Xt 1Y = AP aaRE+ft— 6ttt = 856°57FE=A5 —— — - — ————
Xt 2y = L1rC0N0F+01 f( 2) = =,475743F-05
NUMBEZR OF FUNCTION FVALUATIONS = 7N
EXENUTION TTMF IN SECONDS = L 2Lz

Fig. 3 Results for the example of Appendix B.
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APPENDIX C
To minimize
2 2
F = x1 + 4x2

subject to the following equality constraint

h =x

1 + 2x2 -1

The unconstrained function for this problem using the Fiacco-McCormick

technique 1is

The starting point used is

x, = 0,0

Commands to enter the EDITOR mode, a listing of the main
program and subroutine FUNCT, commands to compile the program, access
the option FLOPT1I and execute the program, instructions for entering
data, a record of the input data and some final results are given in

Figs. 4-8.



PR
IATE €
TIME 21,36, 54,

= HHlU_IHTERGOH 4.l

o

FLERSE LOGIH

LG I,

EMTER LESER MHAME- HZE.
HAPBERBEENE FHTER PRASSHORD

BECLESTE LOGGED IM AT #1.58.

WITH LISER-IT ERE

T S W B R

COFPIARNT- EDTTOR,
o LEERTE

Fig. 4 Commands for entering the EDITOR mode.

Kt

17.
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PREOGRAM TET CIHPUT s OUTPUT s TRFE S=1HPUT s TAPES=OUTFLUT )
COMMON
DIMENSTON 0810 GIET o HUR1 EFG (21 56 18]
Rl 6

Fs=1

CALL FLOFTL 0 S e e o He EPSy 5 1]

H 35|

EHD
SLUBREOUTIHE FIUMCT O e LD
U0 !
UlHEH TOM St GUE s GF U GO EE
Fla=g ]
THE. HI!Lf"".C FLIFCT TOM
Frase C1 1265 ] 1 -FIH
GREADTEMT: HF IHL CEJECTIVE FLUMCTION
GELL "y
[ | &t
1}4E. Ff"ltﬂ*!W'F COMSTREATINT
'[1J+H"1.

GRADIEMTS OF THE COMSTRATHT
tl IllmJ

I MG FIACCO-MCCORNOE
TECHHIALE |
Ll [ 80 S0RT (R
FiEss, %) U3
GRADIENT

ConbECOHDE . COMPILATION TIME
qFIﬁPTTIuIﬁ“HﬁﬁﬂﬂﬁLEHH

Fig. 5 A listing of the main program and subroutine FUNCT of the example
of Appendix C. Commands for compiling and executing the program
with option FLOPT1I are also shown.
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UL PRE RELCOME T LESE THE PACERGE " F L O F T 1 ",

FLOFSE SUPPLY DATA WHEM ASEED FOR.  WvOU CRd EMTER WOUERE DRTH O IM Ay
FUORMATs HOWEUER. BE REASOMAELE.  FLERSE SEFPRRATE EACH UALUE EBY A
CORMAs A BLAME OF TYPIMNG THE RETUREM EEY.  THAME SO0

SFECIFY THE MAXIMUM MUMEER OF ITERATIONS ALLOMED.

1 1 E3E3 |
TER A IHTEGER S0 THET IMTERMEDIATE OUTPUT WILL BE FRIMTED RFTER

CIFIED HUMBER OF ITERATIONS. ENTER & JF VOL DOM'T WANT

TOLWANT TO HAVE A RECORDD OF YOUR IHFUT DRTAs OTHERMISE

EFHEIFT HOPTHIFUM ESTIMATED VALLE OF THE OBJECTIVE FUMCTIGON.
e B

EHTEER ETHHTIHﬁ_UHLUEE FOR THE UARIAELE FRARAMETERS.

E LA B

EMTER SFALL "rlL.llE """ FOR TEZTIMG COMUERGEMCE.

£ 1 E-6n 1. E—f

FrY HHHTFTﬁHTIUH
# B

lﬁll}IEfHFl

i i

SRECTFY O THE MASITIMOM HURMBER OF ITERATIONS ALLOMHED.
HES S

AN FIOTF TOAT TOH
# M

SUUE DRTH TS HOW BEIHG PEOCESSED.  TT MAY TAKE S0ME TIME BEFORE
RESULTS ARE AUATLABLE.  FLEASE BE PATIEMT.

Fig. 6 Instructions for entering data for the example of Appendix C.
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H PiF”IIT IJkil rl

MUMEBER OF IHDEFEMDEMT UAREIFABLES. s i s v e s aansa wawm s a s [ = o
PIFEIMUM HUMBER OF FALLOWABLE ITERATIONS. s s e vounnns MA= = 56
IMTERMEDIATE PEIMTOUT AT EUVEEY IFT ITEEATIOMS. ... IFT = £l
~iHF71Hb WALUE FOR UECTOR =010

S A K,

R I TR ¥ T
.E,C HHHH1ITIE_ lH lE U~LU
S 1I = 5 ;

.
L

FSTIMATE OF LOWER BOUMD OF FUMCTION TO EE MIMIMIZED..EST =

Fig. 7 Input data for the example of Appendix C.

PEwIT o= g

tPJiEFl“” FOR OFTIMUM (CHAMGE I VECTOR = JLT. EPSD HAES BEEM SAT

QPTIHHL HLHTLHH FHHHH I: FLETlHEF HFTHHD

R o ADRRTEE L

I Gio1)
R+ I GlOED

H 1
i 3
-r.

i
Ly Lol

FLIFEER QF  FLMCTION EURALLIFAT IOMS

I
py)
o
I

EHECUTION TIME IM SECOMDS
e 0L WAMT TO TERMINATE THE FROGRFAM
# A
TOTAL MHO. OF FUNCTION EURLUATIONS = 53
TOTAL EMECUTION TIME IM SECOMDE =  LB7E

EalT

Fig. 8 Results for the example of Appendix C.

I=FIED
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APPENDIX D

The general structure of the package is

MAIN
PROGRAM
PI— I
FINAL FLOPT1 GRDCHK
—————
OUTPRT FLVMM1
FUNCT <

Attached is the complete FORTRAN listing of the package - option FLOPTII,



SURPAHTIMFE FIOPTT1 (NsK gMeXeGoHeFDS¢XSe JOPT)
COMMAN /Pl K/ KD

AAMMAN /ALK

/ NF

LOGTCAL UNITH

NIMENMNSTAN X (

NATA N/2HNN/

UNTTH=,TRUE .
IF (MeFNeD)
TIMET=NN
NFT=0

WRITF (6+24)
WPRTITF (he?25)

MYs G{NYs FPS(M)y H(K)s XS(N)

GO TO 9

1

RFAD (He%) MAX

WRITF (As26)
READ (5e%) 1
WRTTF (6427)
RFAN (5¢3%) T
WRITF (A428)

PT

N

RFAN (&e¢%) FST

WPITF (6+29)

RFAD (Ae%) X

WDTTF (/e30)

REAN (5e%) FPS

\_A'DTTc ({\’17)
DFAN (ReTR)

ANS

IF (ANG.FNLN) GN TN R

WRITF (Ae19)

RFEADN (&Ko) NN
N TN (DsRelisBeAae7) e NN

WRITF (6+25)

RFAD (5s%) MAX

N TO
WRITF (he2fk)
RFEAN (54%) T
Gn TN 1
WRTTE (Ae?7)
PFEAN (Bex) 1
6n TA T
WRTITF (Ae28)

DT

D)

RFAN (54%) FST

G TN 1
WRTITF (Ae29)

PFAN (B4%) X

~N TO
WRTITF (Ae2N)

PFADN (Be%) FNDS

N TN
WRTTF (Ae21)
TE (TNeFNLT)
WDTTFE (Ag22)
WRITF (Ahs27)
WRITF (Ae4)
WRPTTF (Ahe25)
WRTTF (As36)
WRTTF (AKe27)
WRTTF (Ae28)
WRTTFE (Ae2G)
WRTTF (Aegy0)
CAMNTINUF

A0 TA @

N

MAX

1PT
(TeX{T)YeT=1sN)

(ToFPS(T)sT=1sN)
£eT

22. P

P> >P>>D>PDPD>DPD>>DP>DE>>2>P> D> DD DD DD]>}>]>)>J>Z>)>>)>)>J>J>J>)>I>>DD]>‘I>>]>Z>,>I>J>
»
Q



1n

11

12

14

24

27

290

20

23,

TE (UNPTeFNe1) GO TO 11
NN 10 T=1,N

XS(1)y=x(T1)
CONTTNUF
nME =1

CALL GRNDCHK (N9XeG)

IF (IPTLFRLC) GO TO 12
WRITF (6Ke41)

WRTITF (6e4D)

WRITF (&e47)

CALL SFCOND (T1) .
CALL FLVYMMT (NyK eXslUsGaHosUNTTHIFSTsFPSsMAXsTPT)
CALLL SFCOND (T2)

CALL FTNAL (NeXoller)
T=T7-T1

WPITFE (6e44) T
TIMET=TIMFT+T
MET=NFT+NF

WRITE (Hhe20)

RFAD (8418) ANS

TF (JODPTLFQe1) GO TO 173
A TA 14

IF (ANS,FN,D)Y GO TN 16
WRTTF (Ae?21) NFT

WRTTF (Ae22) TIMFT

CALL FXIT

TF (ANSNF,D) GO TO 16
WRTTF (6+23)

RFAD (5418) ANS

IF (ANSeFQeD) GO TH 1
DA 15 T=14N

X(ry=XsS(1)

COANTINUF

GN TN

RFTURN

FORMAT (THN¢*ANY MODIFICATION*®/% o #)

FARMAT (A10)

FORMAT (1H o *WHICH FNTRY*/% o *)

FARMAT (1THD/1H o%¥D0O YOU WANT TO TFRMINATF THF PROGRAM¥X/3 o 3t)

FORMAT (1HZ 91X e%#TOTAL NOe NOF FUNCTION FVALUATIONS =#*,15)

FARMAT (THN¢2X o % TNTAL FXFCUTION TIME IN SFCONDS =%4F742/)

FORMAT (1H o*SHALL T RFTAIN THE STARTING VALUES OF THE VARTARLF PA
1PAMFTFRS® /% o %)

EOARPMAT (1H1+%#YOU ARF WFLCOMF TO ISF THF PACKAGF ' F L O P T 1 te¥/
1% PLFASE SUPPLY DATA WHEN ASKED FORe YOU CAN FNTFR YOUR DATA IN A
SNY#*/% FORMAT, HOWFVERs RE REASONABLE. PLFASF SFPARATF EACH VALUE
2RY A%/% COMMAs A BLANK NOR TYPING THE RFTURN KEY, THANK YNUe*/)

FARPMAT (1H o #SPFCTFY THF MAXTIMUM NUMRFR OF TTFRATTIONS ALLNOWFEDg*/%*
11( *)

FORMAT (1H +*FNTFR AN INTEGFR SO THAT INTFRMFDIATF QUTPUT WILL BE
1PPINTFD AFTFR%/% FVFRY SPFECIFIFD NUMBER OF TTERATTONS. ENTFR n IF
2 YOI DONIT WANMT®/% ANY INTFRMFNTATF OUTPUTex/% 2( )

FARMAT (1H +%FNTFR 1 TF YOU WANT TO HAVE A RECORD OF YOUR INPUT DA
1TAs OTHFRWISF%/# FNTFR Qo%/% 3( )

FARPMAT (1H o *#SPFCIFY A MINIMUM FSTIMATFEFD VAL UF NF THF QRJFCTIVF FU
INCTIOMg# /% 4 ( %)

FORMAT (1H o *ENTFRP STARTING VALUFS FOR THF VARIABLE PARAMETERS*/%*

> >>D>P P> LEPED DL > DD DDEDDDDS>D>D PP D

(R

60
61
62
63
YA
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
a0
81
82
3
R4
85
86
_7
88
8’3
Yo
o1
s3
o4
95
oq
a7
98
Q9
100
101
102
103
104
105
106
107
108
1009
110
11
112
113
114
115
116
117
118



2an
21

2%
2%
2/

26
27
20
20
un

41

0L?
4

Lb

24,

1T R %)

FARMAT (1H o%FENTFR SMALL VALUFS FOR TFSTING CONVFRGFNCF /% &( %)

FARMAT (//s% YNOUR DATA IS MOW RFING PROCFSSFDe IT MAY TAKF SOMF T
1IMFE RFFORE*/% RFSULTS ARE AVAILARLE. PLFASF BF PATIFENTe*)

FARPMAT (TH1 s *INPUT DATA%/9TH 10 (*=3))

EARMAT (1HD 4 #NUMRFR NOF INDFPFNDFNT VARTARLFS#24 (#¢%) o%#N =%*414)

FORMAT (1H o ¥MAXTMUM NUMRER OF ALLOWABLFE TTFRATTONS*s15 (#e%)¢*MAX
1=%,14)

FORMAT (1H ¢ *#TINTFRMEDTATF PRINTOUT AT FVFRY IPT ITFRATIONSH* R (*4%)
1o#10T =%,14)

FORMAT (1H 9s%STARTING VALUF FOR VFCTOR X(T)%)

FARMAT (1H s EX o #X (X 9IDe*) =¥%9E1446)

FARPMAT (1H o%#TFST QUANMTITIFS TO RF USFND*)

FARMAT (1H o 2X s #FPS(H*4TDe¥*) =%aF14,6)

FORPMAT (1H ¢ *¥FSTIMATF OF LOWFR ROUND OF FUNCTION TO RF MINIMIZFED¥*,
12 (#e%) 9 %FST =%4F1446)

FADMAT (1H1)

FARMAT (1H 4#NOPTIMIZATTION BY FLFTCHER METHON* /e 1H 2] (#=3))

EAPMAT (1THO 9 #TTFR (% 02X o ¥FUNCT g% s BX o ¥ TIMF(SFr ) ¥ eBXs#NR JECTTVFH¥9AXo¥*
TVARTAR| F# o 7X s #GRANTFNT®/TH s1Xa%¥ND#93X s % FVALUG#sAX s ¥F| APSENH ¢AX 9%
IEUNMATINN# s AX o #VFATAR X (1) #94Xe#VFCTOR (T )%*s/)

FARMAT (THD s OX e #FXFCUTTON TIMF TN SFCONDS =2sF7,3)

[=RX1p]

> >D> > >DD>D PD2DDDDEDRED > D> D>

fU

119
120
121
122
1722
124
125
126
127
128
179
120
121
122
133
134
1285
174
137
128
120
140
141



SURRAUTINF F1 VMM] (NsK oXesUsGeHeUNTITHFSTsFPSsMAXSIPT)

DIMENSTION X(N)s G(NYs FPS(N)s H(K)
COMMON /RLK1/ NF

COMMON /RLK/ KO

LOARTCAL CONVOUNTTH

CALL SFCOND (T13)

KnNn=n

CALL FUNCT (XoeGol))

TF (UelLTeFST)Y GO TH 22
TTNn=]

STFP=1,0

ID=N+N

TH=ID+N

IF (JNOT,UNITH)Y GO TO »
T J=TH+

NA 1 T=14N

DA 1 J=T4M

H(T1J)=0.0

I1F (IOFQ.J) H( IJ)=].O
1J=1U+]

C()NV:oTPUF.o

GDX=0,40

NN A T=1eN

7=NegN

IJU=TH+1

IF (TeFDe1) GO TO 4
L=1-1

PN 3 J=1sL
72=7-H(TJYy*G(J)

1J=TJ+N=~]

CONTINUF

PO & J=TeN
2=7-H(TU)*G:())

TJ=1J+1

CONTINUF

TF (ARS(ZVY 4T FPS(T)) CONV=,FALSF,
H(N+T)=7

GDX=GDX+G(T)*7

CONTTINUF

TE (IPTeFNeNY GO TN 7

TF (MOD(TTNs TPT)eNF,0) GO TO 7
CALL SFCOND (T4)
TIMF=T4-T13

CALL NUTPRT (X oNsGsUsNFeTTNsTIMF)
TEXTT=1

IF (CONVY GO TO 24
TFEXTT=>

IF (GDXeGFaCeNY) AN TN 24
7=1eN

TEF (TTNeLTeMeANDGUNTTH) Z=STFP
W=D ¢ (FST=-UJ) /GNX

TF (WellTogZ)Y Z=W

STEP=7

GNDX=GDX*7

NO 9 T=14N
HIN+TY=H(N+T ) *7
X{T)=X(I)+H(N+T)
CONTTNUF

NF=NF+]

DD DD PPITIDDODOIDTID DTV DI DDDDIDDODIDIDDTIDDD DDDDBDDDV VDD DDPDOD OV VD OPIDT D
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M

12

14

16
17

18

19

20

21

PU

26,
CALL FUNCT (XsHoFP) R 60
TF (FPLLTLFST) GO To 22 B 61
TFXTT=2 R 62
TF (TTNeFNeMAX) GO TOH 24 B .63
~oNX=0,0 R 64
PN 10 T=1eN R 65
H{IN+T )y =H(T)=G(T) R 66
APRX=GAONX4AH(T)¥H(N+T) R 67
COANTINUF B 68
NERX=GPNDX=GNX R 69
TF (UghT{FP=N,N0N1%ADXY O TO 12 R 70
IFXTT=4 R 71
TF (GPPX el TeNeNeANDGITNGTSN) GO TO 24 R 72
7=2%(1|=FP)+ADPNX+GNX a 73
W=SART (1, =G(NX/Z%#GPNX/7 )Y#APS(Z) R T4
2210 (GPDX4+W=Z)/(DNADX+240%W) R 75
IF (ZQLT.OQ]) Z=Oo] R 76
NO 11 T=16N R 77
X{TY=X(TY=H(N+T) R 78
CONTINIF B 79
G TA 14 R R0
l1=FP R 81
NA 12 T=1eN B 82
GITY=H(T) R 83
CONTINUF B 84
TE (NARX,AT.N,N) AN TN 15 R 8%
GAX=APNRYX R 84
7=be0) R a7
QTFED=Z%QTFDP R 88
GO TN 8 R 89
TF (rPNX | TeNe8*GNXY) STFP=2 ,0%STFP R0
DGHDG=0,60 B 91
PO 19 T1=1eN B 92
7=0,0 R .93
TJ=TH+T R 94
TF (TeFNg1) O TO 17 R 985
L=T1=1 R 96
PN 1A J=1sL R 97
2=7+H(TJY*HLID+J) R 98
TJ=TJ+N=-J B 99
CONTINUF B 100
PO 18 J=T 6N B 101
7=74+H{TUY*H(TID+) R 102
TJ=TJ+1 R 103
CANTTMUIF B 104
NEHNG=NGHNC+7%H (IN+1) RO10%
H(T)=2Z7 R 106
CANTINUF R 107
TE (NEHNDG I TeNeN) POEHNA=NANX®0 N R 108
TF (DGENX.LTeNGHNG) GO TO 21 R 109
W=1e0+NGEHNG/NANX R 110
NA D0 T=1eN R 111
HIN+T Y =WH#H(NFTY=H(T) R 112
CONTINLF R 113
DGEDX=NGNDX+NGHNDG R 114
NEHNG=NGDX B 115
TJ=1H R 116
nn 22 1=1seN R 117
W=H(N+T)/DANX R 118



.22

2
24

26

27

20
20

21

29

27,

7=H(T1)/DGHDA

NN 22 1=T N

TJ=T1J+1
HITOY=HITJY+WHHIN+I)=Z%H(J)
TTN=TTN4+]

GO TO 2

1FX1T=¢r

TF (TEXTTFRLY1) KO=1

AN TR (DR e2As2T7926978)s TEXIT
WRTTF (As20) TEXTT

GN TN 29

WRTTF (Ae21) TEXIT

GN TO 29

WRTTF (he32) TFXTT

~N TN 29

WRTTF (ke22) TFXTT
COANTINUF

PETIIRN

FOPMAT (THT1 9% TFXTT =%4729/1H s*CRTTEFRINN FOR OPTTIMUM (CHANGE TN VF
1CTOR X LT. FPS) HAS RFFN SATISFIFD*)

FARMAT (TH] o *#TFXTT =#412s/1H o*FTTHFR OF THF FOLLONTMG THINGS HAS
THAPDENFN#®, /17X 9%1 4 FPS CHOSFN 1S TOO SMALL#*4/10Xe%#2, GRADIENTS AR
2 NAT CNRRFCT*,/10Xs#3, MATRIX H GOES SINGULAR*)

FORMAT (TH1 o %TFEXIT =%,125/1H o*¥MAXIMUM NUMBFR OF ALLOWARLFE ITFRATI
10N HAS RFFEN FXCFFDFE#*)

FORMAT (THTo#*IEXIT =%#,12+/1H +*¥FUNCTION VALUE LESS THAN MINIMUM ES
1TIMATFEDR HAS RFFN DFTFCTED*)

FND

D DD NPV DIOIDPDOWPWET O NPT ODDDWDIPDDIDDDIDD®DDIDD
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SURROUTINF GRNDCHK (NsXsG)
NDIMENSTON X(NYs GINYs T(10N)
1C=0

CALL FUNCT (XsGsU)

WRTTF (Ae2)

WRTITF (he&)

NA 1 T=14M

NDX=1 e F=4%¥X(T1)

TF (ARS(DX)el.TeleF=1C) DX=1eF=10
X(T1)=X{T)+DX

CALL FUNCT (XeTsF2)
X{T)=X(T)Y=2,N%DX

CALL FUNCT (XsTsF1)

Y=" 5% (F2=F1)/DX

X{(T)y=X{Ty+DX

TF (ARS(Y)elLTeleF=14) Y=14F=14
TE (ARS(G(T)) el TeleF=14) G(T)=1eF=14
YP=ARS((Y=G(T))/Y)*#100,0

WRITF (K95) A(T)sYsYP

1F (YD.GT.ln.O) T(':-‘

CONTINUF

IF (1CFNel)Y GO TO 2

WRTTF (Aehk)

DETRN

WRTTF (Ae7)

CALL FXIT

O dOU S VN

——
0 -

N
(S

N NN NN NN
~N N o

PV
O 0w

FAPMAT (1H] s #*GRANTFNT CHFCK AT STARTINA POINTH#/1H ¢32(%=3))

EADMAT (1THN e 5X o #ANAL YTTCAL GRANTENTS#¢BX e #¥NIIMFRTCAL GRANTENTSH ¢8X s
1%¥PFRCFNTAGFE ERRARX)

FARMAT (TH 98X oeF1behs1NXeF1LehsRXsF144A)

FORMAT (THO¢*GRADIENTS ARE NeKeit)

FOARMAT (1HOsxYNUR PROGRAM HAS BFFN TERMINATFD BFCAUSE GRANDIFNTS AR
1F INCORRFCT*/1H o*PLEASE CHFCK IT AGATIN¥)

EAD

0 W
»no\g

YA
‘3:

=

36-
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29, !U {
SURPNAUTINFE NHTPRT (XsNeGslUsNF o TTN s TIMF)
NIMENSTNAN X(NYy GIN) .
WRTTF (691) TTNsNFsTIME U ((X(T)sG(TIY)eI=1sN)
RFTURN

FARMAT (1H 372366 XeT206X0F 10630 X oF14e601Xo80(F1lbebsIXoF1bobs/osliliX)

1)
END

jvRwis BvEviwhvEe Rw]
VDo dO N PN —
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30.

SURRAUTINF FINAL (NeXsUsG)
NIMENSTON X(NYs G(N)
CNAMMNAM  /RLYV/ KO

rFOMMAN /RL VT /S NF

TE (KN FNeMY 6N TN

WDTTFE (Ae7?)

GNn TN 2

WRTTF (Aet)

CONTINUF

WRPTTF (6+5) U

WRTTF (Hheh) [TeX(T)sTsR(T)sl=1sN)
WRTTF (6s7) NF

RETLIRN

FORMAT (1HN s /1HQ s #NPTIMAL SOLUTINN FOUND BY FLFETCHER MFTHNAD*/1H s4

11 (#=%))

FORPMAT (1HNs/1HO9s*RESULTS FOUND RY FLETCHER METHOD AT LAST ITERATI

TONK/TH BN (*=%))

EADMAT ('!H-ngll)(9*l,' :*9?]4.6/)

CADMAT (TH o#X(#9T2e%) =X9F14,As2Xe¥G (%972 9%) =%eFT4LAR)
EADMAT (1THN 4 X o XNUMRER NE FUNCTTINAN FVALUATINANS =3#4T8)
[= Nigt

MM ATMMMMMAMMMM A MMMM™ N M MMM

(4

DO DN
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