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CANOP2 - INTERACTIVE' CASCADED NETWORK OPTIMIZATION PACKAGE

PURPOSE : The program analyzes and optimizes, interactively or by batch pro-
cessing, cascaded, linear, time-invariant networks in the frequency
domain consisting of typical two-port elements, including resonant
circuits, transmission-line elements, and microwave C- and D-sections.

AUTHORS ; J.W. Bandler and J.R. Popovié
Group on Simulation, Optimization and Control
Faculty of Engineering
McMaster University, Hamilton, Canada, L8S 4L7

LANGUAGE : FORTRAN IV

CORE REQUIREMENT: About 17 KlO or 41 K8 words .

AVAILABILITY: This report includes a user's manual with examples and program
listings,

DESCRIPTION:

The cascaded network optimization package called CANOP2 will analyze and op-
timize cascaded,linear, time-invariant networks in the frequency domain, It is an
updated version of CANOPT [1,2] and, in short, it accomodates more two-port elements,
plots responses, and enforces equality on the variable parameters, if desired.

In general, the package features some of the latest and most efficient methods of
computer-aided design currently available. The program is organized in such a way
that future additions or deletions of performance specifications, constraints,
optimization methods and circuit elements are readily implemented. Presently, the
network to be optimized is assumed to be a cascade of two-port building blocks ter-
minated in a unit normalized, frequency-independent resistance at the source and a
user-specified frequency-independent resistance at the load.

A variety of two-port lumped and distributed elements such as resistors, in-
ductors, capacitors, lossless transmission lines, lossless short-circuited and open-
circuited transmission-line stubs, series and parallel LC and RLC resonant circuits
and microwave allpass C- and D-sections can be handled. Upper and lower bounds on
all relevant parameters can be specified by the user. A generalized least pth

objective function, or sequence of least pth objective functions, developed by



Bandler and Charalambous [3] incorporating simultaneously input reflection co-
efficient, insertion loss, relative group delay and parameter constraints (if any)
are automatically created. Constraints are treated by the objective function in
essentially the same way as the performance specifications [1]. To distinguish
conveniently between the various responses Or constraint functions a scheme for
interval translation and introduction of artificial points has been developed

[1]. The Fletcher method of minimizing unconstrained functions of many variables
[4] is available to the user. (The Fletcher-Powell method [5] used in CANOPT was
found to be reliable but much slower for network optimization than the Fletcher
method, therefore only the latter one is used in this package.) The package was
designed to incorporate the adjoint network method of sensitivity evaluation to
produce accurate first derivatives needed by these efficient gradient minimization
methods [6].

If equality (symmetry) of some parameters can be predicted, symmetry may be
forced throughout the optimization. Results may be automatically presented num-
erically and graphically and analysis of different responses and/or different
frequency ranges may be performed at the user's discretion and a new optimization
may be requested. A summary of the latest features and options available is given
in Table I,

The package written in I'ORTRAN IV was originally developed for batch processing
on a CDC 6400 computer and has been largely extended for use on INTERCOM. The
user may interact at many points with the program to change parameters, frequency
range, types and options and to request plots. The interactive user enters his
data in frée format. This report is a manual for both the batch and interactive
versions,

The package CANOP2 will analyze and optimize only a cascade connection of the
two-port elements listed in Tables IT and III. Elements 1 to 19 may be connected
in any order (sequentially from the source to the load) using as many as required
or as many as the computer being used can accomodate.

The first six elements are onc-parameter lumped elements, Their parameter
values should be normalized by the user to his center frequency and source resist-
ance, appropriately, as outlined in APPENDIX A.

The next four elements are three-parameter tuned circuits. They are character-

ized by resonant frequency, quality factor, and slope reactance or susceptance,

[



TABLE T

SUMMARY OF FEATURES, OPTIONS AND PARAMETERS REQUIRED

Any frequency range

Automatic scaling
Specified scaling

Features Type Options Parameters
Objective Least l<p<e Value of p for each of a specified
Functions pth number of optimizations
Artificial margin
Difference in objective functions
for termination
Performance Upper (+1.) Reflection Normalization frequency
Specifications coefficient (1 Number of Number of
points and bands or
constraints intervals
and Lower (-1.) Insertion (2) For each:
loss Specification/constraint
Weighting factor
Parameter Type
Constraints Single (0.) Group (3) Option
delay Frequency Lower and uppe
(sample point) frequencies
Parameter 0) or parameter (band edges)
value
Number of
subintervals
Analysis Analysis only (0) .o Option
Specified or default values for:
Optimization  Gradient Fletcher pumber of Lterstions iloved
optimization (1) objective function
method Test quantities for termination
Circuit Cascaded See Tables Number of elements
Elements Two-port IT and III Sequence of code numbers
Parameter values
Indicator for fixed, variable
or equal (symmetrical) parameters
Load resistance
Parameters for C- and D-sections
Graph Frequency Given response As many plots as desired
response Other response Option

Lower and uppez
frequencies
(band edges)

Frequency
(sample point)




TABLE I1I

ELEMENTS AND CODE NUMBERS

Element Connection Code Parameters
inductor series 1 .
: inductance
shunt 4
capacitor series 3
capacitance
shunt 2
resistor series 5
resistance
shunt 6
resonant series 7 resonant frequency
RLC circuit quality factor
shunt 10 slope reactance
antiresonant series 9 antiresonant frequency
RLC circuit quality factor
shunt _ 8 slope susceptance
resonant series 16 resonant frequency
LC circuit shunt 19 slope reactance
antiresonant series 18 antiresonant frequency
LC circuit shunt 17 slope susceptance
series 11
shorted
shunt
shorted 14
lossless
t?ansmission - length
line series
13
open
characteristic
shunt 12 impedance
open

cascade k 15




TABLE III

ALLPASS SECTIONS

Parameters

All fixed or all variable
(determined by one indicator)

Fixed

location of real zaros
of C-sections

number of
C-sections

location of real pirts of
zeros of D-sections

location of imaginary parts of
zeros of D-sections

number of
D-sections

delay level

cutoff
frequency




as appropriate. The last four elements are two-parameter tuned circuits. They
are characterized also by resonant frequency and slope reactance or susceptance.
Normalization as before must again be carried out by the user,

Elements 11 to 15 are two-parameter lossless transmission-line components.
All are characterized by normalized length and characteristic impedance (see
APPENDIX A).

The allpass sections (Table III) are treated in the same way as, for example,
Kudsia [7]. Group delay relative to delay level in nsec is calculated.

The source and load are real constant resistances, the source being assumed

to be unity,

HOW TO USE THE BATCH VERSION OF CANOP2

The package, which consists of 1621 cards, requires the CDC system routine
SECOND which keeps track of elapsed time. For a different system the cards A280,
A295, D8 and D48 should be replaced by cards appropriate to the system or re-
moved together with cards A305 and D49,

Data cards No. A22 and A23 may also have different forms for different
systems, and should be replaced by appropriate cards.

A core requirement of about 41 Kg or 17 K10 is sufficient to optimize,
€.g., a seven parameter problem using 25 sample points.

Set up the input deck as follows:

( DATA DECK 3.

r/ CANOP2Z PACKAGE 2,

// MAIN PROGRAM 1.

1. Main Program

Write the main program as indicated below:

PROGRAM TST (INPUT, OUTPUT, TAPE5=INPUT, TAPE6=0OUTPUT)



Dimension the following arrays:

DIMENSION AL(NE),A2(NE), A3(J), A4(NINT), A5(NINT), A6(3,NINT),
A7(N), A8(N), A9(N), AIO(N), A11(N), A12(N), A13(K),
Al4(K), AI5(K), A16(K), A17(N*K), AL18(K(K+7)/2)
IAT(MM+NE), IA2(NINT), IA3(JJ}

where

NE is the total number of parameters in all elements.

JQZ*ND+NC+1 where NC and ND are the numbers of C- and D-sections,
respectively.

NINTéNINTD+NINTS where NINTD is the number of frequency bands or
intervals and NINTS is number of other frequency
points and constraints. Also double those intervals with
single or both upper and lower specifications,

N is the total number of frequency points to be used (those
counted twice when single or both upper and lower specifi-
cations are used for the same frequency points).

K is the total number of variable parameters.

MM is the number of elements in the circuit.
J38max[NINT, NE]. NP
Call the subroutine CANOPZ as follows: . l _ ‘
CALL CANOP2 (Al A2, A3 A4, A5, A6, A7 A8 A9 AlO A11 A12 A13 A14
Al5, Al6, Al7, AlS, IA}, IAZ IA3)
aid Flo s o %
CALL EXIT
END
A user may also use a standard main program listed in APPENDIX E and stored
in permanent file of CDC 6400 at McMaster University by control card
ATTACH,anl, CANOP2M, ID=*******.*
2. _The CANOPZ Package
A listing is contained in APPENDICES F & G.

It is also stored in permanent file of CDC 6400 at McMaster University and may
be attached by two control cards:

ATTACH, Lfn,, CANOP2B, ID=*¥#ikus,

ATTACH, ans, CANOP2C, ID=w¥#%*&%%

*2fn stands for logical file name of no more than 7 characters. It should be the
same in the ATTACH command and in the LOAD command.



3. Data Deck

Parameters to be supplied as data are defined below:

VMM

VIC(I),I=1,MM

/AA(I),I=1,NE

/IC(MM+I),I=1,NE

NC
D
KVR

 AB(I),I=1,J

R

NINTD

NINTS
JXX(1,I),I=1,NINT

where

NINTENINTD+NINTS
XX (2,J),J=1,NINTD
./ NUMB(I),I=1, NINTD

The number of elements in the circuit, not including
C and D sections. Set to 0 if you do not want any,
A sequence of code numbers of elements which specify the
order in which the elements are sequentially connected from
source to load. (See Table II for element numbers).
Values of parameters in the circuit including starting
values for variables. (The total number of parameters is NE).
Indicates whether the parameters in the circuit are fixed or
variable., Set to 0 if fixed and a positive integer if variable
such that the numerical integer value indicates whether the
variable is new (increase integer value by one) or repeated
(set its integer to the integer value of a twin variable).
(For example, the following sequence:

0,1,0,2,0,2,3,0,1
indicates that four parameters are fixed and five variable,
among which three are independent, the last is forced
to have the same value as second, and sixth as fourth.)
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.
Values of the parameters of the C and D sections and d level,
(See Kudsia [7]). The d level is treated like any other
circuit parameter.
The load resistance.
The number of frequency bands or intervals,
The number of other frequency points and constraints,
The lower frequency bounds (band edges) for bands, single
frequency points, parameters to be constrained (artificial
frequency points),
The upper frequency bounds (band edges) for bands.

The number of subintervals (equals sample points minus one).



| FUN(I),I=1,NINT

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

UWT(1),I=1,NINT
/IOBJ(I),I=1,NINT

FM
we
MET
IDEF
MAX

_IPRINT

JEPS(1),1=1,K

EST

DIF

A sequence of numbers to be used as specifications or
constraints.
Indicates whether a specification or constraint for any given
I is an upper or lower one. Set to 1. for upper, to -1. for
lower and to 0., for single.
The weighting factors (positive). Set to 1. if unsure.
The approximating function:

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 O.
The center frequency (e.g., in MHz, for normalization).
The cut-off frequency for C- and D-sections (e.g., in MHz).
Indicator for analysis or optimization,
Set to 0 if only analysis is required.
Set to 1 for optimization method to be used (Fletcher),
Set to 0 if default values for the optimization are not to be
used, otherwise specify differently,
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 testing convergence in the Fletcher
method (e.g., 10'4). K is the number of unequal variable
parameters.
A realistic under-estimate (lower bound) of the value of the
objective function.
The value of the difference between objective function values

in successive optimizations, Set to 0. if not sure.

*Group delay is calculated in nsec if the frequencies are given in MHz.
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KSI A small quantity by which specifications could be shifted
artificially [1]. Set to 0. if not sure.
IPA(I),I=1,ITER Vector containing the values of p (positive integer, greater

than one) to be used successively in a total of ITER
complete optimizations.

Table IV shows the arrangement of the data deck.

If the parameter IDEF is different from zero, the following default values

will be used, and need not to be included in data deck:

MAX = 100
IPRINT = 0

EPS(I) = 10°% for all I's
EST = -0.1

DIF = 0

KSI = 0

ITER = 1

IPA(L) = 2

INPUT-OUTPUT EXAMPLE

A test example will be presented here to illustrate the approach. The same one
with more extensive input and output will be presented for the interactive version.

We consider a seven-section equal-ripple band-pass microwave filter of 3 to
1 bandwidth (ratio of upper band edge to lower band edge) consisting of two unit
elements and five stubs which has been previously considered by Horton and Wenzel
[8] as represented in Fig., 1. The terminations of the filter are unity. The
filter is to have a 0.1 dB ripple in the passband, from 1.0875 to 3.2625 GHz,
and an attenuation above 50 dB at frequency points 0.6 and 3.75 GHz in the stop-
band. All section lengths were kept fixed at normalized values of 1, and the
normalized characteristic impedances are used as variables., The starting value
of the variable vector (see Fig. 1) was Z, = [.63 .33 1.27 .26 1.27 .33 631"
21 uniformly spaced sample points were used in the passband. The weighting is
set to be 1 everywhere and the default values are used for the optimization.
Symmetry of the variable characteristic impedances is taken into account. The
user's written main program and data deck are shown in Fig. 2. The typical
output for analysis only is shown in Fig. 3. A plot is obtained automatically.

Effort was made to keep both input and output as similar as possible for the
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ORAGPRAM T&T (TNPUT ,ALITPUT s TAPFE= TNPUT , TAPFR=ALITDIIT)

MA TN D P OGR AM

b

DIMENSTAN AT (14)sA82014)9ALT ) sAL () 3AR () 3 AA(357) 3AT(28) 3AR(DEY,
T AV(PR)SAI0(2R) g ATTIP8) s AI2(2S) s AT 3(TY s AT4 (T s ATR(T)sATA( Ty

2 ATT(VI73) 3 ATR(40) 4 TAV(21) s TA2() ,TA3(14)
CALL CANP2 (AT 3AP 3 AR, AL AR s NG AT s ARSAOLATNGATT 3 AT12 ) AT 3, A4 sATR,

+ ATASATT73AIR s TAT 3 TAD,TAY

CAL L FXIT
FND
cnTeT 0011
7
15 14 11 14 12
Te > 0.61_ i 1Te 0e33 14 15].
1,27 Te Ne2h Te 1e¢27
Te D423 Te NeB? |
23 1 0 3 n 3 0
¢ 2 0 ? n 1
0] 2]
1 -
T ?
1hat .8 A2AD G F 7 Ng1 Te T ?
s, 80, 1¢ -1
2780, 80, 1. -1
2178,

CPTAT  Ons

Fig. 2. Main program and data deck for the example.
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same desired features as CANOPT. For the complete, although not plotted, output
when symmetry was not considered in the optimization refer to [9]. (Note:
‘The convergence criterion for the optimization method in [1,9] was stricter using
107%.)
HOW TO USE THE INTERACTIVE VERSION OF CANOP2

The interactive version of CANOP2 is developed for the INTERCOM System of
the CDC 6400 computer. Numerical data is supplied in the system's free format
and also system routine SECOND which keeps track of elapsed time is employed.
Batch routine AXXXX from APPENDIX F is replaced with interactive routine AXXXX
listed in APPENDIX E and, with the common part from APPENDIX G, completes the inter-
active version of CANOP2,

1. Accessing
On the time-sharing system INTERCOM of the CDC6400 at McMaster University the

user should access the file by typing two commands :
*
ATTACH, zfnl, CANOP2I, ID=s****k%x
ATTACH, 2fn CANOP2C, ID=*¥*%*%%

2. Main Program

2’

The user then either employs the standard main program (APPENDIX E) if it
provides enough dimensions for all his arrays by typing

ATTACH, zfns, CANOPZM, ID=****x%%
or he gets into the EDITOR mode to create the main program for his problem. This
can be done by typing the commands

EDITOR.

CREATE

The main program should be written in the same manner as described for the
batch version in the previous section.

After typing the main program the user may leave the EDITOR mode by typing
the commands

SAVE, filename

BYE

The program just written has to be compiled. The user should type the

*2fn stands for logical file name of no more than 7 characters. It should be the
same in the ATTACH command and in the LOAD command. Two commands should be added
for extra long time: ETL, 300., and more columns per a line: SCREEN, 80.
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command
FTN,I = filename,

3. Execution

To execute the program the necessary commands are
CONNECT, INPUT, OUTPUT.

(i) XEQ,LOAD = LGO, lfnl, zfnz.
with the user's written main program, or

(ii) XEQ, LOAD = zfnl, zfnz, ifns.

with the standard main program,

4, Interaction

In the interactive mode the user will be instructed how to enter required
data. Input format is arbitrary. The user may separate each value by a comma,

a blank, a few blanks or by typing the RETURN key. Unless specified, questions
are expected to be answered by YES or NO. The user is allowed to modify his
data before typing RETURN kev by backspacing (type the following two keys at

the same time: CTRL - H) or answering the following question "IS DATA OK"

by NO. At a few convenient points the user may also modify his data as instruct-
ed.

Depending on how data is supplied, only relevant questions appear. For
example, when analysis only is required, there is no need for parameters concern-
ing optimization. (Questions for initial data are listed in APPENDIX D.) Also
some features might be changed and the problem completely modified at appropriate
points when asked for modifications. It is advisable to print the input data
before the computer processes it, make changes if desired, and correct all
discovered misprints. After obtaining the results, the program may be rerun with
some different input data or terminated.

Warning to the user: Make sure that all dimensions supplied through the

main program are consistent with all the changes being made.

INPUT-OUTPUT EXAMPLE
The same example is chosen as before, and symmetry on the variable parameters
is enforced. Partial interactive output is presented in Fig., 4. Results are
obtained for p = 2 and p = 103 and default values for the optimization. 21
uniformly spaced sample points were used in the passband to demonstrate the

work of the package, although there may be a need for a larger number of points as
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indicated by the 51 points that are used in plotting the results (Fig. 5).

Fig. 5 also shows a plot of the group delay of the filter for which analysis was done
with the parameters obtained in the insertion loss optimization for p = 1000,

Table V compares results with and without forcing the symmetry on the variable
parameters. There is a considerable saving in the number of function evaluations

and running time for the symmetrical case,

ADDITIONAL ELEMENTS

Presently, the source and load are real constant resistances, the source being
assumed to be unity. Frequency - dependent, complex source and load impedances are
readily accommodated or can be constructed or modelled, where appropriate, by defining
suitable-fixed components.,

The simplest way of handling two-port sections not in the present list (Tables
IT and III) is to replace an existing element, frequent use of which is not anticipated,
by the desired element preferably with the same number of parameters. In this
case, only a few FORTRAN lines dealing with the ABCD matrix of the element and
its sensitivities need be changed. Many sensitivity expressions have been publish-
ed in reference [6]. How to derive those which are not available is demonstrated
in APPENDIX B. If the parameters of the new element are not to be changed then
sensitivity formulas are not necessary.

Adding elements is slightly more complicated in that more FORTRAN lines need
adjustment. The procedure which should be followed is contained in APPENDIX C.
Distributed RC lines, nonuniform lines and transistor amplifier stages are examples

of two-ports that can be added.

COMMIINTS

Low values of p, e.g. 2, intermediately large values of p, e.g., 10, 103,
and larger, are optional to the user depending on how close to a minimax (Chebyshev,
equal-ripple) solution he wants to come. Low values of p will generally allow
quicker optimization to non equal - ripple solutions. Large values of p may
slow down optimization but better near equal - ripple solutions will be obtained.
Recommendation: start with 2, increase to 10 then to 100, etc., as needed.
Optimization for larger values of p starts automatically at the optimum of the
previous optimization in the batch version and it is optional in the interactive

version,
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TABLE V

RESULTS FOR THE MICROWAVE FILTER

Parameters p =2 p =2 p = 1000 p = 1000
symmetry enforced symmetry enforced
Z01 .607337 .607306 . 606456 .606463
Z02 . 301907 . 301942 .303864 . .303051
203 .719283 .719486 .722362 .722061
204 .234544 .234645 . 235607 . 235593
Z05 .719251 Z03 .721749 Z03
ZO6 .301928 202 .302224 202
207 .607352 Z01 .606429 201

No. of function

. 77 30 84 49
evaluations
Execution 23,2 9.16 25.4 15
time
(sec)

Optimization for p = 1000 was started at the optimum for p = 2,
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The program terminates when the stopping criterion for the optimization method
is satisfied, or when the relative change in the objective function in two successive

optimizations is less than a small . prescribed quantity.

APPENDIX A
NORMALIZATION OF PARAMETER VALUES
To illustrate the normalization process we may consider the following examples.
For element 1, a series inductance, we consider a parameter Ln such that wnLn’
where w is the normalized frequency, yields the desired reactance in ohms. Thus,
if the normalization frequency is 3 GHz, the inductance 2nH, then at the normalized

frequency

Ln = 2nf.L = 127,

For elements 11-15, for example, we consider a length 2n such that tan %-wnzn
yields the desired value of the frequency variable for lossless transmission lines.

APPENDIX B
SENSITIVITY EXPRESSIONS
Sensitivity expressions for elements 1 to 19 have either been published [6,10]
or are readily obtainable using a procedure similar to the example which follows,
For element 7, for example, the quantity %TA%Tg (See Table I of Bandler and Seviora
[6]) is given by

~

11AZ
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’\J—J
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[11 £,7 ax'
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1
¢ w
(15 -+ DT a
w

+

where Z is the impedance of the element, I is the original network current and I

is the adjoint network current through it, w, is the resonant frequency, Q is the

R
1
quality factor and X the slope reactance at W=Wp . The expressions in square
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1
brackets are appropriate sensitivity expressions with respect to Q, Wps X and

w, respectively.

APPENDIX C
INSERTING ADDITIONAL ELEMENTS
The procedure used for existing elements with one,
two and three parameters has been followed. New elements are defined as sub-
routine CODE20, CODE21 and CODE22 with one, two and three parameters, respectively.
The listing of subroutine APPROX, the only one affected by these additions, with
the changes marked at the places where they could be inserted between the lines
made of asterisks. At the beginning of each group of changes it is pointed out
which case is effective by €20, C21 and C22 for the one, two and three parameter

problem. The following FORTRAN notation is used for any element

INEW I0LD

+ / +
VNEW Z orY VOLD
| ——_c

with OMEGA for the normalized frequency and VAR1, VAR2 and VAR3 for the element's
parameter to be varied. A few FORTRAN lines dealing with the ABCD matrix of the
element and its sensitivities need to be defined as in the following example.
Write the first lines of the subroutines with one, two or three variable parameters
respectively, for example, as

SUBROUTINE CODE20 (IOLD,VOLD,OMEGA,VAR1, INEW, VNEW)

SUBROUTINE CODE21 (IOLD,VOLD,OMEGA,VAR1,VAR2,INEW,VNEW)

SUBROUTINE CODE22 (IOLD,VOLD,OMEGA,VARl,VAR2,VAR3,INEW,VNEW)

Declare

COMPLEX IOLD,VOLD,INEW,VNEW, Z or Y

Define either impedance Z or admittance Y

If series connection, define input current INEW and input voltage VNEW

as follows:

INEW = IOLD

VNEW=VOLD+Z*IOLD or VNEW=VOLD+IOLD/Y

If parallel connection define

VNEW=VOLD



INEW=IOLD+VOLD/Z or INEW=IOLD+VOLD*Y
Add

RETURN

END

30
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31

SUAUTTIME APPoOX (IMEGN, N1y, APP, H5RAD 5 I0, A3 5 AR) -
ITONTTION X (1), GRAI(T), TG, AtD), a(id, Akl -
ATH NS T ANERY, 41980y, 5(h0) | :
COMPLEY a0y A0y EONCHD, RHD, Ty THAT ) ¥, VHAT 3 INE by UNEH, 1OL0,VOLD, 6oV, &
12, THATY, INAT 2 BSTL,RL, GLy GG, GLLTEL, 5LLTZ0, 6SCTEL 550720, 60CTEL,60 =
BETPY,GLO230, 5L 0P, SLCBOR, BLE3A, GLES0R, GLCSXP :
SOMPLEX ALY, PHASS :
SDMMOR ./ SLAGK/ My N RL NG yND <V, Fly 40 ,M2T :
SauuoN 7:1a/ p1ouck, WEsA uelt, Fic :
{ARTEAL © S
: g
{ IS THE TNTAL NUMRC2 0OF ZLEMENTS IN THE CIR! R
NETIS THE TNTAL NUMAER QF ELSM:NTS IN THE IT 59
A AEAY CONTATINS PARAMETER VALUGS =g
} ARRAY TONTATNS LOGICAL VARTAOL-S :oq
IC BZpAY CONTAINS GOOE NUMRER GIVING ORDIR IN WHICH 3LOGKS ARE CON  © f
:oq
FOLLOWING FUNGTION STATEMENTS 0oFINS SENSITIVITIZS C 1
THETA(SL)=PT /2, %OMIGAREL : 2
GUCOMEDRA, Vy YIHAT) ==L AOLX (0o, 015054 ) * YR YHAT 3
TLCOMEGA, Ty THAT)Y ZCMPLX (D4 ,0M204) *T*THAT s
GLLTZ0(VE U2, THATY, IHAT2,70) (Y1 *THATL =V2*IHAT?) /29 B
SCUTEL(NYEGA, S L, VL2, IHATL, IHAT2Y =PIE /2, ¥OMGA/SIN(THETA(EL) ) ¥ (V1 £ 2
1FTHAT =V IHATT) S
GECTL (NMIAA, L 370, Ty IHAT) =PI/ 24* (10 /COS(THITA(EL))) ®#¥25CHPLX (Ju,y = 2
1Z0<0Me LM FirigAT £ 2
BEETZOC L, Ty THAT) =CUPLY (D s STN(THETALE L)) /COS (THITA(SL)) ) * T¥ [HAT 5
GOFT-L 77,y L 0MZGA, Ty THAT) ZCAP LY (04,7 0FTHETA(EL) /EL# (14 /SINCTHETAC £ 3
170y ) ) #e2) AT¥EHAT 3
ROLTZOAER RS, T, THAT) SCHPLY (0 4y =GOS (THETA /SINCTHETAGELIND*T 3
SUAP AP (3D ) AM-BA [y D A56AR,V, VAAT) == XY HAT#CMP OMIGAR/Q) , ((OMEGA® < 3
197 64-0MTGAKFOMEGAS) JOMEGAY) /2, 0 =3
LT Ay MR RE y YHAT) =Sy HATECAPLX (ADR QUG ARY (24533 7) -3
,PLEPOE (P AMG R, DRE5AR, Qy v, VAAT) =ZBPRV RVHATHONPLY (10/ (2, 6),-0M~GA =3
T'\/x f‘s(:: 7£\ ;
GLOSAX? 01564 30,1, THAT)==CHPLX ((XP¥OMEGAR)/ (2, *0%C) 5 04) PI¥THAT =3
RN G35 RAESR, XPSBUESAR, 0, T, T4AT) SCHPLX ((XP/ (2.3 0) ), <ORESASXXP/ 06 4
A - =
GLESXPUOHEGA, DMTGAR, 0T, THAT) SCMPLX(OMEGAR/Q, ( (OMEGA*OMEZGA-DMEGAR® & 4
1NN GAF) /OM-GAY YR IXTAAT /2, S
5LEXP(OM GA 9N 5AR, Ty IAT)=CHPLX (Duy (OMEGA¥OMEGA-OMES ARFOMEGAR) /0N — 4
T*THAT/?, oy
(IM_GASXP,0MZ51R,1 ,THAT) SCMPLX (D4 ,=XP%OMEGAR/OMIGA) ¥ I* THAT A
(OMZGAS NI GAR 5 VitAT) ==CMPLX (D, (OMEGAFOME GA=IOMEGAR®OMESAR) /0 F 4
#yxyHat/e, R
(AP, NMZGA S AMEC AR vy VHAT) SUSVHAT*CMPLX (04 o BPFOMEGAR/OMEGA) ER
*

respect
G20VAR1
G21VAR1
G21VAR2
G22VAR1
G22VAR2
G22VAR3

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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as described in the APPENDIX B and [6].
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Define sen51t1V1ty expressions as function statements of all relevant parameters

For the example chosen the following sen-
sitivity expressions are defined where the name clearly states which code and with

to which variable parameter:

(OMEGA,VAR1,I or V, IHAT or VHAT) =
(OMEGA,VARI,VARZ,I or V, IHAT or VHAT) =
(OMEGA,VAR1,VAR2,I or V, IHAT or VHAT) =
(OMEGA, VAR1,VAR2,VAR3,I or V,
(OMEGA,VAR1,VAR2,VAR3,I or V, IHAT or VHAT)
(OMEGA,VAR1,VAR2,VAR3,I or V, IHAT or VHAT)
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GT6506) w0 TO ta9

u.l\ Nz=N1=-NC=2%ND2-1
Ll 30,) 6 TO 1

define
define
define
IHAT or VHAT)

define
define
define
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COHTTNY: = 2
JHTGA=OM- G R c 27
IF (IMIGNGGTa 10 oo ANDOMEGN s LZe 204) OMFGA=NOMEGN=-10, E a0
IF (IMF5GM.GT.20.) OMEGA=OMIGN=-2G, £ o1
IF (MexQa3) GO TN 24 £ 62
NFL0=1,2-7%NMI54 £ 93
KKS=0 S o=«
IF (XKGD,Z3.0) 69 Tn 3 £ 83
N0 R KKY=1,N = 53
MUz KKGD 41 T A7
VoL ¥=1,2=-47X (<KY) P23
X (V) =X (KKV) +N2L X < 89
COMTTINUL 7d
Kin bz Z 71
TF (OM-GM LI 20.) 6) TY & .
N4 SAT0MT GL=0 L) £ 73
CONTINU- £k
D) 62 KT, S7s
FER A
D7
voLin=eL T 78
INLN=1.3 79
00 72 L=14M = g?
M- t4 ] - 4 E
TJN:IC%""}M o 25539, 20 = 82
TDOTO (5954995959292 09204239206y 39439, 39,39, 399:9,3(3,39’3QK z 82
(K¥=NE =K £ 34
TE O (3(KKY¥)) 50 TO0 £ : A2
NN 7 z 85
INERSEN| T 87
A (K<) =X () 83
IERES! IF (NN.EQ.20) GO TO 2000 t 83
ST T8, 0y Lugilsl.y16) y NN Y
OALL Cﬂﬁﬂl (I0LD, JﬂL),A(KVK),OV GAyINE Wy UN= W) z ‘g%
Aatt capt? (IOLD,VOLD A (KKK yOMEGA,INL Wy YNEW) < 3:
LOOTH 12 : X
Catt €n9 3 (l()Lﬂ,‘l"L‘,A(KK‘(),UM;_‘-Q,I\LN,VN{N) o 95
JOLIZUNIW=YOLD I 96
50 TN 12 £ 37
SHLL GOt g (INLD, VAL 3 A (KKK) 3 OME A, THE by UNIW) 94
(AL INFW=100L) v . SR
Czo*******************************************************“«'********'&*****************;:
* GO TO 12 *
* 2000 CALL CODE20 (IOLD,VOLD,OMEGA,A(KKK), INEW,VNEW) *
% .Use either IOLD=INEW - IOLD or VOLD=VNEW-VOLD or neither whichever is applicable x
* for the sensitivity calculation ¥
***************************************************************************************
TE KXY ¢ AN OMIGN,GTW16.) GO 70 14 S 110
[F (4(VVf)) 6N TO 13 - 101
20 TN 13 £ 132
{F (4”.2‘.1 Ve Mle Yo ) H0JI) =GLIOMIGA,L,IOLN,I0LD) = 113
[F (NN.:° L 2008 NNWZ1e3) 5(JI=LC(04E6AVOLN V0L D) 2 104
TF (NNGZOL 000NN Y0 e) 20090 210D £ 105
TF ANNGo T 2002 NNG -, ) ADC I =voLD 1195
gzo****************************** ***************************************************:
* *
* IF (NN.EQ.20) G(JJ) = G20VAR1(OMEGA,VAR1,IOLD or VOLD,IOLD or VOLD) ¥
x IF (NN.EQ.20) AD(JJ) = IOLD or VOLD *
:************************************************************************************:
S A ) -
fﬁL&\lJU = CTOLN, VAL Y, 8 (KKK ), TN Wy YNE W) : 10
0 i s 1
SALL CONCE (INLY, VALY 3 A(KEK) g INZ y UNTH) g igg
LOLN=IN’ J-‘QLW RER!
THO(3(¥K2)) 50 T qa ERPE
S0 TA g z %%%
SO =100 I0L ) T oL
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23

23
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31
32

36

- 33

ADCJII)=IOLD z 115
KN=K+1 £ 110
s Tn 72 £ 117
T £ 113
JjoLn=y < 119
"N 22 I1=1,3 E 120
KLV =N =KV £ 121
iF (H(4X7y)y 50 To 21 £ 122
no 1IN 2?2 £ 123
JJ=N=J T o124
AIKKK)Y=X(J1)) T 42<
f=j+1 = 120
K=¥K+1 E 127
COMTIMNUE E 123
JK=ENg =K =2 - 123
AVENSER R ] £ 130
IH=N= =K S 131
T = NN = IF (NN.EQ.22) GO TO 2200 g 132
52 T (?~;25,?o,?7) NI = 133
Q%L%OCOU_ (IO, VLD A (JV) 9 A (JIK) 3 IMEG A, ACJH) 5 TNEW, UVNEW) £ %;&
S < = 35
PQL% ngid (I0LND, VLD, ACJUY) JALUK) yOMEGAZA(JH) g INZH, UNIHW) < %%;
5, 0 o f ~.

GALL ©0DnY (10LD, VOLGLACIVY 3 0UK) s OMEGA,A(JH) y INEW, UNEW) £ 138
VOLD=VNIW=-YOLN z 133

C22?***********************************************************************************

o~ *

x* *

x GO TO 28 o

¥ 2200 CALL CODE22 (IOLD,VOLD,OMEGA,A(JK),A(JV),A(TH) , INEW, VNEW) *

% Use either IOLD=INEW-IOLD or VOLD=VNEW-VOLD or neither, o

* whichever is applicable for the sensitivity calculation. :

***************************************************************************************
HO TN PR - 1ay
CALL LOD 14 (IﬁLd,VOLD ACIVI S ATIK) g IMEGA A (JH) y INE N, VNEW) - 141
POLD= -I0LD S o1a?
UGMTINUE 143
TE (MNGLT e T IR NN L2 ,10) NI=? c 144
CF (NN, cOe30RNN.-1.9) NI=3 S 145
N0 s IT1=1,73 £ 149
50 TN (26,59,31), II £ 147
{ViH= gy = 143
50Ty 2P £ 149
VAP Hz Y £ 1593
0 TO 32 Z 151
L= K £ 152
CONTINUZ £ 152
Md=N=- 00 £ 154
IF (3 (KVH) JAND G OMIGN, 6T 410,) G0 TA 37 £ 155
IF (Y (RKVyH))Y G0 T 23 = 155
50 TA Z4 £ 157
IF (Ve EY,0H) 50 Ty 3w £ 153
IE (KVH, 20, 4¥) 50 179 34 = 159
IF VY, Qe JX) GO T 37 T 153
T (NT 8, 7) G(NJ)=GLC3 PAOMIGA g AU IK) 3 £(JV) 3 IOLD, IILD) z 151
ir (NTL 26 3) GIND) = 2LCPG°(A(JH),04 GAay A(JV),A(JK),VOLD,V”LU) 152

gzz*********************************************************************************m*x**:

*

;IF (NN.EQ.22) G(NJ) = G22VAR3  (OMEGA,A(JK),A(JV),A(JH),IOLD or VOLD,IOLD or VOLD) *

B R R R R L L e Y T X Y]
S0 0 37 - 109
IE (MNLeg e 7) GINJ)=5L0SYICACIA) 5 ACIK) JV) 5, I0LD,I0LD) S 164
IFOANT20038) SUMI) =GLOPAY (A (JH) ,A(JV) JK) Vﬁ f Vﬂ L) T 165

CZZ*************************************************************************************:

* *
*IF (NN.EQ.22) G(NJ) = G22VAR2 (OMEGA,A(JK),A(JV),A(JH),IOLD or VOLD, IOLD or VOLD) *

LR R R R R S R R T X X XX

LT 37 T 155
TEONTL=0,7) GU(NJ)=5L030 Q<0>;= ACJH) 3 ACIKY 58 (V) 3 IOLN, INLD) £ 167
P CILiEnls) B 230E03(a i ) 523 A CIK) 5 £ COV) 4 YOLD,VOLD) = 193
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39

40

41
42

5b

34

C22*************************************************************************************
*

LR X £ % ]

***************************************************************************************

‘x

Qe
l s

mm

|
i
e

%% % % O

JOTT=J0L0+1

IF (NN,EQ.22) G(NJ)

R

CONTINUE

KN=K+3

g0_10" 72

6L 5=

N0 47 II=1,2

KKK=NE =KK R

IF (B(KKK)) GO TO 40

GO TO 41

JJ=N=J

A CRKKY =X (Jd)

SRR

KK=KK+1

CONTINUE

JVENE-K=1

ﬁIzNﬂ_lﬁ —— IF (NN.EQ.21) GO TO 2100

0—30 (53 ““,“9,‘#6 D‘* 3G, 60 )1,02) NI

PSL%chgﬁii (100D, vOLA, ATIV] 0% ZGASA(IHY ) INEW, YNSH,PIE)

3 A

CALL C0Dz12 (INLD,VALDs ACJIV) 5 OMEGA, ACJIH) 5y INEW, VNIW,PIE)

¢

CALL COD=13 (IOLD,VOLDsA(JV) ,OMEGA,A(JH) y INEW,VNEH,,PIE)
l+

CALL CODE14 (TOLD,VOLD,A(JV),OMEGAyA(JH) g INEWy VNN, PTE)

20 T0 47 )

TOLD=INEW=TOLD

NJ=N-JOLD i

IF (NM.EOe11e0RNNoEQ.14) NI=11

IF (NMeEA o172 0RoNNsENLL13) NI=12

IF (3(JH)) GO TO 49

50 70 B1 |

TF (AMEGN.GT.10.) 60 T 50

TE (NT.ETe11) GINJY=GSSTZO(A(JV) ,I0LD, IOLD)

IF (NI.£0:12) G(NJ)=GOCT70(OMEGA,A (JV] 5 I0LD, TOLD)

SONTINUE

JOLN=JOLD+1

A0 (MJ)Y=I0LN

MJ=N=JOLD

IF (3(JV)) GO TO 57

Z0 To &8

TF (OMIGNeHTe10e) 6D T0 53 :

IF (NI.20911) CUINJI=GSCTEL(OMEGA,A (JV) yA(JH) » IOLD, IOLD)

IF (NTochei?) G(NJI=0OCTEL (ACIH) JACIV) JOMEGA, IOLDYTOLD)

CONTTNUE

AD(NJ) =IOLN

Gh TH 58 _

CALL CODZ13 (IOLDyVOLD,A(JV) 3IHEGA,A(JIH) 3 INEHy UNEW,PIE)

NJ=N=J0oLn

IF (3(J79)) GO TO 55

G0 T9 Eo

A0 (NJ) ZVOLD

ADJJINI) = UNEW

SN ZGLLTZOCUNE W, VALN, INSW,TILD, A (JH) )

JOLA=JOLN+1

NJ=N=J0L N

IE (R (JV)) 6O TO 57

= G22VAR1 (OMEGA,A(JK),A(JV),A(JH),IOLD or VOLD,IOLD or VOLD).

= IOLD or VOLD whichever is used in sensitivity expression

*
*
*
*
*
*

mrv,

1
1

INOY

3
]

22*****************************************’**************************'******************
*

IF (NN,EQ,22) AD(NJ)

**********************************************************.*****************************

*
*
*
*
%
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GO TO £43

AD (NI =VOLD)

GO ZGLLTILONMEGA LA (V)  VNEW, VNLD, ITNE Wy TOLD)

A JI(MNTI) =AW

KNZV+2

50 T0 72

CALL €OD=15 (IDLD,VILE,ACIV),0MZ5A A (JH) , INEW, VW)
§Aqurﬁ§:17 (TOLD,VOLO, ACIV), OMEGA, A (JH) g INEW, UNEW)
5007 o

CALL CODZ13 (1ALN,YOLN, A(JIV) yOMEGA,A(JIH)  INZW,VNEW)
YOLA=VNEU=Y0L D |

L0 11 &3

CALL CODS13 (TOLD, YILTyACIV) ) OMEGA A (JH) , INEA, VNIHW)
OLN=INEW=IOLN

C21************** A T R R R R R L]

* % ok *

. GO TO 63

*¥2100 CALL CODE21 (IOLD,VOLD,OMEGA,A(JV),A(JH),INEW,VNEW)
*Use either IOLD=INEW-IOLD or VOLD=VNEW-VOLD or neither,
*whichever is applicable for the sensitivity calculation

(53]
v

IR R ta SR RS TR RTR A N as TR e R TRV RSTRITAR
NIMNININI NI TINON "IN O NN
EFEFEANNNNANANNNANNTY
AN DWW XTI E NN O

% o % 3 3k ok o o o ok 3 3%

***************************************************************************************

CONTIM

ifF (NN.Eﬂ.ib O e NNsED,19) MIzd

IF (NN, del17.0KaNNeENG18) iI=1 7

N0 71 II=1,2

L0 79 ((7"*,6‘5), II

YYH=JH

GO 70 c&

KyH= gV

CONTINUZ

NJ=M=-J0LD

IF (R(KVH) JANDGOMIGN,GT L 10.) GO TO 7¢

IF (3(KVH)) 50 70 €7

50 12 71

IF (KVH.ZQ JH) 50 T9Q A4

IF (KVH, Qe JV) GN TN £

IF (NI.cQel€) G(NJI=GEX2(0OMIGA ()\ s INL3,I0LD)
TEO(NTLENL1T7) GINJIEGET 3P (AIMIGA, A( Y VO DyvoLd)

(;21************************************************************************************
*

*IF (NN.EQ.21) G(NJ) = G21VAR2 (OMEGA,A(JV),A(JH),IOLD or VOLD,

************************************************************************************

LY Ty Ta

IF (NIWZ2eti) S(NJ) =
IF (NI.27,17) G(N])=
QZI********************

EIF (NN.EQ.21) GMNJ) = GZ21VAR1 (OMEGA,A(JV),A(JH),IOLD or VOLD,

khkdhkkhkhhnhdhhhhhkkhhdhhbhhhhhhdhhhh kb hhhhhhh kb d b dh b bk hk Ak h Ak khkhhkhhhhkdkhhkhhhhdhhhr khd

o) AD(NJ)=TOL)
Yy OADIN ) =YNLD

IOLD or VOLD)

QE’OQ()W HAGZACIA) 3 A(JV) ,I0LD,I0LY)
Gep Q(\(JH),O4_JA ACJV),VOLD,VOLD)
* %

******************xwxwxwxxwxwxxwx*************************

IOLD or VOLD)

Czl************************ khkkickkhkhhhhhhdhhhhhhdhhhhhkdhkhdhhhhdhhdhhhohhhhhhkhhhrd

*
¥IF (NN.EQ.21) AD(NJ) = IOLD or VOLD whichever is used in sensitivity expression

*
LR R X R R R R S Y 2 A R R R R

\J
£
&

NN NN NINININI NN NN NN NN
RARVIACIANIINANN TRV RN TIN2 RN FENY I ol o ot nl o
DOWENPOUFE NNV OWX NS

MR A TR TR AR R TR TR AR TR TS TR A T I IR R AT

*
*
*
*
% k%
= ?61
E 252
263
* %
*
*
*
%
*
5 28y
E 285
* %k Kk k%
*
*
*
*
*
*
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94

{97
38

39

110¢
101
107

-
<3

CZO********************************************************************************:
* *
¥ GO TO 94 *
*931 CALL CODE20 (IOLD,VOLD,OMEGA,A(K),INEW,VNEW) x
o Use either IOLD=INEW- IOLD or VOLD=VNEW-VOLD or neither, whichever is appli- *
x cable *
:***********************************************************************************:
IF (3(K)) 50 TO 35 L sug
50 TH 38 A S 745
iF (MN Zle1 oD NNG ZQ. 5) u(J)zk_(OM:GA,AL (J), I0LD) 20345
IF VN.;Q.; NR.NN, 5N %) G(II=CJIOMIGA, ANCY) VOtD) 5347
IF (NMNGENT 0P NNeZQeh), 50 JI=TIL0D* DY) £ 348

37

CZO**********************************************************************************
*

*
* IF (NN.EQ.20) G(J) = G20VAR1 (OMEGA,VAR1,AD(J),IOLD or VOLD) :
¥ IF (NN,EQ.20) GO TO 97 %
ke ek e o ok vk ok ok ok ke ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok e o o e ok o ok ke e e e e o e ok ook ok ok ok ok ok o ok ok Sk etk e ko o ok o ok ok o ok o e o e ok ok ok e e e ok ok ok ok
SO TN (Q04974 3447, ?o,»ﬁ’), NN £ 243
SN =-6(J9 e 23
j= 141 £ 351
Kz{+1 z 152
50 TN 148 £ 353
JK= K E 354
JV=K+1 £ 3585
JH=zK+? £ 356
NIT=NMN=-5 E 357
sz********************************************************************************:
* *

* IF (NN,EQ,22) GO TO 1040 ) ol
:**********************************************************************************:
GO TN (104,101,177 2,1073) I £ 358
ﬂﬂt% f??L? (IqLO VQL) L(JV‘,J('K),OW GAyATJH) 9y INEHW, UNE W) E 259
GO IR IY* £ 360
f:ALlT__ C?g:& (INLNDZVOLD 92 (JV) 3ACIK) s GAyA(IH) g INZW, YNEW) é 351
O TO 104 36?2
OALL cnggg IOLD,VOLD A CUV) g ACK) 9 DUEG Ay ALUH) » INSW, UNEW) Z 363
VOL = UN VQL\ £ 35«
50 TN 10% E 755
CALL CND-119 (IQLD,VOLQ,A(J¥),A{)K),UMLGA,A(JH),INEW,VNEW) r 355
IOLT=IMzW=-I0LD £ 367
IF (NNoED W7 eNMR«NNsFQe 1) NI1=7 £ 368
IF (NN.zQ e84 DRNNGZT4G8) NI=3 £ 3679

GO to 1050

$RRBENE O

¥1050 CONTINUE

khanwanhkhhkhkhdhhkdhkdhhhhhhkhhhkkdhhhhkhhkhhhhkhhhhhhhhhkhhhrhdhbhdhrhhhhrrrrkhhhhrrhhhbrhhhdbrx

noo11e I11=1,3

LD TY (185, 1F?),1‘37)y I
KA K

GO T 1045

KV A= 1Y

SN TN 108

KA = Ik

TF (s (xvy+))y GO To 109

o T A1

TF (’V*.EQ.JK) GO 70 1110
TF (¥vsig il JV) GO T2 111
LF («V“.LU.J“) GO 19 112
TF (NIeINe7) S(J)Y=5L0SOR0
TF (MI.:Q.S) S{N=GLCPAR(A

R

R >

- w

e

R~

[ AR R
'R

po T

- -

s =
o~

[ .
AR

- @

P

Con G

L

- o

- e

P =
.~

[N
~
- e

<+

1040 CALL CODE22 (IOLD,VOLD,OMEGA,A(JK),A(JV),A(JH),INEW,VNEW)
Use either IOLD=INEW-IOLD or VOLD=VNEW-VOLD or neither, whichever applicable

20

- ]

et et

PO NI R Ty e en

22***************************1‘ khkhkkdhhhkhkhhhhhhhhhhkhkhkhhhhkkhkhdhhhkhkhhhhhkkkhkdhhhkhhhkhhkkhhxk
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111

112

b b b s
[l el et
JE

[o 20

118
119

1238
121
122

122
12+
12%
120

38

sz********************************************************************************

*
* IF (NN,EQ.22) B(J) = G22VAR3 (OMEGA,A(JK),A(JV),A(JH),AD(J),IOLD or VOLD)
:**********************************************************************************

6o Tn 113 JH) s A CJK) y A (JV) yAD(J) , IOLD)
CENLTY G(J)= ( ‘
IF MIER D) 2(0yg (JH (JV):A(JK)aﬂD(J);VOLD’

sz********************************************************************************

*
* IF (NN,EQ.22) G(J) = G22VAR2 (OMEGA,A(JK),A(fV),A(JH),AD(J),IOLD or VOLD)
:**********************************************************************************

GO TO 113
IF (INILEQe7) 6 0L0)
TF (NI Ze8) 6 D(J),vOoLD)

C22E******************************************************************************

* IF (NN.EQ,22) G(J) = G22VARl (OMEGA, A(JX),A(JV),A(JH),AD(),IOLD or VOLD)
* IF (NN,EQ,22) GO TO 115
*
*

EXEE XS vmi * ko **

TN

*

********************************************************************************
GO TN (114,115,114,115), NII
500 ==60))

J= )+
CONTINUE
M=K+3

50 7O 148
JV=
JH=K+1

C21******************************************************************************

IF (NN.EQ.21) GO TO 1270

* %ok
ok ko ok (TUTIITITYCTUOTICTLITY oh ok o ok o ok o6 o

Foakkdhhdhhhhhdhhhdhhdhdhhhhhhhdkhkhkhhhkkkk kA krhhh kv dkhhkdkkhhhhhhhkkkhhhhhkhhkkhkhhhhrrd
-+

NLII=NN=-10 '
G0 TN (11841194120412151234124+125,1264127)y NII

CALL CON 11 (INLD,VOLDyA(JIV)yOMEGA,ZALIH) o INEW,y UNZH, PIE)
GO TN 12?
CALL C0ODZ12 (INLD,VOLD,A(JV),0OMEGA, A(JH),IN“N,VN:W,PIE)
IOLN=TINZ W= TQL
GN TO 122
CAL% Fﬁggl? (IQLD,VHLH,A(JV),OMtGA,A(JH),IN;N,VN:N,PIE)
GO TO 1
CALL C0D-15 (IOLD,VALD,A(JV),OMEGASACJH) y INEWy VNLHW,PIE)
IOCO=INEW=TINLD
IF (NN.tg.ll.ﬂN.NN.:Q.lk) NT=11
12
Q

mm

{g §gNi; ¢NReNNsZNe13) NI=12

{gL%nC?? 15 (IOLD,VOLN; A(JV), OMEGAJAC JH) s INEW)UNEW,PIE)
cALL CN%E 1o (IOLDyVOLD,A(SV) yOMEGAZACIH) g INEWy VNCW)
§§L§2C§§§17 (IOLDZVOLNGZACIV)IyDOMZGAZACIH) s INEW,VNZW)
CALL CODr1s (TOLDyYOLD, A(JV) ,OMEGA,A(JH) 3 INEW, VNCW)
VOLO=VNEW=YOLD

O O 12
; r (INLD,Y¥OLD, ACJIV) yOMEGA,A(JH) g INZW, VNZW)
)

TN T TG MM E e T i

L RE
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-

NN
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C21********************************************************************************

e
P ol ol o <SR S N R aF 2 O 2P > S‘!

FEEF e PR

*
*
* %*
* GP TO 128 :
$1270 CALL CODE21 (IOLD,VOLD,OMEGA,A(JV),A(JH),INEW,VNEW) *
¥ Use either IOLD=INEW-IOLD or VOLD=VNEW-VOLD or neither, whichever is applicable ¥
************************************************************************************
24 IF (NNuFGelbe0<eNN,EN,19) NIz16 - — = -
IF (NNecQel17,0RNN.EN,18) NI=17 £
23 N0 136 TI=1,2 £
GO0 TO (130,131), II <
32 KYH= )y 2
60 T0 132 £
31 KV H=JH £
302 IF (B(KVH)) GO TO 133 E
GO T0 133 £
33 IF (KVH,2Q,JV) GO TO 134 =
IF (KVH.,EN.JH) GO To 135 £
3. IF (NI.ENe11) G(J)=GSCTEL(OMIGA,A(JV) s A{JH) 3AD (), I0LD) £
IF (NT.eNe12) 5(J)=GOCTEL(A(IH) yA(JV) , OMEGA,AD(J) 4 IOLD) ) <
IF (NN.cQe15) G(J)=-GLLTEL(OMEGA,A(JV;,ADJJ(J),AD(J),IOLD,IN&N) £
IF (NI.£Q416) G(J)=GESOR(OMEGA,A(JHI A (JV) 4, AD(J) ,I0LD) E
IFf (NI<EN17) G(J)=GFPOR(A(JH) 4 OMEGA,A (JV) , AD(J),VOLD) £
C21*******************************************************************************:
* *
* *
¥+ IF (NN,EQ.21) G(J) = G21VARL (OMEGA,A(JV),A(JH),AD(J),IOLD or VOLD) *
* IF (NN,EQ.21) GO TO 138 :
*
:**********************************************************************************
o G TN 135 ' o ) €
135 IF (NI.eG411) G(JI)=GSUTZO(ACIV) yAD (J), IOLD) £
IF INILE7412) G(J)=GA0TZO(OM GA,A(JV), AD(J),TOLD) £
I (NhNecdel5) G(J)==5LLTZI(ATII(I) yADTS) ,TOLD, INEW, ACJH)) £
IF (NI.£Qe18) G(J)=GESXPIIMEGA,A(JV) ,AD() , INLD) £
IF (NI 29417) G(J)=GEP3P(IMEGA,A(JV)3AD(J) 4 VOLD) E
GZI******************************************************************************:
* *
3 IF (NN.EQ.21) G(U) = G2lvAR2 (OMEGA,A(JV), A(JH),AD(J),IOLD or VOLD) *
* IF (NN,EQ.21) GO TO 137 *
. :********************************************************************************:
136 G TO (137,133,137,136,138,1°7,133,137,138), NIT g
137 6y ==6()) PEEES 7Eeh ’ £
138 ERIT £
134 CONTINUE £
K=K+? £
140 IOLD=TNEW £
VNLD=VYNEW £
161 CONTINUE £
PITL=VUNE N+ INSY¥RL £
CONSTN=20 ¢ /ALOG(L0,.) £
IF (MET) 142,1GbL,1L2 E
142 00 143 L=1,N 5
GRADIL)==-RIAL(G(L)/PSTL)*CONSTN £
143 CONTINUE £
L4y IF _(NC.GTWa0e0RNDGTL0) GO TN 145 =
BETURN £
145 IF (¥VyP,5Q,0) RETURN g
NNMENE =
D0 1ut L=NNNyN1L £
) GAD (L) =0, =
146 CONTTNUS 3
Re THEN £
147 INT=TIFIX(NM:GN=30,) F
APR=X (INT) c
N0 1648 {=1,N1 E
GRADI(L)=0, 5
1445 CONTINUEC c
GRAD(INT) =140 £
RETUSN £
149 WEITS (R,1537) £
CELL £XIT z
c £
c E
150 1£Q?Mggmé///§é§xi62?¥gM3§&X0F VA§IA8Li PARAMETERS N EXCEEDS 57, PLE £
SE CHANGE = LENGTHS, /5Xy5.4H0F ARRAYS AD(N), ADJJ(N) AND G(N) I
2 SUSROUTINZ APPROX.) ’ NE

|

NN NN N N NN NI NN N N T
BNOVIE WP ODONOUTE

[ ¥ ol o o 3

FEFEEW
& WiV oW

VIVTIVIVINIE &8 5 8
Wi NN OO~V

[OAXeRRVEAN AN 2 INN ]
NP QWP N O

EOR IR S O SR SR -l ol ol ol ol o o o P U o o
O NNNNNNNNNNOGT O OO

DO NOWIE NV CGWOBNO UL W

f ol ot ol o o



Q. No.

10,
11,
1z,
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APPENDIX D
QUESTIONS REQUIRING NUMERICAL DATA IN THE INTERACTIVE CANOP2

Specify the number of elements in the circuit not including C- and D-sections.
Set to 0 if you do not want any.
Supply a sequence of MM code numbers of elements to be connected sequentially
from source to load. (See table for elements and code numbers.)
Specify values of NE parameters in the circuit including starting values for
variables. (Follow the supplied sequence of the code numbers of elements.)
(See table for the sequence of parameters.)
Indicate which of the NE parameters are fixed or variable.
Set to 0 if fixed and a positive integer if variable such that the integer
indicates whether the variable is new or repeated.
Specify the number of C-sections,
Set to 0 if you do not want any.
Specify the number of D-sections.
Set to 0 if you do not want any.
Indicate whether C- and D-section parameters are all fixed or variable.
Set to 0 if fixed and 1 if variable.
Specify NC values of the parameters of the C- and 2*ND values of the D-sections
and a d level,
Specify the load resistance.
Specify the number of frequency bands or intervals.
Specify the number of other frequency points and constraints.
For each interval supply the following information:
1. lower frequency bound (band edge),
upper frequency bound (band edge),
number of subintervals (equals sample points minus one),
performance specification,

. weighting factor (positive). Set to 1 if unsure,

[© AN T L B Y B V)

type of specification:
set to 1 for upper,
set to -1 for lower,

set to 0 for single,



13,

14.

15,

l6.

17.

18,

19.

20,

21,

22,

41

7. approximating function
set to 1 for reflection coefficient,
set to 2 for insertion loss (dB),
set to 3 for group delay (nsec).
For each frequency point and constraint supply the following information:
1. frequency,
2. performance specification or constraint,
3. weighting factor (positive). Set to 1 if unsure,
4. type of specification or constraint:
set to 1 for upper,
set to -1 for lower,
set to 0 for single,
5. approximating function:
set to 1 for reflection coefficient,
set to 2 for insertion loss (dB)
set to 3 for group delay (nsec),
set to 0 for parameter constraint,
Specify the center frequency (for normalization),
Specify the cut-off frequency for C- and D-section.
Set to 1 if you want optimization.
Set to 0 if optimization is not to be used.
Specify K small quantities for testing convergence in the Fletcher method.
(e.g., 1.E-4),
Specify the maximum number of iterations.
(e.g., 100),
Specify the number of iterations after which you want an intermediate output
to be printed out.
Set to 0 if no intermediate output is desired.
Supply a realistic under-estimate (lower bound) of the value of the objective
function,
Specify the difference in objective function in successive optimizations.
Set ‘to 0 if not sure,
Specify a small quantity by which specification would be shifted artificially,

Set to 0 if not sure.
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23, Specify the number of complete optimizations.
24. Supply values of p (positive integer, greater than one) to be used successively
for each complete optimization.
If the default feature for the optimization is required, questions 17 to 24

do not appear and the following default parameters would be considered:

Q. No. Default parameters

17 1.E-4  for all required values
18 100

19 0

20 -0.1

21 0.

22 0.

23 1

24 2

These parameters may be changed, after default parameters have been chosen, by

entering the question number and the new parameter value,
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STANDARD MAIN PROGRAM AND INTERACTIVE VERSION
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PROGRAM TST (TNPUTsOUTPUT s TAPFS=TINPUTsTAPF6=QUTPUT

NITMENGSTON AT (14)eA2(14) A2 (1) AL(3Y AR (R ) e AA(Rs?)
1 AQ(28) gATC(28) g ATT(PE) AT (28) g A13(T7) 4ATL(T) 4 ATS(

2 ATT(175)sATR(49) s TAT(21)YsTAD(3)sIA3(14)

CALL CANOP2 (A1 sA23sA3 AL sABsNEsATsABSACOAIN,ATTAL12 SAT3,A14,
1A15sA16 A1 TsA1BsT1ATsTA2,1A3)

CALL EXIT

END

)
AT(28)
7Y M

s NA(DR),
E(7)
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APPENDIX G

ROUTINES COMMON TO BOTH THE
INTERACTIVE AND BATCH VERSIONS

64



65

]
HANMINOMNDTOEHAIMINONDTCHAUMINONOI OIS
et A A SN NN NN NN M M M Y

FUNCTIO
CyM
(25
S(1
CsAA,3,A8)

Ty1

LOULATES

iR
oN
M1
IR

G
i1

uU. I
L £
b
’ X
7
ZyN1yA,APP,GRADYIC,AA,ByAB)

(ZyNTOT,ATOT ,APP,GRAD
y &0 t0’7 T

S
0
K/
L/
1)
i,

3
1
T
0

ZZ O~ o Q~Z ©OH CZ¥
O ql-A v aX =¥H X oZ |} o~
— o =NO Z~~ OC « T
=Y CHZaAZ ¢ eI Xl a0 |
Q. NNO AR O IJA o il ATl ~ i~ <
pads 8 HeQWANIIHATDOAEY « 1 CQ DY DiH-
e TZVOQYAa YUVYIZIUNCYOARINZOINZNZ
LD CCZHmH O 3 5 1 ] =0 XYY

TIw ~w~d3ulk e oainead-Ch-~C2CD

3,9,8 !
PP=FUNCS(IINT))*W(IINT)=PSI*XX(3,IINT)

(APP=FUNCS(IINT) ) *W(IINT)

ON ZRrOX Ly IINTZFUNCS, W, A,N1,GRAD)APP,PSI XX ,IPOINT,TC,AA,8
SuMAa

ZXY o - oczZzJ X ¥ZCQZ O u-C

COHALULCEOCZ—-CaIu CDCU DG Cleu i 12

OCUC ¥ HHCUOQRTCCHONSHOOOCHLIIY Wil 1)
-t

FUNUTI

1,A7)

o0 ey ™M K n O O

FHAUMINONDOITPDANM FINOMNTCTORANMIN CNCTOHAM ITVNON OO MM TN ONOT O

A AT H SN NUNRNNM MM MMM T 2 T T T TS T

VCOCOLLOLLLLOVLLOVLLOLLLLLLOLOLOOVVLLLOCLCLCOOOVVONCIHICOLLOVOVLL

RRORy EHELP,AP,GGR

N1, A5 08J,6,GRAD; NUMB,y XXy XyX1,y2

(

03JEGT
L1AGyFUN HyICyAh, 3y48)

SULROUTIN.

QOO0

)
A

+

THE V

WereTe

COMPUTES THe
G NS

LN -
-t m
i~ <<
~ M -
o m
O « -
o~ <t
oL <t
Wi~ -~
<< [&]
o<t —
- -~
- ol
~ o~ -4
R ahal —
b St c
[&) a
oy —
~ -
-~ >
~~ >
> -
~ e
«X Ll
-~ > o
i o~ -~ -
o O QO
M- X 0
gt ~ g g
xZ I -~ -
XIT Lo (=2
w ~N— < L
-~ X oot
—_ o 0 (o]
v~ ¥Z - (&)
~ m
o- OozZZ -
Tt Z ewn Ne]
p ~Z < ]
Z e On~ J
~ ZXX =) -
et CES SN R -
—~— 22 - -
=0 XD - - ~
<L - ol w M~ ~
QI i e ° Y Y >
IO ZWN- o n o~ (G4 >
NY e 7 —~ oD —~%
2 P o O ¥ ~N —~
~ IO - =~ - O~ Y
o~ o = ~ - a0 ~
~ NawN o C % i Yo x K
L abnd Sl = 0 o ] + 7z ~O
~0  ONX z A~ —HE ZTO0 Xz
qT Ai-C o~ ~YNMYY T~ alits XY o
FR 4 T Al e A+ RIS RS
Z =~ Ty - o o~ = s —rmm I I XA [N i}
O~ NN\nl vt T D TP ANY A AN AF NI e~
ied 1 EY=N1l i~ "IN I YZVIXYOT nnToY Y
N~ Z~ OIY TN e 4 MO N M PO MY NN T Ty
Za-HOONA A WL ™ T~ I O~ NHZ OO
Wl FFT < NAC A~ COX~Y DN+~ TY 1 I YMeIO U = C _J &
TWE T T XZOCSh N = naz X ~0Q ¥
FIZAaCCux il a CeCZa i gl Crile Jn Gl CUAQ N0
Tl COMTOCEMOOCHIAY N Y & Y 1Y TN YCUC Y YO Suia G

oy



66

U

UM FNONOTNOAMUMINONDOOHMUM FVONDOO M TR ONTNOAM FINON T ANM TN O

NN NNCO OO OO OB OO ONNMNAENNNANANNDODCTCOVLCLTCOOTNROCROC TO mocmnow
e HAoedvded o

LOOLOCLLLOCLOLOBLCOVLCOVLOOLOLLLCOCLOVOVVLLOLOLLVOLZLZOOOVO

-
4
(S}
4
-
(o)
P-4
o4
g ~ 2
< -~ +
n ¥ -~
- ~ K2 -
h4 o - -~ zz
~ ~ - b4 X
-~ QO 93] 3 [0} e~
T T el Y ~
- e - - ~ > =< -~
< - - =~ (1 ~ fen “Tm PO o<
- o >x Rahal ~ -~ < b =S —T
= e g A - - R e 4 ait - e+ 0]
< ) -~ - z Mo~ O+ Zio NQA g M TLL~ o' % -~
x Z - 4 O~ — e~ X~z ~ —~ll) o~ QO =M
@ e -~ A o~ Z Hd e xXazZz+ Z-Oo C +idZ ~Z~
T LR R A= JE S [ PN ~% 4 Q<+ ity &I D
-  aAr HA M H e~ 1T YR a0 o * Ci
[ ST ([ X1] A T AAn I Y Z 04 41O I I ITIN T4 A Dk A
YT T A XM ZT N TN T WESYYZHNZD2DH Taxe D
¢~ T o CT H~—X>—D =0 2 DHOW Y~ACITZINTY Tz
b«.u]._lNT.I: URR LIOA O EN AU AL~ I YINCVY Y N YO~ A Y i o TOT I Y
N T b s b e 3P e b FIEDHY e ZC U AT = A HOC L T2 b (1 ok
He Z CoZTC OZ neo Z2Z Y Z~= XY Z LKNH\LLJAJN ANMZIZT N T Y IO
TUCLLCCICEICLLCA K NCHIOIHILUWL w2 LOCCCULUWC U LTUrLECuL~CCCOn + - CwCuz
YOO = COUD SCHNHCHYZOH O HHTX Y Y Y O SN YOO T T Y DO Y o0 a COCthCru
L= Y Lap 2 § uwy N poal
o ~< Do e e ~ e abal -

HOAUIM TN ONTCOOHNM IINUNDOCHNMINONC DO HAM FNNCN
HArr A A A HNA N AL LM Y Y M

cooconoacoonocoOocoOoCcoCcCcacormocococooocooa

A
¥ a<
O xXg
-

b= -~
o o~
DY v
iy o
= M-
aZ X
[ dan kel
Z aX a
O -
KT ol
Q rm
HDO—Z
. m
ZaTlw
[T o
> oD &
IOZ
T

GO T0 2o

H sO~ZCrmr
P> Y - DN

2>
A
1
A
(NyXyF 3Gy GRAD, HUMBy XX 3 XPyX1,y ERRORYyEAELP APy GGRAD, FUNy W

Z8T)

H(IJ)=1.0
N 4

0
P
¢
3
v
/

48)

y
v
0
L
N
cT
¢

ZXZ N 2O
HXO v~ NO
= s~ u 4 B okl HeITTon
DOV~ TLZUN OL ovd vt +CZ 10 o4 0 ord + 3ed ™+ 7™
CTZxZ oo ML D HZZ o —_—~— b | T

3
.

EJ
et
N
+1
orv
1

1
=1
de
¢
1
TRY

LD et =

= NuZ
.i,l.vlnzlu\J~

TN e R (ST

p =Nl HY G JO~U A i I 11.!(.. >

MCZF o DI ) I T2 X0 i :

D NA~aACTacCa woilui—i—~. D L DCC

CC e JOC Y Tv.a et {7 e e e ey
R 2\

|))



67

TOOANMIINCNOODHNUMIINONC RS m
MMITTITITITTIOODDLNIDDNNNWLCLO

~ o~
z
PSS
-
[
- - —~
- o~ Z
~ -~ =
~ o~ -
L ]
-~ ~ —
[ -~
. & o
- o — -1 -~
] — -~ -
%] X X O
— c ~ o~ -
< — -~ a
w - ~ - ")
- (=) W = —
" [} - ~ X w
> W~ i
-4 (&P X I - ~N
o - — -~
&) . — - W ~ o~
oo o« o oo N T
—~ -z o v n U —
- - z z = o
- C~ o L ow ow - Z=
~ (625 —-xZ Z Z O~ 2
n = i &« 0N O e
c ~AHa~ O Z Z o oo
w DAL CZ- - - O F4G]
—~ . N o 4= e b o N
= - i o e
~ O o~ [EV PN e R~ ~ o~ O O Zu
*> o M e ZC o A~F M N0 . ° !
+ ~N— =M e M M M R O
-~ NHWY ZHCH-C ae & & oA O a0
T WAL HeQ N0 D . @)
HADWOHNXD YD S o~ TN T
~ETTICZ VO NHC I —w
TTAXCE I ST (= DUCIC U0 e

I i~ It
MIUZ Xz
1 OCU ~ 2

e LR R ol o el e e e R S R
) 4 -
by, CaClLOvwu suw i i)

Qr)fh_f890123“567890123:45678901?3“5..07890 AN FINON OO HNM “_56789012704:)67890123“5.,07890
66,0066777777777788888885&50}99990)9Q.QQ.0 U00000000111111111.17L?.20&7..74,2229‘,7\..3337&.~J3333“
N 11111111111111111111111110&111111111111111

UDDDODDDDDDDDDDDODDDDDDD,JDDDDDDODDDDD UDODDDDODDDOD«UODWODDDDDDDD“DDDDDDDDDDDP)D

-
=z
po}
[T
-
(=]
<
o
W
(G]
-
a
<<
LS
[-%
-4
W
x
uJ
-
x
o
24
4
T
-
-t
>
-
a ~
> o
IS
> C
> - o -
-~ ) <
o n o - °
= - D o~ w - o
e N * * _
= T - 3 > -
- - Z N~ o o-1 ~
o r = O 1 wes x
<< o O — a% a [m] *
¥ 0 D W0 4 e mn v ne - v
CoN o — ] - [ad O~ — ] z
-~ - - ~ Z N+ %] o~ =) ~ - <%
r o <+ X b= NX C — TO py rl =
~ o > O HXX>X0O - —~ (=] - LIG] [ + -
~N o (&) [=) (&7 (4= =TUR > o [ (] - P HTINY)
*~ w C ~t LI T W e N (3 o —~ ~ [ —_ — = Co
—~r ~ & -~ -~ - Z+¥O~o (&) (€] o ] el — —~C + — Y
4+ X =z ~T O <IX% NI + % [ + -+ ~ [T a4 ~ —~
= + X "~ L O [=] PON AN X —~ wy [ (&) T I O o > H -~
i HKC Zmb- > -~ o oA NN [ ) . . c fan ] o * [l R ] o %+ i e
~N O ~an <X ~ X e WX b~ o g [Ca) - L] ~N "3 ~- T w e d Nead
— <Tly = Hw O e+ DXl . . — ~ + = e\ T o + g
-~ Z~X b el ¢ Z~T 58 teaiD4 oZT z Ll a - =z ~ T ZzX (S ] gl g 3 (o] ZNOoZ ~ ‘e
~N L+ O o+ O «T+ 1 a1 XD e - &l SETR S Ra S 3 - [ 2D T 43 T . ob-
e Nl il =01 W HIIX X oo ol 27 sedom o~ . e o ™ 4 T W eTed )l X At i -z
[l LR S TP A = g )~ 4 ° H~DitTh= X I il b= HIUN N> - (N ot [ T I IV TR SRS TR LITX DN~ OO S 4D —4 —iid
XA DTI T SHHA DA O IOU ~C A~ D D00 4 oo HW DHZDIDANT D SIS~ XN I Zan Xy
oND  +XIZC AT $OTD e A~ — e 7 IzZoea N oay F oo w4 T UNTCO+ 2O O~ U= it
X0 ey CF:TI:?:.IJ:I:FTrnﬁ.R-7.14:10 O W HCLeON .Hr.._gHJIlHJIPW:IDDQ.{uXI:Ff.«,IISJ\/TOTII

SO M A A S U e 5 3K A (D S b D e b 0C e im0 i~ e b — DO CHEANTAT - O b O e e 8 O T e 3
biX HHZ o ZX C HTZ3O X Mg et HZ L iz X L T 3Ol H NHZ NPpZI-Z - o

UbECO--CT-LbL LA C~C Owle ui LG~ OCHC - CU T HI-CLCQ U DWHO §=CC ) TR DOL U S -CIEET O 1O i e

SIS STYEY ....TCTIﬂN.hNGN.LIIT:/.INIo....hnuHXCCHIVIIGWHF.«.uﬁ;lIT.?.W?Iﬂ.XCGFn,...'CT.G7..\,.|...T«\\...7_LT_T:U7TCOZI:D%CIIVM,HCS.\HT,.UW/,DIHTGIT,T.
-~

o ~t o ~m | NTY W N~ oo el o hel ¥ LY (Eal oS

wn Vel & N OV -4 «~l =) - -t -i - — 0\ oy ~N o, o N [y WV}



38
32

OO

XIT

50T (24,29,30,23,31), Ic

METTE (5, 56) Iokit’ 7

50 T9 32

WiITS (2,37) LEXIT

50°TH 32

WEITZ (6,38) TeXiT

G0 TH 32

WoITZ (ny39) I£XIT

CONT INUE

B TURN

FORMAT (1H »T8,5X,I350Xy E1003,1X,c1640bsiXy80(T1inb, 1X,ELbeb/yslX))
 Eoamar (LHO,TZ, 7K I5 95X, L1608, 3Xs 10085124995 (C10.8 513Xy E166857570
FORMAT (LH0,T5,7%,T2,8X,C16:8,7X,95(E16:8,13X,E16.8,/,44X))
 EneuaT (7,100, ARTEx T2y E5,S0nERITERION FOR 0PI AUY AAd 'SECN SATISF
FARMAT (/,1HN,6HIZXIT=,12,43HEITHEA OF THZ FOLLOWLNG THINGS HAS HA
§PEINTY, 109X, 20H1L £PS GADSIN IS TO0 SWALL,/,uX,25H2. MATRIX H GoEs
2 SINGULAR)

FREMAT (/5 1HO TXIT=,12, 56HMAXIMUN NUMBIR OF ALLOWABLE ITERATION
15 HAS 3ccll £XCe ol

FORMAT (/7,110 XIT=,12,51HFUNCTION VALJE LESS THAN MINIMUM ESTI
IMATED HAS BZE EcTEd)

£ND

SUREOUTING APPROX 1y X,APD GRAD, IC, A, B,A%)

DIMENSION X (1), © SUY, ALY, B(d), A

GIMENSTON AN(HD) AN _ N

COMPLEX A7y AN 1, T, IHAT, Vs VHAT ,IN: Wy VNEW, 1OLD, VOLD,G6,V1,
1V2, THATY, LHAT 2, Ee LT, 6LLT 20, uSoTEL,,65CTZA, 60020 ,60
36t hn,nLed i, oLk (S8, aLaahR, GLEsXD

Sottpl X PaL ), PrHAS i

CNreant /3L ACKs, Ayt NDgKVRy FMy WCy MET

COMMAN 75167 PleyuG JC81,Fhe

(A6InaL 3

MO THE TOTAL NUMBC LEMENTS IN THE SIWGUIT

NDOTS TH. TOTAL R EL-MENTS IN THE CIRCUIT

£ TR AY CONTALNS PAR 2 yALUZS

B AREAY CONTAINS LUEIL ARTABLES : ,

To hRRAY CONTAI RU“R:E GIVING NRUER IN WAICH BLOGKS AR< GON
NOCTID :

FOLLDYWING FUNCTION STATL M NTS OwFIM. SINSITIVITIES

THITA(IL)SPIZ/2,#NMc GA% L
GF(NA=GA, Y VHAT) = Se  OMLGA) SVSVHAT
GL(0MIGA, T, THAT) =0 MO c DMEGAY *I+THAT
GLLTZAUL, U2, [HATT, THAT "5 20) = (V¥ THAT1=V2*IHAT?2) /20
SLUTZL(NMTGA, vL, Vi, V2,1 <AT1,IHAT2) =0 1:/20* OMCGA/SIN(THETACIL) ) * (V1
1¥ THATA=Y2*THATT)
GTOTEL(IEGA, ol 020, Ty IH T)=PIE/2, % (1./COS(THETA(EL) )) **2#CMPLX (0.,
170%or Ay s 1that ] )
GLOTTI(L, Ty THAT) =CMPLX( Dy, SINCTHETA(SLY ) /GOS(THETA (EL)) ) * T*THAT
GOGTZL (20,20, DNZGA, Iy THAT) ZCMPLX (84, ZOXTHZTA(eL) 7EL* (L4 /SIN (THETA(
LYy yEeoy 4T ENAT A
OLTZ0(0426A,EL, T) THAT) “CHPLX (0., =GOS (THITA(EL) ) /SINCTHETA(EL) ) ) *1
THAT
GLODAP (4P, OME LA 511, OMEGA 5V, VHAT) == V*VHAT #3MPLX ( (OMEGAR/Q) , ( (OMEGA®
MOGA=OMEGARSOMEGAR) 70M GA)) /2,1
LEPA(P ), OMEGAR, v VHA ) = V¥VHATY CMPLX (8P*NMEGAR/ (24 %Q%N
SRR TS PR M A CE R SIS RHAS P A SR P LY SR S)
X/OMIGA)
LCSA(XP ) OMEGAK, 0y Ty THA == GHPLX ((XPRAMEGIR) / (2, %020) ) 0.) * 15 THAT
CE3pz(=oh kP of BARy (» 1, THAT) =CMPLX ((X2/ (2, %)), ~OMEGAR*XP/OMES
y¥I*1H4
LOSXP(0: GA 241 AATIZCMPLX(OMEGAR/Q, ((OMIGA®OMIGA-ONEGAR®
FEGAR) ZOMEG . :
S¥P (04264, JIH T)=CMPLX (04, (OMEGA*GMeGA=OMEGAR* OMEGAR) /0O
M RINTS
JSOR (0 LAAT) ZCHMPLX (84y=XP" 0M=GAR/OMEGA) T4 THAT
LD (0 T) ==CMPLX{ 0.y (OMEGA* IMEGA=OMEGAR®DMEGAR) /0
1»1'(”1)4\/4
LIA02(7P JHAT) SVEVHAT *CHMPLX (G. , BP*OHEGAR/ OME GA)
IF (NL.o

PV BT D My T

M IR TR

R T R Y e Fa T A P Fa AT ad P IR A TR ST et TR R A S RN TA ST AR P TR T

=
=
=
[

[elelvlelolvioléiblnlololelelSlelolaisieialelwle [ el

b ot 5 b ph 2 b b b b b b b ok b o ot b R A b s
OO0 O C OGO IV UINVIE S S & F & EE
NOUIE W QO ®R NN E NN OO ENO NS W

\UME FEEFTLEFEENNANNNNGEWANNANNINNIDI NN NI S S D s b ot 3 ps s

TENTOE WP

DWRNOVIEWNFPOOXNTUVIE WVHOOUENTOUTE WV GOXE NOLVTE WIv—3

68



69

HAUMINONT OO HMM FINON OO HAUM I N ONOPOHAM FINOMNDVNO =AM FINONO0O AAUMFNONDOPO UM TNCANDOOHAIM FINONDOO HAUM FTNONCOOHAUM FIINON OO
555555555_066666666677717777777888886888899999999990 VOO0 H T HHHrir"HHHOUMAUANMNUVUNNNMOMMMMMMMMI T T I T3 I TN
D R i e Rl Rl o R R e R e D R D R L R e R R e e R R R R e e e R R R R R L L R e e L R ]

WAL L W Lo L G T L0t 11 LU L o b ) (00 LG W W Dt st W ot d w G o b s bt Wi et o b o it g W o W e o W s g witu b o bW o W o W U b b b il w o W o g
b4
z
-
~ .
@ -
™ ~ o~ - =
y x x X w
Py Wwowow oz
) z Zz z >
n > > > -
Al - - - = 4
3 ” T x x W
o ~ ~ wowow z
- > on z Zz =z -
: " aa H oA R -
z - oo Lol Lol L) —
0 o™ ~ o~ o~ - -_> —_ - T
w = T X T = ~ TIT T S
= - W W wl oo 5 5 5 <
< » z z z =Z Y} 222 =
" " > > > 5 oo = @ < <
< LS - ~ o - > N - - <
b o T = = x -~ ~ ~ < < < o
'y el wowow <<t z = ®© o ® W
= - z Zz =z Zz [LIL) bl oW W W =
o o o M [ il z =z X X X o
12 PPN N rroo > > c c o -
- -~ < g L © OCdd & =« -~ & = -
b A LN CENU] [LR —-—-00 X X ~ o~ o~ ~
oo M [TT R VT Y ) iy HOH> G ouy Y ¥ ¥ -
ey -~ ¥ ¥ = r o oenn =z oz S 55 -
-l (=1 o O O [N Hilome~ H - e
=z [\¥] - ~ e - —~—yy -~ n a a <« - ~
- 0 -~ —_ o~ o~ ~ -~ =TI A~ o~ L NS - "o
(] ety o ZY XM X ¥ e DO X ¥ NN > tnl
o Zx N IX ¥ ¥ ¥ o wwoa ¥ ¥ =223 5 Z4
Zw vwoe K4 - Y ¥ ¥ R vVVaI ¥ Y 5335 - by
* i =) ~— o~ o~ - o - - o o 2 = -
ce s c N ~ S S e L L e < .« O~
R ouw gl - - D e o = - O TMIM e - e e o~ o S
14 h < -0 o o =T sve e O O a o o 3 P
zo gxr+ O o o~ ~J 4 13 I z™m GCoC I 1 © - S5 38 @ ca
[ %] ZCoo - (O] -~ O no © o O O wwwyd O O 9« o~ -0 © O = AR
= < > w > > > > s = > ~> > > - . e
Z~ PPN -} o o~ P -~ C INISER S ~ O ZZZZ s « O o N o e = ZZ -
e s =T (O =iy oC N e --c O O o Ckh ZZZZ O Q- - a3y O -l ZZ -~
z2 Q@9 D X o - Lo I R | - e eo o e _J _i o) o0 3 4O > % 3
~ HOIDIW o~ X+ oy th ~C O O D320 ¥y O OO0 4 c NO © OO SO Ye
-~ e s 2VDE OZ Hel o U O H Ho =H_JZV» CCOoC +H HJIJUL O (6] ot H ] w_] DO -
—tind —t O e X> [N 0" -~ v e e —-Oa e % e e ~ O - M ~ BN~ ~ ~0O o s oM
L] ZO0C A% Ceivid Y =<t - = .~ -~ - - > e~ wNwN He 0 -~ o~ - o S O ND am
< e © s sON i+ IY oD - N~ N O AN ML F A~ ecase IN DI~ CJ -~ el M T . erd =
MZN WZZ el o> )~ Znu o - o~V ~ e W T Y O WY Jo [ ~ vt Sl W WX WX IO o
- oD FIUT L COU OMXOUX) GTIUD> O AT Y X OANACCUNMIY Y TUULEOTANCIUYIOH o NN IR Wy ?._DQODBDERuD_EE_t_LIZ ~
=3 AUIHETOLNLU o O¥Y oD WCDOY e JIET—=IXYN Il ~OAOwOZACINY Y o ¢ o ¢dCrCIW I N NN HDYY Y OCANCNCTINCZD & s M
Hee DE ZUIX ovrlOY ¥vi~Z T Z e e e O 0O CS Crev ZZTZ O OFs~ A A e S T T PR =g L
HJOD X¥COR<ICOI N I ¥Mi | >HOOIHN HUM+QOZTICINAHO O O 1O NMIOZZZZC © HERCATHC BMIrOIYuXHWLLWZO O © 1O BHZZcO™0™
WU N A~ e (D e OO~ 0O X Y || ~ (5~ OQONIEHF I~ ZY 4+ Jb ke JO - I~~~ OO =Y T L v ZY + N2 2 Z 2 J e O e I =~ 5 = H = 11
PPN N4 Fatlt] —O VIXYZO WUZ oodd Wil ¥ WX 4 I Pt D= e 2 UMYDuZypunn o I g a4z r T
SOOI LROCOT WL L WYLOXW~0OOLECON 1CCCEZOY O~ 1090 dAC-1CCIDOLLCLLLLOCACIACLC~0OZCXY T . L ODY I X ON DS IHCIOACICOICCLLC I SC>
CECZHRCOCHHHRC Y HE Y OXOYHCOCTXSHOT ZOY HODIDCOC OGS ECHFHN R O C O QY Y S A Y OB F O B0 SO OIImC - v e
=} - oo M D N~ T O 2 — NI 4 0 0 ~ = » o
- o~ ™ E4 1) 0 N~ D v - - — - e e (V] o NN [ [SCI



70

HAAMINOMNCTOHNM ITNON DO HNM I OO DO A FTONCINOAHAUM TNON D 123“5678901234567896123“567‘5901231%_567890123!4567590
t)r)"DC)Sf)ﬁJSS,b’OrOrDrOrD».O-O6,0777777777788“ .1885888990}0)0)90}9990000000000111111111122222227&223331‘:333353:4“l.*“hvh.l.ﬂluvlﬂl%s
1111111111111111111111111111111111111111111111111222?_2229._22222222222222222222222222?22?2222?_2?_222222

F._:EEEEE"r:.::.::E.tEEEF:.LEE__._E:::EE::tEEEFF_:CEEEEEE....:LEE_:.E:::E_LEC::EE_:_E:EE:E.EEEE_.._E.:::::.EEE:..E:.:CE.:EE_nmEE.EE::.:EEEEEE:..EEE
-~ -
o oo
.} o
(o] oo
> >
- - - -~ o~ -~ ~— -~
-~ oo won oW [a]=] w
O =~ Jd A ] 43 —
<O oo oo a a a a oo a
O> JJd H> - - - - i - -~ o~ -~ -
e OO -~ o T X X = o o X x T X =
S DD w W W - oo ul W W w g
Y " DS zZ z zZz Zz (o) ) z z z Z zZ
- 00 M > > > > ) o0 > > > > >
Cor  _J_J ~ - - - - o bl ey - - - -
I OO0 <I<1 xT T X x i -~ o 4 - x T XX =X
LI -1 -~ [ IS RSP Y | -~ -~ (U] o) nlooay W w
-~ L zZ Zz Zz Z ~0 e =z - z z =z z
D> mm VYV L I I ~_) iy — (o} Lon TR o I ] [
MM DY HS N J0 ~3 - - a ® = -
e dier 2 IR X ~ e~ o~ - -4 <C —~ -~ -~ -
AL e T I I I X e L) e o4 -~ =4 X r T X
CNENE- &= ¢ LIS [ T Bl | o~ —~e = -~ w e e B -
~ ¥ ~~ T 9 GO < - o s ] << - — < <t <
SW ¥> S N S~ ~ - ~ - ' n = IN
= w32 MY ~x ~L L qO I H<t <q <t < < (o] < I g <t
- IC o TO D O 2 LR = o (L] -~ - (] (%]
~ e X< ~ o~ Dy gty o~ <L <~ ) o o Uow W u
(o] L~ *n <L «F ¥ X = Eal)Y] >0 (Sl = = -d > ¥ X = x O
(8] OX ~~ UT —“C O O O v g wm o o - Cc Cc o o et
waD IIxr we O = LI L] ~ X g L ~ = L - 1"
-~ T~ ™) e T oy <O o< —~ -~ ) -~~~ - —
° Ca w— O« o> > > > zz hatad o > = pd > > > > zz
[~ b 5. T WwWH M DY M —Ce M = s > ™, -
~ aQ ~w- o e ~a— NN nigtyg ~ 4 - e~ ~ -~
» X7 O o000 oI QO g« < T |t ot [ad od <t — -~ < g g T o
— IO wa na g w0 = L N 1 cow [elé]a] - -~ > o & = - i
D MMMOO OO0 occ Lo =N & T = B en) ° o [ %l e 0o o o el c o o [ L)
° [ P e i e pa t - LGS e | oo (LI (S8 -~ - ~ -~ g p=) [«{a}
ZM CCOVL SV OB (=) O C O © g (X [T} o o (e << o O © c s
OM =i (L] Wt ~—~ I ~ > > > e o (S~ N D~ > W > I~ - > > > > o o
'y s mm A mTY™ D & o . - Zza ] n = [} -~ P9} =4 - = - - zz
IC COOMD 7Y MmHzZzZ (=] J° o o o c zz —~ZZ ~ZZ c x %) = O © o ZZ
Ch QUVZZ ZZ ZZww [ ~J J I 4 ° oC D e C e~ -4 o X8} (o] 3 < o J ] L]
. —~— ~e oenn NS O o D G Y b~ D50 O zZz - = O O o (=} [1 454
ZO AAaAmO ) I o I H = - G oo — - - > o H N HO =D O -
Zs I>Y (L) Lot A R | ® +oC ® (@) o~ ~ ~ o o ~z A I ) L IE N
<< DONV=mA m~~ mmma o o~ ¥ © HNO vty & it (%] o (&3 s C S oA oin
° o~ © e oA ND MNONDO LN - Tt N M e ey L 0 (G o o B sl T CZN cwz W AN D D vt O
o~ CCCY o o o ® e 0 o4 - - -y ovd o e [] ° o~ © o o 4 _J e ® e ) vi o~ U4 o~ = e PN} o ov! o
DI v OO oo XN ~ hal My W oW oy XQCCA~A = OCCA~ ZOC C 'UCe~ ONJICO~ O n oW AT W CC e
N IS S0 e e UIUNIININIUIIIMW Iy oy HY Y X e O TCOCONDOCN I I )T nh U I IS oMU O J T 0> J ST J NOMDM Do il S o
M O ZTOXYMIYITI e aM ¢ oM o 0 » 50D Ao HINT Il HAIYYA-CIOICICIZCO o 22N e 2T CHOTNALL @ s HINCCTIN I DOOC NN E= NCODC LTI CCZD o sbi~ .0
MZw— SSDidbd i R Z 0 D U SaA T O O QO AT EY THHZTN AT THEHZ A OO AT ™D AT 0O 0> CZZZ T
O T ONYNY Y ZZOTZOZZZZ N+ 0 HANZXrCIY—YHUW'YZO © O C On 1 Z2ZMCcOZZH1"™1mMcoOZZHm0 1O~ 1 NCTA—+C O © e HHZTZ OSSO0
=t T”((T(((((T(I\Tl\(((Dv..KTKDI* N TN+ Y- Z T T =i = O Z ~ g b g M P d g S il TN |- L) IO Z - ZOTY R b i P T SO~ N 1 -
Ir=u ~ZN Hd ¥ NYDSuZiun 23 J o J gy Z.a~u Z~ I ~DZ an ~ZD 2 a aa JazZ T
CT>CDu FﬂFFFFFOFFOFFC.FOONAUKOAUK—FOJ( YOS THCICIOTaIoIOOMNW F..rrOFFCVOO\rHJFOFFFQUOP«JF.OD\U(OJF ClIwlZCICaACaACCECOLLCC>SS
F‘V\CH-IT.GIT.T..IIGIT:JIIThIJC/\GKJ\HKIGJﬁnluKCJ.JNGCGC_UCGC.UINT.IIGIT.TLCJANY.GIIICQronvM-IGANQGJNT.GA~hAK"‘bCGCGCVﬂ.ﬂ.ICII‘UGKG

o - Lo ST e o o
E 1+ T+ 1 T

0 -l ~ B
5 1 0 w w0 ) n [T R [T ARV & W



71

HAMFNONDOOHAM FINON O PO MM TNOMNDDO AN FUNON VRO ANM INONDOCHAUM TINON DS HAIM P16 O DO HAUM I ONDOOANM FINONC O NN FN O DOOO
5555.&)55_‘)566&66;0656;0777777?7778858588868999990;90)9900000000001111111111?_2222222223333333333l*l*l%l*h.b.lw T I IN
2222222222222222229._2222?_?222222222222222222222222333333333333333333333333333333333333333333333333333

.:E.CEE,tc.E.::.:tEEE::.:.:CEEE:._F::EEE_.:.:EEEEE.:EEEEEE.:EEEEEEE:_EEEEEE_:EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE_CEEEEEEEEEEE
) -
w -
o ~
* -~
o~ -
~ -
~ ~
—~ -
o -~ -
-3 = L
o W ~
a -~ i
~— r.._ o -
oo < ~
- %] o~ ~
oo ~ < oV -
> ~ I << o -4
[ X o a [\ - -~
~—~ Q0 %* ~ (Gl oe] ~ [a]o]
o0 J.J * ~ ~D -t i}
J4J OO - * - -~ (o]}
CC H> = - og - >
H>  aw iyl ~ [LIL) ~ NE
.~ n o~ z w ~J o B ~o~
on S>> - n <X - - T x x = -
—d D + < uo -~ - W W w w et
CO ~w = I fad o fd ~N ZZ Z Zz [=]s]
> a<x BRIt} a ps) = - > > 5 > < T~
ENE PN z + co ul L I S - ~ "y
o ~e~ emI > o ~X z ~ X X X x —~ e~ <L <L~
~ > IO ~ ~ O~ = ™y oW w x = [CRSE
M™Y. Oy ~ ) o + oz Zz Zz .Z Ww oW Wy, <
< ~—~ ~ a T = ~ - z =z FXT %
- LI IO - - o Y] D e wm e - > > oo
an ne -~ ~ K4 wO z O O a «a < R )
C IL L~ ~ N [=] Eel <z > a O Vv O (L] x = LJOO
(L) [LIGL RN o (L] . -~ ~ o wow oW w o O
wiw) W™ * O o o ZzZ ~N o ¥ ¥ x xr z Z U4
- ¥ I~ ° - ~ > [ o~ o -~ ~ O O O o L ] —~——Z
. cC C<«< N ~ - o0 o 4 o L R L LB e b 2w )
= Dbt [ * O (L] > w o ZZ e N -~ o~ -~ -~ -~ o~ F ot
- a0 @Yoo NoXT ~ O <z < O (U] v # ~ X X ¥ 4 X X (15 TE. 22N
. XM COJII ul [ X~ 4 N 4 ° M~~~ ~ e ~
Lol oo na.co oczZ a ~ L P [V N - cozn o« 0N a4 a« L= 4 < < -~~~
w LoDl gLl > [t o} I o -~ LS [ V) (=Y ] LHUTZ o~ - o~ [N LY o~ - - MO =
® (IS N IL R TINT) + ~N L -~ UETS noog e OO~ ~ N O o0 o o o o o o a0
P =i =R N (TR TI . Tz Q = Z =z LEs o - ooz »n O J o od wd - [ofuda o]
OW e ~a™™ [SoR Sy ¥ I o « wo o >w W O O QO<a~- ~ O O © o o o Wil =
W DD TYNHZZ 4 ® e D Zh ) T [=3N=%"4 ° b 10 < - > > > > > > W e s ens
IFC TCZZ ZZw— e B < = I o L] w o Ja —~O 1 Q N O [l n e = - n an O ZZTO0
Ch CO~~ ~woo e C N O Z iy + O O Wi CcCuWw>il Z O A~ ~ 0O C O (e} Q o ZZ2Z &«
- S0 Qg NI -~ O o ¥ TO ¢ O e — <aQ - O LILOD O [ SR R R | - ~4 4 O ° e a0
[ o “TY 0 o~ Ll ) e ~N d~ o~ ¥ DD+ -~ N O O OO Co O O XYYXD
= IS~ A~ sl AN~ O A T~ N A cociUn C ~ = e~ O LR Tt T DI R I OCO =
< TIMVEN OO = 2ZEC e s © - >0 4+ O\ P> s O = ~—~OD O E O ~ = w0 w0 w —O00O ° o op-
@~ o evivi dedrdvied PTOHEIT IZId o o Z -~ e I .. AT o e Z -~ S0 e o OZ > - U OO
~~ CCF e e s e e o4 c ek TN Al e & Z e NC Lo vl nx « O = o a4 O ox — eZ N M X n 0y ° o o o
oYX LiWZT cocco Tz YZ O™ HY P W Zo el WNWOCH e em~ = W J T % O W W W WX W T~ oo
WS> o ebJllOtLIU_ ) Bl U200V~ N1 o 1 1) et sedT T CO+IUTOOSXWIUGO  oZ N~ DOuj e COI~AD A2 FOFTOWICIY IO 1T Il LD~
DOXYNXYNIT o o s 00 oCD 7 iiul N J~D e XeidaD D-CLCTICHCDICOOXIIDC o Z 1.0 XD\ o e ¥ © e AVACOOCOZTCZNCTCZYT o o o)
DI SO HHHHTZAD I ZEE «Oau) 10T > 4+ HTTZUD NAOOZUNYNYY~AZ _J0Z>SH SN 000 I>SZ e NO O O> O O OHw Z2ZZ 3§
DMHICOOOYYZZOZZZZ N4+ 1§t HOOAWT OFNINS HZ WYY Z 0 hH LY O ) XA MHAMYNY D HOCZ XYY ZIN+ ~HIZZTOY X | N3O0+ O C 11O O © umczZZZon
N T e e e e e e O YOO Z oo X o N C e ™S — U D e e OO~ o | e e QX | ~ D )| CZ b= |~ 1]~ i COAH b b O 3T b (O b o o e
IZn HSZ NI oZa Lz - Z aZ-Zg Wd ~nZiw A¥ZOA = Z j~ZC Q Qe i e a1 o -
ZEDLLOLLLLCULLLLCOZOCCH QUL ICAL QW CWLIUL ZOYO ISTW CE CUALCCTLUL G ~CO LML ZOJCOCLL AW LIG b i OCOZONIOQAOTCONOCACIoLOWLL Lo~
/mCNT‘T.GIIIIGT.IIIJC(VIKCIIRCAHIDGCT&RIH\DGCPC? =eco IOKmanIGXCAID.\INDLACWTT.AT‘»KAKJVIDNGiCGCGC PO OCLE S b OO
- -
Eno N © N o Y hel [~ SRR T oYU B S [ SIS ) o o M = “‘nN.O ~ ©° O o «t N TN O
0.0 [T RYeY O~ [N ~ [ S N NS S ~ O L) © © 0 x < < © © o o ™ o o o



72

123:&.5:07590123“567890A123456780)0123“567890123“567890123“567390123 FNCNOOOHNMINPORONOFAM INIONCOOAHNMIINONTOO
55555—.7rJr)r)w066r06666667777777777Bnoaa85835899999999990UUDOOUOOUIl,!.«Lli111122?222?2223533333353&.“&.““#“““45
3333333333333333333333333333333333333333333333333““lﬂlﬂhf.ﬁ““““:&““:&:,w FTLIIITILIIIITITIIISIIITISIIIIIISIIITIISIISTILIS

T LW LI LG e G N gL W W g Wl s i s W W w its Wi o W g i s Jww wi AUty wwws iy Wiy Wby g o g wwug Wuius W s s o wid g wiid it

—~
x
]
-~ -~ =z
co [=] ]
—J -d -~ .
- oo o o -~
~ o~ -~ x > > - -
xT X X w LY - —~ -~ o~ -~ -~ ~aO Iz
oW z o~ —~~ wow w w w CO-Ha~ -
zT Zz Z > N ma O - o — o SO ~
> > > - e~ 00 I o o Qa a -8 COCm~aJ <<
a o = x o0 aJd 0o LIRS “ & o~ o~ - HHTO0O0 EN
x X X w gL OO0 HI T X T X T T X X x o A D x
oW W z o n > L woow wow Wwow oo w ~a D n ~ty
zZ ZzZ Z - - L TN —-HZ Z z Zz z Zz Z2 Z =z =L~ QZ
[ R I ] L S>> ma MY - > > > > > > > > bddien 2] P lmlm] )
- ~ = - b e Bl e B e ] Z - - LN EEE N - = - C A~ O w~dIZ
N T St s (D T X z X T T T X x LILHOO HCO
T T X - It DO "q<L =~ 'Y Byl wWod g 2% L= € ¢ o> &
™Y M el ® o <L LY -~z Z z Z zZ z Z Z = AL n memiD @ ona
-~ o~ « ~~ mw am [ - - o — YA am (3 mD
< g < - MM e >, Ne o« . o o & a = - PDWEDD L mIMM
LN < e ke B 4 o] e~ ~ -~ -~ -~ e, A -~ -~ wEIMTD COm~vw~
g g9 O ke e B d o« I I X I X I r LO v AATICO e
v OV ul - L LI 0D D - e JERe B B ] e - smT <L o a g <IN
w ow w x CNESES £ 4 - o N~ o~ ~ -~ e ~ Py N I N BN )
X ¥ x o ~L A ~I - g < g a qQ« < < >OTAI DTt
c T C - T ~= XD LN w  on S - YT T e e
.~ & » -~ MW > MW N < < S SIS GEEES GRS 4 << e LN, O Ao
-~ - b4 X T ~XT N O [ ] (LRGN B v AL v E LD
X W X - LC we IO i w W uloWow o tJ w .~ LLO T
- Y, ~ oo <<t LY LS S r ¥ «N ¥ ¥ ¥ ¥ r O Tl aoan Ad™ ann
- < L~ A L 0 O O O e O ©C O O (= B OX it~ >0
< < I - N O =~~~ OT N o~ - o o Hi L . = ~ lin WHITCCYT DWCeOLUMm
He & & ~ nw W™ IXT WO o~ o~ P - | B — ETwCiu™ It vt
A~ o~ > it I~ MM T a2 > = > ZZz D> > > > > ZZ CA-E~ SO FTX a
Z> > > - Zr o ww OoaQX M= e e T B B el e O == 37T 00
= D, ~ =z b 5 Sl N~~~ R e T o = e~ dJll~ CON~ =M
Ittt << -~ O s~ 00 o Rak= S ¢ < < M O I« qX < < oO©o FOLW-E Y NN Q-
~g < < o O 4 HANCO SO XQOm ~a o~ R O T R LRl ] MM JCO  be XD =
Ma o & O o H HHHNA Na newn -“a o O O ¢ 00 Cc O (=T X HACO SN OOJna©
=D O O o e e o 0O OO VO« N oJ 4 J Cco I J J I 4 O " noTw'd nasuiwm
“-d d o oC =~ © CCOLId JJ ddw «“HO O o o wy D C O C (S REIVIN] M CCOLIUVD L3I VVH
O O O > W o~ N OO0 VO OV - o> > > > e > > > > > e s R e e T I T T B T T AT T { Y
N> > > - e e I~ [ 1] nu nnz < o - - n Z2Z n o o - o ZZ eSS emmes ~A
S e =& & o zzZ © C OOOC~~ ~-~ A~ NS O 0O o0 zZz2 c 0o c © D ZzZ ST TTITMT OTTITTM
~32 O O - ZZ P QOU™MT ™M™ DI -d I [ R e e J 4 a4 I -d ° o . n TR e i e |
a J J o e o ” SN N S a0 O O C gy O © O C© O ¥ -~ DOISSE OOV =
-0 O OO HOXYY O O AaA~aO OV VI O+ HO H HDOO H H H HTD HOCO [ kel
O ) =~ )OO O ¥>T -t W ] v~ ~_J e e e s e ) ) e oM (O DTmemmmem mmmmeaN)
-— o~ o~ O O e e nvi e i R T o -t © O v o OWK ol H|ANUON AN OM -
- D> OFNDOw o - 0 N NMNDO ND o Al N M P N WO N O OHv A - o~ o evivivdvied dvivivivi @&
[ R R L Y -~ COC e e s s afa el Al A Hl es o v =l el e e ~ CCf e s 000 v e oo
o WS UIUTFWIITHO © © ITOWLWSTSTMOCMCCHE™ (] OCHWNWINWUNWZICWNUCWDWT ROWITAMm & TR CoIoCco oo™ =
< SHTOTCOOUOOWIWIUHA & 5 D o o sl U AU 4y T HHONAWNONAWLUINONANONC NSILId b4y M DM e el diIM L dlidvi~— 1y W
- 1 ZrACHOZHOZ 06 ~ w « ¥YHITIX 020wl e oo o~ 3D IO HOZHONCT 0 e dCHC HCHC ZOZ o0 ~ A WelTXT 29 00 el 29 e~S D Z
—“AZ O O O3 OHZZO Y D> T SOk e e ) Z -HZ O OH O OWHZZ O O O O OHZITT > T~ DS e Ze | 2

“GHEC ++ZC O O IC HTZHOSDOMODCOXYXYVYZZOZZOZZONHMO 4+Z0 © 0 © #HZZO O C O 10O HZZMODCHTOMYZZIZICZZZZZON At
+ P YN Y e e IO SO b b b s o e e s b 4 b b b MY | e O b O b e b IO SO i e ] e e e S e e e e~ 4 = 4 D
R B NNV TN R (RS s s DS B s | I I X DIDZIY i A 3 ) [N RS [ e e s o) I x NDZIX I
HHCYSIrOaCdCICOGdOLLCC »0>C>LOCLLLLLOLULCLLC~ OO THCIO0I0CIACAOLLOCACICICAICL ICLLCC>C>uChubb el CuiiLelbOownono
MU ZEOCCOCDOCHHEHOC Y OO N O = B OO D OY O DI ZO0 0O COHECOC OHHHC QOO QU C S O D O C X S i e b = S Ot = S T O

N IO

e 4N M2 0w o ko 0 o ~ © O ©o H N M F WO AT OO e M S I OAT D
N O o o o o o o O oo o ~t -~ ™ el - ~ o NN [ SRR N B VN ¥ ) 1 Nt M M M L MMMy 8
foale IO - o - D R I L B - - v - - - o o e o B R T T I - vt



73

. . .
123%567890123Q567890123h5678901 123%567890 1234567890 123456789& 123#56789%
AU LA LN C OO0 WO OW WO OONMNNNNNNNN ©© - - - -
FTIIIIITIITIISILIIIIIIIIIIIITIIITISISS

'
XM InwoNoo

utuieraia it ur e il Wl Wi g i o g b g ud bLbubibuuwiitl COLVLLOLCLLL IIXIIYXYITIIIT e e

DTIDTIDNTDIDHIMHD

wz
I

Wy VNET W)
W)

GA, INZ
GA, INSWyVUN
Hy VNEW)

<
o

W,
Wy Y

GO TO 145
5

Wy VN
Wy VN

<

I
(IOLD,VOLD,ALsOMEGAy INEW, VNENW)

(IOLO,VOLOD AL, OMEGA 3 INEW VNEW)

(INLO,VOLD,C,0M
(IOLD,VOLD,C,0M
N
)

IN
3
CAPACITOR
L
/

X
P
S INDUCTOR
VoLO
ZGA*A
Lo
CAPACITNK
0
G

0
+
0

TURN
L)
s IN
C)
(IOLD,VOLDSRyIN

R
7
L
R
1

i

NNN,y N1

"
L

L(G(L)/PSIL)*CONSTN

Te0sNPNDGTL D)
oo

-t o~
z . O
- — w0
o NuZ
O o~ e
XZ i d~ O ~ 2=

CODEw

0
0
»

’
7ol
con
D3 4OLD, INEW, VNE

MEGN=30.)
5
£
b
5
FESISTOR

L

L
R

.
N
}
1
3
M
+VOLO*Y
Ca0

EN. Q)
S
N
°
3
0
+

o i
LI~ I LD .

DTN AD e vl ~D HH ADZ X >
ESZNMAZOZD> 0 JTZU 0 dZ T T o
T I HZ Y Z T Y X P YW <O

L=

=0

£
E
I
]
o]
0

L
v
I
N

ISz
v dJa n g
AZTRITD

SAUNT INJUCTOR

=VNeW

SHUNT
X
X
0
n

AN A O~ Sl ACHD I I eHO-CD- ) I

IZZ <LZ - Z A0 QZ ek xw3>o
CCnCLOLTU UL ZOYCIiuz A CaC i iux onnz=
SOACHOCOHYHZOCOXHACAOCOETO L u

[

L

v

I

N
sPOUTING

£

FOW QO T Ouu—C
CnZzunZ ChnziZuzZ
C>>H2 0y N ONH>Y L

S

L

B

R
URKROUTING

SUBKOUTINL CNU:

RI

X

X

0

0
SUBRNUTINE COO

SERIE

X

0

0

SUEROUTINE

ON>SH=OL)

S

O>y)

o~
g
el

141
142

4
145
140
1.7
148
149

cOo [Sl&]6) DO cQO

1

cOC



oo

[olole]

OO

o

L

(plely]

SUBPAUTING CODre (I0LU,VOLD,Ry INEW,VNEW)
SHUNT RESILTOR

COMPLIX TOLD,VOLN, INEW, YNIW
UNEW=VOLD
INEW=IOLD#+1./R*VOLD

RETURN

END

SUBROUTINE CNUEZ7 (IOLD,VOLD,N,OMEGAR, OMEGAy XPy INCW, YNEW)
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