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CRL NETWORK OPTIMIZATION PROGRAM: VERSION CRL1

J.W. BANDLER and J.R. POPOVIC

Abstract The program described analyzes and optimizes certain electrical
networks arranged as a cascade of two-ports such as microwave filters and
allpass networks.

INTRODUCTION

The package features some of the latest and most efficient methods
of computer-aided design currently available. At the user's command, either
the well-known and highly respected Fletcher-Powell [1] method of minimizing
unconstrained functions of many variables may be used, or the more recent,
and generally more efficient, method by Fletcher [2].

State-of-the-art techniques in least pth approximation general-
ized for such tasksas filter design as proposed by Bandler and Charalambous
[3] and programmed by Popovic [4] are incorporated. Thus, a variety of
upper and lower response specifications as well as simple upper and lower
desired bounds for variable parameters are catered for. Low values of p,
e.g., 2, intermediately large values of p, e.g., 10 to 1,000, as well as
extremely large values of p, e.g., 1,000,000 are optional to the user
depending on how close to a minimax (Chebyshev, equal-ripple) solution he
wants to come.

The package has been designed to incorporate the adjoint network
method of sensitivity evaluation to produce accurate first derivatives needed
by these efficient gradient minimization methods. Many formulas published

by Bandler and Seviora [5] have been built into the package.



As it stands at present, the package is capable of analyzing and
optimizing certain linear, time-invariant, lumped and distributed networks
in the frequency domain subject to the following specifications.

The network is assumed to be a cascade of two-port building
blocks terminated in a unit normalized frequency-independent resistance
at the source and a user-specified frequency-independent resistance at the
load (taken as unity when allpass networks are present).

Resistors, inductors, capacitors, lossless short-circuited and open-
circuited transmission-line stubs, and series and parallel RLC resonant circuits
can be called upon by the user and connected as series or shunt elements,
in any order. Lossless transmission-lines as well as microwave allpass C-
and D-sections can also be added.

Any circuit parameter may be fixed or varied as specified by the
user. If variable parameters are to be constrained, then each may have
an associated lower and upper desired bound supplied by the user. For
upper and lower parameter constraints, fictitious frequency points of value
1, 2, 3, ... etc. are associated with each variable parameter in correct
sequence. The constraints are treated exactly like single point specifications.
(For a single point specification, let the number of subintervals be zero
and set the upper bound of the interval equal to the lower bound.)

Continuous specifications require program modification.

Gradients are automatically checked before optimization. Responses
before and after optimization are printed out. Much other useful information
which can be used to check on the progress of the optimization process and to

diagnose errors is printed out at the user's discretion.

The user should also consult an earlier report on a similar
package [6].



HOW TO USE THE PROGRAM

Set up the input deck as follows:

AATA DECK

(//CRLl package

MAIN PROGRAM

Control cards when permanent file is used:
1. job card, CM60000.

2. RUN(S)

3. ATTACH, lfn: CRL1, ID=GSGBNDLR , PW=CAD.
4, LOAD, 1fn*.

5. LGO.

eor

*
logical file name



1. Main program

Write the main program as indicated below:
PROGRAM TST (INPUT, OUTPUT, TAPES=INPUT, TAPE6=0UTPUT)
Dimension the following arrays:
DIMENSION D(K), G(K), Y(K), PY(K), ASTRT(K), DUM1 (K),
DUM2(K), EPS(K), H(M), GRAD(K), XX(3,NINT),
NUMB(N), X(N), X1(N), ERROR(N), EHELP(N),
AP(N), INUMB(N)
where
K is the number of variable parameters
M = K(K+7)/2
NINT the total number of intervals including necessary
ones for parameter constraints
N is the total number of sample points from all intervals
Call the subroutine CRL1 as follows:
CALL CRL1 (K, D, ASTRT, G, Y, PY, DUM1, DUM2,
EPS, H, GRAD, NUMB, XX, X, X1, ERROR,
EHELP, AP, INUMB)
Add
CALL EXIT

END

2. The CRL1 package

A listing is contained in this report.



3. Data deck

Parameters to be supplied as data are defined below:

NE

NC
ND
KVR

IC(1),

AA(T),
I=1,NE

AB(I),
I=1,J
where
J=2*ND+
NC+1

INUMB(I),
I=1,NE

NINT

XX1(I),
I=1,NINT

The number of blocks in the circuit.

The total number of parameters in all blocks.

The number of C sections. Set to 0 if you do not
want any,

The number of D sections. Set to 0 if you do not
want any.

Denotes whether C and D section parameters are variable
or fixed, Set to 1 if variable and 0 if fixed.

A sequence of code numbers of blocks which specify
the order in which blocks are connected. (See

pp. 12-28 for code numbers.)

Values of each parameter in the circuit.

Values of the parameters of the C and D sections

and the d level. (See Kudsia [7]).

Indicates whether the parameters in the Circuit are
fixed or vatiable. Set to 1 if variable and 0 if
fixed,

The total number of intervals including necessary ones
for parameter constraints.

The lower frequency bounds corresponding to each

interva:.



Xx2(1),
I=1,NINT

NUMB(I),
I=1,NINT

I0BJ(I),
I=1,NINT

wC
K

ASTRT(I),
I=1,K

The upper frequency bounds corresponding to each
interval. Lower bound equals upper bound for single
point specifications.

The number of subintervals (equals sample points minus
one) corresponding to each interval. Set to 0 for single
point specifications.

A sequence of numbers to be used as specifications

in each interval including parameter constraints.

Indicates whether a specification in any given

interval is an upper or lower specification. Set
to 1. for upper and to -1. for lower specification.
The weighting factors (positive) in each interval.

Set to 1. if unsure.

The approximating function in each interval.
For reflection coefficient set to 1.
For insertion loss (dB) set to 2.
For group delay (nsec) set to 3.
For parameter constraints set to 0.
The load resistance.
The center frequency.
The cut-off frequency for C- and D-sections.
The number of variable parameters.

The starting values for the variable parameters.



MET

MAX

IPRINT

EPS(I),

I=1,K

EPS1

EST

DIF

KSI

ITER

IPA(I),
I=1,1TER

Optimization method to be used. Set to 1 for

Fletcher method and to 2 for Fletcher-Powell method.

The maximum number of allowable iterations (e,g., 100).
Intermediate output is printed out after every specified
number of iterations. Set to 0 if no intermediate output
is desired,

The small quantities for convergence in the Fletcher

4.

A small quantity for convergence in the Fletcher-Powell

-4)'

A realistic under-estimate of the value of the objective

method (e.g., 10

method (e.g., 10

function.

The value of the difference between objective function
values in successive optimizations. Set to 0. if not sure.
A small quantity by which specifications could be

shifted artificially, Set to 0. if not sure.

The number of complete optimizations desired. Each
optimization starts from the previous optimum obtained.
Vector containing the values of p (positive integer,
greater than one) to be used successively for each

complete optimization.

Table I shows the arrangement of the data deck.



8.

411l Aq

0118 YI9INI dALI°T=1 ‘(I)vdI paatnbax s® Aueu sy -

01l YI99INI LI I -
8'914¢ VI ISX‘dIa‘1Lsq 1 -
8914 VI 1Sd1 I Z=LAN dI

A £q
8°913S vy A1=1 ‘(1)sda pairnbax se Aueu sy T=LIW dI
otTIg Y499.INI INIYdI “XVW ‘LW I -

. X 4q
8°911S TVId A T=1 “(I)LY1ISv paitnbsi se Aueu sy -

0TI YI99.INI p| I -
8'914¢ vy oM ‘Wd ‘o I -

0118 Y999INI ININ‘T=1 ‘(I)rdoI " -
8°914S vy ININ‘T=I “(I)IM " -
8°914S VY ININ‘T=1 ‘(I)gXX " -
89146 TvIy ININ“T=I ‘(I)NNd " -

0118 Y4991INI ININ ‘T=I °(I)dWnN " -

ININ £q
8°914S Tvay ININ‘T=I “(1)2xX ‘(I)IXX paxtnbax se Aueuw sy -
01l 4999INI ININ I -
N 4q

0118 Y393 INI AN T=1 ‘(I)9WnNI paatnbax se Auew sy -

8°914S TVIY ((T+ON+aN22Z=)r =1 “(1)4V) r pue gN £q
“(aN‘t=1 ‘(nwv) paxtnbax se Aueu sy -

0118 4I99INI WA‘T=1 ‘(1)D1 1 -

0TIS YI99INI YA “aN“ON ‘AN ‘W I N
JBUIO0q ad{], sxajauexed spaed JOo Iaquny UOTITpUO)

A04a VvIvd JHL 40 LNIWIONVHHY

qHL I 974Vl



CIRCUIT CONFIGURATION

AND BUILDING BLOCKS
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—o CIRCUIT
—0 CONFIGURATION

o —O0— ——0- - — — -0—
o— - —o0— e e S
Possibilities

1.

A cascade connection of two-port circuit blocks consisting of any

of the elements depicted on the following pages in any order, and

as many as required.

2. As many C- and D-sections as required.

3. Modification of program to accommodate new blocks is readily ef-
fected. See page 29,

[@plementation*

1. All blocks are numbered sequentially from left to right.

2. Each block has a code number associated with it defining the

element it contadins.

*Except allpass networks.

Parameters Required

Other than the parameters listed and defined together with the in-

dividual blocks, the following values must be supplied.

NS NN -

The total number of blocks (not including C- and D-sections).
The total number of parameters in these blocks,

The number of C-sections.
The number of D-sections.

The center frequency (e.g., in MHz, for normalization).

The cutoff frequency for C- and D-sections (e.g., in MHz).

The d-level for allpass networks (see Kudsia [7]). This para-
meter is treated like any other circuit parameter. It is the very

last variable to be entered.



cascaded
source network

Possibilities

load

SOURCE

AND

LOAD
CONFIGURATION

1. Complex (but constant) load impedance; will, therefore, usually

be a resistance.

2. Modification of program needed to have frequency dependent source

and load impedances (source is assumed to be unity).

Parameters Required

1. Load impedance.

11.



SHUNT
— CAPACITOR
O o O
Code Parameters
1 12 3

Parameter Definition

C = capacitance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

12.



SHUNT
INDUCTOR
Code Parameters
2 12 3
L

Parameter Definition

L = inductance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

13.



O VLS O
SERIES
INDUCTOR
O— O
Code Parameters
3 1 2 3
L

Parameter Definition

L = inductance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

14,



O I

Code

Parameter Definition

C = capacitance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

SERIES
CAPACITOR

Parameters

1

c

2 3

15,



LOSSLESS
TRANSMISSION
LINE
S}g&é Parametgzg
5 1 2 3
[ Z0

Parameter Definition

2 = length (normalized)

ZO = characteristic impedance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

16.



SHUNT
SHORTED
LOSSLESS
TRANSMISSION
LINE

Code Parameters

6 1 2 3

L Z

Parameter Definition

£ = length (normalized)

20 = characteristic impedance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

17.



Code

Parameter Definition

2 = length (normalized)

Z0 = characteristic impedance (normalized)

Commeq£§

SHUNT

OPEN
LOSSLESS
TRANSMISSION
LINE

Parameters

1203

L ZO

Upper and lower bounds or fixed values can be accommodated.

18.



SERIES
SHORTED

TRANSMISSION
LINE

Code

Parameter Definition

[} length (normalized)

Z

0 characteristic impedance

Comments

Upper and lower bounds or fixed values can be accommodated.

Parameters

|-

2 3

L Z0

(normalized)

19.



Code

Parameter Definition

b
[}

length (normalized)

™~
"

characteristic impedance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

SERIES

OPEN
LOSSLESS
TRANSMISSION
LINE

Parameters

12 3

L Z0

20.



o—F— =0

SERIES
RESONANT
CIRCUIT

Code

10

Parameter Definition

“R
Q = quality factor

Parameters

jr=
[N
|

= resonant frequency (normalized)

]
X = slope of reactance at resonance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

21.



SHUNT
RESONANT
CIRCUIT

Code Parameters

11 1 2 3

Parameter Definition

resonant frequency (normalized)

mR =
Q = quality factor
1]
X = slope of reactance at resonance (normalized)
Comments

Upper and lower bounds or fixed values can be accommodated.



SHUNT
ANTIRESONANT
CIRCUIT

1k
]

Code Parameters

12 1 2 3

L
wp Q B

Parameter Definition

wp = antiresonant frequency (normalized)
Q = quality factor

|
B = slope of susceptance at antiresonance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

23,



SERIES
ANTIRESONANT
CIRCUIT

Code Parameters

13

Jr
LY
jw

Parameter Definition

Wp = antiresonant frequency (normalized)

Q = quality factor

1
B = slope of susceptance at antiresonance (normalized)
Comments

Upper and lower bounds or fixed values can be accommodated.

24.



SERIES

RESISTOR
Code Parameters
14 1 2 3
R

Parameter Definition

R = resistance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

25.



Code

15

Parameter Definition

R = resistance (normalized)

Comments

Upper and lower bounds or fixed values can be accommodated.

SHUNT
RESISTOR

Parameters

| =

2 3

26.



27.

O—t0 | o+—o0
ALLPASS
% O C-SECTIONS
(Total number nc)
o—tfo o+—o0
Code Parameters
16 (not used) | 1 2 3...n

0‘1 0'2 03... O’n

Parameter Definition

oy = location of ith real zero

Comments

1. The user specifies the number of C-sections required.

2. One cutoff frequency (fixed) and one d-level (variable) must be specified
vwhenever any C- or D-section is used.

3. The user should consult theoretical concepts reviewed by Kudsia [7].

4. C- and D-section parameters are either all fixed or all variable.



28,

O—10 ol—o

b4 O

ALLPASS
- D-SECTIONS

X o (Total number nd)
OO Oo—oO
Code Parameters

17 (not used) 1 2 3 ...m4,0 M2 Nges .
O) Oy Ogeee W) W, wq

Parameter Definition

o5 = location of real part of ith zero
w, = location of imaginary part of ith zero
Comments

1. The user specifies the number of-D-sections required.
2. One cutoff frequency (fixed) and one d-level (variable) must be

specified whenever any C- or D-section is used.

3. The user should consult theoretical concepts reviewed by Kudsia [7].

4, C- and D-section parameters are either all fixed or all variable.



29.

o— —O0
TWO-PORT
SECTION
(o, —0
Possibilities

Addition of various new blocks is possible because of the modular approach
which has been used in the development of the package. The following basic

procedure has to be carried out.

Implementation

An analysis subroutine must be written to calculate input voltage and
current given the output voltage and currént (ABCD matrix analysis).
The subroutine is called exactly as any other analysis subroutine in
the package is called and sensitivity formulas obtained by the adjoint
network method (see Bandler and Seviora [5]) if the parameters of the

two-port are to be varied.

Comments
A wide variety of other two-ports can be added, e.g., distributed

RC lines, transistor amplifier stages, operational amplifier stages, etc.



30.

INPUT-OUTPUT EXAMPLE

It is desired to approximate a certain lowpass filter
insertion loss specification using a ladder network consisting of
lumped lossless inductors and capacitors. The first element is a
shunt capacitor, followed by a series inductor and so on, with a
total of three capacitors and three inductors. The source and load
resistances are each taken as unity.

The input data and the results obtained by the Fletcher method

are in Figs. 1 and 2, respectively.
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39'

SURROUTINF CRL1 (N1 oA sXSTRT 9GsYsPYsDUM] sDUM? sEPSsHeGRADsNUMB XX s XsV1

1X19ERRORLZEHELP AP INUMB) V1
V1

SURROUTINE WHICH COORDINATES Vi1

THE OTHER SUBROUTINES V1

vl

EXTFRNAL FUNCSsWesFCTeFUNCT Vi
NIMENSTON FX(100)s TORJ(100ys XX1(100)s XX2(100)s XX3(7100) Vi

DIMFNSTON Al1)s G(1)s Y(1)s PY(1)s XSTRT(15)s DUM1(1)s DUM2(1)s EPV]
1S014)s H(1)s GRAD(1)s XX(357)s X(1)s X1(1)s FRROR(1)s EHELP(1)s APV]

2(1)s INUMBI(1) V1
DIMENSION NUMR(100)s IPA(100) ' V1
COMMON /BLK/ KO V1
COMMON /SP/ FUNI(50) Vi
COMMON /SP1/ WTI(50) Vi
COMMON /BLACK/ 1C(100)sAA(100)sB(100)sMMsNESRLINCsNDsKVRsAB(100)sFV]

IMsWC V1
LOGICAL B . A
LOGICAL CONVsUNITH V1
COMPLEX RL V1
ERR(Z)=EPSNP(ZsTINTsFCTsWsAsN1sGRADSAPPsPSI sXXs1) V1
UNITH=eTRUE V1
READ (5942) MMsNESNCsNDsKVR V1
READ (5942) (IC(L)sL=19sMM) Vi
J=2#ND+NC+1 V1
READ (8942) (AA(T)sI=1sNE)s(AB(I)sI=19J) Vi
READ (Re42) (INUMB(T)sI=19NE) V1

V1

DO 1 I=1sNE

R(I)=.TRUE. Vl
IF (INUMB(1)eEQeO) B(I)=eFALSE. V1
CONTINUE V1
READ (5+42) NINT V1
REAN (8942) (XX1(T)eXX2(T)sI=1oNINT) Vi
READ (5942) (NUMB(I)sI=1sNINT) : V1
READ (8s42) (FUN(I)oI=1sNINT) V1
REAN (8s43) (XX2(T)sI=1sNINT) : V1
READ (5s43) (WT(I)sI=1sNINT) V1
READ (5942) (10RJ(I)sI=1sNINT) V1
READ (5+43) RsFMsWC V1
RL=CMPLX(RsCs) _ V1
RFAD (5+42) N1 V1
RFAN (5943) (XSTRT(T1)sT=1sN1) V1
RFAD (8442) MFT4MAXsIPRINT V1
IF (MFTeFQel) RFAD (5s42) (EPS(I)sI=13sN1) Vi
IF (MFT«FQe2) READ (5443) EPS1 V1
RFAD (5+43) FSTeDIFsPST V1
READ (5442) ITER V1
READ (5942) (IPA(I)sIl=15ITER) V1
I0PT=1 V1
IREAD=0 V1
DO 72 T=14NINT V1
XX(1oI)=(XXT(I)/FM)+FLOAT(IORJ(I)=1)%10.0 ' V1
XX(291)=(XX2(I1)/FM)+FLOAT(IOBJ(I)~1)*10. V1
IF (TORJ(I)eFQe0) XX(1sI)=XX1(1)430, V1
IF (IORJ(T)eEQeQ) XX(251)=XX2(I1)430e : V1
XX(3,1)=XX3(1) _ V1
CONTINUE ' V1

V1

DO 3 I=1.N1

CACI)=XSTRTI(I) V1

VO NV W N
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22
23

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

49

50
51
52
53
54
55
56
57
58
59



10
L

CONTINUF

K=0

WRITE (6+49)

WRITE (6+50)

IF (IREADsEQeO) IREAD=?

GO TO (Ts4)s IREAD

NO 6 J=1eNINT

IINT=J

TE (XX(1eJ)elLFel0e) WRITF (6946)

IF (XX(19J)elLFe?20606ANDeXX(19J)eGTe10e) WRITE (Ke47)
IF (XX(19J)elLEe30e0eANDeXX(19J)eGTe20e) WRITE (6£948)
L=NUMRB(J)+1

IF (NUMR(UJ)eFQe0) Z=XX(19J)

PN 6 TI=1sL

TF (NUMR(J) ¢GTe0) Z=XX(1s )+ (XX(DeJ)=XX{1sJ))*¥(I-7)/NUMB(J)
FR=FRR (2} '

K=K+1

FRROR(K)Y=FRR(Z)

FHFLP(K)=FRROR(K)*XX(3s¢J)

X(K)=Z

FRT=(ER/WT{IINT))+FUN(TINT)

IF (IORJ(J)eEQel) FXI(K)=Z%FM

IF (TORJ(J)eFQe?) FX(K)=(Z=10e)*FM

IF (TORJ(UJ)eFNe3) FX(K)=(Z=20e)*FM

IF (IORJ(J)eFQe0O) GO TO 5

WRITF (6945) FX(K)sFRT

CONTINUE

AP (K)=APP

GO T0O 11

NO 10 J=1sNINT

IINT=J

IF (XX(19J)elLFe10s) WRITE (6946)

IF (XX(19J) el Fe?2060eANNeXX(19J)6eGTe106e) WRITF (f947)
IF (XX(19J)elFe30e0sANNXX(19J)aGTe?0e) WRITF (6948)
K=K+1

KL=K+NUMR(J)

PO 9 TI=KeKL

FRRAR(T)I=FRR(X (1))

L=T-K+1
FRT=(FRROR(I)/WT(IINT))+FUN(IINT)
Z=X(1)

[F (TOBJU(J)eEQel) FX(I)=L*FM

IF (I0RJUIJ)eEQe2) FX(I)=(Z=10e)%*FM
IF (ICRU(J)eEQe3) FX(T)=(Z-20e)%FM
IF (TORJU(J)eEQeO) GN TOH 8

WRITF (&e45) FX(1)eFRT

CONTINUF

FHFLP (1) =FRROR(T)*XX(24.))
AP(T1)=APP

CONTINUF

K=KL

CONTINUE

EMAX=FHFLP(1)

NO 12 M=2,4K
EMAX=AMAX1 (FMAX s FHFLP (M))
CONTINUE

WRTITF(6e6CCC)

40.
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65
66
67
68
69
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71
12
73
T4
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76
77
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81
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813
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NS BN

alale!

13
14

DA NN

16

17

1R

1_0

20

21
29

23

24

25

—

41.

WRITE(6+7000) V1
WRITE(6+5000)FMAX vl
CALL ERRO (FCTsWsAsN19sKsGRADsAPPsPSI»2sNUMBsXX9sX9sX1sERRORsEHELPsAPV]
19FMAX sNs INUMBoNINT o IP) V1
WRTTF(6+4000) V1
WRITF(694100) V1
WRITE(6sR000)(JeX1(J)sFRROR(J) s J=1sN) V1
IGRNDCH=1 V1
Vi1

OPTIMIZATION V1

V1

PN 40 K=1s10PT V1
KR=1 V1
IF (K=1) 14914913 V1
CONTINUE V1
DO 40 KK=1sITER V1
IP=IPA(KK) V1
IF (KR.EQ.O) GO TO 15 V1
V1

DATA FOR THE OPTIMALITY V1
CRITERIA FOR THE OPTIMIZATION METHODS V1

V1

M=2 V1
V1

DO 16 1=1sN1 V1
A(T)=XSTRTI(1) V1
CONTINUE V1
IF (TGRNCHeGTe1) GO TO 17 V1
CALL GRDCHK (N1sAsGsPYsYsGRADIAPPsPSIsNUMB9sXXsX9X19ERRORYEHELP AP sV]
1FMAXsNs INUMBsNINTsIP) V1
IF (KR.EQeD) GO TO 18 V1
CALL INPUT (MFTeMsMAXSN19IPRINTe19EPS19ESTsFEPSesXSTRT) Vi
IF (MET.FQ.0) MET=4 ' V1
INDFX=0 V1
GO TO (19924933929)s MET V1
IF (IPRINT.FQe0) GO TO 20 V1
CALL WRITE1l (1) V1
CALL SFCOND (T1) V1
IF (KReNFe0) GO TO 22 V1
DO 21 I=1sN1 V1
ALT)=DUMIC(I) V1
CONTINUF , V1
CALL VMMO1 (N1sAsFsGoHsUNITHIESTsEPSsMAXs IPRINTSIEXITsGRADsAPPSPSIV]
sNUMB ¢ XX sX9eX19ERRORSEHELP sAPsEMAXsNs INUMBsNINT9IP) V1
DN 23 1=1sN1 V1
DUM1(T)=A(1]) V1
CONTINUE V1
CALL SECOND (T2) V1
CALL FINAL (AsFsN1) V1
T=T2-T1 V1
WRITE (6941) T V1
GO TO 29 V1
IF (IPRINT«FQeC) GO TO 25 V1
CALL WRITE1l (2) V1
CALL SECOND (T1) . V1
IF (KReNELO) GO TO 27 V1
DO 26 I1=14N1 vl
V1

A(TI)=DUM2(1)
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27
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20
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27
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AU
25

1A
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CONTINUE

42.

V1

CALL FMFDP (FUNCTsN]19A9FoGIESTsEPST sMAXsIFRoHsIPRINTsGRADsAPPsPSTsNV]

TUMR XXX 9 X1 9FRRORIEHELP s AP s EMAX N INUMBoNINT s IP)

DO 28 I=1eN1
PUM2(TYy=A(1)
CONTINUE

CALL SFCOND (TD)
CALL FINAL (AsFoN1)
T=7T2-T1

WRITF (6e41) T
INDEX=TINDFX+1

TF (MaFRL1) GO TO 30
GO TO 32

DO 31 I=1sN1
A(T)Y=XSTRTI(T)
CONTINUE

CONTINUF

KR=0

WRITF (6e44) 1P

IF (KK=1) 36+34434

IF (KK-ITFR) 35436+36

CONTINUF

CONTINUE

KN=0

KO=0

WRITF (6e49)

WRITE (6+451)

DO 29 J=1sNINT

IINT=J

IF (XX(19J)elLFoel10e) WRITF (6946)
TE (XX(10J)elFe?0 00 ANNGXX(19J)eGT4a1Ne) WRTITF (6947)
TE (XX(19J)elFe2000eANNXX(19))eGTeP?0e) WRITF (6948)
KNO=KQ+1

KL=KQ+NUMR( J)

DO 38 1=KQsKL

L=1-KQ+1

FR=FRR(X(1))}
FRT=(ER/WT(ITINT))+FUN(TINT)

IF (TORJ(J)YeFQeCY GO TO 37

WRITF (Kes45) FX(T)eFRT

CNNTINUF

KN=KN+1

CONTINUE

KQ=XKI.

CONTINUE

WRITF(64+40U00)

WRITF(6+4100)

WRITF(A+8COC){ JeX1(J)sFRRORI(J) o J=19sN)
WRTTF(Asa0NDD)

WRITF(6s7000)

WRITF(6+5000)FMAX
IGRNCH=IGRDCH+1

CONTINUE

RETURN

FORMAT (1HOs//25Xe%#FXFECUTION TIMF IN SFCONDS=%¢F1065)
FORMAT (8110)
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43
44
45
46
n’7
aRf
49
e 0
B

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(5F1648)

(1H1919X s %P =%417///77)

(12X92E23412)

(/920X s *FREQUENCY* 914X s *REFLECTION COEFF o%)

(/920X ¥FREQUENCY* 514X e *INSERTION LOSS*)

(/920X s %FRFQUFNCY*914Xs%*GROUP DFLAY*)

(20(/))

(/722X s %xRFSPONSE AT THE STARTING POINT#*9/23X931 (#=%))
(/7/7923Xs#FINAL RESPONSE OF THE CIRCUIT#9/23X930(%=%))

43.

V1
V1
V1
V1
V1
Vi
V1
Vi
V1
V1

234
235
236
237
238
239
240
241

242
243
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FUNCTTION FCT (ZsFUNCSsWsIINTePST sXX)

FUNCTION SUBRQUTINF WHICH DEFINES
MODIFIFD UPPFR AND LOWFR
SPFCIFIER FUNCTION

EXTERNAL FUNCSsW

DIMENSTON XX(3s1)
FCT=FUNCS(ZsTINT)I+PSTI®#XX(3 ¢ ITNT)/W(ZsTINT)
RFTURN

FAND

44.

V1
Vi1
V1
Vi
V1
V1
Vi
V1
Vi
V1
V1

244
245
246
247
248
249
220 -
251
252
295 -
254



S NANeNa e Wal

FUNCTION FUNCS (FNsNINT)

FUNCTION SUBROUTINE WHICH DEFINES
UPPER AND LOWER
SPECIFIED FUNCTION

COMMON /SP/ FUNI(S50)
FUNCS=FUN(NINT)
RETURN

END

45.

V1
V1
V1
V1
vVl
V1
V1
V1
V1
Vi1
V1

255
256
257
258
259
260
261
262
263
264
265



NN

FUNCTION W (XsIINT)
COMMON /SP1/ WT(50)

FUNCTION SURROQUTINF wWHICH DFFTNES
UPPER AND LOWFR
WETGHTING FUNCTION

W=WT(TINT)
RETURN

END

46.

Vi
Vi

1
4

V1
V1
V1
V1
V1
Vi
V1

L60

268
269
270
271
212
273
214
275



TN

FUNCTION FPSNP (ZsTTNToFCTeWsAIN1sGRADIAPPSPSTI s XX9sIPOINT)

FUNCTION SUBROUTINFE WHICH CALCULATES
UPPER AND LOWER WEIGHTED ERROR FUNCTION

EXTERNAL FUNCSsWsFCT

DIMENSION A(1)s GRAD(1)s XX(3s1)

IF (IPOINT) 19251

CONTINUE

CALL FCTAPP (ZsN19sAsAPPsGRADIINT 1)
CONTINUE

IF (PST) 3943 »
EPSNP=(APP-FCT(Z2ZsFUNCSsWeIINToPSTeXX))*W(ZsTINT)
RETURN
EPSNP=(APP~FUNCS(ZsTINT))*W(ZsTINT)
RETURN

END

47,

V1
V1
Vi1
V1
V1
vl
V1
V1
V1
V1
V1
V1
Vi
Vi
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V1
V1

276
2717
278
279
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281
282
283
284
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286
287
288
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290
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48.

SURROUTINE FRRO (FCToWsAsNIsCaGRADSAPPsPST 9 INDICsNUMBsXXsXsX1sERROV]

1R sFHELP s AP sEMAX s Ns INUMBaNINT 4 IP)

SURROUTINE WHICH SELECTS THE WEIGHTED
ERROR FUNCTION OF INTEREST FOX

THE OBJECTIVE FUNCTION

EXTERNAL FUNCSsWeFCT

DIMENSTON A(1)s GRAD(1)s NUMB(11s XX(351)s X(1)s X1(1)s ERROR(1)>s

TEHELP(1)s AP(1)s INUMB(1)

FRR(Z)=FPSNP(ZsTINTsFCTeWsAsN19GRADSAPPsPSI ¢XXs IPOINT)

GO TO (1+9)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 (J)+1

DO 6 I=1sL

K=K+1

IF (JeEQel) GO TO 5
DO 4 KK=1sKL

IF (X(K)=X(KK)) 49394
AP (K)=AP(KK)

APP=AP (K)

IPOINT=0

GO TO 5

CONTINUE
ERROR(K)=ERR (X (K))
EHELP(K)=ERROR(K)*¥XX(34¢J)
IF (IPOINTeNELO) AP(K)=APP
IPOINT=1

CONTINUE

CONTINUE
FMAX=EHELP(1)

DO 8 M=2,4K

EMAX=AMAX1 (EMAXsEHELP(M))
CONTINUE

CONTINUE

IF (FMAX) 10911911
IP==TARS(IP)

GO TO 12

IP=TABS(IP)

K=0

N=0

INUMB(1)=0

DO 16 J=1sNINT

TINT=J

L=NUMR (J)+1

DO 15 I=1sL

K=K+1

IF (IP) 14+13,13

“IF (EHELP(K)) 15914414
N=N+1

X1(N)=X(K)
FRROR(N)=ERROR(K)
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185

16

EHELP (N)=AP (K)
CONTINUE

INUMB (J+1) =N
CONTINUE
RETURN

END

49,
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50.

SUBROUTINF FUNCT (N1sAsOBJsGsGRADSAPP+PSI sNUMBeXXsXsX1sERRORSEHELPV]

15APsEMAXsNs INUMBoNINT 9 IP) V1
V1

SUBROUTINE WHICH COMPUTES THE OSJECTIVE FUNCTION V1

AND ITS GRADIENTS WeReTe THE VARIABLE PARAMETERS vl

IN THF LEAST P-TH SENSE V1

V1

EXTERNAL FUNCSsWsFCT V1
DIMENSION A(1)s GRAD(1)s NUMB(1)s XX(2s71s X{1)s X1(1)s ERROR(1)s V1
1EHFELP(1)s AP(1)s INUMB(1)s G(1) V1
OBJP=U. V1
GRADP=0e V1
DO 1 K=1sN1 V1
G(K)=0, V1
CONTINUE V1
CALL ERRO (FCTsWsAsN1sKsGRADsAPPsPSIs1sNUMBsXXsX5X1sERRORSEHELPsAPV]
1 9EMAXsNs INUMBsNINT s IP) Vi
DO 7 I=1sN V1
Z=X1(1) V1
DEL=FERROR (1) /EMAX V1
ORJI=DFL*#*IP V1
GRADI=DFL*#(1P-1) V1
ORJP=0RJP+0BJI V1
DO 4 J=14NINT V1
IF (I-INUMB(J+1)) 2324 V1
IF (I-INUMB(J)) 49453 V1
IINT=J V1
GO TO 5 V1
CONTINUE V1
CONTINUF V1
APP=FHFLP (1) V1
CALL FCTAPP (ZsN1sAsAPPsGRADsIINTs2) V1
DO 6 K=1sN1 vl
GRAD (K ) =GRADI*W(Zs I INT)*GRAD(K) V1
G(K)=G(K)+GRAD(K) V1
CONTINUE V1
CONTINUE V1
PR=1e/1P V1
ORJ=FMAX* (ORJP%*PR ) Vi
GRP=0RJP** (PR-1,) V1
DO 8 K=1sN1 V1
G(K)=GRP*G(K) V1
CONTINUE V1
RETURN V1
V1

END
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SURROUT INE GRDCHK (N3sXsGsPYsYsGRADSAPPsPST sNUMBsXX9XP3sX1sERRORSEHEV]

1LP s AP sEMAX sNP s INUMB sNINT s IP) V1
DIMENSTON X{1)s G(1)s PY(1)s Y(1)s GRAD(1)s NUMB(1)s XX(3s1)s XP(1V1

1)1s X1(1)s ERROR(1)s EHELP(1)s AP(1)s INUMB(1) V1

" CALL FUNCT (NsXsFsGsGRADSAPPsPST sNUMBsXXsXPsX1sERRORSEHELPsAPsEMAXV]

1sNP s INUMBSNINT sIP) V1

DO 1 I=1sN V1
DFLX=14F=4%X(1) V1

IF ‘ABS‘DELX)QLTOIQE-QO) DELX=10F-20 Vl
X(1)=X(1)+DELX Vi

CALL FUNCT (NsXsFNEWsPYsGRADsAPPsPSI sNUMB»XXsXPsX1sERRORsEHELPsAPsV1

1EMAX s NP s INUMBsNINT s IP) V1
Y(1)=(FNEW=F)/DELX V1
X(1)=X(1)=DELX V1

1 CONTINUE V1
DO 2 I=1sN V1

IF (ABS(Y(I))elLTeleFE=20) Y(I)=1.E=-20 § V1

IF (ABS(G(I))eLTeleE=20) G(I)=16E=20 V1
PY(I1)=ABS((Y(I)=G(I))/Y(1))*100, V1

7 CONTINUE v1
WRITE (6+6) V1

WRITE (697) Vi

WRITE (698) (IsX(I)sI=1sN) V1

WRITE (69) V1

DO 3 I=1sN V1

) WRITE (6510) G(I)sY(I)sPY(I) V1
2 CONTINUE V1
DO 4 I=1sN Vi

. IF (PY(I)eGTel0s) GO TO 5 vl
4 CANTINUF V1
WRITE (6s11) V1
RETURN V1

5 WRITE (6912) V1
CALL EXIT V1

c , V1
6 FORMAT (20(/)) vl
7 FORMAT (1HOs65X s*GRADIENTS CHECKING¥*s/36Xs18(%*=%)s//96Xs*GRADIENTS V1
1HAVE BEEN CHECKED AT THE FOLLOWING POINT#/) V1

! FORMAT (1CXe%#X(%9129%)=%9E1648) Vi
o FORMAT (///91HOs5Xs*ANALYTICAL GRADIENTS#*s5Xs*NUMERICAL GRADIENTS*V1
195X s *PERCENTAGE ERROR¥* /) ' V1

10 FORMAT (1HOs5Xs3(E166839X)) Vi1
1M FORMAT (1HOs//9+6Xs*GRADIENTS ARE Oe Ke¥*) Vi
17 FORMAT (1HOs//s6X9s*YOUR PROGRAM HAS BEEN TERMINATED BECAUSE GRADIEV1
INTS ARE INCORRECT#*s/6Xs*PLEASE CHECK IT AGAIN¥) V1

END | V1

403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434

435

436
437
438
439
440
441
442
443
Ltk
445
446
447
448



1

1?2
12

14
1R

17

193]
I

SURRAUTINE TANPUT (MET eMa¥AXaNaTOPTNT g TAATA$EDS] a5 ST o505 s XSTRT) V1

NIMFNSTION XSTRT(1)e FPS(1) Vi
WRTITE (6+5) Vi
IF (MFT4FQ.0) MFT=4 V1
INDEX=0 Vi
GO TO (1e2sb493)e MET V1
WRITE (646) V1
GN TO 13 Vi
WRTITE (697) V1
CONTINUF Vi1
WRITF (6s8) N Vi1
WRITE (699) MAX Vi
WRITE (6s10) IPRINT V1
WRITE (6+11) XSTRT(1) Vi
WRITE (6912) (IsXSTRT(I)eI=2,N) A
IF (MFT.FQel) WRITF (6413) EPS{1) V1
IF (MFTeFQel) WRITF (6914) (TsEPS(IYeI=29sN) V1
IF (MFTeFR.2) WRITE (6915} EPSI1 V1
WRITFE (6+16) FST Vi1
RETURN V1

V1
WRITE (6517) Vi
CALL EXIT Vi1

V1

FORMAT (20(/)s1HUs*TNPUT DATA*9/91X010(%=3%)9//31Xes*FOLLOWING METHOV1

1D HAVF BFEN CALLED#*/) Vil
FORMAT (1HOs#FLFETCHFR METHOD?*) V1
FORMAT (1HOs*FLETCHFR-POWELL METHOD¥) Vi
FORMAT (1HOs/1Xs#NUMBFR OF INDEPENDENT VARTABLES#* 36 (4% ) 9#N=¥*4159V]

1/) Vi
FORMAT (1HOs*MAXTMUM NUMBER OF ALLOWABLE ITERATIONS* 427 (¥*¢%) 9 ¥MAX=V1

1#¢154 /) V1

FORMAT (1HOs*INTERMEDIATE OUTPUT TO BE PRINTED EVERY IPRINT ITERATV1

1TIONS* o5 (%4%) 9 ¥ IPRINT=%*9159/) V1
FORMAT (1HOs*STARTING VALUF FOR VFCTOR X(T)#e209(%43%) s ¥XSTRT( 1)=%,V1

1E168) V1
FORMAT (1HO 950X e ¥XSTRT (#s[29%)=%9sE1668) V1
FORMAT (1HOs/s1HOs*TEST QUANTITIES TO BE USED IN FLETCHER METHOD#* V1
116 (¥e%) o%¥EPS( 1)=%4F1648) Vi
FORMAT (1HO 961X e %*¥FPS(¥eID29%*)=%4E1668) V1
FARMAT (1HOs/5s1HO«*TEST QUANTITY TO BE USED IN FLETCHER-POWELL METVI
THOD* g 14 (#¢%) 9 ¥FPS1=%9FE1668) Vi
FORMAT (1HOs/s1HOs*FSTIMATE OF LOWFR BOUND ON FUNCTION TO BE MINIMV1
TIZED# o 14 (%) s #FST=%9F1648) V1

FORMAT (1HO s *NONF OF THE OPTIMIZATION METHODS HAVE BEEN CALLED%*s/5V1
11Xs*PLEASF CHECK THE VALUE OF MET%#9/ 91X 9 *REMAINDER* /91 Xs*MET=1 Vi1
2 FLETCHER MFTHOD WOULD BE CALLED¥*s/91Xs*¥MET=2 FLETCHER-POWELL MV1

2ETHOD WOULD BF CALLED#*) Vi
FEND V1

AV
N
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474
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476
477
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481
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SURROUTINF WRITE1
WRITE (644)

GO TO (1s2)s N
WRITE (6+5)

GO TO 3

WRITF (646)
CONTINUE

WRITFE (6+7)
RFETURN

FORMAT (20(/))

FORMAT (% OPTIMIZATION RY FLETCHFR METHOD¥*s/91Xs3] (¥=3%))
FORMAT (% OPTIMIZATION RY FLETCHFR-POWELL MFTHOD%*s/91HO 938 (¥*=3%))

(N)

53.

V1
vl
V1
V1
V1
V1
V1
V1

Vi
V1

V1
V1
V1
Vi
Vi

FORMAT (1HOs*TTFRATION* 92X s #FUNCTION®s6Xs*TIME FLAPSED*58Xs*0BJECTV]

1IVE #s13Xs*VARIABLE VECTOR X(I)%49Xs*GRADIENT VECTOR G(I)%*s/1HOs¥NV1
SUMBER%* s 5X s ¥*EVALUATIONS* 93X s % (SECONDS) ¥ 11X s #FUNCTION*, /)

END

Vi
vVl

498
499

500
501
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503
504
505

506
507

508
509
510
511
512
513
514

515
516



54,

SURRQUTINF WRITE? (XsNsGesFsNUMFs1TERSsTIME) A1
DIMENSION X(1)s G(1) V1
WRTTF (Ae1) TTFReNUMF ¢TIVMEWFa((X{T)eG(T))el=7,sN) V1
RFTURN V1
V1

Vi1

vl1

FORMAT (1HO 9159 7Xs1595XsF 16eB893XeF16e8912X095(F1668913XsEL16e89/970V1
1X)) Vi1
Vi1

END

517
518
519
520
521
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524
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SURROUTINF FINAL (XsFsN)
DIMENSION X(1)

COMMON /BLK/ KO

WRITE (64+3)

IF (KO.EQeO) GO TO 1
WRITE (6+4)

GO TO ?

WRITE (6+5)

CONTINUE

WRITE (6+6) F

WRITE (697) (1eX(1)sI=1oN)

RETURN

FORMAT (20(/))

FORMAT (41Xs*FOLLOWING IS THE OPTIMUM SOLUTION¥*s/s41Xs33(¥=%))
FORMAT (45Xs*RESULTS AT LAST ITERATION#/945X+25(%-%))

FORMAT (9//94BXos¥F =3%4E16e89/)

FORMAT (944X 9% X(%9]129%)=%3E16e8)

END

550

V1l
V1
V1
V1
V1
Vi
V1
V1
V1
V1
Vi
V1
V1
Vi
Vi1
Vi
V1
V1
V1
V1
V1
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SURRQUT INF VMMQO1

(72
(42}

(NsXoFsGoHsUNTTLaEFST 4FDSsMAXFNeIPRINTSIFXITeGRADV]

195APP sPST sNUMB s XX s XP s X1 9 FRROR s FHELP s AP« EMAX s NP s TNUMBoNINT s IP) V1
DIMENSION X(1)s G(1)s H(1)s EPSLY). GZAD{1)s NUMB(1)s XX(2s1)s XP(V]
11)s X1(1)s ERROR(1)s EHELP(13s AP{I}s INUMB(1 V1
LOGICAL CONVsUNITH V1
COMMON /BLK/ KO V1
CALL SFCOND (T3) V1
KO=0 vl
CALL FUNCT (NsXsFoGsGRADsAPPsPST s NUYR s XX9XP sX19sFRRORSFHELPsAPsEMAXV]
1sNPs INUMRSNINT S IP) vi
IF (FoLT<FEST) GO TO 23 V1
MFNS=1 V1
ITN=0 V1
STEP=1. V1
IDX=N V1
IDG=N+N V1
IH=1DG+N V1
IF (JNOTLUNITH) GO TO 2 V1
1J=1H+1 V1
DO 1 I=1sN V1
DO 1 J=IsN V1
H(T1J)=0, V1
IF (1eFQeJ) H(IUI=140 V1
1Ju=1J+1 V1
CONV=eTRUF » V1
GDX:OQ Vi1
DO 6 I=1sN V1
2=0. V1
TJ=TH+I V1
IF (1eFEQel) GO TO 4 V1
11=1-1 V1
DA 2 J=1,s11 V1
2=2-H(TJY*G(J) V1
1J=1J+N-J vl
CONTINUE V1
DO 5 J=1,N V1
Z=7-H(1J)*G(J) V1
1J=1J+1 V1
CONTINUE V1
IF (ARS(Z)eGTeEPS(I1)) CONV=eFALSFo V1
HOIDX+1)=27 v1
GNX=GNX+G(T)*Z V1
CONTINUE Al
V1

IF (IPRINT.EQ.0) GO TO 7 V1
IF (MOD(ITNsIPRINT)eNE.O) GO TO 7 V1
CALL SECOND (T4) V1
TIMF=T4-T3 V1
CALL WRITE? (XsNsGsFsNFNSsITNsTIME) V1
TEXIT=1 V1
IF (CONV) GO TO 24 V1
IEXIT=2 V1
IF (GDXeGF.0e) GO TO 24 V1
Z=1. Vl
IF (ITNeLTeNoANDSUNITH) Z=STEP V1
W=2e*(FFEST=F)/GDX V1
IF (WelTeZ) Z=W vl
STEP=Z V1
V1

GDX=GDX*Z

548
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11

12

13

14

1R

16
17

18

1Q

DO 9 I=1sN
HUIDX+T)=H(IDX+I)*Z
X{I)=X(I)Y+H(IDX+1)
CONTINUE

57.

CALL FUNCT (NsXsFPsHIGRADSAPPsPST sNUMB s XX9XP X1 sERRORSEHELP sAPsEMA

1XaNP s INUMBONINTSIP)

IF (FPeLTSFEST) GO TO 23
NFNS=NFNS+1

IEXIT=3

IF (ITNeFEQsMAXFN) GO TO 24
GPNX=0,

DO 1C T=1sN
HUIDG+T)=H(T)=G(1])
GPDX=GPDX+H(I)*¥H(IDX+1)
CONTINUE

DGDX=GPDX-GDX

IF (FeGToFP-,0001#GDX) GO TO 12
IEX1IT=4

IF (GPNXelLTeO6 e ANDeITNeGTeN) GO TO 24

2=3 4 *(F=FP)+GPDX+GDX
W=SQRT(1.-GDX/Z*GPDX/Z)*ABS(Z)
2=1e~(GPDX+W=2)/(DGNX+2¢%*W)

IF {(ZelLTaO0l) Z2=0e1

DO 11 I=1sN

X(I)=X{I)=H(IDX+I)

CONTINUE

GO TO 14

F=FP ,

DO 13 I=1N

G(IV)Y=H(])

CONTINUE

IF (DGDXeGTeCe) GO TO 15
GDX=GPDX

/=4,

STEP=Z2%STFP

GO TO 8

IF (GPPXelLTe0a5%*¥GDX) STEP=2.#STEP
DGHDG=0e :
DO 19 I=14N

Z=O.

I1J=TH+T

IF. (1.FQel) GO TO 17

IT=1-1

DO 16 J=1s11
Z2=7+H(TIVY*H(IDG+J)

1J=TJ+N~-J

CONTINUE

DO 18 J=T1eN

2=Z2+HTN*HIDG+J)

TJ=T1U+1

CONTINUF
NEHNG=NAHNG+ZX¥H(TDG+T)

H(1)=Z

CONTINUE

IF (DGHDGeLTe0e0) DGHDG=DGDX*¥0.01
IF (DGDXeLTeDGHDG) GO TO 21
W=1e0+DGHDG/DGDX

DO 20 T=1N

A
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22
24

5

26

27

22

HOIDX+T)=W¥H (IDX+T)=H{T)
CONTINUF
DGDX=DGDX+DGHDG
DGHDG=DGDX

1J=1IH

nO 22 T1=1.N
wW=H(IDX+1)/DGDX
7=H(T1)/DGHDG

DO 22 J=1sN

1J=1J+1

HITJ =HTJ)+WH#H(IDX+J =24 0J)
ITN=1TN+1

GO TO 2

TEXTT=5

IF (TFXTTeFQel) KO=1

IF (TPRINTeFQe0) RFTURN
GO TO (259269279269 78)s TEXIT
WRITF (6430CG) IFXIT

GO TO 29

WRITE (As31) TEXIT

GO TO 29

WRTITF (6+32) 1FXIT

GO TO 29

WRITF (6+33) TEXIT
CONTINUE

RFTURN

58.

V1
V1
V1
V1
V1
V1
Vi1
Vi1
V1
V1
V1
V1
V1
V1
V1
V1
V1
V1
V1
V1
V1
V1
V1
V1
vl
V1
V1
vl
V1

FARMAT (/91HDs#TFXIT=%s129%¥CRITFRTION FOR OPTIMUM HAS BEFN SATISFIFVL

10

V1

FORMAT (/s 1HO o %#IFXIT=%,129s%FITHFR OF THE FOLLOWING THINGS HAS HAPPV 1

1 FNED*s/99Xe¥1e FPS CHOSEN IS TOO SMALL¥*s/9sGXs%*24
5 CORRFCT#4/39Xe%¥34 MATRIX H GOES SINGULAR)

GRADIFNTS ARF NOVI
Vi1

FORMAT (/e1HOe*IFXIT=%,129s*MAXIMUM NUMBER OF ALLOWABLE ITERATION HV1

1 AS BEEN EXCEFDED#*)

V1

FORMAT (/9s1HOs*IEXIT=%,129s%FUNCTION VALUE LFSS THAN MINIMUM ESTIMAV]

1 TFN HAS RFFN DFTFCTED*)
END

V1
Vi1
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1QPSI9NUMR9XX9XP’X19ERROR9EHELP9AP$EMAX9NP9INUMRvNINT9IP) V1
COMMON /RLK/ KO V1
V1

TO FIND A LOCAL MINIMUM OF A FUNCTION OF SEVERAL VARIABLES V1

RY THE METHOD OF FLETCHER AND POWELL Vi1

-Vl

DIMENSION H(1)s X(1)s G(1)s GRAD(1)s NUMB(1)s XX(3s1)s XP(1)>s X1(1Vv1
1)s ERROR(1)s EHFELP(1)s AP(1)»s INUMBI(1) Vi
V1

8OMPUTF FUNCTION VALUF AND GRADIENT VECTOR FOR INITIAL ARGUMENTV1
KC= V1
CALL SFCOND (T3) V1
CALL FUNCT (NsXsFsGsGRADSAPPsPST sNUMB9XXsXP 9X1sERRORSEHELPsAPsEMAXV1
1 oNP s INUMBSNINT s IP) V1
KOUNT=0 Vi1
NUMF =1 V1
CALL SECOND (T4) V1
TIMF=T4-T3 ‘ V1
IF (IPRINT.EQe0) GO TO 1 Vi
CALL WRITE? (XsNsGsFsNUMF sKOUNT s TIME) V1
CONTINUE V1
Vi1

RESET ITERATION COUNTER AND GENERATE IDENTITY MATRIX V1
IFR=0 V1
KK=0 V1
N2=N+N V1
N3=N?+N V1
N31=N3+1 V1
K=N31 Vi1
DO & J=1sN Vi
H(K) =1, V1
N J=N=] Vi
IF (NJ) 63693 Vi1
DO 4 L=1sNJ V1
KL=K+L V1
H(KLY=0, V1
CONTINUE V1
K=Kl +1 Vi1
CONTINUE V1
V1

START ITERATION LOOP Vi1

IF (KOUNT.EQe0) GO TO 7 V1
IF (KK NELIPRINT) GO TO 7 ' V1
KK=0 V1
CALL SFCOND (T4) V1
TIMF=T4-T3 V1
CALL WRITF?2 (XsNeGsFsNUMF sKOUNTTIMFE) Vi1
CONTINUF V1
KOUNT =KNUNT+1 V1
KK=KK+1 V1
V1

SAVE. FUNCTION VALUEs ARGUMENT VECTOR AND GRADIENT VECTOR vl
OLDF=F V1’
NO 11 J=1sN Vi1
K=N+J V1
HiK)Y=G(J) Vi1
K=K+N V1

59.

SURRQUTINF FMFP (FUNCTeNsXsFsGsFESTsEPSsLIMITsIFRsHsIPRINTsGRADsAPPV1

HIK)=X(J)

V1
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DETERMINE DIRECTION VECTOR H
K=J+N?3
T=0e
NN 10 L=1eN
T=T-GL)*H(K)
IF (L-J) 89¢GsS
K=K+N-=L
GO TO 10
K=K+1
CONTINUF
H(Jy=T
CONTTNUF

CHECK WHETHFR FUNCTION WILL DECREASE STEPPING ALONG He
DY=O.
HNRM=0 o
GNRM=C,

CALCULATE DIRFCTIONAL DFRIVATIVE AND TESTVALUFS FOR DIRECTION
VECTOR H AND GRADIFNT VECTOR Ge

PO 12 J=1sN

HNRM=HNRM+ABS(H(J))

GNRM=GNRM+ARS(G(J))

DY=DY+H(JI®G(J)

CONTINUE

REPFAT SFARCH IN DIRECTION OF STEEPEST DFSCENT I1F DIRECTIONAL
NERTVATIVF APPFARS TO RF POSITIVF OR ZFROs
TF (DY) 1357957

REPEAT SEARCH IN DIRECTION OF STEEPEST DESCENT IF DIRECTION
VECTOR H IS SMALL COMPARED TO GRADIENT VECTOR Ge
IF (HNRM/GNRM=EPS) 57+57.14

SEARCH MINIMUM ALONG DIRECTION H

SFARCH ALONG H FOR POSITIVE DIRECTIONAL NERIVATIVE
FY=F
ALFA=2 ¥ (EST-F) /DY
AMBRDA=T .

USF ESTIMATF FOR STEPSIZF ONLY IF IT IS POSITIVE AND LESS THAN

1o OTHFRWISFE TAKF le AS STEPSIZE
IF (ALFAY 17917915
IF (ALFA-AMBDA) 16417917
AMBDA=ALFA
ALFA=0,

SAVE FUNCTION AND DERIVATIVE VALUES “OR OLD ARGUMENT
FX=FY
NDX=DY

STFP ARGUMFENT ALONG H
DO 19 T=1sN
X{I)=X{TY+AMBRDA®H (1)
CONT INUF
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V1
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c COMPUTE FUNCTION VALUE AND GRADIENT FOR NEW ARGUMENT Vi1
CALL FUNCT (NsXsFsGsGRADsAPPsPST sNUMB9XXsXPsX19sFRRORsFHELPsAPsEMAXV]

19sNP s INUMRSNINTSIP) V1

NUMF =NUMF +1 V1

FY=F V1

C V1
C COMPUTE DIRECTIONAL DERIVATIVE DY FOR NEW ARGUMENT. TERMINATE V1
C SFARCHs IF DY IS POSITIVEe IF DY IS ZERO THE MINIMUM IS FOUND V1
) DY=0e V1
PO 20 T=1sN V1
DY=DY+G(I)*H(T) V1

20 CONTINUE V1
IF (DY) 21341524 vl

C V1
C TERMINATE SEARCH ALSO IF THE FUNCTION VALUE INDICATES THAT Vi1
C A MINIMUM HAS BEEN PASSED Vi1
21 IF (FY=FX) 22924924 V1
C V1
C REPEAT SEARCH AND DOURLE STEPSIZE FOR FURTHER SEARCHES Vi1
22 AMBDA=AMBDA+ALFA vl
ALFA=AMBDA V1

C END OF SEARCH LOOP V1
C , V1
C TERMINATE IF THE CHANGE IN ARGUMENT GETS VERY LARGE V1
) IF (HNRM*AMBDA-1.E10) 18518523 V1
C V1
C LINEAR SFARCH TECHNIQUE INDICATES THAT NO MINIMUM EXISTS Vi1
22 IFR=? V1
GO TN &2 Vi1

c V1
C INTERPOLATE CUBICALLY IN THE INTERVAL DEFINED BY THE SEARCH V1
C ABOVE AND COMPUTE THE ARGUMENT X FOR WHICH THE INTERPOLATION Vi
C POLYNOMIAL IS MINIMIZED V1
24 T=0e , V1
25 IF (AMRDA) 26441926 V1
24 2=34%(FX=-FY) /AMRDA+DX+DY V1
ALFA=AMAX1(ABS(Z)9sARS(DX) sABS(DY)) Vi
DALFA=Z/ALFA ' V1
NDALFA=NDALFA*DALFA-DX/ALFA*DY/ALFA V1

IF (DALFA) 57927927 Vi

27 W=ALFA*SQRT(DALFA) V1
ALEA=DY=DX+W+W V1

IF (ALFA) 28+29,28 V1

eXo ALFA=(NY-Z+W)/ALFA V1
GO TO 30 V1

20 ALFA=(Z+DY=W)/(Z4+DX+Z+DY) V1
20 ALFA=ALFA*AMBDA V1
DO 31 I=1sN \ : V1
X(T)=X(I)+(T-ALFA)Y*H(T) V1

2] CONT INUF V1
c : Vi1
C TERMINATEs IF THF VALUE OF THF ACTUAL FUNCTION AT X IS LESS V1
C THAN THE FUNCTION VALUES AT THE INTERVAL ENDSe OTHERWISE REDUCEV1
C THE INTERVAL BY CHOOSING ONE END-POINT EQUAL TO X AND REPEAT V1
C THE INTERPOLATIONe WHICH END-POINT IS CHOOSEN DEPENDS ON THE V1
c VALUF OF THFE FUNCTION AND ITS GRADIENT AT X V1
c , V1

NUMF =NUMF +1 ' V1
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62.

CALL FUNCT (NsXsFosGsGRADSAPPsPST sNUMBsXX9sXP sX1sERRORSEHELPsAPSEMAXV]

ToNPs INUMBsNINT o IP)

IF (F-FX) 32932533

IF (F=FY) 41941533
NDALFA=0,

NO 24 T=1eN
NDALFA=DNALFA+G(T)*H(T)
CONTINUE

IF (DALFA) 35438438
IF (F~FX) 37+36+38

IF (DX=DALFA) 37941437
FX=F

NX=NALFA

T=ALFA

AMRNA=ALFA

GO TO 25

IF (FY=-F) 40929540

IF (DY-DALFA) 404941440
FY=F

DY=DALFA
AMBDA=AMBDA-ALFA

GO TO 24

TFRMINATEs IF FUNCTION HAS NOT DECRFASED DURING LAST
IF (OLDF=F+EPS) 579424942

CCMPUTE DIFFERENCE VECTORS OF ARGUMENT AND GRADIENT FROM
TWO CONSFCUTIVF TTFRATIONS

nNO 4 (1=1 6N
K=N+
HKY=G(JY=H(K)
< =N+K

IF AT LEAST N ITERATIONS

H(K)=X({J)=H(K)
CANTINUS

TFST LENGTH OF ARGUMENT DIFFERENCE VECTOR AND DIRECTION VECTOK V1

ROTH ARF LFSS THAN
1FR=C
IF {(KQUNT-=N)Y 47¢44444
T=Ce
Z2=Ce
20 45 J=1sN
K=N+_J
W=H(K)
K=K +N
T=T+ARS(H(K))
Z=7+W*H(K)
COMTINUF
IF (HNRM=FPS) 46+46047
IF (T~FPS) 62¢62947

TERMINATFs IF NUMBFR OF ITERATIONS WOULD EXCEED
IF (KOUNT-LIMIT) 48955455

PRFPARF UPDATING OF
ALFA=0,
NO 52 J=1sN

BEEN EXECUTEDe TERMINATE,

MATRIX H

V1
V1
V1
V1
V1
V1
V1
V1
V1
V1
Vi
V1
V1
V1
V1
V1
V1
V1
V1
V1
V1
V1

ITERATION V1

V1
V1
V1
V1
V1
V1
V1
V1
vi
Vi
v1
V1

v1
V1
Vi
V1
V1
V1
V1
V1
V1
V1
V1
'
V1
V1
Vi1
V1
Vi
V1
V1
V1
V1
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930
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50
51

SNONA NS )]

YN

58

[ EA!

o)
A0

61

~
e

63.

K=J+N3 V1
W:Oo V].
NN 51 L=1eN V1
KL=N+L V1
W=W+H (KL)*H(K) V1
IF (L=J) 49950550 V1
K=K+N-L vl
GO TO 51 V1
K=K+1 V1
CONTINUE V1
K=N+ V1
ALFA=ALFA+W*H(K) V1
H{J)Y=W Vi
CONTINUF V1
Vi1

REPEAT SEARCH IN DIRECTION OF STEEPEST DESCENT IF RESULTS V1
ARE NOT SATISFACTORY V1

IF (Z#*ALFA) 5352453 Vi1
Vi

UPDATF MATRIX H V1
K=N31 Vi1
DO 54 L=1sN V1
KL=N2+L V1
DO 54 J=L N Vi1
NJ=N2+J V1
HIK)=HIK)+HIKL)Y*H(NJ) /Z=-H(L)Y*H(J)/ALFA Vi
K=K+ Vi1
GO TO 6 Vi1
END OF ITERATION LOOP Vi

V1

NO CONVERGENCE AFTER LIMIT ITERATIONS Vi
IER=1 V1
IF (KK NESIPRINT) GO TO 56 vVl
CALL WRITE? (XsNsGsFsNUMFsKOUNT) V1
CONTINUE Vi
GO TO 62 V1
, Al

RESTORE OLD VALUES OF FUNCTION AND ARGUMENTS V1

DO 58 J=1sN vl
K=N2+J vVl
X(J)=H(K) V1
CONTINUE . V1
CALL FUNCT (N9X9FQGQGRAD9APD9PSI9NUMR9XX9XP9X1,ERRORsEHELpsApsEMAXVI
1sNP s TNUMRONINT s IP) V1
NUMF =NUMF +1 Vi1
V1

REPEAT SEARCH IN DIRECTION OF STEEPEST DESCENT IF DERIVATIVE V1
FAILS TO BE SUFFICIENTLY SMALL V1

IF (GNRM=EPS) 61461959 V1
Vi

TEST FOR REPFATED FAILURE OF ITERATION V1

IF (TFR) 62960460 V1
IFR=-1 V1
GO TO 2?2 V1
IER=0 Vi1
I11=1ER+2 V1
IF (T11.FQe2) KO=1 V1
Vi

IF (TPRINT.FQe0) RFTURN
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970
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71

1

1

GO TO (63+64965966)s 11
WRITE (6968) TER

GO TO 67

WRITE (6469) IER

GO TO 67

WRITF (6+70) I1ER

GO TO 67

WRITF (6471) IFR

RFTURN

FORMAT (1HOs*#IER=3%#4¢12 %

FORMAT (1HOs#*[FR=%sT129%

FORMAT (1HO+#TFR=%#s12e%
BFEN EXCEEDED*)

. FORMAT (1HOs*¥IFR=% 917 4¥

SFARCH INDICATFS THAT
END

64.

Vi
Vi
V1
V1
Vi
Vi
V1
vl
Vi1
V1
Vi
V1
ERROR IN GRADIENTS CALCULATIONSH) V1
(RITERION FOR OPTIMUM HAS BEEN SATISFIFD*)V1
MAX IMUM NUMBER OF ALLOWABLE ITFRATIONS HASV1
V1
CHANGF IN ARGUMENTS GETS TOO LARGE> LINFfR¥1

NO MINIMUM EXISTS*)
V1

995
996
997
998
959

1000 .

1001
1002
1003
1004
1005
10U6
1007
1008
1009
1010

1011
1012
1013
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65.

SURRQUTINE FCTAPP (OMFGNsN19XsAPPsGRADsIINTSINDIC) Vi1
NIMENSTON AD(50)s ADJJ(50)s G(50)s X(1)s GRAD(1) Vi
COMDLEX ADsADJIJIsCONRHNOsRHO s I s ITHAT oVsVHAT s INFWsVNEWS TOLDsVOLDsGsV1sV1
TV s THAT1 s THAT? sPSTLsRL e GL sGCsGLLTFLoGLLTZOsAOMC s GOML s GSCTEL sGSCTOMV ]
59 GSCTZNsGOCTFL sGOCTZ0sGOCTOMGLEPRP 9 GLCPQaGIL.CPOMsGLCPORSGLCSAIGLCSV
A0M s GLCSOR s GLCSXP V1

COMPLEX POLDsPHASF V1
coMmon /RLACK/ IC(]OO)QA(IOO)’R(]OO)9M9NE9RL9NC9ND9KVR9AB(100)9FM9V1

1wC V1
LOGICAL R V1
V1

M 1S THF TOTAL NUMRFR OF FLFMFENTS IN THE CIRCUIT V1
NF 1S THF TOTAL NUMBFR OF ELFEMFNTS IN THE CIRCUIT V1

A ARRAY CONTAINS PARAMETER VALUFS V1
V1

R ARRAY CCNTAINS LOGICAL VARIABLES
IC ARRAY CONTAINS CODE NUMBER GIVING ORDER IN WHICH BLOCKS ARE CONV1

NECTED V1
V1

FOLLOWING FUNCTION STATEMENTS DFFINE SENSITIVITIES V1
: V1

THETA(FL) =2 *ATAN(1.0)*OMEGA*EL V1
GCLOMFGAsVsVHAT ) ==CMPLX(0e s OMEGA) *¥V#VHAT V1
GOMC (OMEGA 9V s VHAT ) =—CMPLX (0o »C) *¥V*VHAT vl
GOML{ALsT o THAT) = I # IHAT*AL*CMPLX(0e 916 V1
V1

GL (OMEGAs I s THAT) =1 *THAT#OMEGA#CMPLX(0Oes1s)
GLLTZO(V]sV2sTHATIsTHAT2+20)=(VI*IHAT1=-V2*IHAT2)/20 V1
CLLTFL (OMFGAsFLoV1sV2s THATI s THAT?) =2 *ATAN(14) *OMEGA* (V1*THAT2-V2*V1
TTHAT1)/SIN(THFTACFL)) V1
ASCTEL(AMEGA sFL9Z0s1 s THAT) = I % THAT®ZO%* 2 s *ATAN (14 ) *OMEGA* (14 /COS(THEV]

ITA(FLY) ) ##p#CMPLX(Oasla) V1

GSCTOM(EL9209I9IHAT)=I*IHAT*ZO*EL*CMPLX(O.91o)/COS(THETA(EL)) Vi
GSCTZO(ELoIoIHAT):I*IHAT*SIN(THETA(EL))*CMPLX(O.;1.)/COS(THETA(EL)V1
1) V1

GOCTFL(ZOoEL9OMEGA’I9IHAT)=CMPLX(O.’]o)*ZO*I*IHAT*(THETA(EL)/EL)*(Vl
11e/SINI(THETA(EL) ) ) #%2 V1
Gn(TZO(OMFGAsFLoI9IHAT)=CMPLX(009’107*COS(THETA(EL))*I*IHAT/SIN(THV]
1TETA(FLY) ' Vi
GﬁCTﬂW(P“FGﬁoFLsznar9IHAT)=I*IHAT*ZO*THETA(FL)/(OMEGA*SIN(THETA(ELV]
1)) %%D ) #CMPLX(Oasle) Vi
GLCPRP (RP sOMEGA 8Q s OMEGAR sV s VHAT) ==V*VHAT#CMPLX ( (OMEGAR/Q) s ( (OMEGA*V ]
10MEGA-OME GAR*OMEGAR) /OMEGA) ) /20 V1
GLCPQ(BPsQsOMEGAR SV s VHAT ) =V*VHAT*CMPLX (BP*OVEGAR/ (2%Q%Q)90e) Vi
GprﬁM(QD,O””GAbO”FGAP;V;VHAT)=—V*VHAT*CMPLX(O,9(BP/2,)*(1.+(OMFGAv,
1/NOMFGAR) ##2) ) Vi1
GLCPQQ(RPoONFGAoOMFGAR9O9V9VHAT)=—RP*V*VHAT*CMPLX(].'!7.*Q)9~OMFGAV]
1R/OMEGA) V1
CLCSQ(XDsOMCGApsﬂol9IHAT)=—CMPLX((XP*"”rfﬁR)/(?.*Q*Q),Oo)*I*IHAT Vi
GLCSOM(”MFGAsXPQOMEGARQToIHAT)”((XD/ZQ)*(1-+(OMFGAR/OMEGA)**2))*I*Vl
1IHAT®*CMPLX(Cesle) V1
GLCSOQ(OMEGAinsﬁ”T3AR0O9191HAT)=CMPLX((XP/(?.*Q))9—OMEGAR*XP/OMEGV1

TAY#[*IHAT V1
7L-Sxp(ﬁM?GAsoMFGﬁRoQoT9THAT)=CMPLX(OMFGAR/Q9((OMFGA*OMEGA—OMFGAR*Vl

TOMFGAR) JOMEGA) ) ¥ % THAT /D V1
OLNFL=0. V1
GN1=0., V1
GD2=04 V1
N=N1 V1
I[F (KVReEQel) N=N1-NC-2%ND-1 V1

IF (OMEGNeLE«30s) GO TO 1 Vi
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12

14

GO TO 114
CONTINUE

OMEGA=0OMEGN
IF (OMEGNeGT 106 eANDeOMEGNeLEe20e) OMEGA=OMFGN-10.

IF (OMEGNeGT«e20e) OMEGA=OMEGN-20,

IF (MeEQs0) GO TO 90

DELO=1E~-7#OMEGA

KKGD=0

IF (KKGDeFQeO) GO TO 3

DO 89 KKV=1sN

KKGD=KKGD+1

NFLX=1eE-4%#X (KKV)

X(KKV)=X({KKV)+DELX

CONTINUE

KGD=0

IF (OMEGN.LE«20s) GO TO 4
OMEGA=0OMEGA-DELO

DO 88 KV=1s2

CONTINUE

J=0

K=0

VOLD=RL

IOLD=1 .O

DN 83 L=1eM

MM=M+1-L

NN=1C (MM)

GO TO (5+9913917921925931937943948955962969576979) NN
KKK=NE=-K

IF (B(KKK)) GO TO 6

GO TO 7

JJd=N-J

A(KKK)Y=X(JJ)

J=J+1

CALL SURT (TIOLDsVOLDsA(KKK) sOMEGA s INEW s VNEW)
IF (RIKKK)eANDeOMEGN.GT&e10s) GC TO 8
IF (B(KKK)) G(JJ)=GC(OMEGAsVOLDsVOLD)
CONTINUE

1€ (R(KKK)Y) AD(JJ)Y=VOLD

KN=K+1

GN TO 82

KKK =NF -K

IF (B(KKK)) GO TO 10

GO TO 11

JJ=N=J

A(KKK)=X(JJ)

J=J+1

CALL SUR? (IOLDsVOLDsA(KKK) sOMEGA s INEW s VNEW)
1OLND=TNFW-I0OLD

IF (R({KKK)eANDeOMFGNeGTel0Ue) GO TO 12
IF (B(KKK)) G(JJ)=GLI(OMEGA,IOLD,IOLD)
CONTINUE

IF (B(KKK)) AD(JJ)=I0LD

KN=K+1

GO TO 82

KKK =NEF~-K

IF (R(KKK)) GO TO 14

GO T0 15

JJ=N=-J

66.

V1
V1
vl
V1
Vi
Vi1
V1
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16

17

1R

10

20

21

272

213
24

25

26

27

ALKKK)=X{(JJ)

J=J+1
CALL SuB3

IOLD s VOLD s A(KKK) sOMEGA s INEW s VNEW)

IF (B(KKK)eANDeOMEGN«GTe10e) GO TO 16

IF (B(KKK))
CONTINUFE

IF (R(KKK))

KN=K+1

GO TO 82
KKK=NE-J

IF (B(KKK))
GO TO 19
JJ=N=J

G(JJ)=GL(OMEGASIOLD»sI10LD)

AD(JJ)=10LD

GO TO 18

A(KKK)=X(JJ)

J=J+1
CALL SuBs4

IOLDsVOLD s A(KKK) sOMEGA s INEW s VNEW)

VOLD=VNEW-VOLD
IF (B(KKK)eANDeOMEGN«GT«10e) GO TO 20

IF (B(KKK))

CONTINUE

IF (B(KKK))
KN=K+1

GO TO 82
KK=K
JoLb=J

G(JJ)=GC(OMEGAsVOLDsVOLD)

AD(JJ)=VOLD

DO 24 II=1»s2

KKK =NE-KK
IF (BRIKKK))
GO 70O 273
JI=N=-J

GO T0 22

A(KKK)=X(JJ)

J=J+1

KK =KK+]
CONTINUE
JV=NE-K-1
JH=NE -K
CALL sSuBs |
NJ=N-JOLD
1IF (R{JH))
IF (R(JUH))
IF (R{JH)
IF (B(JH))
NJ=N-JOLD
IF (B(JV)Y)
IF (B(JV))
TE (VYY)
KN=K+2

GO TO 82
KK =K
JoLbD=J

VOLDsIOLDsA(JV)sOMEGASA(JH) s VNEW 9 INEW)

AD(NJ)=VOLD

ADJI(NJ)Y=VNFW
GINJ)=GLLTZO(VNEWsVOLDsINEWsIOLDsA(JH))

JOLD=JOLD+1

AD(NJ)=VOLD
GINJ)=GLLTFL(OMEGASA{JV)sVNFWsVOLDsINEWSIOLD)

ADJJU(NJ) =VNEW

DO 28 11=1s2

KKK=NE-K

IF (B(KKK))
GO TO 27
JJ=N-J

GO TO 26

A{KKK)=X(JJ)

J=J+1
KK=KK+1

67.
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L
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1185
1186

1167
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2Q

20

21

2?2

213
34

25

26

27

2R

39
40

CONTINUE

JV=NE-K-1

JH=NE-K

CALL SUR6 (VOLDsIOLDsA(JV)sOMEGAsA(JH) s VNEW s INEW)
IOLD=INEW=-TIOLD

NJ=N-JOLD :

IF (B(JH)eANDeOMEGNGTo10e) GO TO 29

IF (B(JH)) GI(NJ)I=GSCTZO(A(JV)sIOLDsIOLD)
CONTINUE

IF (B(JH)) JOLD=JOLD+1

IF (R{JH)) ADI(NJ)I=IOLD

NJ=N-JOLD

IF (B(JV)eANDeOMEGNeGT610e) GO TO 30

IF (B(JV)) GINJ)=GSCTEL(OMEGAsA(JUV)9sA(JH)sIOLDSIOLD)
CONTINUE :
IF (B(JV)) AD(NJ)=I0LD

KN=K+2

GO TO 82

KK=K

JOoLD=J

DO 34 11=1s2

KKK=NE~KK

IF (R(KKK)) GO TO 32

GO TO 33

JJ=N-J

A(KKKY=X{JJ)

J=J+1

KK=KK+1

CONTINUE

JV=NE-K-1

JH=NE-K

CALL SUR7 (IOLDsVOLDsA(JIV)sOMEGAsA(JH) s INEWsVNEW)
I10LD=INEW-TOLD

NJ=N-JOLD

IF (B(JUH) e ANDeOMFGNeGTa1Ce) GO TO 35

IF (ROJH)) GINJ)I=GOCTZO(OMEGAsA( JV)sTOLDsIOLD)
CONTINUE

IF (B(JH)) JOLD=JOLD+1

IF (28(JH)) AD(NJ)I=I0OLD

NJ=N-JOLD

I[F (B(JV)eANDsOMFGNeGTe12e) GO TO 36

IF (R(JV)) GINJ)Y=GOCTFL(IA(JIH) sA( JV)9sOMEGAS IOLDsI0LD)
CONTINUE

[F (B(JV)Y) AD(NJ)=1I0LD

KN=K+2

GO TO 82

KK =K

JOLD=J

DO 40 TI=1e2

KKK=NF-KK

IF (R{KKK)) GO TO 38

GNHh TO 29

JJ=N-J

A(KKK)=X({JJ)

J=J+1

KK=KK+1

CONTINUE

JV=NF-K-1

68.
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42

L4

45
46

47

48

4e

50
51

JH=NE-K

CALL SUB8 (I0OLDsVOLDsA(JV)sOMEGASA(JH) 9 INEW,VNEW)
NJ=N-JOLD ’

IF (B(JH) e ANDeOMEGN+GTe10e) GO TO 41

IF (B(JH)) GI(NJ)=GSCTZO(A(JV)sIOLDsIOLD)

CONTINUE

IF (B(JH)) JOLD=JOLD+1

IF (R(JH)Y) ADINJ)I=IOLD

NJ=N-JOLD

" IF (B(JV)eANDsOMEGNeGTe10e) GO TO 42

IF (BUJV)) GINJ)=GSCTEL(OMEGAsA(JUV)sA(JH)sIOLDsIO0OLD)
CONTINUE

IF (B(JV)) AD(NJ)YI=IOLD

KN=K+?2

GO TO 82

KK=K

JoLD=J

DO 46 11=1s2

KKK=NE~-KK

IF (B(KKK)) GO TO 44

GO TO 45

JJ=N-J

A(KKK)Y=X(JJ)

J=J+1

KK=KK+1

CONTINUE

JV=NF-K-1

JH=NF =K

CALL SUR9 (I0LDsVOLDsA(JV)sOMEGASA(JIH) s INEWSVNEW)
NJ=N=-JOLD

IF (B(JH) e ANDeOMFGN4GT410e) GO TO 47
IF (R{JHY)Y GINJI=GOCTZO(OMFGASA(JIV)s10LDsI0LD)
CONTINUE

IF (B(JH)) JOLD=JOLD+1

IF (B(JH)) AD(NJ)=I0LD

NJ=N-JOLD

IF (B(JV)eANDeOMEGN.GT+10e) GO TO 42
IF (R{JV)Y) GI(NJ)=GOCTEL(A(JUH) sA(JIV)IOMEGASIOLDSTOLD)
IF (BR(JVY) AD(NJ)I=IOLD

KN=K+?

GO TO 82

KK =K

JoLn=J

DO 51 I1=1.3

KKK =NE~-KK

IF (R({KKK)) GO TO 49

GO TO 50

JJ=N-J

AlLKKKY=X(JJ)

J=J+1

KK=KK+1 "

CONTINUE

JK=NE-K=-2

JV=NE =K -1

JH=NF =K

CALL SURI0 (TOLDsVOLDsA(JIV)IsALIK) sOMEGASA(JIH) s INEWSIVNFW)

NJ=N-JOLD
IF (B(JH)«ANDeOMEGN«GTo10e) GO TO 52
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52

513

54

55

56

a7
eQ

50

AN

A1

A2

IF (B(JH)) G(NJ)=GLCSXP(OMEGAsA(JIK)sA(JIV)sIOLDsIOLD)
CONTINUE

IF (R(JH)) JOLD=JOLDN+1

IF (R(JH)) AD(NJ)=T10LD

NJ=N-JOLD

IF (B(JV)eANDeOMEGN.GT,10e) GO TO 53

IF (R(JV)) GINJI=GLCSQIA(JIH)sA(IK)9sA(IV)sIOLDSIOLD)
CONTINUE

IF (B(JV)) AD(NJ)=10LD

IF (B(JV)) JOLD=JOLD+1

NJ=N-JOLD

IF (B(JK)eANDeOMEGNsGTe10e) GO TO 54

IF (B(JK)) G(NJ)=GLCSOR(OMEGAsA(JH)sA(JIK)sA(JIV)sIOLDsIOLD)
CONTINUE

IF (R(JK)) AD(NJ)=TOLD

IF (B(JK)) JOLD=JOLD+1

KN=K+3

GO TO 82

KK=K

JoLh=J

DO 58 11=1+3

KKK=NE-KK

IF (R(KKK)) GO TO 56

GO TO 57

JJ=N-J

A(KKK)Y=X(JJ)

d=J+1

KK=KK+1

CONTINUE

JK=NE=-k=2

JV=NE-K-1

JH=NE-K

CALL SURTT (TOLDsVOLDsA(JIV)9sAlIK) sOMEGASA(JIH) s INEWsVNEW)
[OLN=INEW-TOLD

NJ=N=_0LD

IF (B(JH) e ANDeOMFGNsGTo10e) GO TO 59

IF (R(JH)) GINJ)I=GLCSXP(OMFGAsA(JK)sA(JV)sIOLDsIOLD)
CONTINUF

IF (B(JH)Y) AD(NJ)=1I0LD

[ (R(JHY) JOLD=JOLD+1

NJ=N=-JOLD

IF (2(JV)eANDsOMEGNeGTo10e) GO TO 60

1F (R(JVY) GI(NJ)=GLCSQIA(JH) s A(JK) sA(JIV)sIOLDSIOLD
CONTINUF

IF (R(JVY) JOLD=JOLD+1

I[F (R(JVY) ADINJ)=TIOLD

NJ=N=-JOLD

IF (B(JK) e ANDeOMFGN.GTe1lVe) GO TO 61

IF (R(JK)) GINJ)=GLCSOR(OMFGAsA(JH) sA(IK)sA(JIV)sIOLDsIOLD)
CCNTINUE

IF (R(JK)) AD(NJI=TIOLD

KN=K+2

GO TN R?2

KK =K

Joun=J

DN 65 11=1,3

KKK=NE-KK

IF (R(KKK)) GO TO 63
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GO TO 64
JJ=N-J

A(KKK)=X(JJ)

J=J+1
KK=KK+1

CONTINUE

JK=NE~-K=2

JV=NE-K-1

JH=NF =K

CALL SUR1? (10LDsVOLDsA(JV) sA(JK) sOMEGASA(JH) s INEWsVNEW)
NJ=N-JOLD

IF (B(JH)«ANDeOMEGN+GT«10e) GO TO 66

IF (B(JH)) G(NJ)=GLCPBP(A(JH) sOMEGASA(JV)sA(JK)sVOLDsVOLD)
CONTINUE

IF (B(JH)) AD(NJ)=VOLD

IF (R(JH)) JOLD=JOLD+1

NJ=N-JOL.D

IF (RUJV)eANDeOMEGN.GTo10e) GO TO 67

IF (R(JV)) GINJ)=GLCPQUIA(JIH) sALJIV) sA(JK)sVOLDSVOLD)
CONTINUE

IF (B(JV)) JOLD=JOLD+1

IF (B(JV)Y) AD(NJ)I=VOLD

NJ=N-JOLD

IF (B(JK)eANDeOMEGN,GT,10s) GO TO 68 ,

TF (R(JK)) GINJ)=GLCPOR(A(JH) sOMFGAsA(JIK)9A(JV)sVOLDsVOLD)
CONTINUF

IF (R(JK)) AD(NJ)I=VOLD

KN=K+3

GO TO 82

KK=K

JoLb=y

DO 72 11=1,3

KKK =NE-KK

IF (R(KKK)) GO TO 70

GO TO 71

JJ=N=J

A(KKK)=X(JJ)

J=J+1

KK =KK+]

CONTINUE

JK=NF k=2

JV=NF-K-1

JH=NF =K

CALL SUR12 (TOLDsVOLDsA(JV) sA(JIK) sOMEGAsA(JH) s INEWsVNEW)
VOLPD=VNEW-VOLD

MJ=N=JNLD

IF (R{JH) «ANDeOMEGN.GTe10e) GO TO 73

IF (R(JH)) GINJ)=GLCPRP(A(JH)sOMEGASsA(JV)sA(JK)sVOLDsVOLD)
CONTINUE

CIF (R{JH)) JOLN=JOLN+1

IF (R{JHY) ADINJ)=VOLD

[F (8(JV)eANDeOMEGNsGT410e) GO TO 74

IF (R(JV)) G(NJ)=GLCPQ(A(JH)sA(JIV)sA(JK)sVOLDsVOLD)
CONTINUE

IF (B(JV)) JOLD=JOLD+1

IF (R(JV)Y) ADINJ)=VOLD

NJ=N=JOLD

IF (R{JK)eANDeOMFGNeGTe10e) GO TO 75
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az
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IF (R(JK)) G(NJ)=GLCPOR(A(JH)sOMFGAsA(JK)sA(JIV)sVOLDSVOLD)

CONTINUE

IF (B(JK)) AD(NJ)I=VOLD
NJ=N-JOLD

KN=K+13

G Tn /2

KKK=NE-K

IF (B(KKK)) GO TO 77

GO TO 78

JJ=N-J

A(KKK)=X(JJ)

J=J+1

CALL SUB14 (TOLDsVOLDsA(KKK) s INEWsVNEW)
IF (B(KKK)) G(JJ)=TOLD*IOLD
IF (R(KKK)) AD(JJ)=T0LD

KN=K+1

GO TO 82

KKK =NE-K

IF (R(KKK)) GO TO 80
GO TO 81

JJ=N-J

A(KKK)=X(JJ)

J=J+1

CALL SUR15 (I10LDsVOLDsA(KKK)sINEWsVNEW)
1OLD=INFW-10LD

IF (B(KKK)) G(JJ)=T10LD*TOLD
IF (B(KKK)) AD(JJ)=10LD
KN=K+1]

Gn TN 8’?

VOLD=VNEW

1OLD=INEW

K =KN

CONTINUE

1= (OMEGN.GT«20.) GO TO 87
[F (OMEGNeGT«10s) GO TO 93
RHO=1e=2+* INEW/ ( VNEW+INEW)
CONRHO=CONJG (RHO)
APP=CARS(RHO)

DO 84 L=1sN

GRAD(L):REAL((CONRHO/APP)*?-*G(L)/((VNFW+INFW)**2))

CONTINUF

IF (NCeGTe0eOReNDeGTe0) GO TO 85
RFTURN

TF (KVR«FQe) RFTURN

NNN=N+1

DO 86 L=NNNsNI1

ARAD(L) =0,

CONTINUE

RFTURN

CONTINUE

PHASF=(1e/ (VNEW+INEW))

IF (KGDeEQ+D) OMEGA=OMEGA+2*0OMEGA
IF (KGDeFEQeO) POLD=PHASE

IF (KGDeGTeN) DFLAY=-AIMAGI((]1e/POLD)*( (PHASE-POLD)/(2¥DELO)))I*(100V]

Do/ (Be#ATAN(1e ) *¥FM))
KGD=KGD+1

CONTINUE
OMFEGA=0MEGA-DFLO
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IF (KKGDeFQe0) OLDEL=DELAY
IF (KKGD.EQeO) GO TO 2
GRAN(KKV)Y=(DFLAY=-OLDFEL)/DELX

XIKKV)=X(KKV)=DFLX

CONTINUE

APP=0LDEL

IF (NCeGTeOeOReNDeGTo0O) GO TO 90
RETURN

IF (KVR.EQ.0) GO TO 92

NNN=N1-N

PO 91 L=1sNNN

LL=N+L

AR(L)=X(LL)

CONTINUE

WCC=WC/FM
IF (NCeGTo0) CALL SUB16 (NCsNsABsWCCsOMEGAsGD1sGRAD9FM)

IF (NDeGT.0) CALL SUR17 (NDsNsNCsABsWCCIOMEGAsGD2sGRADFM)
APP=0OLDEL+GD1+GD2-AR(NNN)

IF (KVReFQel) GRADI(N1)==160

RFETURN

APP==-20+%ALOGIO0((CABS(1e/ (VNEW+INEW)))*(1e+RL))
K=1

J=1

VOLD=1.0

I0LD=1.0

DO 110 L=14M

NN=TCI(L)

A TA (94995996997 998999910091019102910391049105s10691079108)s NN

CALL SUB1 (IOLDsVOLDSA(K)sOMEGAs INEWsVNEW)

IF (B(K)) G(J)=GC(OMEGAsAD(J)sVOLD)

IF (B(K))Y J=J+1

K=K+1

GO TO 109

CALL SUR? (10LDsVOLDA(K) sOMEGAs INEWsVNEW)
IOLD=INFW-IOLD

IF (R(K)) G(J)=GL(OMFGA+sAD(J)»10LD)

IF (R{K))Y J=J+1

K=K+1

GO TO 109

CALL SUB3 (IOLDsVOLDsA(K) sOMEGAs INEWsVNEW)

IF (R(K)) G(J)=-GL(OMEGASAD(J)s10LD)

TF (R(K)) J=J+1

K=K+1

GO TO 109 ,

CALL SUR4L (TOLDsVOLNSA(K) sOMEGAs INFWsVNEW)
VOLD=VNEW-VOLD

IF (R(K)) G(J)==GC(OMEGA»AD(J)s»VOLD)

IF (R(K))Y J=J+1

K=K+1

GO TO 109

Jv=K

JH=K+1

CALL SURS (VOLDsIOLDsA(JV) sOMEGAsA(JH) s VNEWs INEW)
IF (R(JV)Y) G(J)==GLLTEL(OMEGAsA(JV)sADIJ(J) sAD(J) s IOLD s INEW)
IF (R(JVY) J=J+1

IF (B(JH)) G(J)==GLLTZO(ADJIJI(J)9AD(J)s10LDs INEWSA(JIH))
IF (B{JHY) J=J+1

K=kK+2
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104

GO TO 109

Jv=K

JH=K+1

CALL SUB& (VOLDSsIOLDsA(JV)sOMEGASA(JIH) s VNFWeINEW)
IOLND=INEW-IOLD

IF (B(JV)Y) G(J)=GSCTEL(OMEGASAIIVYsA(JIH)sAD(J)»10LD)
IF (B(JVY) J=J+1

IF (B(JHY)Y GIJy=GSCTZO(A(JV)IsAD(J)sIOLD)

IF (e(uHY)Y J=J+1

K=K+2

GO TO 109

Jv=K

JH=K+1

CALL SUB7 (VOLDsIOLDsA(JV)sOMEGAsA(JH) s VNEW s INEW)
IOLD=INEW-IOLD

IF (R(JV)Y) G(J)=GOCTEL(A(JH)sA(JV) sOMEGASAD(J)sIO0LD)
IF (B(JV)Y) J=J+1

IF (R(JH)) G(J)=GOCTZO(OMEGASA(JV)IsAD(J)sIOLD)

TF (BUJUH)Y) J=J+1

K=K+2

GO TO 109

JV=K

JH=K+1

CALL SUR8 (VOLDsIOLDsA(JV)sOMEGASsA(JH) s VNEW s INEW)

IF (R(JV)) G(J)==GSCTEL(OMFGAsA(JIV)IsA(JH)sAD(J)sIOLD)
IF (RIJVY) J=Jd+1

IF (B(JH)) G(J)Y==GSCTZO(A(JV)sAD(J)IOLD)

IF (RIJH)Y) J=J+1

K=K+2

GO TO 109

Jv=K

JH=K+

CALL SURQ (VOLDsIOLDsA(JV) sOMEGAsA(JH) s VNEW s INEW)

IF (R{JV)) G(JI)==GOCTEL(A(JH) sA(IV)ISOMEGAsAD(J) sIOLD)
IF (RIUVY) J=J+1

IF (R(JH)) G(J)==GOCTZO(OMEGASA(JUV)sAD(J)sI0OLD)

IF (BOJH)Y) J=J+1

K=K+2

GO TO 109

JK =K

JV=K+1

JH=K+2 .
CALL SUB1U (TOLDsVOLDsA(JV) sA(JIK) sOMEGASA(JIH) s INEWsVNEW
IF (BIJK)Y) G(J)=—GLCSOR(OMFGAsA(JH) sA(JK) s A(IV)sAD(J)sTOLD)
IF (B(JKY) J=J+1

IF (RIJVY) G(I)==GLCSQEACLIHIsA(IK) sA(IVISAD(J)»10LD)
[F (B(JV)Y) J=J+1

IE (R(JH)) GtJ)==GLCSXP(OMEGA+A(JK) sA(JV)sAD(J)sIOLD)
IF (ROJH)Y) JU=J+1

K=K+3

GO TO 109

JK=K

JV=K+1

JH=K+2

CALL SUR11 (IOLDsVOLDsA(JIV)sA(JIK) sOMEGASA(JIH) s INEWsVNEW)
INLND=INFW=-TOLD

IE (B{JK)) G(J)=GLCSOR(OMEGAsA(JH) sALJIK) sA(JV)sAD(J)sI0LD)

IF (B8(JK)) J=J+1
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IF (B(JV))
IF (BLJUV))
IF (ROJHM)

CIF (BOJHY)

K=K+2

GO TO 109
JK =¥
JV=K+1
JH=K+2
CALL SUB12
IF (RJKY)
IF (R(JK)Y)
IF (R(JV))
IF (R(JV))
IF (B(JH))
IF (B(JH))
K=K+3

GO TO 109
JK=K
JV=K+1
JH=K+2
CALL SUB113

G(J)=GLCSQIA(JUH) sA(IK) sA(IV)sAD(J) 2TOLD)
J=J+1
G(J)=GLCSXP(OMEGASA(JK)sA(JV)sAD(J)s10LD)
J=J+1

(10LDsVOLDsA(JV) 9sALJIK) sOMEGA*A(JH) s INEWsVNEW)
G(J)=GLCPOR(A(JH) sOMEGAsA(JK) s A(JV)sAD(J)sVOLD)

J=J+1
G(J)=GLCPQIA(JH) sA(IV)sA(JIK)sAD(J)sVOLD)

J=J+1
G(J)=GLCPBP(A(JH) sOMEGAsA(JV)IsA(JK)sAD(J)H»VOLD)

J=J+1

(10LDsVOLDsA(JIV)IsA(JIK) sOMEGASA(JIH) s INEWSVNEW)

VOLD=VNEW-VOLD

IF (B(JK))
IF (B(JK))
IF (R(JVY)
IF (B{JV))
IF (PJHY)
IF (R(JH))
K=K+2

GO TO 109

CALL SUB14
IF (R(K))

IF (B(K))

K=K+1

GO TO 109

CALL SUR16%

G(J)==GLCPOR(A(JH) sOMFGAsA(JK) s A(JV)sAD(J)sVOLD)

J=J+1
G(J)==GLCPQIA(JH)sA(JIV)sA(IK)sAD(J)sVOLD)

J=J+1

G(J)==GLCPRP(A(JH) sOMEGAsA(JV)sA(JK)sAD(J)sVOLD)

J=J+1

(TOLDsVOLDsA(K) s INEWsVNEW)

G(J)=—I0OLD*AD(J)
J=J+1

(IOLDsVOLDsA(K) s INEWsVNEW)

10LN=INFW=-10LD

1F (R(K))
IF (B(K))
K=K+1

GO TO 109
10LD=INEW
VOLD=VNEW
CONTINUE

G(J)=TOLD*AD(.))
J=J+1

PSTL=VNEW+INFW*RL
CONSTN=204/AL0OG(10.)

DO 111 L=1sN
GRAN(L)=-RFAL(G(L)/PSIL)*CONSTN

CONTINUE

IF (NCeGTeDeOReNDeGT«0) GO TO 112

RETURN

IF (KVReFQeU) RFTURN

NNN=N+1

DO 113 L=NNNsN1

GRAND(L)=0,
CONTINUE
RETURN
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118

INT=IFIX(OMEGN=30,)
APP=X(TINT)

PO 115 L=1sN1
GRAD(L)=0.
CONTINUE
GRAD(INT)=140
RETURN

END
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SURROUTINE SUR1 (I10LDsVOLDsCsOMEGA S INFWIVNEW)
COMPLEX ITOLDsVOLDsINEWsVNEW,Y
Y=CMPLX {0, sOMFGA*C)

VNEW=VOLD

INEW=T10OLD+VOLD*Y

RETURN

FND
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SUBROUTINE SUB? (IOLDsVOLDsALsOMFEGAsINEWVNEW)

COMPLEX ICLDsVOLDsINEWsVNEWSY
Y=CMPLX(Oes(—1e/(OMEGA*AL)}))
VNEW=VOLD

INEW=TOLD+VOLD*Y

RETURN

END
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SURROQUTINFE SUB3 (I1OLDsVOLD AL sOMEGA s INEWsVNFW)

COMPLEX TOLDsVOLDsINEWsVNEWSZ
2=CMPLX(0ssOMEGA*AL)
VNFW=VOLD+Z*¥T0LD

INEW=T10LD

RFTURN

END
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SUBROUTINF SUB4 (I10LDsVOLDsCsOMFGA s INEWsVNEW)
COMPLEX I10LDsVOLDsINEWSsVNEWSZ
2=CMPLX(Ceo—(1e/(OMEGA*C)))

INEW=10LD

VNFW=VOLD+Z*10LD

RETURN

FND

80.

Vi
V1
Vi
V1
Vi
V1
Vi

1682
1683

1684
1685
1686
1687
1688



SURROUTINE SURS (VOLDsIOLDSsELsOMEGASZOs VNEW S INEW)

COMPLEX VOLDsIOLDsINEWsVNEWJSINE
THETA=FL*OMEGA#2 ¢ ¥ATAN(1.0)

CT=COS(THETA)
JSINE=CMPLX(Ue91e ) *SIN(THETA)

VNEW=CT*#VOLD+ZO*JSINE*IOLD
INFW=JSINF*VOLD/ZO+CT*10LD
RFEFTURN

END

81'

Vil
vl
V1
V1
V1
V1

Vi1
Vil
V1

1689
1690
1691
1692
1693
1694
1695
1696
1697



SUBRAUTINE SUBG (INLDsVOLDSELsOMEGASZO s INEWSVNEW)
COMPLEX TOLDsVOLDsINEWsVNEW
THETA=2 e #ATAN(160) *OMFGA*EL

VNEW=VOLD
INFW=TOLP=VOLN*COS(THFTAY/ (ZC*SIN(THETAY ) #CVMPLX(0e91e)

RFTURN
END

82,

V1
V1
V1
V1
V1
V1
V1

1698
1699
1700
1701
1702
1703
1704



SURRQAUT INF SURT7 (101 DsVOLDsFLIsOMEFGASZOs INEW9VNEW)
COMPLFX TOLDsVOLDsINEWSVNEW

THFTA=? ¢ ¥ATAN(160) ¥*OMFGA*EL

VNFW=VOLD
INEW=10OLD+VOLD*SIN(THETA)*CMPLX(Ce91e)/(ZOX¥COS(THETA))
RFTURN

END

83.

V1
V1
\'A!
Vi
Vil
V1
Vi

1705
1706
1707
1708
1709
1710
1711



SURRAUTINF SURR (TOLNeVOLNeFL sOMEGA e ZN s INFW o VNFW)
COMPLEX ICLDsVOLDes INEWsVNEW
THFTA=? ¢ #*ATAN(1,0) *OMFGAXEL

INEW=TI0LD
VNEW=VOLD+CVPLX(Qe91e0)*Z0*IOLD*¥SINITHETA)/COS(THETA)

RETURN
[ = YR

84.

1
i

Al
V1
V1
V1
V1
Vi



SURRQUTINE SUBQ (I0OLDsVOLDsEL sOMEGASZOs INEWSVNEW)
COMPLEX I10LDsVOLDsINEWsVNEW
THETA=2«#ATAN(1.0)*OMEGA*EL

INEW=T0OLD
VNEW=VOLN=INFW#ZO*COS(THFTA)I¥CMPLX(0e91e)/STN(THFETA)

RFTURN
END

85.

V1
V1

V1
V1
V1
V1
V1

1719
1720
1721
1722
1723
1724
1725



SURROUTINE SUB10C (IOLDsVOLDsQsOMEGARSOMEGA s XP s INEWIVNEW)

COMPLEX TOLDsVOLDoINEWsVNEWSZ
Z=(XP /2 ¢ ) *¥CMPLX(OMEGAR/Qs { {CMEGA*OMEGA-OMEGAR*OMEGAR) /OMEGA))

INEW=T10LD
VNFW=VOLN+Z*¥T0OLD
RETURN

END

86.

vl
Vi
V1
V1
V1
V1
V1

1726
1727
1728
1729
1730
1731
1732,



SURROUTINE SUR11 (I0OLDsVOLDsQsOMFGARSOMEGA s XPs INEWsVNFW)

COMPLEX TOLDsVOLDs INEWsVNEWSZ
7=(XP/?e¢) %C¥PLX(OMFGAR/Qs (OMEGA*OMEGA-OME GAR*OMEGAR ) /OMEGA )
VNEW=VOLD

INFw=TOLP+VOLD/Z

RF TURN

FAD

87.

vVl
Vi1
V1
Al
V1
'
vl

173=
1734
173¢
1736
1737
1738
1739



SURROUTINE SUR12 (IOLDsVOLDsQ+sOMEGARISOMEGAsRP s INEWSVNEW)
COMPLEX ICLDeVOLDsINEWsVNEWSY

VNEW=VOLD
Y=(RP/24)*CMPLX( (OMEGAR/Q) s ( (OMEGA*OMEGA-OMFGAR*OMEGAR) /OMEGA) )

INEW=T10LD+VOLD*Y
RETURN
FND

88.

Vi1
V1
V1
V1
V1

V1
V1

1740
1741
1742
1743
1744
1745
17460



SURROUTINE SUB13 (IOLDoVOLDy’)oJMFGAR9OMEGA’RP0INEW’VNEW)
COMPLEX ITOLDsVOLDsINEWsVNEWSY

INEW=10LD
Y=(BP/?e)*¥CMPLX((OMEGAR/Q) s ( (OMEGA*OMEGA-OMFGAR*OMEGAR) /OMEGA )

VNFW=VOLN+TOLN/Y
RFETURN
FND .

89.

A1

Vi
V1
Vi
V1
V1
vVl

1747
1748
1749
1750
1751
1752
1753



SURROQUTINE SUB14 (10LDsVOLDSRsINFWsVNEW)
COMPLEX IOLDsVOLDsINEWSVNEWSZ
Z=CMPLX(Rs0De)

VNFW=VOLD+TOLD*Z

INFW=IO0LD

RETURN

END

90.

Vi
V1
vl
V1
V1
V1
V1

1754
1755
1756
1757
1758
1759
1760,



SURROUTINF SUB15 (I0LDsVOLDsRsINFWsVNEW)
COMPLFX TOLDsVOLDSINEWsVNEW,Y
Y=CMPLX(14/R90,)

VNEW=VOLD

INEW=10LD+VOLD*Y

RETURN

END

91.

V1
\'A
V1
V1
V1
Vi
Vi

1761
1762
1763
1764
1765
1766
1767



SURROUTINF SUB16 (KsNsAsWCsOMEGA+sGDsGRADSFM)

DIMFNSION A(1)s GRAN(1)

PIF=4,0%ATAN(1,)

FC=(PTE/2 ) %SQRT((OMEGA*OMEGA-WC*#WC) /(1 e=WC%WC))
CAPO=SIN(FC)/COS(FC)

GD=0

NO 1 I=16K

J=1
S=OMFGA/SQRT ( (OMEGA##2~W( *%#2 )% (] ¢ -WC*WC))

QUAL=(A(J)#*¥2+CAPOXCAPO) X %2

QUA?=(1.+CAPO*CAPO) /2,
GD=GD+(A{J)/SQRT(QUAL) ) *¥QUA2*S/(FM*0,0N1)

GRAD(J)==S#QUAP* ((A(J)*%p-CAPD*CAPO) /QUA1) / (FM*¥0,001)

CONTINUE
RETURN
B

92.

1768
1769
1710
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783



93,

SURRQUTINE SUB17 (MsNeKsAsWCsOMEGA sGDsGRADFM) V1
DIMENSION A(1)s GRADI(1) V1
CONST=CMPLX(Ossle) Vil
PIF=4e%ATAN(1,.) V1
Fc:(DIF/7.0)*SQRT((OMFGA*OMEGA-WC*WC)/(1.-WC*WC)) V1
S=OMFGA/SQRT ( (OMFGA* %2 =W( #%#2 )% (] 4 -WCH*W(C)) A1
CAPN=SIN(FC)/COS(FQC) V1
GD=0 Vi1
DO 1 I=1sM V1
J=T1+K Vi1
JJ=J+M Vi1
SAM=SQRT(A(J )Y %¥%X24+A(JJ)%%2) Vi1
GR=GD+A(J)*(1+CAPO*CAPO)* ( (CAPO**2+SAM*%2 ) / (CAPO**4+SAM* %442 ¢ *CAPV ]
10%CAPO*(A(J) ¥¥D-A(JJ)%¥%2))) Vi
GN=GN*#¥1000s/FM V1
CONTINUF V1
GD=S#*GD V1
DO 2 I=1sM V1
J=1+K Vi1
JJ=J+M V1
DFN:CAPO**4+7.*(APO*CAPO*(A(J)**?-A(JJ)**Z)+(A(J)**2+A(JJ)**Z)**Z Vi
NENT=CAPOX¥CAPO+3¥A(J)*ALJ)+A(JIY)*¥A(JJ) Vi1
AK=1e+CAPO*CAPO V1
DFN?=CAPO*CAPO*A(J)+A(J)**3+A(JJ)*A(JJ)*A(J) Vi
DENQ=4.*A(J)*(CAPO*CAPO+A(J)*A(J)+A(JJ)*A(JJ)) Vi
GRAD ( J) =S* (DEN*AK*¥DEN1-AK*DEN2*DEN3) / (DEN*¥2) Vi
DENL =L ¢ ¥A(JI)*¥ (A(JI)X¥2+A(J) ¥%2=CAPO*CAPO) Vi
GRAN(JJ)=S* (DEN*AK*2 ¢ *¥A(J) *A(JJ)-AK*¥DEN2*DEN4 ) / (DEN**2) Vi
GRAD(J)=GRAD(J)/(FM*04001) V1
GRAD (JJ)=GRAD(JJ)/(FM*0,001) Vi1
CONTINUE . V1
RETURN V1
V1

END

1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809

1810
1811
1812
1813

1814
1815

1816
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