INTERNAL REPORTS IN

'SIMULATION, OPTIMIZATION
AND CONTROL

No. SOC-108

FLOPT3 -AN INTERACTIVE PROGRAM FOR LEAST PTH
OPTIMIZATION WITH EXTRAPOLATION TO MINIMAX SOLUTIONS

J.W. Bandler and W.Y. Chu

October 1975

FACULTY OF ENGINEERING
McMASTER UNIVERSITY

HAMILTON, ONTARIO, CANADA







FLOPT3- AN INTERACTIVE PROGRAM FOR LEAST PTH
OPTIMIZATION WITH EXTRAPOLATION TO
MINIMAX SOLUTIONS
J.W. Bandler and W.Y. Chu
Abstract FLOPT3 is a package of subroutines primarily for solving least
pth optimization problems. Its main features include interactive input/
output information exchange, Fletcher's quasi-Newton subroutine, a least‘
pth objective formulation subroutine, an extrapolation procedure and a
scheme for dropping inactive functions. With appropriate utilization of
these features, the program can solve a wide variety of optimization
problems. These may range from unconstrained problems, problems subject
to inequality or equality constraints to nonlinear minimax approximation
problems. In solving constrained problems, the user may, for example,
use the Fiacco-McCormick method with extrapolation or the Bandler-Charalam-
bous minimax formulation and least pth approximation, also with extrapolation.
The program has been used on a PDP 11/45 computer. Three examples of

varying complexity are used to illustrate the versatility of the program.

A FORTRAN IV listing is included.
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I. INTRODUCTION

FLOPT3 is a package of subroutines primarily for solving least pth
optimization problems. Its main features include interactive input/output
information exchange the 1972 version of Fletcher's quasi-Newton subroutine
[1], a least pth objective formulétion subroutine, an extrapolation pro-
cedure and a scheme for dropping inactive functions [2]. With appropriate
utilization of these features, the program can solve a wide variety of
optimization problems. These may range from unconstrained problems,
problems subject to inequality/equality constraints to minimax problems
in general.

In solving constrained problems, the user may use the Fiacco-McCormick
method with extrapolation [3] or use the Bandler-Charalambous minimax
formulation [4] and least pth approximation. Using the p-algorithm [2],
the program solves minimax problems that can be formulated with a least
pth objective.

The program FLOPT3 is a parallel version of the program FLOPT2 [5].
It has been used on a PDP 11/45 computer and is written in FORTRAN IV.

It requires aboﬁt 16,000 wérds of core memory. Three examples of varying
complexity are used to illustrate the versatility of the program. Up
to 100 functions can be currently handled.

ITI. ARGUMENT LIST

SUBROUTINE FLOPT3 (N, M, IGK, X, G, H, W, EPS, XE, IH, IK, FACTOR,

XB, IFINIS, NR)

The arguments are as follows.

N An integer to be set to the number of variables (N > 2).
M An integer to be set to 1 if input data is to be read.

Otherwise, set to zero.



IGK

EPS

XE

IH

IK

An inteéer to be set to 1 if a gradient check by perturbation

is desired. IOtherwise, set to any other valué. Also, gradient
check is not performed when input data is not read.

A real array of N elements in which the current estimate of

the solution is stored. An initial approximation must be set

in X on entry. When the extrapolation procedure is used, an
estimate of the next minimum in the sequence will be stored on
exit of each cycle of optimization.

A real array of N elements in which the gradient vector
corresponding to X above will be returned. When the extra-
polation procedure is used, the optimal solution of each cycle
of optimization will be returned in G on exit.

A real array of N*(N+1)/2 elements in which an estimate of the
Hessian matrix is stored.

A real array of 4*N elements used as working space.

A real array of N elements to be set to the test quantities

used in Fletcher's program.

A double-precision real array of NxIKx( JORDER+1) elements in which
different orders of estimates of the minimax solution are stored
when extrapolation is used.

An integer to be set to 1 if a single value of p is used. When
a sequence of p values is used, IH should be set as the index of
a DQ loop that calls SUBROUTINE FLOPT3 IK times.

An integer to be set to the maximum number of cycles of optimi-
zation. It corresponds to the number of p values when extra-

polation is used.



FACTOR To be defined in Section III.

XB A real array of N elements in which the best estimate of the
minimax solution currently available is stored.

IFINIS An integer whose value will be equal to N on final exit from
the subroutine FLOPT3.

NR An integer to be set to the total number of error functions.
When the least pth objective formulation is NOT used, it
should be set to 1.

IIT. INPUT/OUTPUT INFORMATION INTERACTION
Some of the parameters in the argument list have to be supplied as
input data and there are also other parameters required by the program.

All these are handled interactively. The program will request the required

input data in the form of replies to questions. The user may enter the

parameter values in any format, but only one value per line. The user will

be asked to retype his entry should the program consider it to be syntactically

wrong. Some questions are to be answered by YES or NO (the abbreviated form

Y or N is also allowed). After the user has entered all the data, he may

modify any specific entry.

Parameters to be supplied as input data are defined as follows.

MAX The maximum number of iterations allowed.

IPT An integer controlling printing of intermediate output.
Printing occurs eVery |IPT| iterations and also on exit
except when IPT is set to zero in which case intermediate
output is suppressed.

EST The estimated minimum value of thc objective function.



X(I) Starting values for the variables

I1=1,N Xps XgseeesX) defined in Section II.

EPS(I) As defined in Section II.

I=1,N

PO The value of p used in the least pth formulation or the

initial value of p when a sequence of p values is used.
JORDER The highest order of estimates required in extrapolation
(JORDER. < IK-1).
FACTOR The multiplying factor for p when a sequence of p values is
used together with extrapolation (FACTOR > 1). When extra-
polation is used Qith the Fiacco-McCormick method, it is

the factor by which the sequence of r is decreased.

Fig. 1 shows a list of questions regarding input data information.

The data entered are for the Example 1. The user will first be asked to
indicate whether he is using the least pth objective formulation. Depend-
ing on the answer, some subsequent questions will not appear, e.g., the
value of p or the multiplying factor for p. Extrapolation and the highest
order are optional. After the input data is complete, the user will be
asked to provide instructions about the output printihg. The user may have
a hardcopy (printing on the teletype) or output will appear on the screen.
At the start of each optimization, such instructions are requested. To
facilitate viewing of the results, the program will pause at the end of
each optimization. A A005 000000 message will appear on the screen. The
~ user should type CONTINUE to continue execution. When extrapolation is

used, estimates of the minimax solution will be printed after the pause.



The user may now terminate his program or supply instructions for the next
optimization. The user is allowed to audit the error functions at the
next starting point. The value of the makimum error and normalized values
of all the errors will be printed on the écreen. Based on this information,
the user may select those error functions which he thinks would be active
for the next optimization. Only the selected error functions will be
used in the objective formulation. Some computational effort may thus be
saved. This manual reduction scheme has the same effect as the automatic
reduction scheme in the program FLOPT2.
IV. USER SUBROUTINES

The user has to supply the main program and a subroutine called FUNCT
which defines the error functions and their first partial derivatives with
respect to the variable parameters. If the least pth formulation is not
used, the objective function also has to be defined.

In the main program, the user has to supply the values and proper
dimensioning for the parameters in the argument list of subroutine FLOPT3.
In using the extrapolation feature, the subroutine FLOPT3 has to be called

a number of times. This may be done, for example, by

IK

1]
w

DO 1 IH = 1, IK
CALL FLOPT3 (N, M, IGK, X, G, H, W, EPS, XE, IH, IK, FACTOR, XB,
1 IFINIS, NR)

M=20



1 CONTINUE

Depending oﬁ the objective formulations and options used, the sub-
routine FUNCT may assume different forms. Here, we present its form when
a least pth objective formulation and the reduction scheme are used:

SUBROUTINE FUNCT (X,G,U)
DIMENSION X(N), G(N), ER(NR), GE(N,NR), ES(NR)
COMMON/WY3/NA, JD(100)
where
N is the number of indeﬁendent variables x,
NR is the total number of error functions,
NA is the number of active error functions
(determined indirectly by the program) ,
JD is an integer array used as an index set
(set indirectly by the program).
DO 99 I = 1, NA
K = JD(I)
GO TO (1,2,...,NR), K
1 ER(l)‘= el(xl,xz,...,xn)

GE(1,1) = partial derivative of e w.r.t. X



GE(N,1) = partial derivative of e

g Werete X
GO TO 99
2 ER(2) = ez(xl,xz,...,xn)
GE(1,2) = partial derivative of e, w.T.t. Xy
GE(N,2) = partial derivative of e, w.r.t. X,
GO TO 99
3
NR ER(NR) = eNR(xl,xz,...,xn)
GE(1,NR) = partial derivative of eNR w.r.t. X
GE(N,NR) = partial derivative of exg Wer-te X,
99 CONTINUE

CALL LEASTP (N, U, G, ER, GE, ES)
RETURN
END

The LEASTP subroutine will formulate the objective function U and its



first partial derivatives (stored in array G). It should be noted that
the error functions may be defined in another subprogram which is called
by subroutine FUNCT (see Ekample 3 in Section VII).
V. OTHER SUBPROGRAMS
The following is a brief description of the subroutines and function

~ subprograms called by FLOPT3.

DATAIN reads input data.

FREAD ~reads data in free format.

NVAL obtains the sign and value of an input item.

IREPLY interprets the answer to a YES/NO question.

DATACY - prints a listing of the input data.

EXIO . prints the reason of exit from the minimization subroutine
QUASIN. |

RESULT outputs the optimal solution.

EXTRAP performs extrapolation in double precision.

GRDCHK checks the gradient formulation by perturbation.

LEASTP formulates a least pth objective function and the

necessary gradients.
QUASIN minimizes a function using the Fletcher unconstrained

minimization program by a quasi-Newton method.

. The overall structure of the package is shown in Fig. 2.
VI. OPERATING PROCEDURES
The program FLOPT3 has been developed such that minimal effort is

required of the user. The user, however, has to supply the main program



10.

and a function subroutine to define the objective function and partial
derivatives. The user is therefore expected to have some knowledge of the
Disk Operating System (DOS) of the computer and system programs like
FORTRAN IV, Edit-11 Text Editor, PIP (File Utility Package) and Link-11
Linker. The new user to the PDP11 should consult the following manuals:
A. PDP-11 Disk Operating System Monitor Programmer's Handbook,
DEC-11-OMONA-A-D
B. PDP-11 PIP, File Utilify Package Programmer's Manual,
DEC-11-UPUPA-A-D
C. PDP-11 Edit-11 Text Editor Programmer's Manual,
DEC-11-EEDA-D
D. PDP-11 FORTRAN IV Programmer's Manual,
DEC-11-LFIVA-A-D
E. PDP-11 Link-11 Linker and Libr-11 Librarian Programmer's Manual,
DEC-11-ULLMA-A-D
The package FLOPT3 is stored on the system disk with FLOPT3. OBJ as its
filename and extension. The file is an object module and formed as a con-
catenation of 13 object modules. It is under the uic (User Identification
Code) of 200,210. To solve his problems, the user has to link his main
program, subroutine FUNCT or other.service subroutines with FLOPT3 and the
FORTRAN library. A sample sequence of procedures for solving an optimization
problem is shown below:
$ L0 200,210. <CR> (log into the system; 200,210 is the
uic used by the authors; the user may

get another one from the system manager)
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$ DA 21-MAY-75 <CR> (enter the date of the day)
§_RU‘EDIT\ <CR > (call thevEDIT program)

- # MAIN. FIN < KB: <CR> (create the main program)
* I <CR> N

Program
text

* [correction, if any] or

<LF>

* EX <CR> (close the file)
# FUNCT.FTN. <CR> (create the subroutine FUNCT)
* I <CR>
Program
ljtext _}
< LF>

* [correction, if any] or

* EX. <CR> (close the file)

# 4C (exit from the

. KI <CR> EDIT program)

$ RU FORTRN <CR> (call the FORTRAN cpmpiler)

ﬁ_MAIN, PP: < MAIN <CR> (compile the main program; a listing
will appear on the teletype)

# FUNCT, PP: < FUNCT <CR> (compile subroutine FUNCT)

# 4C (exit from FORTRAN compiler)

. KI <CR>

$ RU LINK <CR> (call the Linker program)

# PRO1 < MAIN, FUNCT, FLOPT3/CC, FTNLIB/L/U/E. <CR>



# 4C
. KI <CR>

~ $ RU PRO1 <CR>
1350 000000

$ FI. <CR>

VII.

12.

(l1ink the main program, subroutine
FUNCT, FLOPT3 and the FORTRAN library;
note that the main program must be the
first in the input files)

(exit from the Linker)

(load and execute the program)
(FORTRAN stop message)

(finish the session and leave the system)

EXAMPLES

A minimax example, a nonlinear programming problem and a microwave

circuit example are used to illustrate the flexibility and power of the

program. For each example, the main program, the subroutine FUNCT and

the input data are illustrated.

The initial estimate of the Hessian matrix

(required in Fletcher's program) was set to the unit matrix for the first

optimization.

In subsequent optimizations, the Hessian matrix estimated

at the previous minimum was used. For all examples, the test quantities

(EPS(I), I = 1,...,N) were 107",

Example 1: A minimax example [6]

Minimize the maximum of the following three functions

e]. (%) -

e, (%)
ez (X)

x2+x4
172

(2—x1)2+(2—x2)2

2 exp(—x1+x2).
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The minimax solution is defined by the functions e and e, at the point

Xl = 1.13904, x2 = 0.89956 where e1 = e2 = 1.95222 and e, = 1.57408.
Using the p-algorithm with p = 4, 16, 64, 256, 1024, 36 function evaluations
yielded X = 1.13903, X, = 0.89957. Ail the three functions were used in
the initial objective formulation. Two functions were then selected at

the end of the first optimization. Fig. 3 shows the main program and the
subroutiné FUNCT. Note that in using the selection scheme, the user has.

to supply a statement defining the COMMON block WY3 in the subroutine FUNCT.
A printout of the input data is shown in Fig. 4. Fig. 5 shows the results

of the 5th optimization and the final estimates of the minimax solution.

Example 2: Rosen-Suzuki function [7]

Minimize
£(R) = Xo+aor2XoAx;-5x -5%,-21X+Tx,
subject to
xi g g'xi X FXyTXgX,+8 2 0
f 2x§-x§-2xi+xl+x4+10 > 0
-2x§ g Xz 2x1+x2+x4+5 > 0.
The function has a minimum f£(X) = -44 at x = [0 1 2 —l]T. The Bandler-

Charalambous technique was used to transform the nonlinear programming
problem into an unconstrained minimax problem. The value of the parametér

o was 10. Using the p-algorithm with p = 2, 16, 128, 1024, 53 function
evaluations yielded x1 = -0.00000, x2 = 1.00000, Xz = 2.00000, Xy = -1.00000.
With the selection séheme, only active constraints were considered at the
later stages of the process. A listing of the main program and the sub-

routine FUNCT is shown in Fig. 6. Statements were added (in subroutine

FUNCT) to allow printing of the constraints at the extrapolated solutions.



14.

Fig. 7 shows a printout of the input data. Fig. 8 shows the final solution
of the problem.

Example 3: A microwave circuit example

The design of a three-section 100-percent relative bandwidth 10:1
transmission-line transformer [8] is considered. In this case, we let
the error functions e be the modulus of the reflection coefficient sampled
at the 11 normalized frequencies (w.r.t. 1 GHz)

{ 0.5, 0.6, 0.7, 0.77, 0.9, 1.0, 1.1, 1.23, 1.3, 1.4, 1.5}.
Gradient vectors with respect to section lengths and characteristic impedances
are obtained using the adjoint network method. Using 3rd order extra-
polation and the reduction scheme with p = 8, 48, 288, 1728, we get a
reflection coefficient magnitude of 0.19729 (optimal to 5 figures). The
effort required is summarized in Table 1. A total of 413 network analyses
were required, which was about 35% less than what would be required if
the reduction scheme was not used. A listing of the main program and sub-
routine FUNCT is shown in Fig. 9. Note that the sample points are defined
in the main program and passed to the subroutine FUNCT via a COMMON block
named USER. At the end of each optimization, the responses of the trans-
former at the local solution and the extrapélated solution are printed. In
subroutine FUNCT, the error functions and their gradients are obtained from
the subroutine NET which defines the reflection coefficient of the transformer.
Fig. 10 shows the input data for this example. Fig. 11 shows the parameter
values and error functions at the solution for p = 1728. A final estimate
of the minimax solution and the Corresponding errors are shown in Fig. 12.
In Fig. 13, the 2nd column gives the modulus of the reflection coefficient

at the solution for p = 1728, while the 3rd column gives that of the extra-
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polated minimax solution. Only the crucial frequency points are used,
which appear in column 1.
VIII. COMMENTS
The package is so organised that pertinent information of the optimi-
zation process can be obtained from the argument list of the subroutine

FLOPT3. This allows the user to do some useful things in the main program,

especially when using extrapolation. Some suggestions are:

(1) In using the extrapolation procedure, we usually do not know how many
cycles of optimization are required and the parameter IK may be set
too large. As the program is interactive, the user may terminate his
program before the maximum number is reached. However, to ensure that
the user can use the information from the argument list of FLOPT3, in
the main program the parameter IFINIS is used as an indicator for
termination of execution. IFINIS will be equal to n when the user
indicates that the program is to terminate. . Control will be returned
to the main program. It is therefore advisable to put the statement

IF (IFINIS.EQ.N) STOP
inside the DO loop that calls the subroutine FLOPT3 as a user-control-
led stopping criterion. See Examples 1,2 and 3.

(ii) Responses (function values or constraints) at the end of each optimi-
zation or at the estimated minimax solution may be evaluated in the
main program by calling subroutine FUNCT. See Examples 2 and 3. When
extrapolation is used, but not the least pth formulation (as in the
Fiacco-McCormick rethod), the sequence of the controlling parémeter T

can be updated in the main program.
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IX. CONCLUSIONS
A package of subroutines, called FLOPT3, for solving least pth
optimization problems has been presented. Its features, which include
input/output information interaction, Fletcher's quasi-Newton subroutine,
a least pth objective formulation subroutine, an extrapolation procedure
and a scheme for dropping inactive functions, make it capable of solving
unconstrained problems, constrained problems or nonlinear minimax approxi-

mation problems. Several examples have been presented to illustrate the

versatility of the program. The mathematical background for the extrapolation

procedure to minimax solutions (or the p-algorithm) has been omitted, but is

readily available [2], [9], [10].
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Parameter Function Number of - Number of
P evaluations error functions network analyses
8 21 11 231
48 17 6 102
288 : 11 4 44
1728 9 4 36
Total 58 Total 413

Table 1. Computational effort for the transformer
problem.
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FLOPT3
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DATAIN

DATACY

I
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IREPLY

FREAD

EXIO

RESULT

NVAL

EXTRAP

GRDCHK

|

[

QUASIN

Figure 2. Overall structure of FLOPT3.
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C MAIN PROGRA! OF EXAMPLE 1

REAL*8 XE(2,5,4)
DIMENSION X(2),G(2) EPS(2),H(3),W(8),XB(2)
NZ2
NR=3
=1
1GK=y
IK=5
DO 1 IH=1,IK
CALL FLOPT3 (N MyIGK 93Xy GollyWoyklPS gXim g IH 1K g FACTOR gXB 4 LFIHIS , 1E0)
IFAFINISEQeN)STOP
M=d
1 CONTINUE
sTop
LHD

SUSROUTINE FUNCT(X,G,UD
C - A UINIMAX EXAMPLL

DIMENSTION X(2),G(2),LR(3),GE(2,3),E5(3)

COMION/WYS/NA,JD Clwid)

N=2

Y1=XCL)=xX(1)

YZ=X(2)%xX(2)

Y3=XC1)+X(1)

Y 4=X(2)+X(2)

DO 12 I=1,NA

K=d DD

: GOTO(1l,2,3),K

l LRA)=YI+Y2*Y2

Gu(l,10=Y3
GLC2, 12=CY2+Y2)xY4
GOTOl12 :

b ER(2)=8 =4 x (XCLI)+X(2))+Y 1 +Y2
GLCL,2)2-4,+Y3
(.}LL:(ZQZ):—AQ'FY“/{

Gotolz

S LRSI =2 . xEXP(=XC1)+X(2))
Gi(ly3)==-ERC(S)
Gl(2,3)zLER(3)

12 CONTLNUE

CALL LEASTPC(N,Uy,GykR,GiLyk5)

RETURN

lLND

Figure 3. Main program and subroutine FUNCT for the minimax example.
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Figure 4. Input data for the minimax example.
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UPTIMAL SOLUTIGN FOUND BY FLETCHER WETHOD

- . T w - D G . - WS WD . G e S R M WE G M AN S me S G G e e A0 W = ew e e . - -

U = ©0.1953528LkL vl
Ll = D.1952458L 41
L 1) =0 Be999TLI3IL Yo

)
LNC 2) ol ddddidl I1

XC 1) = ¥.11389549L 4l GC 1) = =-Y.2862335L-63
XC 2) = 2.8995245L UJ GC 2) = -J.32856441-63

NO. OF FUHCTION EVALUATIUNS = 36
VALUL OF P = @.1d24090L V4

LSTIMATES OF THl MINIMAX SOLUTION 3Y EXTRAPOLATION

- - . - - - . - . - e e G NS M S G Wr NE GG G Gm e ke A D M S b M W WE W . m Gm e we Gw e W =

Gituell 1
XKC 1) = 0.1159034D 41
KC 2) = 0.8995657D W
ORrbeR 2
XC 1) = ¥.1139028D ¥l
XKC 2) = J.8995667D 49
ORDER o
XC 1) = w.113508238D vl
XC 2) = ©8.,8995671D ¥y

CORRLESPONDING NORMALIZED ERRORS

LM = 4.1952225 01
LG 1) = B.9999992L 29
LNC 2) = 0.1480000E 01

Figure 5. Final results for the minimax example.
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MAIN PROGRAM OF iXAMPLZ 2

REAL*S XE(4,6,4)
DIMENSION X(4),GC4) ,HC1d),W(16) ,EPS(4),XB(4)
C OMMON/USER/ IGRAD
N=4
NR =4
M=1
1Gk=1
1K=6
DO 1 IH=1,IK
I GRAD= 1
CALL FLOPTS(N,M,IGK,X,GyH,W,EPS,Xi,IH,IK,FACTOR,XB,IFINIS,NR)
1 GRAD= Y
CALL SETFIL(5,'USER',IERR, 'PP")
CALL FUNCT(XB,G,U)
ENDFILLE 5
IFC(IFINIS.EQ.N) STOP
=0
CONTINUE
STOP
END

SUBROJTINE FUNCT(X,G,UD
ROSLW=-SUZUKI FUNCTION

DIMENSION XC4),GC4),C(3),GF(4),GC(4,3),bR(4),GE(4,4) ,k5C4)
COMMON/USLER/ 1GRAD
COMMON/WYS/NA,JD (1Y)
DATA ALFA/10.8/
N=4
B=XCL)xX(1)
R=X(2)*X(2)
D=X(3)*xX(3)
L=X(4)*xX(4)
Bu=XC1)+XC1)
RR=X(2)+X(2)
DD=X(3)+X(35)
Ll=X(4)+X(4)
FzB+R+D+D+E=-5 % (X( 1) +X(2)) - 21.*X(3)+7 *X(4)
IF(IGRAD.EQs¥) GO TO 5
GFC1)=BB-5,
GF(2)=RR-5.,
GF(3>=DD+DD=-21.
GF(4)=EL+7,
DO 9 I=1,NA
K=dD(I)
GO TO (1,2,5,4), K
CCl)==B=R=D=E=-XC(1)+X(2)-X(3)+X(4)+8.
ERCI)=F=-ALFA*C(1)

Figure 6. Main program and subroutine FUNCT for
the Rosen-Suzuki problem.
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GC(I,I):-BB-I-
GC(2,1)=-RR+1.,
GC(\S,I):_DD-IQ
GC(4,1)==LkE+1,

DO 11 J=1,4

GECJ,y1)=GF(J)=ALFAX*GC (J, 1)

CONTINUE
GO TO 9

C(2)z=B=R=R=D=L=L+X(1)+X(4)+1d.
ER(2)=F-ALFAXC(2
GC(l,2)=06CC1,1)2+2,
GC(2,2)==RR-RR
GC(3,2)=GCC3,1)+1.
GC(4,2)=-El-iti+1 .

DO 22 Jd=1,4

GE(J,2)=GF(J)-ALFAX*GC (J,2)

CONTINUZ
G0 TO 9

C(3)==B-B=K=-D-B3+X(2)+X(4)+5,
ER(3)=F-ALFA*XC(3)
GCC1,43)=GC(L,1)+GCCL, 1)

GC(2,3)=GC(2

y 1)

GC(3,3)=GCC3,1)+1.

GC(4,3)=1.,
DO 838 J=1,4

Gl(d,3)=GF(J)-ALFAX*GC (J,3)

" CONTINUE

GO TO 9
ER(4)=F
DO 44 J=1,4

GLrldy4)=GF(J)

CONTINUL
CONTINUE

CALL LEASTP(N,U,GyiRyGl,LS5)

R ETURN

CClJ)=-B=R=-D-L=X(1)+X(2)=-X(3)+X(4)+8&,
C(2)==B-R-R=-D=E-I#+X(1)+X(4)+10.,
C(3)==B=B=R=D-BB+X(2)+X(4)+5,

PRINT 6,(XC(I1),I=1,4)

FORMAT(/'SOLUTION  ',4E1>.7)
PRINT 7,F

FORMATC'OBJxCTIVE FUNCTIUN 'BELD.T)
PRINT 8, (C(I1),I=1,%)

FORMAT ( "CONSTRAINTS "y3Ll5.T)
RLETURN
L ND

Figure 6. [Continued]
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INPUT DATA

- s s wm s e am w wm =

NUMB R OF INDEPENDENT VARIABLES ceeososscecscsccscnsscssll
AXIMJN NUMBLER OF ALLOWABLE ITERATIUNS ceeesosesesessMAX
IWTLERULDIATE PRINTOUT AT EVERY IPT ITERATIUNS eeeeeeelPT
Lo T1HATE OF LOWER SOUND OF FUNCTION TO B MINIMIZED.EST
STARTLING VALUL FOR VECTOR X(I)eeesecssceocnssaoseeeXh( 1)
X 2)

rC 3

XC 4)

I‘L“ST QUA:JTITIES TO U‘-‘: USED...‘."......'.....'..EPS( 1)
EPSC 2)

EPSC 3D

EPSC 4)

IfJIl‘lHL V"\LUE OFC T‘L{Li PA}‘(A("‘ETER P.....................PO
HIGHiST ORDLER OF ESTIMATLS USLED IN EXTRAPOLATION.JORDER
(IULTIPLYING FACTOR IN P VALUEeeeeeososcsossesess e FACTOR

Figure 7. Input data for the Rosen-Suzuki problem.
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Lo TIMATEs OF THE MINIMAX SOLUTION BY EXTRAPCGLATIGN

- - - - - S - o WS W e e - - S . WS S ee G e G GD e N N G N G WR GE W Gm D R 9 @R G e WS WS S W Gn e W

ORDiR 1

XC 1) = =-0.68592716D-65
XKC2) = 0.9999988D Wy
XC 3) = ¥.1999995D vl
XC 4) = =B,9999882D Yd
ORDLR 2

XC 1) = =3.45200303D=45
KO 2) = B.,1000001D 81
AC $) = D.22003v2D 01
XC 4) = =3.9999979D 4y
URDLER 9

XKC 1) = =0.4742049D-45
AC 2) = B.1306¥uvv2d 01
AC 3) = Y.2008du2D vl
AC 4) = =J.9999989D W

CURRLSPONDING NORMALIZEZD ERRORS

L = =.4399995L w2
L C 1) = Ul lBYBYE Bl
e 3) = P.ldvvddle bl
L 4) = D.100000lk Bl

S ULUJTION U AT42049:-05 e 1YL U1 B.2308062E ¥1 -d.9999989L v

UBJECTIVE FUNCTIOW ~U. 440001 W2
CONS TRAINTS =0.5T22046=5 B.999984TE WY -W0.9536743L-06

Figure 8. Final results for the Rosen-Suzuki problem.
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MAIN PROGRAM OF LEXAMPLLE 3

REAL*8 Xit(6454,4)
DIMENSION K(6) 4G yH(21),W(24) ,LPS(6) ,XB(6)
DIMENSIUON GRAaD(6)
COMMUMON/USIER/ZWNCL L)
COUMON/WY S /NA,JD (L dy)
NZ6
NR=11
WNCLD)=Z 5
WN2)=z,.6
wNC3)= .7
WNC4)= .77
WN({)=,.9
Wi(6)=1,
WHN(T7)=1,1
WNCS)Z] 29
WN(SIZ 1,9
wiNClidd=1 .4
WNCLID=Z1e5
i1=1
1GKk=1
IK=5
DO 1 IH=1,1K
CalLL FLOPTJ(N,M,IGK,X,G,H,W,EPS,XL,IH,IK,FACTOH,XU,IFINIS,NR)
CALL SETFIL(S5, "USER"4IERR, "PP ") '
PRINT 22
FORMAT (/oX, "RiESPONSES UF THe TRANSFORMER ™)
PRINT 23 ’
FORMAT(/GX,'FREQU&NCY',SX,'RuFLECTIUN COLF, "y5K, "BEST")
DO 2 I=1,uA
K=dJdD(I)
CALL NETCG,WN(K) ,ARHUG,GRAD ,9)
CALL WET (X3, Wil (KD y AR OB, GRAD 4 0)
PRINT 24,WN(K) yARHOG,ARH O3
FORMAT C3K15,7)
CONTINUL
ENDFILE 5
IFAFINIS.EQ.H) STOP
(=4
CONTINUL
sTopr
D

Figure 9. Main program and subroutine FUNCT
for the transformer example.
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SUSROJTINE FUNCT (X, GyU)
A

j
FICROWAVLE CIRCULIT EXANPLL

DIVLHNSION XC6) 9GC6) yRCLIL) 3GECG, 11),ES5CL1) 4GRAD (6)
CUMMON/USER/WNCLLD
COMMON/WYS/NA,JD (1K)

N=G

O 1 I=1,NA

K=dD((I)

CaLlLl NET(X,WN(K),ARHO,GRAD,1)
LRC(K)=ZARHO

DO 2 Jd=1,N

GEW,K)=6RaD (Jd

CONTINUE

CONTIHULE .
CALL LEASTP(HN,Uy,G,LR,CGlL,LES)
RETURN
I ND

Figure 9. [ Continued ]
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- e o o e ww wn o

ot et OF LTNDEPEADENT VARIABLES e ceoeocssasceoosooocsossll
FinNLEJT WUFC R OF ALLOWASBLLE ITERATIUNS o eeeoeoseceessslliX
IoTelkeleDIATE PRIATOUT AT EVERY IPT ITERATIUNS ¢ eeeeeolPT
wO LlbaTe CF LOWER sOUWD OF FUNCTLIUW TO 8o HIWlWlZED.esT

STARTING VALUL FUR VECTUR X(l)eeeeooosososseacoasesk(
%(
X (
X(
X (
X

'l“’-.‘;:)‘vr L))LJHAJTIT].L;L) 'I‘U Lji:: U:.J‘ED.0‘...'......l...'l...}::l)s(’

P (
EPS ¢
EPS ¢
EPS (
EPS (

1)
2)
3)
4)
2)
6)
1
2)
3D
4)
5)
6)

IIQITIF*L VHLUE OP. Tl“.‘.: }JH]-'EA‘I’}E'I‘L)A{ ])O ® 0 60 000606900060 0 00 06 0 ..PO
A1GALST ORDeR OF ESTINATES USED 1w EXTRAPOLATION.JORDER
'\‘“.JLT I])L\( [JG FIL\CT OR Ilq }‘) VALUL'—:. © ® @6 © 9 06 & 000000 0O O O .FACTU}(

Figure 10. Input data for the transformer example.
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Jedwdudl ol
Je UL ldls Jde
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5
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31.

ILXIT = 1
NORDIARL EXIT

OPTIMAL SOLUTION FOUND 3Y FLeTCHieR LETHOD

U= 0.1974491i Y9

Ll T W.19732141 D9

cd 1) = w.lvdibdose 41

LilC 4) = ©6.9999564iL Ud

LG 8) = W.999673%iL WU

LivCll) = U.9993590E YW
AC 1) = 6.9999480L Yo GC 1) = -.,2497691 -2
XC 2) = W.l634748L 41 G( 2) = =6.3275858k-12
KC 3) = 5.9999981i ¥y CGC 3) = B.lud4027R-02
XC 4) = 0.38162416 Wl GC 4) = W.2282112k-d4
AC 5) = 0.,9999595L 4U GC 5) = -U.24638B78L-02
XC 6) = 2.,6117451KL Ul GC 6) = 1B.87325551L-¥3

HU. OF FUNCTION LVALUATIONS = 58
VALUE OF P = @.1728Ud9JE @4

Figure 11. Results for the transformer example.



Figure 12.

RESPONSES OF THE TRANSFORMER

Figure 13.

FREQUENCY
Je50BYVYY
de TTO0YLY
1.230ddu6
15480300

REFLECTION COLY,
belO73214
belO73128
Je 1072570
de 1971948

OF THE MINIMAX SOLUTION BY wXTRAPULATION

Lo TIMATES
CRDER 3
XC 1) = J.99599517D Wy
AC 2) = 9.,1634749D Wl
XC 3) = Ye.lduwdiddlD vl
KO 4) = 0.8162424D 4l
KO 5) = WelWudddehb vl
XC 6) = W.6117469D d1
CUORRLSPONDING NORMALIZED ERROURS
Bl = De1972921L Yo
ENC 1) = J.ludvddul ¥l
ENC 4) = Pl.99999211 WU
LNC &) = 4.9999802L 4
ENCLL) = De9999934LE ©J

Final estimate of the minimax solution.

BesT
WelSTE92
We 1372985
WelST208582
We 1972500

Responses of the 3-section transformer.
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34.

SUBROUTINE FLOPT3(N,M,1GK,X,GyH,W,PS,XE,IH,IK,FACTOR,XB,IFINIS,
NR)

THIS SUBROUTINE CO-ORDINATES INPUT, MINIMIZATION AND OUTPUT.

REAL*8 XE(N,1K,1)

DIMENSION XCN),GCN),EPSCN) HC1) ,WCLI),XB(N)
COMMON/WY! /IFN,KO,IFNT
COMMON/WY2/P,dV,EM,ENCLBE)

COMMON/WY3 /NA,JDC10B)

IFC(IFINIS.EQ.N) RETURN

IFINIS=@

«o. ENABLE GRADIENT COMPUTATION, READ INPUT DATA
JV=0
IF(M.EQ.1) CALL DATAIN(N,MAX,IPT,EST,X,EPS,PO,IEX,JORDER, JPRINT,
FACTOR, NR, LSP)
WRITE(S, 4&)
FORMAT(' DO YOU WANT A HARDCOPY OF THE PRINTOUTS 7°/)
1F(IREPLY(4) .EQ. 1)GOTO7I

eeeo HARDCOPY ON "TELETYPE"
SOFTCOPY ON "CRT TERMINAL"
CALL SETFIL(5, 'SOFT",IERR, "KB")
GOTO72
CALL SETFIL(5, "HARD ', 1ERR, "PP ")
IF(M.EQ.®)GOTO3S

eee INITIALIZATION, SET INDEX SET
IFNT=0¢
MODE=1
PzPO
NA=NR
DO 2 I=1,NR
JD(CI)=I
CONTINUE

eee PRINT INPUT DATA WHEN REQUESTED
WRITE(G,40)

FORNAT(' DO YOU WANT A LISTING OF THE INPUT DATA ?2°/)
IF(IREPLY(3) .EQ.1) CALL DATACY(N,MAX,IPT,EST,X,EPS,PO,IEX,JORDER
$yFACTOR, NRy,LSP)

eee GRADIENT CHECK

1F(IGK.EQ.1) CALL GRDCHK(N,X,G,W)
P=PO

PRINT 21,IH
FORMAT(/® OPTIMIZATION',I3/1H ,15C'="))

1F(IPT.EQ.®)GOTOS

PRINT 22
FORMAT(/' ITER. ,ZX,'FUNCT. ,6X 'OBJECTIVE',7X, VARIABLE ,8X,
"GRADIENT'/’ NU. 'y 3X, 'EVALU. "' ,6X,'FUNCTION',7X, 'VECTOR X<I)'
5X, '"VECTOR G(I) "/)
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35.

eee OPTIMIZATION BY FLETCHER METHOD(1972)

CALL QUASIN(N,X,UyGyH,W,EST,EPS,MODE,MAX,IPT,IEXIT)
CALL EXIOCIEXIT)
IFNT=IFNT+IFN

ees PRINT RESULTS
CALL RESULT(N,X,G,U,NR,LSP)

«es PAUSE FOR EASY VIEWING
PAUSE
Jv=l
MODE=3
IFC(IK.EQ.1) GOTO55
IFC(IEX.EQ.d¥) GOTO4

eee STURE CURRENT MINIMUM IN ARRAY G
DO 5 I=1,N
G (=X

CONTINUE

eee EXTRAPOLATION
CALL EXTRAP(N,X,XE,IH,IK,FACTOR,XB,J ORDER)
J 1 =J ORDER+1
IHI=1H=1
IF(JPRINT.EQ.0.0R.IH.EQ.1) GOTO4
Id=dl
IF(IH.LEWJ1)IJ=1IH

.. PRINT ESTIMATES

PRINT 23 |
FORMAT(//' ESTIMATES OF THE MINIMAX SOLUTION BY EXTRAPOLATION'/,
IH ,58C"=")/)

DO 6 L=2,1J

L1zL-1

PRINT 24,L1
FORMATC® ORDER',12)

DO 6 J=1,N

PRINT 25,d,XECJy IH,L)
FORMATC® X(',12,") =',D15.T)
CONTINUE

I F(LSP.EQ.®) GOTO055

eee PRINT FUNCTION & ERRORS AT THE BEST SOLUTION
CALL FUNCT(XB,G,U)
PRINT 74
FORMATC' CORRLSPONDING NORMALIZED ERRORS J
PRINT 32, EM
DO 45 1I= l
J=d D)
PRINT 33,J,ENCJ)
CONTINUE
CONTINUE
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36.

IF(IH.EQ.IK)>GOTO55

«e» TERMINATE THE PROGRAM ?
WRITE(6,26)
FORMAT C1H@, 'DO YOU WANT TO TERMINATE THE PROGRAM (D)
I FCIREPLY (@) .EQ.8)GOTO7
IFINIS=N
ENDFILE 5
RETURN
IF(IEX.EQ.3)GUTO9
WRITE(6,2T)
FORMAT (1H@, "DO YOU WANT TO AUDIT THE ERROR FUNCTIONS AT THE "/

$°' NEXT STARTING POINT ?°'/)

I FCIREPLY (1) .EQ. @) GOTO9

weo RESET THE INDEX SET, CALCULATE FUNCTION & ERRORS
AT THE NEXT STARTING POINT
NA=NR
DO 12 1=1,NR
JDCIDN=1
CONTINUE
CALL FUNCT(X,G,U)
WRITE(6,38)
FORMAT ( "0ERROR FUNCTIONS AT THE NEXT STARTING POINT ")
WRITE(6,32)EM
FORWAT(SX’ .EM = ',E1507)
WRITE(6,33) (I,ENCI),I=1,NR)
FORMATC(® ENC*,12,°) =",EI5.7)

vee SELECT ERRORS FUR THE NEXT OPTIMIZATION,
INDEX SET IS SET BY THE USER
WRITE(6,34)
FORMATC "@TYPE ¢ IF ALL ERROR FUNCTIONS ARE TO BE USED'/' OTHERWI
$SE ENTER THE NUMBERS OF THE SELECTED ERRORS'/' AND TERMINATE BY Y

$PING 8°/)

CALL FREAD(VALUE)
JDCI)=IFIXC(VALUED
I1FD(1) EQ.8) GOTOL7
NRI=NR+!
DO 16 1=2,NRI
CALL FREAD(VALUE)
JDCI)=IFIXCVALULE)
NA=I-1
I1F(JD(I) .EQ.2)GOTOIB
CONTINUE
WRITE(6,35)
FORMATC '2YOU HAVE ENTERED THE FOLLOWING NUMBERS 2 ')
WRITE(6,36) (JD(I),I=1,NAD
FORMAT(1215)
WRITE(6,37)
FORMATC "PANY MODIFICATION ?°/)
I FCIREPLY(2) «EQ.1)GOTOS
GOTO1S
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37.

... SET THE INDEX SET TO BE THE WHOLE SET

NAZ NR A
DO 12 I=1,NR
JDCD)=1]
CONTINUE |
WRITE(S, 38) |
FORMAT( '@WE ARE READY FOR TME NEXT OPTIMIZATION,'/' PLEASE WAIT
FOR RESULTS.'/)

ees INCREASE THE VALUE OF P
PO=Px FACTOR
ENDFILE 5
R ETURN
‘END



38.

SUBROUTINE DATAIN(N,MAX,IPT,EST,X,EPS,PO,IEX,JORDER,JPRINT,
$ FACTOR, NR,LSP)

THIS SUBROUTINE READS IN DATA

oo

DIMENSION X(N),EPS(N)
I1EX=0
Iw=2
WRITE(6,21)
21 FORMATC'IYOU ARE WELCOWME TO USk THE PRCGRaM = F L OP T 3 %,/
$ ° YOU MAY ENTER YOUR DATA IN ANY FORMAT, HOWEVER UONE ENTRY '/,
$ " PER LINE ONLY. THANK YOU. '/

WRITE(6,51)
1 FORMAT(' 1. ARE YOU USING LEAST PTH OBJECTIVE FORMULATION 2°/)
LSP=IREPLY (@)
IF(IW.EQ.1)GOTO88
WRITE(6,52) :
2 FORMATC' 2. MAXIMUM NUMBER OF ITERATIONS ?7°/)

C
C «se READ INPUT DATA
I
>

eee GET MAX
CALL FREADCVALUED
MAX=IFIX(VALUE)
IF(IW.EQ.1)GOTO8S
3 WRITE(6,53)
53 FORMAT(® 3. INTERMEDIATE OUTPUT TO BE PRINTED AT EVERY IPT'/" IT
$ERATIONS ¢ e o e s « IPT 2'/)

C eee GET IPT
CALL FREAD(CVALUED
IPT=IFIX(VALUE)
IF(IW.EQ.1)GOT 088
4 WRITE(6,54)
54 FORMAT (' 4. MINIMUM ESTIMATED VALUL OF THE OBJECTIVE FUNCTION ?°
$/

C eee GET EST
CALL FREAD(VALUE)D
EST=VALUE
IFAW.EQ.1)G0T088
p) WRITE(6,55) N
55 $/FORMAT(' 5. STARTING VALUES FOR THE',13," VARIABLE PARAMETERS ?°
5 /) .
DO 32 I=1,4N

C eee GET X(I), I=1,N
CALL FREAD(VALUED
X(I)=VALUE
32 CONTINUE
IF(IW.EQ.1)GOTO8S
6 WRITEC(6,56) N
56 FORMAT(' 6.',13, " SMALL VALUES FOR TESTING CONVERGENCE ?2°/)



DO 33 I=1,N

QG

eee GET EPS(1), I=1,N
CALL FREAD(VALUE)
EPS(1)=VALUE

33 CONTINUE
: IF(IW.EQ.1)GOTO88
I F(LSP.EQ.1)GOTO7

G 0TO08

7 WRITE(G,57)

57 FORMAT(' 7. VALUE OF THE PARAMETER P 7'/)

C |

C eee GET P
CALL FREAD(VALUE)

P 0= VALUE
IF(IW.EQ.1)GOTO8S

8 WRITE(G, 58)

58 FORMATC' 8. DO YOU WANT EXTRAPOLATION 2°'/)
I FCIREPLY (1) .EQ.8)GOTO11
1EX=1
IF(IV.EQ.1)GOTO088

9 'WRITE(6,59)

59 FORMATC® 9. HIGHEST ORDER OF ESTIMWATES REQUIRED 7'/)

c

c ... GET JORDER
CALL FREAD(VALUE)

J ORDER=IFIX(VALUE)
I F(IW.EQ.1)GOT 083

10 WRITE(6,68)

60 FORMATC' 14, DO YOU WANT THE ESTIMATES TO BE PRINTED 2°/)
JPRINT=ZIREPLY(2)

IFCIW.EQ.1)GOTO8Y

11 WRITE(6,61)

61 FORMATC(' 11. MULTIPLYING FACTOR IN P VALUE 2°/)

C

c «ee GET FACTOR
CALL FREAD(VALUL)

FACTOR= VALUE
I F(IV.EQ.1)GOTO088
1W=1

C .

c «e. OPTION TO MODIFY

88 WRITE(E, 64)

64 FORMATC' ANY MODIFICATION 2'/)
IF(IREPLY(3) .EQ.@)RETURN
WRITE(6,92)

92 FORMAT(' WHICH ENTRY 2°/)

S5 CALL FREAD(VALUE)

NNz IFIX(VALUE)

C .

c .. WARNING MESSAGE FOR NON-EXISTENT ENTRY
IF(NN.LT.1.0R.NN.GT.11)GOTOI2
GOTOC1,2,3949556y 798,918,511 ,NN

12 WRITE(6,62)

62 FORMAT(' *x INVALID REQUEST, PLEASE RETYPE *x'/)
GOTO095 :
END



SUBROUTINE FREAD(VALUE)
THIS SUBROUTINE READS DATA IN FREE FORMAT

(eXoXe

COMMON/WY5/LINE(38),ICOL,IERR
DATA IBLK/IH /
S5 1ERR=0
ISGN=1
IcoL=1
VALUE=Y.?

QG

ees ONLY THE FIRST 32 COLUMNS ARE TO BE INTERPRETED
READC6,111) (LINECL) ,I=1,38)
11 FORMAT (32A1)

ess SKIP EXTRA BLANKS
IFCICOL.GT.32) RETURN
IF(LINECICOL) .NE.IBLK) GO TO 2
ICOL=ICOL+!
GO TOo 1

—_— 0 Co o

«ees CHECK FOR MINUS SIGN
IcoL=1ICOL~-1
N=NVAL (¥)
IFC(N=13) 4,5,99
IFCN=11) T,11,9
ISGN=2

ees GET INTEGER PART

N=NVAL (@)
IF(N=-10) 7,808,160
1@ IFCLINECICOL) .EQ.IBLK) GOTO80
7 VALUE=VALUE*10,@+FLOAT(N)
GOTOS

NOG

cCCu s

1 WT=1.0

2 N=NVAL (@)
IF(N-13) 13,80,14

L4 IFCLINECICOL) .EQ. IBLK)GOTO84d

32 IF(N.EQ.14) GOTOl15
GOTO99S

1d WT=WI*0@, !
VALUE=VALUE+WT*FLOAT (N)
GOTol12

C
C eee GET FRACTION PART
l
l

C
C eee GET EXPONENT PART
15 1EXP=0

I1X5=1

N=NVAL (&)

40.
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17
19
18
29

2l

22

89

S99

952

93
94

ees CHECK FOR MINUS SIGN
IF(N=-13)16,17,99

IF(N=11) 18,99,19

1X5=¢

N=NVAL (&)

IF(N=-108) 28,21,22

IEXP=1EXP* 10+N
GOTOlLS

IF(IXS.EQ.3) IEXP=-IEXP
VALUE=VALUE* 19, d**xIEXP
GOTo8Y

IFC(LINECICOL) .NE IBLK)GOTOSS
GoToz21

eeo NORMAL EXIT

IF(ISGN.EQ.@) VALUE=-VALUE
RETURN

IERR=1ERR+!

esoe SKIP TO END OF FIELD, PRINT ERROR MESSAGE
ICOL=ICOL+!
IF(ICOL.GT.30) GOTOS3
IF(LINECICOL) .NE.IBLK) GOTOS2
WRITE(6,94)
FORMAT(' ** ILLEGAL DATA, PLEASE RETYPE *x* /)
GOTO0S5
END

41.
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INTEGER FUNCTION NVAL (IDUM)
OBTAIN SIGN OR VALUE

DIMENSION NUMERC13)
COMMON/WY5/LINE(38) ,ICOL ,IERR
DATA NUMER/1H@,1Ad141H2 g IH3 g 1H4 3 1H5,1H6, IH7,1H8, IHS,
$H"’ IHE/

ees INTERPRET THE FIRST 38 COLUMNS
IF(ICOL.LT.38)GOTOl
IcOoL=31
NVAL=10
RETURN

eoe DETERMINE THE CONTENT OF EACH COLUMN
ICOL=ICOL+!
DO 2 I=1,15
I FC(LINECICOL) . EQ. NUMERCI) ) GOTO3
CONTINUE
I=16
NVAL=I-1
RETURN
END

1NTEGER FUNCTION IREPLY (I DUMMY)D
INTERPRETS YES OR NO ANSWER

I NTEGER ANS

DIMENSION NY(4)

DATA NY/2HN ,2HNO,2HY ,2HYL/
READ(S, 1 JANS
FORUMAT CA2)

eeeo IREPLY=1 FOR "YES", IREPLYz=@ FOR "NO"
IF(ANS.EQ.NY (1) .OR.ANS Q. NY (2))GOTO2
IFCANS . EQ.NY(3) .CR.ANS . EQ. NY (4))GOTO3
GOTO4

IREPLY=d
RETURN

IREPLY=1
R ETURN

ees WARNING MESSAGE

WRITE(6,5)

FORMAT(® ** ANSWER NOT CLEAR, PLEASE RETYPE *x'/)
GOTOoS
END

42.
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43.

SUBROUTINE DATACY(N,MAX,IPT,EST,X,EPS,PO,IEX,JORDER,FACTOR,

NR,LSP)
THIS SUBROUTINE PRINTS INPUT DATA

DIMENSION X(N),EPS(N)
PRINT 1

PRINT 2, N

PRINT 3,MAX

PRINT 4,IPT

PRINT 5,EST

PRINT 6,X(1)

PRINT 7,Cl,XC1),1=2,N)
PRINT 8,EPS(1)

PRINT 9,(CI,EPSCI),1=2,N)
IF(LSP.EQ.1) PRINT 18,PO
I FCIEX.EQ.®) RETURN
PRINT 11,JORDER

PRINT 12,FACTOR

RETURN

FORMAT(//"' INPUT DATA'/IH ,14C'=")/)

FORMATC' NUMBER OF INDEPENDENT VARIABLES ",23('. "), "N =",14)
FORMATC® MAXIMUM NUMBER OF ALLOWABLE ITERATIONS',14('."),

'MAX =",14) ‘

FORMATC' INTERMEDIATE PRINTOUT AT EVERY IPT ITERATIONS ', 7C'. D),

'IPT =',14D

FORMAT (" ESTIMATE OF LOWER BOUND OF FUNCTION TO BE MINIMIZED®,
'eEST =',El14.6)
FORMAT(® STARTING VALUE FOR VECTOR X(I) ',20(¢'."),"'XC 1) =7,

$ El4.6)

FORMAT(51X, "X(",12,") =",E14.6)

FORMATC¢' TEST QUANTITIES TO BE USED',22('.'),'EPSC 1) =',El4.6)
FORMAT (49X, "EPSC',12,") =',E14.6)

FORMAT(' INITIAL VALUE OF THE PARAMETER P',21(’."),'P0O =",El4.6)
FORMAT(' HIGHEST ORDER OF ESTIMATES USED IN EXTRAPOLATION.',

1 'JORDER =',14) ‘

FORMAT(® MULTIPLYING FACTOR IN P VALUE',20(C'."),'FACTOR =7,

$ El4.6)

END
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SUBROUTINE EXIOCIEXIT)

THIS SUBROUTINE PRINTS THE REASON OF EXIT FROM THE MINIMIZATION
SUBROUTINE

IFCIEXIT.EQ.9)GOTOL
GOTG2
PRINT 4,IEXIT
FORMATC/" IEXIT =°,12/' THE ESTIMATE OF THE HESSIAN MATRIX IS NO
$T POSITIVE DEFINITE®)
GOTO03
GOTO(5,6,7),IEXIT
PRINT 8,IEXIT
GOTO03
PRINT 9,IEXIT
GOTO3
PRINT 1@,1EXIT
RETURN
FORMAT(/" IEXIT =',12/° NORMAL EXIT®)
FORMAT(/' IEXIT =',I2/' EPS CHOSEN IS TOO SMALL")
FORMAT(/' IEXIT =',12/' MAXIMUM NUMBER OF ALLOWABLE ITERATIONS H
$AS BEEN REACHED")
END
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45.

SUBROUTINE RESULT(N,X,G,U,NR,LSP)
THIS SUBROUTINE PRINTS RESULTS

DIMENSION XCN),G(N)
COMMON/WY1/1FNyKO,IFNT
C CMMON/WY2/P4JV,EM,ENCLUB)
C OMMON/WY 3/NA,JD (1)
IF(KO.EQ.®)GOTOI
PRINT 3
GOTO2
PRINT 4
PRINT 5,U
IF(LSP.EQ.©)GOTO8
PRINT S,EM
DO 15 I=1,NA
J=dD(I
PRINT 190,J,ENCJ)
CONTINUE '
PRINT 11 o
PRINT 6,CI,XCI),1,GC(I),I=1,N)
PRINT T7,IFNT
IF(LSP.EQ.1) PRINT 12,P
RETURN :
FORMAT(//" OPTIMAL SOLUTION FOUND BY FLETCHER METHOD'/,IH ,
41¢°="))
FORMAT(//' RESULTS FOUND BY FLETCHER METHOD AT LAST ITERATION'/,
I1H , 58C¢'="))
FORMAT (/6X, "U =",EL15,7/)
FORMAT (2X, 'X(',12, ") =',E15.7,6X, "G(",12,"') =',EI5.7)
FORMAT(/® NO. OF FUNCTION EVALUATIONS =',15)
FORMAT(5X, "EM =',E15.7)
FORMAT(® ENC',12,") ='4,E15.T)
FORMATCLH )
FORMAT (" VALUE OF P =',EI15.7)
END '
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SUBROUTINE GRDCHK(N,X,G,W)
THIS SUBROUTINE PERFORMS GRADIENT CHECK

DIMENSION X(N),GCN),W(N)
Ic=9

CALL FUNCT(X,G,U)

PRINT 3§

PRINT 4

DO 1 I=zl,N

Z=XCD)

DXz1,E-4x%xZ
I1FCABS(DX) LTl E~7)DX=1.E~4

eee PERTURB IN THE FORWARD DIRECTION
X(I)=Z+DX
CALL FUNCT(X,W,U2)

ees PERTURB IN THE BACKWARD DIRECTION
X(I1)=Z-DX
CALL FUNCT(X,W,Ul)
Y =@.,5%(U2-Ul) /DX
X(l)=¢
IFCABS(Y) oLT ol oE=14)Y=] . E~14
T FCABSC(G(I)) (LTl oE~14)G(I) =] E~14

eee CALCULATE PERCENTAGE ERROR
YP=ABS ((Y-G(I))/Y)*]0u.
PRINT 5,GCI),Y,YP
IF(YP.GT.1d,)IC=1]
CONTINUE
IF(IC.EQ.1)GOTO2
PRINT 6
RETURN
PRINT 7
CALL EXIT

FORMAT(//" GRADIENT CHECK AT STARTING POINT'/IH $32C'="))
FORMAT (/" ANALYTICAL GRADIENTS',5X, "NUMERICAL GRADIENTS '
9,5X, "PERCENTAGE ERROR")

FORMAT (83X, E15,7,9X,E15.7,8X,E15.7)
FORMAT(/® GRADIENTS ARE 0.K. ™

FORMAT (/" GRADIENTS ARE INCORRECT, EXECUTION IS ABORTED®)

END

46.
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SUBROUTINE LEASTP(N,U,G,ER,GE,ES)
THIS SUBROUTINE PERFORMS LEAST PTH OBJECTIVE FORMULATION

DIMENSION GC1),ERC1),GEC(N,1),ES(1)
C OMMON/WY2/P,JV,EM,ENC108)

C OMMON/WY 3/NA,JD(100d)

J=dD(1)

EM=ER(J)

eee FIND THE MAXIMUM ERROR
DO 1 I=2,NA
J=JdD(I)
EM=AMAX1 CEM,ER(J))
CONTINUE
IF(EM.NE.®.)GOTO3
DO 2 1I=z1,NA
J=Jd DD
ERCJIZER(J) -1 E-7
CONTINUE
EMz=EM=]1 E-7
Q=SIGN(P,EM)
sl=u.

eeo FORM THE OBJECTIVE FUNCTION
DO 5 I=1,NA
J=Jd DD
IF(EM.LT.0.)GOTO4
IF(ER(J) .LE.P.)GOTO5

eee NORMALIZE ERRORS

ENC(J)=ER(J) /EM
ES (J)=EN(J) **Q
S1=S1+ESC(J)

CONTINUE
ST=51*x(1,/Q)

wee OBJECTIVE FUNCTION
U=EMkST

eee FOR JV=1, GRADIENTS WILL NOT BE CALCULATED
IF(JV.EQ.I)RETURN

ese FORM THE GRADIENTS
5T=8T/S1
DO 8 I=1,N
s2:=0.
DO 7 J=1,NA
K=JD(J)
I1F(ENM.LT.¥.)GOTOS
I1F(ER(K) LE.¥.)GOTO7
S23S2+ES(K)*GE(I,K) ZENCK)
CONTINUE
G(I)=5T*S2
CONTINUE
RETURN
lKKND
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SUBROUTINE EXTRAP(N,X,XE,I,IK,FACTOR,XB,J ORDER)
THIS SUBROUTINE PERFORMS EXTRAPOLATION

REAL*8 XE(N,IK,1),S
DIMENSION X(1),XB(1)
I1=1+1

DO 1 J=1,4N

XE(Jy1,1)=DBLE(X(J))
CONTINUE

IFC(I.LT.2) GO TO 11

eeoe EXTRAPOLATE TO MINIMAX SOLUTLON
1F(1.GT+JORDER) GOTO2
IJd=1
GOTOS
I1J=JORDER+1
DO 5 L=2,1dJ
LL=L=-1
S =FACTOR**LL
DO 4 J=1,N
XE(doI,L)=(S*XECJy I LL)=XEC(J,I=1,LL)) /(5~14)
CONTINUE
CONTINUE

ees PUT THE BEST ESTIMATE IN ARRAY XB
DO 6 J=1,N
XB(J)=SNGL(XECJ,1,1d))

CONTINUE

oo ESTIMATE THE MINIMUM OF THE NEXT OPTIMIZATION

DO 7 J=1,N
XECGI,11,IJ)=XECd, I,1d)
CONTINUE
DO 9 K=2,IJ
L=Id+l=K
S=FACTOR*x*L
DO 8 J=1l,N :
XE(, lI,L)=((S=1 IRXECJZ I L+ +XE(Jy1,L)) /S
CONTINUE
CONTINUE

eee SET THE ESTIMATED MINIMUM TO BE THE NEXT STARTING POINT

DO 19 J=1,N

X(J)=SNGL(XE(J,I1,1))
CONTINUE

R ETURN
DO 12 dJd=1,N

XB(JI)=SNGL(XEC(J,1,1))
CONTINUE

R ETURN

END

48.



OO

1@

12
11

15

16

SUBROUTINE QUASIN (N,X,U,G,H,W,EST,EPS,MODE,MAX,IPT,IEXIT)
THIS SUBROUTINE IS THE FLETCHERC15S72) METHOD OF MINIMIZATION

DIMENSION X(C1),GC1),HC1),W(1),EPSCIL)
C OMMON/WY1/IFN,KO,IFNT

KO=9

NP=N+1

NLI=N=1

NN=NkNP/2

IS=N
I1u=N

c U

I V=N
IB=1IV+N
IEXIT=9
IF(MODE.EQ.3)GOTOI5
IF(MODE.EQ.2)GOTO!L¥Y
IJ=NN+1
DO 5 I=1l,N
DO 6 Jd=1,I1
Id=1d=1
HC(IJ)=D.
HC(IJd)=1.
GOTOlL5
CONTINUE
I1J=1 _
DO 11 1I=2,N

" Z=HC(1J)

1d=1d+1]

11=1J

DO 11 J=I,N

ZZ=HC(Id)

HC(1J)=H(1d) /Z

JR=1dJ

IK=11

DO 12 K=1,J

JK=JK+NP=K

HC(JK)=H(JK)=HC(IK)*ZZ
IK=IK+1
1dz=1d+1

I1F(HCIJ) JLE.d«)RETURN
CONTINUE

IJ=NP

DMIN=H(L)

DO 16 I=2,N

I1F(HCIJ) LGE.DMIN)GOTOLS

DMIN=HC(IJ)
IJ=IJ+NP-1

IF(DMINLJLE.@.)RETURN

Z=EST

ITN=D

CALL FUNCT(X,G,U)

49.



I FN=]
DF=yU=EST
IF(DF,LE.®.)DF=1,

20 CONTINUE
IF(IPT.EQ.4)GOTO21
IF(MODCITN,IPT) .NE.¥)GOTO21
PRINT 501 ,ITN,IFN,U, CCXCI1),GCI)),I=1,N)

501 FORMAT (1H ,13,5X,13,4X,E15.7,1X,20(CE15,7,E16.7/32X))

21 CONTINUE '
ITN=ITN+]

W(l)==G(1)
DO 22 I=2,N

J=1

1=1-1

==G(I)

DO 23 J=1,1Il
Z2=Z=-HC(IJ)*W(J)

23 1d=1J+N=dJ

22 W(l)=Z ,
WIS+NI=WON) ZHONND
IJ= NN
DO 25 I=z],Nl
Id=1d-1
Z-0.

DO 26 Jd=1,1
ZzZ+HCIJ)RWCIS+HNP=d)

26 Id=1d-1

25 WCIS+N=1)=WIN=-1) /7d(1lJ) =L
GS=2d.

DO 29 I=zl,N

29 G5=GS+W(Is+1)*G(1)
TEXIT=2
IF(GS.GE.d.)GOTO92
G50=G5
ALPHA==-(DF+DF) /GS
I F(ALPHA.GT .1 .)ALPHA=1.
DF=zU
TOT=8.

30 CONTINUE
IEXIT=3

IFCITN,EQ.MAX) GOTOS2
ICON=0 ’
TEXIT=1
DO 31 I=1,N
Z=ALPHAX®W(IS+I)
I FCABS(Z) «GELEPSCI))ICON=1

31 X=X +Z
CALL FUNCT(X,W,FY)
IFNzZIFN+1I
GYS=43.

DO 32 I=z1,N

32 GYS=GYS+W (L) *xW(IS+I)

IFC(FY .GE.U)GOTO4U

1
1
Z
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52

59
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6l

IF(ABS(GYS/GS0) .LE..9)GOTO58
I1F(GYS.GT.8.)G0TO042
TOT=TOT+ALPHA
Z=18.
IF(GS.LT.GYS)Z=GYS/(GS~-GYS)
1F(Z.GT.18.)Z=13.
ALPHAzALPHAXZ

UsFY
GS=GYS
GOTO039

CONTINUE
DO 41 I=1,N

K(I)=X(I)-ALPHA*W(IS+]1)
IFC(ICON.EQ.D) GOTOS2
£=3.x(U~-FY) /ALPHA+GYS+GS
ZZ=SQRT(Z*Z-GS*GYS)
GZ=GYS+ZZ
Z=1.-C(GZ=-2) /(ZZ+GZ~-GS)
ALPHA=ALPHAXZ
GOT039

CONTINUE
ALPHA=zALPHA+TOT
U=FY
IF(ICON.EQ.3)GOTO9D
DF=DF=-U
DG5=GYS-GSO
LINK=1
IF(DGS+ALPHA*GS0,GT .d.)GOTO52
DO 51 I=1,N

WCIHI) =W -G
51G=1./CALPHAXDGS)
GOTO78

CONTINUE
ZZ=ALPHA/ (DGS-ALPHA*GS0)
Z=DGS*ZZ~-1.
DO 53 I=z1,N

WCIU+I) =Z*GCI)+W (I
S51G=1./CZZ*xDGS*DGS)
GOTO72

CONTINUE
LINK=Z2
DO 61 I=1,N

WCIU+ID) =GAD
I F(DGS+ALPHA*GSO0,GT .¥.) GOTO&2
SIG=1./G50
GOTO74

CONTINUE
S1G=-ZZ
GOTO74

CONTINUE

DO 66 I=1,N

GCI)=w(D)
GOTO2 0

51.
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75

30
3

91
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CONTINUE
WIv+1)=W(Iu+1)
DO 71 I=2,N
Idz=1
I1=zI-1
Z=W(IU+DD
DO 72 J=1,I1
Z=Z-HC(IJ)%RWC(IV+d)
Id=1J+N=Jd
W(Iv+Id =Z
IJ=z1
DO 75 I=1,N
IVI=IV+]
1BI=1IB+1
Z=HCIJ)HSIGRWCIVI)RW(IVID
IF(Z.LE.@.)Z=DMIN
IF(Z LT.DMINIDMIN=Z
H(IJ)=Z
WAIBI)=W(IVI)*SIG/Z
SIG=S1G=-WAIBI)*W(IBI)*Z
IJz=1Jd+NP-1
IJd=1
DO 8 I=1,4N1
IJd=1d+l
11=1+1
DO 88 J=11,N
I UJ=1+d
WCIU)=WCIU) =H(TJ)*W I V+ID)
HCIJ)=HCId)+WAIB+I)xW(IUJD
Id=1d+1
GOTO(683,65) ,LINK
CONTINUE
DO 91 I=z1,N
GCIH)=Ww(D)
CONTINUE
IFCIEXIT.EQ.1)KO=1
IF(PTLEQ.Z)RETURN

PRINT 501 ,ITNyIFN,U, CCXCI),GCID) 121 ,ND

RETURN
END

52,
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