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Abstract:
@ This report describes the operation and use of CANDOFD (Computer
A

Analysis of Networks with Design Oriemtation in the Frequency Domain), a

frequency domain analysis program, for linear time invariant networks.

Y
~br

The networks may contain dependent and independent sources of all types,
capacitances, resistances and inductances.

The network analysis problem is to obtain the complex branch currents
and voltages, by solving a set of simultaneous complex algebraic equations
derived from the complex branch relations and Kirchhoff's voltage and
current laws.

In the program CANDOFD, nonindependent source tree voltages and non-
independent source link currents form a basis set of variables, denoted by
X. This formulation yields the automatic satisfaction of Kirchhoff's laws.

The problem reduces to solving a set of n coupled complex equations

of the form
Ey(x) = 0 (1)

The set of equations (1) is solved by minimizing a performance criterion
€, defined as

%*
e=ZEi-Ei (2)

where * denotes the complex conjugate. Fletcher-Powe.L].(a) and Rohrer(3) search

minimization and step size selection algorithms are utilized, and the

iterative procedure is terminated when € is reduced to a desired value or
when the desired number of minimization steps have taken place.
The tree picking and internmal current scaling algorithms are such that

large value spread and large impedance spread problems can be handled
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reasonably effectively and efficiently. The DC response of a network may

be obtained by simply solving the zero frequency problem.
The program CANDOFD is written in FORTRAN IV for the CDC 6400 computer

operating under the (CAL) Scope 3.1 system.
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Introduction:

CANDOFD is the frequency domain version of CANDO(J') , and, as in CANDO,
a trade-off exists between speed and accuracy of analysis. CANDOFD obtains
a network analysis, at a specified frequency, by minimizing a performance
criterion related to the complex branch errors, with Kirchboff's laws being
automatically (implicitly) satisfied. The iterative minimization scheme
is terminated when either the squared branch error sum (performance criterion)
falls below a desired value, or when a specified number of iterative mini-
mization steps have been executed.

CANDOFD, with its accuracy vs speed trade off, is a Design Oriented
analysis program in the sense that, in the initial phases of design, &
quick (but not very accurate) analysis is desirable, whereas, in the final
phase of design, an accurate analysis is necessary.

Section I describes the theory related to the formulation and mini-
mization of the desired performance criterion, and indicates the solution
to both the DC and general frequency point problems. Section II describes
the MAIN program and subroutines associated with CANDOFD. The Appendices
describe the use of CANDOFD in solving network problems, the way dependent

sources must be modeled, and include a selection of sample problems.
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in an open circuit, and no DC solution exists for such a network. If the
independent current sources, in such a cutset, are zero valued, CANDOFD

yvields the correct network DC solution.

SECTION I: NEIWORK ANALYSIS
Theory:

The solution of a network, in the frequency domain, consists of finding
the complex vectors ib and Yp? representing all the branch currents and
voltages, respectively. The solution is obtained by solving the following

simultaneous set of linear equations.

£b(xb’ ib) = 0 complex branch relations

gi“b = 2 Kirchhoff's current law
By, = % Kirchhoff's voltage law

where g is the fundamental cutset matrix and B is the fundamental loop
matrix. Upon the selection of an optimal tree (see subroutine PT), we may
renumber the NB branches of our network in such a way that the 1lst NN-1
branches (NN is the number of nodes in our network), form the tree.

With the above numbering scheme, we may partition Q and B as follows:

Q=I[IjF] endB=[-E'II

- -

where I is the identity matrix. Hence we have, from Kirchhoff's laws;

e
]

~t - K,

and

<
n
=
4
-

where the subscripts t and £ refer to tree branches and links respectively.
Our optimal tree picking algoritim requires that all independent

voltage sources be tree branches and that all independent current sources
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Kirchhoff's current and voltage laws become autometically satisfied
by selecting the tree voltages and link currents to be a basis set of

variables, with the following being true;

P £ )
and
- ]
Y, =Ev,

where, as before, the subscripts t and £ refer to tree branches and links
respectively, and where Q = I, }':‘} is the fundamental cutset matrix based
on our optimal tree.

To further reduce the order of the system, independent sources and
reactive elements are not considered to be variables. (In the DC problem,
all reactive elements act as zero valued independent sources.)

Thus the system of equations we are solving is one corresponding to a
network consisting solely of independent sources (with real values),

dependent sources and resistances.

The network solution is obtained in a way analogous to the solution of
the equations associated with the "general frequency problem”" (see next

section), and will not be detailed here.

Solving the general frequency problem:

We wish to find é:b and Vi the complex branch cment and voltage
vectors respectively, at a general frequency w. The problem reduces to
solving a coupled system of complex linear equations, consisting of the
branch relations, and Kirchhoff's current and voltage laws.

A tree is selected according to our optimal tree algorithm (see sub-

routine PT), allowing us to reduce the order of the system, and hence to
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improve the convergence of our iterative minimization scheme.

A The network is renumbered so that the lst NN-1 branches form the tree,
and the subsequent (NB-NN+1) branches are links. Kirchhoff's current and
2

- voltage laws become automatically satisfied by selecting the tree branch
voltages and link currents as a basis set of variables.
IrQ=I[1 .! F) is the fundamental cutset matrix associated with our

optimal tree, we have

w
L
)

s

and
- 1
v, =Fv,

which are our complex branch errors (See Subroutine ERROR).

To further reduce the order of the system, independent source values
are not treated as variables. Notice that this requires that independent
voltage sources be tree branches, and that independent current sources
be links.

The solution to (1) is obtained by minimizing a performance criterion

g, defined by

* *
G'EEi'Ei—Ei'Ei (2)
i .
R Note that we have an exact solution when € = O

The Fletcher-Powe;Ll(z) minimization algorithm (see subroutine FLPOW)

3
yields the directions along which € is minimized, and Rohrer search z see
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subroutine FNDALPH) is used to find the corresponding optimal step size.
The variables are selected to be the nonindependent source tree

voltages (real and imaginary parts are distinct variables) and the non-

independent source link currents. The Fletcher-Powell and Rohrer search

algorithms require the knowledge of the gradient vectors,

e ot o€ oE
’ 3 ’ s
Wy Wi ol ol

where the subscripts r and i indicate the real and imaginary parts
respectively. These gradient vectors are computed in subroutine FNDGRAD.
Once € is "sufficiently” minimized, v, end 1, are “known" (to a desired
accuracy). We then compute i, and v, as follows:

-F
H Ed)
I
and
_I -
Y =f--] % o
FI

and hence, we proceed (if desired) to the next frequency point in an
analogous way. The special case, for lossless networks, where the desired
frequency corresponds to a resonance frequency, is discussed in the

following section.
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SECTION II. PROGRAM CANDOFD

Main Program:

The main section of program CANDOFD ensures that the desired subroutines
are called in the correct sequence. It solves the DC and general frequency
point problems, in the way described in Section I. The mein program also

controls the calls to the output subroutines.
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Block Diagram:

Call READIN

- read in network description

\ 4

Call PT

-~ compute desired optimal tree

Y

Call FCSM

- compute associated F matrix

Y

Call INITIAL

- initialize tree voltages and link currents

A4

Call KONST
- compute complex branch element constants

- select internal current scale
(if desired)

1k
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Y

Call CALCAL

- compute complex tree currents from complex -

link currents
- compute complex link voltages from complex
tree voltages

we exceeded
Yes

the desired number

A 4

of iterations

Y

Call ERROR

- compute complex branch errors
- compute performance criterion

Call output

routines

Y

test for resonance condition if desired

performance
criterion less than

specified error

AN

Call FNDGRAD - compute gradients

Call FLPOW =~ compute minimization
direction

Call FNDALPH - compute optimal step size

Call CNGVARS - change variables
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Go to next
problem
to be solved

we gone far

enough in frequency

increment frequency in

desired fashion

is

8 new ogtima.l

tree desired

Call PT - compute new optimal tree

Call FCSM - compute associated }i‘ matrix
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Subroutine READIN:

This subroutine reads in the complete network description along with
all pertinent output and control specifications. As a data card check,
the given network description and the pertinent control specifications are

printed out.

For a detailed description of the variablesread in, see the section

entitled "Data Cards for CANDOFD."
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Subroutine PT:

At each call, subroutine PT computes an optimal tree. The optimal
tree picking scheme will be enunciated below.

If the given connected network has NN nodes and NB branches, it will
have NN-1 tree branches and NB-NN+l links.

An optimal tree consists of the first NN-1 branches which do not form
loops, with the following selection priority scheme (in descending order):

1 - independent voltage sources

2 - equivalent impedance magnitudes in ascending order of value

3 - independent current sources

The equivalent impedance magnitude values are given by the following

prescription:
Controlled voltage source - 107°
Resistance (R) - R
. 1
Capacitance (C) advew;
Inductance (L) - *L
50

Controlled current source - 10

where w is the frequency at which the optimal tree is being computed. When
w ¥ C = 0, the corresponding impedance magnitude is set to 105 l.

An independent voltage source appearing in a link indicates the
presence of a loop of independent voltage sources. An independent current
source sppearing in a tree branch indicates the presence of an independent

current source cutset. In both of these cases, an error diagnostic will

be printed out, and the program will proceed to the next set of data.
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The internal mumbering scheme is as follows:

(R

independent 1

voltage sources

1y

> NN-1 tree branches

remaining

tree branches

remaining )

links

> NB-NN+1 links

independent

current sources

The above numbering scheme allows us to ignore the independent source
branches during subsequent optimal tree selections.

Subroutine PT, when desired, prints out the computed optimal tree and
the rearranged network.

I
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Block diagram:

Reorder branches according to the
optimal tree priority scheme

'

Select first NN-1 branches, which
do not form loops, to make up the

optimal tree

are there

independent Yes

voltage source loops or Print error
independent current diagnostic
ource cutsets? v
read in
next set
At initial tree selection, rearrange of data

link branches placing independent
current sources at the end of
branch list (if required)

#

RETURN

Subroutine PP
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Subroutine FCSM: (Fundamental Cutset Matrix)

Given a connected network, and a specified tree, there exists a unique
(real) (NN-1 X NB) fundamental cutset matrix Q, where NN and NB are the
number of nodes and the number of branches in the network, respectively.

Kirchhoff's current law is then given by

&, =2 »

”~

where ib is the complex branch current vector.
If the branch numbering is selected such that the first NN-1 branches

are tree branches (see subroutine PT), then Q can be partitioned as follows:

- wem

e=1im ,

and only the (NN-1 X NB-NN+1) F matrix need be computed and stored,
resulting in a substantial saving of computer memory.

To each link, of our connected network, there corresponds a unique
fundeamental loop, consisting of the link itself and sufficient tree branches
required to close the loop. Each column of E corresponds to such a
fundamental loop. This intermediate scheme is used to compute F.

If desired, FCSM can output the F portion of the fundamental cutset

matrix.
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v,

Select a link

:

Search along tree branches until
the unique corresponding funda-

mental loop is obtained

Fill the corresponding column

ofg

Have

No

we found

all ﬁmdaanental

Subroutine FCSM

22
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Subroutine VOLCUR:

=

This subroutine computes the real and imaginary components of inde-

pendent source signals, from their magnitudes and phases (-360° to 360°).

o

Let D designate the complex independent source signal. Let m designate
the given signal magnitude and let ¢ designate the given signal phase

(-360° to 360°). ¢' designates an equivalent, allowed, signal phase.

Case l:

Im D

Re D =m - cos (%)

w/ o
\Jnen
ImD =m - sin (9)

0s¢ = 90°

or -360° = ¢' = -270°

Case 2:

Re D

-m. cos ()

m « sin (6
Re D ()

Nz

90° = ¢ = 180

or =270° = ¢' s -180°

by,

®



(NN

%)

Y

2k

Case 3:
Im D
o' ReD=-m- cos (6)
/—> Re D InD=-m. sin ()
e 'y 20
m
180° s ¢' s 270°
or =180° s ¢ = -90°
Case b

Im D Re D

m - cos (¢)

“"/-\ In D =-m - sin (o)
Re D
\ ¢ 270° s ¢! = 360°

or =-90°

A

¢ s 0°

Independent source signals are read in in terms of magnitude and phase,
for the sake of convenience. Subroutine VOLCUR transforms these signals

into regular complex signals, which CANDOFD requires for execution.
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Subroutine INITIAL:

This subroutine initializes the tree branch voltages and link currents
of a given network. The independent source signals are set to their
appropriate complex values, and the remaining signals are set equal to
complex zeros. When W = 0, the independent source phases are ignored,
and the real parts of the independence source signals are set equal to the

signal magnitudes.
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Subroutine CALCAL:
This subroutine computes the complex tree branch currents ib and the
complex link voltages Y, from the complex link currents ;i.\e and the complex

tree voltages Ve respectively, via

c)l- e
il
[}
3

and

v, =EF'v. 5

where F is the nontrivial part of the fundamental (and real) cutset matrix

(see subroutine FCSM), and where the prime denotes the transpose.

Thus we see that Kirchhoff's voltage and current laws are automatically

satisfied, for any given connected network, by forcing 1'1; and v, to satisfy

the above relations.
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SUBROUTINE KONST:

This subroutine computes the (complex) branch element constants
required in the branch relations (see Subroutine ERROR). When desired
(NSCALE % 1), KONST selects a new curreht scale factor each time a new
topological tree is computed. There are no constants associated with
independent sources.

The complex constants are computed according to the prescription
given below, wheré W is‘the source frequency, S denotes the current scale
factor (e.g., S = 1000 = currents are in milliamps) and A; denotes the
constant associated with the ith branch.

Dependent voltage source:

a) Voltage controlled case

K

Re(xi) 1

In(2, )

1

0

where Ki is the ith coupling constant and is
unitless.

b) Current controlled case

Re(Ai) = Ki/S‘
InKAi) =0

" where K, is the ith coupling constant, in

ohms.

Capacitances:

a) Tree branch case

Re(Ai) =0



1
¢ " g, 910
Im(}\i) =
- not defined w =0
b) Link case
R =
e(Ai) 0
= *
Im(a i) w*ci S
where Ci is the ith capacitance value, in
farads,
Reslistances:
a) Tree branch case
Re(A 1) = Ri/S .
Im(A 1) =0
b) Link case
Re(A i) = S/Ri
Im(A i) =0
where Ri is the ith resistance value in ohms.
Inductances:.
a) Tree branch case
Re(Ai) =0
. wﬁ.i
g Im(x;) = 5=
R b) Link case
Re()\i) =0
Im(2,) "{Gﬁ'—i’ w £0

not defined w =0
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where Li is the ith inductance wvalue in henrys.

Dependent current sources:

a) Voltage controlled case
= *
Re(Ai) Ki S
Im()\i) =0

where K, is the ith coupling constant, in ohms.

i

b) Current controlled case

Re(Ai) = K,
Im(x;) = 0
where Ki is the ith coupling constant and is

unitless.

It should be noted that no zero valued inductances can be links and

no zero valued capacitances can be tree branches (see comment 8, Appendix E).

Automatic computation of scale factor:

When desired, subroutine KONST will compute a new current scale

factor each time a new topological tree is selected.

The algorithm, for selecting the optimum scale factor, is as follows:

1. Select smallest link impedance magnitude (say lzil).

2. Set internal current unit to be ?%E? s wherelzilis in ohms, e.g.,
ifsﬁ3|= 14800 ohms, the internal current gnit becomes i%]?
milliamps.

If our optimal tree algorithm yields a ‘topology which contains only

link current sources, the scale factor is automatically set equal to 1.0.
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SUBROUTINE ERROR:

This subroutine computes the complex branch errors Ei’ and the per-

formance criterion €, defined by

where i ranges over all non-independent source branches and * designates
the complex conjugate.

g is to be subsequently minimized and, when both the branch relations
and Kjrrchhoff"slaws are simultaneously satisfied, ¢ will be identically
zero.

Complex branch errors:

Notation:
The Ai denote the complex branch element constants computed in sub-
routine KONST. Vi and ii denote the complex branch voltage and current

respectively. The Ei’ of course, denote the complex branch error associated
with the ith branch.

Dependent voltage sources:

a) Voltage controlled case
= - *
Ei . V1 + Ai Vm
b) Current controlled case

= - *
Ei Vi + Ai 1m

where m denotes the controlling branch.

Capacitances:

a) Tree branch case.

E, ==V, + A\, *1i w#FO

i i i i

Ei = complex zero w=20
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b) Link case
E, = -1, +A, *V,
i i i i
Resistances:
a) Tree branch case
= - *
Ei Vi + Ai i1
b) Link case
Ei = - 1i + Ai * Vi
Inductances: '
a) Tree branch case
Ei = - Vi + Ai * ii
b) Link case
= - 3 %*
Ey ig v viw?éo

E. = complex zero w =20

Dependent current sources:

a) Voltage controlled case

- + %* V
Ei = - i, Ai
b) Current controlled case
- - 3
E, = 1i + )\i * i

where m denotes the controlling branch.
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SUBROUT INE_CNGVARS :

Given the complex direction along which we minimized, S, and the

(real) optimal step size ot , the complex non independent source tree

voltages and link currents are modified as follows:

A 2, : 4
- - - = - - - - * g
%, i

ew old

It should be emphasized that only the basis set of variables, i.e.,

the non independent source tree voltages and link currents, are changed.

it and 1 . designate, in this context, non-independent source signals.

Tree currents and link voltages follow directly from the implicit formu-

lation of Kirchhoff's laws (see subroutine CALCAL).
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SUBROUTINE FNDGRAD :

This subroutine computes the complex gradient vector of the perform-

ance criterion, with respect to non-independent source tree voltages and

non-independent source link currents.

Theory:

a) Tree voltage gradient vector
de

define Re(gt) = aniEE;T

(1)

]

W e " Ty

where & is the tree voltage complex gradient vector.

Recalling that

I
=]-=- 2
%= % (2)

the tree voltage gradient vector & can be expressed, via the chain rule,

as
M| - 2 (3)
where _ =
ov. ov. ov.
by ba......lrbﬂs_
ov ov v
tl tl tl
Bxb )
%-= (k)
ov. ov.
b ... ... "w
v ov
tNN-l tNN-l
n i
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2"

also
1
- -
Re o¢ - o€
%%, STRey,]
>
B 3
€ [ A
and I |5y | = STy
- - v

i
A F/

~

Now, g—ev— may be partitioned as follows:
~b -

?
v
g.é_ I
V.
P e
Y
Combining (3), (6) and (7) we obtain
Og
g =[I:E |5,
%%,

(5)

(6)

(7)

(8)

(9)

3k
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OE| _ ¢k
where Re{.ay’t. “'B[Rezt]
] >
Im[& -
ovy| ol Imy,]
Re[& | = aE
oy,] OlRey ]
we ) ke
and Im[axg“ " STy,

b) Link current gradient vector.

Since

(10)

35

we may proceed exactly as in the tree voltage gradient case, and arrive

at the desired form;

de

o¢

de
vhere g, R and S3
~4 di 2 azz Attl
in the tree voltage gradient case.

c) Branch gradient vectors.

The branch gradients gi
~b

(11)

computed as follows; (where

g::r_ and gi— are branch gradients associated with the ith branch):
i i

Tree branches:

Independent voltage sources:
a) not associated with controlled sources gf'-—

b) associated with controlled source m

have analogous meanings to their counterparts

complex zero
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ot

év—i = complex Zero
d¢

53; =Ap *Ey

dependent voltage sources:

o _ _ E

5vi i

ot _

Sio° complex zero
i

dependent current sources:

o _

Tt complex zeraq
i

o _

511 =-B

tree capacitances at w = O:

% = g-%- = complex zero
i i
remaining tree branches:
o _
v, ~ " By
Re [ﬁ’sﬁl] = Re(r;) * Re(E;) + Im(Ay) * In(E, )
Im B%;jl = - Imo‘i) * Re(E,) + Re(Ai) ¥ Im(Ei)

Link branches:

Independent current sources:

a) not associated with controlled sources

de oe

SV =81 " complex zero
i i

b) associated with controlled source m

ot _ %
5vi = Ay By
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te

oe
Si < complex zero
i

- dependent current sources:

o€

S = complex zero
i

oe  _

851, 7"

- dependent voltage sources:

ot _ _ B
Wi i
o _
S T complex zero
i
- link inductance at w = O:
g—i— = % = complex zero
i i
- remaining links
Re e = Re(X,) *Re(E,) + Im(A,) % Im(E,)
Wi' i i i i
£l =. *
Im‘_g\-r;] = Im(xi) Re(Ei) + Re(Ai) * Im(Ei)
%€ _ _g
ﬁ i

o€ o¢ de de

Hence, knowing <7— and N and follow directly from
0L, oY, ’ aw i,
0,

equations (9) and (11). Note that, at v = %f-’- for tree capacitances

and gﬁ- for link inductances must be constrained to be complex zero.
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SUBROUTINE FNDALPH:

This subroutine computes ul, the optimal step size at the ith iterative
step, which minimizes € along §i, a (complex) direction computed by sub-

routine FLPOW.
The constant ai is such that

min e(x -2 8% = (& -ot -8t
A

where x is the set of (complex) nonindependent source tree voltages and

link currents, at the ith iterative step.

The analytical expression for ai is:

A
e(x - %) + A - e(x)

i
x =

-

and

A= Z [Re(g)) - Re(sy) + In(g;) - In(s})]

k
where §i is the complex gradient at the ith iterative step, and k ranges

over all the nonindependent source branches.
The situation may be graphically depicted as follows:




y

SUBROUTINE FLPOW:
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This subroutine computes the complex direction s along which we wish

to minimize the performance criterion €.

The Fletcher-Powell(a) algorithm is utilized with the initial direction

being that of steepest descent (i.e., along the gradient).

Fletcher-Powell algorithm:

Let H be a positive definite symmetric matrix. The dimension of H
N X N where
N = 2x (NB - number of independent sources)

The direction along which we perform the minimization is given by

where the superscript i indicates that we are at the ith iterative step,

and 21 is defined as follows:

e (g,) ]
1 |Re (g)
In (g,)
_Im (§3) -

)€
n

where - and g, are defined in subroutine FNDGRAD.

The /}5 matrix is updated as follows:

ﬂl = I (Identity matrix)

w_ g X&) R SRS S R e
H = - - ~— s
~ ~ (’y\i ) LI (lﬂi+l - wi) (wi"'l - 21 ) ! EJ-. (21"'1 _ 221 )

Ca ~ ”~

is

- gi)]'



i

T

Lo

Then,

yl‘l"l - HJ.+l . ml+l

b,
)
b

and, we identify

Re (§l+l)

_i#l
"""""" =X
T (Si+l)

The § metrix converges to the inverse of the second derivetive matrix,

¥nown as the Hessian matrix.
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Is
this the

first iteration at

b1

7]
(0]
ot
e
]
H

7]
®
o+
i
il
]

Y
Set up Xl, wl+l
. "
compute scalars (Xl)' . (21 1 gi)
and ('u\,i‘f’l - }‘21)! . ’}!i . (9\14‘1 - }el)

Y

Computé matrices Xi- (Xi)' and
[ (o' gt e (gifl-gzi) )

\

Compute ,lii i

set Xi+l = g:l.-l'l . uJ:l.-t-l

Cal

compute §i*l

Return

SUBROUTINE FLPOW
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SUBROUTINE READOUT:

This subroutine outputs all the desired branch current and/or voltage
magnitudes and phases, in the desired order, and in the original network
numbering scheme. Hence for any branch, one may output its current and/or
its voltage.

If the frequency at which the network was analyzed had to be modified

due tc the presence of an "ideal resonance,"

a diagnostic is provided.

Note that a one to one correspondence, between desired output variables
and their internal ordering, needs be calculated each time a new tree is
selected. This is done in subroutine PT.

Subroutine READOUT converts the desired output variableé from their

internal complex representation, to a more desirable (magnitude, phase)

representation.
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SUBROUTINE GRAPH:

The purpose of this subroutine is to provide graphical outputs of up
to five signals. A graphical output of any branch voltage or current,
magnitude or phase, can be obtained.

Subroutine GRAPH is called, by the main program, at each frequency
point. The desired voltages and currents are étored in an array. When
either the final frequency point or the 200th frequency point is reached,
the desired magnitudes and phases are computed. The variables are then
scaled individually so that maximum use is made of the output page width.

The following figure illustrates a typical graph output.

Branch 8 Voltage Magnitude
Frequency, Value

variable is scaled such that full use
is made of page width.
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SUBROUTINE ALLOUT:

This subroutine outputs all the tree voltages and link currents (in-
cluding those associated with independent sources), in the optimal tree
numbering scheme.

Hence, when ALLOUT is used, one should also output the corresponding
tree information, which will immediately yield the isomorphism between the

original network and the new topologies.
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Dependent source modeling:

45

Each dependent source requires two branches for its complete specifi-

cation, both of which must be a part of the network description, and hence

must be read in as data.

Voltage controlled voltage source:

Ideal model:

-
N\

+
\'/ VC
controlled controlling
voltage voltage

CANDOFD model:

v t) @ I=OV

4

C

controlled
voltage

controlling
voltage

Current controlled voltage source:

Ideal model:

o+
+ Y
v ;) Ic
controlled controlling
current

voltage

kV

il

kv

kI



CANDOFD model: IC

v Ci“) C‘i‘ V=0

D ——— —
controlled controlling
voltage current

Voltage controlled current source:

Ideal model:
+
1 (;) Vg
Gunmer— -.—.

controlled controlling

current voltage
CANDOFD model.:

+

14,) YP1i=o0 v,

Sr————e)

controlled controlling
current voltege

Current controlled current source:

Ideal model:

|
|

SN ORI 2%

[ ———
controlled controlling
current current

1

46

kv

kI



b7

CANDOFD model.: IC
+
I Ci' V=20 I=kI c
controlled controlling
current current

Thus we see that in all cases the controlling current is taken to be
the current through a zero-valued voltage source, and the controlling
voltage is taken to be the voltage across a zero-valued current source.

The coupling constants, denoted by k, are those that should be

read in as corresponding elements of the VALUE array.



APPENDIX B:

Data cards for CANDOFD

Notation:
I = integer format
A = alphamumeric format
E = exponential or floating point format

col = column on data card

L8
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Card #1:
Variables read in, in sequential order
NN, number of nodes (I)
NB, number of branches (I)
WSTART, initial frequency (E)
WEND, final frequency (E)
FACTOR, frequency multiplicative factor, if desired, (E)
EPS, error below which performance criterion must fall (E)
NCONT, Tree and F output control (1)
NCONT = 1 = outputs desired
NCONT = O = outputs not desired
NTREE, Tree picking control (I)
NTREE = 1 => pick a new tree at each frequency point

NTREE = O = pick a tree only at the initial frequency point

COl l"s, - NN h
col 6-10, =~ NB
col 11-25, - WSTART

col 26-40, - WEND
> DATA CARD #1

col 41-55, - FACTOR

col 56-70, - EPS
NCONT

col 75,

col 80, - NTREE J
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Card #2:
Variables read in, in sequential order
NGRAPH, number of graphical outputs (I)
NALLOUT, control variable for use of
ALLOUT subroutine (I)
NALLOUT = 1 = use of ALLOUT is desired
NALLOUT = 0 => use of ALLOUT is not desired
JOUT, number of outputs desired (I)
To be used in conjunction with subroutine READOUT
SCALE, scale factor (E)
e.g., scale factor of 103 sets current unit to milliamps
NITT, number of iterative minimization steps, per frequency point (1)
If only an error control is desirable, set NIIT = O
FREQADD, frequency additive step, if desired (E)
NSCALE, Control variable for use of internal, automatic current scaling
NSCALE = 1 = use scale factor read in as SCALE
NSCALE # 1 = use internal, sutomatic current scaling algorithm
col 1-5, - NGRAPH )

col 6-10,

NALLOUT
col 11-15, - JOUT

col 16-30, - SCALE

> DATA CARD #2
col 31-35, - NITT

col 36-50, - FREQADD
col 51-55, - NSCALE

col 56-60, - IDRES j
IDRES, Control variable for use of internal ideal resonance testing.
IDRES = 1 => bypass ideal resonance tests

IDRES # 1 => test for ideal resonances



Network description data cards:

For each network branch, the following card is needed.

which network branches are read in is arbitrary.

Variables read in, in sequential order
TYPE, Branch type (A)

H ™M BH Q <« W
[}

&

independent voltage source
controlled voltage source
cepacitance

inductance

resistance

controlled current source

independent current source

IBRAN, Branch number (I)

CONTYPE, dependent source controlling type (A)

VvV -

I -

voltage controlled

current controlled

KONBRAN, dependent source controlling branch (I)

LEAV, node which branch leaves (I)

LENT, node which branch enters (I)

VALUE, value of branch element (E)

Resistance in ohms
Inductance in henrys

Capacitance in farads

(See Appendix A)

51

The order in

Dependent source coupling constants in ohms, mhos, or unitless
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AMAG, independent source signal magnitude (E)
in volts, for independent voltage source
in amperes, for independent current source
APHASE, independent source signal phase, in degrees (E)
- 360° s phase S +360
col 1, - TYPE )
col 2-L, - IBRAN
col 6, - CONTYPE
col 7-9, - KONBRAN
DATA CARD DESCRIBING
col 11-12, - LEAV >
ONE NETWORK BRANCH
col 14-15, - LENT
col 21-35, - VALUE

col 36-50, =~ AMAG

col 51-65, APHASE J

OUTPUT specifications:
Only one type of output is allowed for any one network analysis, i.e.,

only one of NGRAPH, NALLOUT and JOUT can be nonzero.

The following data cards follow immediately after the network
description data cards.

- If NGRAPH # O, we need NGRAPH (S 5) data cards with the following

information
col 1-5, branch number (I)
col 10, branch signal desired (I)
1 = current desired

0 = voltage desired
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col 15, signal information desired (I)
1l = phase plot desired
0 = magnitude plot desired
- If JOUT # O, we need JOUT (= 200) data cards with the following
information
col 1-5, branch number (I)
col 10, branch signal desired (I)
1l = current desired

0 = voltage desired

- If NALLOUT # O, no other data cards are required.
Note that when one or more networks are analyzed in one batch, the last

data card of the batch should be a blank card.
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APPENDIX C:

Sample Problems:

Notation:

circled numbers indicate node numbers

uncirecled numbers indicate branch numbers

R's indicate resistances, in ohms

L's indicate inductances, in henrys

C's indicate capacitances, in farads

NN is the number of nodes

- NB is the number of branches

- WSTART is the initial frequency in radians/sec, (WSTART = O
jmplies a DC solution is desired)

- WEND is the final frequency of concern (in radians/sec)

- FACTOR is the multiplicative frequency factor (when desired)
€.Zo, if Wy is the present frequency point, the next frequency
point will be given by wl % FACTCR

- FREQADD is the additive frequency increment (when desired)
e.g., if Wy is the present frequency point, the next frequency
point is given by wl + FREQADD

- EPS is the desired performance criterion error

- The central processor time, given for the sample problems, includes
the input-output execution time.

- Only the pertinent computer output is reproduced with the sample

problems .



Sample Problem #l:

Low Pass Butterworth Filter:

NN =5
NB = 6

R =103

L = 0.0l

c =2><10"8

[El =10V, §E=0.0

Specifications:

- Initial frequency = 105 (WSTART = 10°)
- Final frequency = 5 x 10° (WEND = 5 x 10°)
- Frequency additive factor = 101} (FREQADD = 10)4)

- Desire error to fall below 10~°

or a maximum of 18 iterative mini-
mization steps at each frequency point.

(EPS = 10”2, NITT = 18)

25
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- Desire tree and F to be outputed (NCONT = 1)

- Desire internal automatic current scaling. (SCALE is arbitrary,

NSCALE # 1
- Desire the following graphical outputs
Branch 4 current magnitude )
Branch 1 current magnitude
Branch 1 current phase L (NGRAPH = 5)

Branch 6 voltage magnitude

Branch 6 voltage phase

J

- Desire an optimal tree to be selected at each frequency (NTREE = 1)
The required data cards for this problem may be seen on & subsequent

page. The central processor time, for this problem was 9.86 seconds.
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c=1.0
R R = 1.0
L =1.0
®
L
R 12
11
® T

D) 10

E] =1
§E=OQO°
NN = 10



62

Specifications:

- Initial frequency = 0.0 (WSTART = 0.0)

Final frequency = 2.0 (WEND = 2.0)

Frequency additive step = 0.1 (FREQADD = 0.1)
5

Desire error to fall below 10~ or a maximm of 39 iterative mini-

nmization steps at each frequency point. (EPS = 10-5, NITT = 39)

Do not desire tree and F to be outputed (NCONT = 0)

Desire internal automatic current scaling (NSCALE 75 1, SCAIE is

arbitrary)

Do not desire an optimal tree to be selected at each frequency

(NTREE # 1)
- Do not desire testing for ideal resonance (IDRES = 1)

Desire the following graphical outputs

~

Branch 3 current megnitude
Branch 5 voltage phase
Branch 8 voltage magnitude > (NGRAPH = 5)

Branch 11 current magnitude

Branch 13 current phase

o
The required data cards, for this problem, may be seen on a subsequent
page. The central processor time for this problem was 10.37 seconds.

Comments on sample problem #2:

Note that when w = O, only the outer resistor loop can carry a current
(since all the C's are open circuits). Thus, the current in branch 11 is
1/3 amp, and the voltage across branch 8 is zero. Theresults of CANDOFD
agree with the above. As w - «, the current in branch 1l will again tend
toward 1/3, and the voltage across branch 8 will again tend toward zero

(since the L's now become open circuits).
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Comparison of different solution schemes for sample problem #2:

* implies that the indicated scheme has been implemented
CP indicates the central processor time, in seconds
AUTO indicates automatic, internal current scaling
TREE indicates that an optimal tree is to be selected at each frequency point
OUT indicates that tree and F outputs are desired

RES indicates that a test for resonances is desired

Scheme AUTO TREE RES OUT CP

1 * * * * 13.54
2 * * * 10.98
3 * * 10.91
4 * 10.37
2 ‘SCALE

= 1.0 * 10.64
6 SCALE

= 1.0 10.30

It should be noted from a comparison of the lst and 2nd schemes, that
the CP time for outputing the tree and ’I:‘ information is substantial, and
hence should not be used unless it is specifically desired. Evén though
schemes 4 has a CP time slightly below that of scheme 3, its results are
significantly less accurate.

In general, scheme 3 is the recommended procedure when one dces not

have a clear idea of what the network signals will be.
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Sample Problem #3:

Ideal L-C filter section:

NN = 3
NB = 3
|E] = 1.0, ¥ E = 0.0

Specifications:

Tnitial frequency = 0.0 (WSTART = 0.0)

Final frequency = 2.5 (WEND = 2.5)

Frequency additive factor = 0.1 (FREQADD = 0.1)

Desire error to fall below 1072 (Eps = 10'5)

Desire tree and F to be outputed (NCONT = 1)

Desire internal automatic current scaling (SCALE is arbitrary,

NSCAIE # 1)

Desire an optimal tree to be selected at each frequency point

(NTREE = 1)

Desire the following graphical outputs
Branch 1 voltage magnitude
Branch 2 current magnitude
Branch 2 current phase L (NGRAPH = 5)
Branch 3 voltage magnitude

Branch 3 voltage phase
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The required data cards for this problem may be seen on a subsequent
page. The central processor time for this problem was 2.61 seconds.

Comments on Sample Problem #3:

Note the XXX's on the graphical outputs indicating an ideal resonance

at w=1.0.
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Sample Problem #:

23 Lossy L-C filter section:

R =0.1
L =1.0
C—loo

NN = L
NB = L

[E] = 1.0, IE =0.0

Specifications

- Initial frequency = 0.0 (WSTART = 0.0)

Final frequency = 2.5 (WEND = 2.5)

Frequency additive factor = 0.1 (FREQADD = 0.1)

Desire error to fall below 10™° (EPS = 10™°)

Do not desire tree and F to be outputed (NCONT = O)

Desire internal automatic current scaling (SCALE is arbitrary,

NSCALE # 1)

Desire an optimal tree to be selected at each frequency point

(NTREE = 1)

Desire the following graphical outputs.
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Sample Problem #5:

ol |
(0+)

| = |7| = 10.0 R = 1.0
¥E=%¥J=0° L = 0.05
NN =5,NB=8 ¢ = 0.05
Specifications:

- Initial frequency = 0.0 (WSTART = 0.0)

Final frequency = 50.0 (WEND = 50.0)

Frequency additive factor = 1.0 (FREQADD = 1.0)

Desire error to fall below 10"h or a maximum of 24 iterative mini-

L

mization steps at each frequency point. (EPS = 10 ', NITT = 24)

Do not desire tree and F to be outputed (NCONT = 0)

Desire internal automatic current scaling. (SCAIE is arbitrary,

NSCALE # 1)

Desire an optimal tree to be selected at each frequency point

(NTREE = 1)
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- Desire the following graphical outputs
Branch 1 current magnitude )
Branch 2 voltage magnitude
Branch 5 current magnitude > (NGRAPH = 5)

Branch 5 current phase

Branch 8 current magnitude

o

- Desire internal testing for resonances (IDRES # 1)

The required data cards for this problem may be seen on a subsequent
page. The central processor time for this problem was 10.56 seconds.

Comments on sample problem #5:

At w = 20,0, the L-C series and parallel combinations act as short

and open circuits respectfully. Thus, our network reduces to
R=1

10 V v rR=1 Q 10

The solution to this network is

v

0O wvolts
I=10 amps
This is borne out by CANDOFD.
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o3 [ #]
SACOLE 4L
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Te
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« 1030401
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BRANCH

5

CURRENT

MAGNITUDL PLOT

000 0500090000000 0000 0000000000000 00000000000 000C00000PCEPCRBRER00 0000 0000000 00000000 00000000ORRCOIORERAOERTOSTSE

+

+
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Sample Problem #6:

s One stage amplifier:
+12V
2
22 K
1.1 K
I 5
5 uf
0.01 Vv Cm) é 33K
— 50 uf

where Mf indicates microfarads and K indicates ohms X 103.

The transistor is represented by the following small signal model:

50 1071
AV | o C
B I R

Lo e §

AN
|
\u
o
|

20

E
With the above transistor model and appropriate controlled source modeling,

the small signal equivalent of our network is;
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4
.01 v N)
1
@ with I,), = 100 * I7
NN =9, NB = 16
Specifications:

Initial frequency = 1.0 (WSTART = 1.0)

Finel frequency = 10° (WEND = 10°)

Frequency multiplicative factor = 2.0 (FACTOR = 2.0)

Desire error to fall below 1072 or a maximm of 50 iterative mini-

12

mization steps at each frequency point (EPS = 10—, NITT = 50)

Do not desire tree and ’11" information outputed (NCONT 74 1)

Desire internal, automatic current scaling (SCALE is arbitrary and

NSCALE # 1)

Desire the selection of an optimal tree at each frequency point.
(NIREE = 1)

Do not desire testing for ideal resonances (IDRES = 1)



- Desire the following graphical outputs
Branch 1 current magnitude
Branch 7 current megnitude

> (NGRAPH = L)
Branch 14 current magnitude

Brench 16 current magnitude )

The requi;red data cards for this problem may be seen on a subsequent
page. The central processor time, for this problem, was 69> seconds, i.e.,
approximately 2 seconds per frequency point. (Note that this is, essentially,
an exact analysis.)

Comments on sample problem #6:

The mid-band voltage gain, given by CANDOFD, is

_ P16 X6 _ 6 x 103 x 0.22 x 1073

Gy A 0,01 =132
where R, = 6 K.
The mid-band power gain, given by CANDOFD, is
2
G =R——————-—--l6XI16 = G x-]-:-?'..é
P v Il

‘ -3
5 9:22 X 10

= 132 5
0.4l x 10

6.6 x 105

n

These results agree well with theoretical results for this amplifier.
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Sample Problem #7:

Two Stage Audio Amplifier:

88

+12V
$on x 6 X 5 uf 3’16 K 700
Il
11X 5uf ]
0.01 v@ $ 3.3K $ 6.2 K ’
1K 50 puf 3 50 pf
I Wil

We will use the -small signal transistor model described in sample problem #5.

Specifications:

zation steps at each frequency point. (EPS = 107t

(NTREE = 1)

NSCAIE # 1)

Initial frequency = 1.0 (WSTART = 1.0)
Final frequency = 10° (WEND = 109)
Frequency multiplicative factor = 105 (FACTOR = 105, FREQADD = 0.0)

Desire error to fall below 10"12 or a maximum of 60 iterative mini-

2, NIIT = 60)

Do not desire tree and F outputed (NCONT = O)

Desire an optimal tree to be selected at each frequency point

Do not desire testing for ideal resonances (IDRES = 1)

Desire internal, automatic current scaling (SCALE is arbitrary,

The central processor time for this problem was 56 seconds.
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%]
FREQUENCY = «10000E+07
BRANCH 1 VOLTAGE )
BRANCH 1 CURRENT
BRANCH 7  CURRENT
"BRANCH 14  CURRENT
BRANCH 17  CURRENT
BRANCH 20  CURRENT
BRANCH 22  CURRENT
BRANCH 25  CURRENT
BRANCH 30 VOLTAGE
BRANCH 30 CURRENT

ABS VALUE =

ABS VALUE =
ABS VALJE =
ABS VALUE =

ABS VALUE =

ABS VALUE =

AQS VALUE =

ABS VALUE =
ABS VALUE =

ABS VALUE =

 FREQUENCY = «10000E+10
BRANCH 1  VOLTAGE ABS VALUE =
BRANCH 1 CURRENT ABS VALUE =
BRANCH 7 CURRENT ABS VALUE =
. _. BRANCH 14 CURRENT _ABS_VALUE =
BRANCH 17  CURRENT ABS VALUE =
BRRANCH 20  CURRENT ABS VALUE =
BRANCH 22 CURRENT ABS_VALUE =
8 BRANCH 25 CURRENT ABS VALUE =
HRANCH 30 VOLTAGE ABS VALUE =
BRANCH 30 CURRENT ABS VALUE =

 +62134E=05

«10000E-01
0 42974E=05

e 24649E=05

+24649E=03

«19051E~03
«12821E-03

+15619E=03

«12821E=01
.87637E+01

«12520E=01

«10000E=01
«57985E=05

«62134E-03

«1214BE=03
«12285E=03
«79876E=03
«12285E=01
«12951E+01
+18502E=02

PHASgkf_ Oe
PHASE = =.17841E+03
PHASE = «38127E+01
__PHASE = 38126E401
PHASE = -.17635E+03
PHASE =: =.17528E+03
 PHASE = ,14852E403
PHASE = ~.17528E+03
PHASE =: «43148E+01
PHASE = «43148E+01
PHASE = 0.
PHASE = «13248E+03
PHASE = =e71947E%02
PHASE = ~,71947Ev02
PHASE = ~.6B116E*02
PHASE = - T6623E+02
PHASE = +26153E+02
PHASE = - T6623E+02
PHASE = «22496E+02
PHASE = 7 7.22495E‘02



APPENDIX D:
CANDOFD FORTRAN IV LISTING
(cpec 6400)
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PROGRAM CANDOFD( INPUT »OUTPUT)

COMPLEX EsCONST»V»CsGRAD

COMPLEX CONDTEM

COMPLEX GRAF

COMPLEX TEMPARsDUMMY

COMPLEX XsY

COMPLEX CONTsS

INTEGER CNTSOR

INTEGER CONTYPE

INTEGER CONTTEM

INTEGER TEMP

INTEGER TYPE

COMMON /BLOCK1/ NNP{(200)sNP(200)sIDRES

COMMON /BLOCK2/ IBRAN(200) sLEAV(200)sLENT(200)
COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(495151)9NOEL(7)
COMMON /BLOCK&/ ITBRAN(200)sLEAVT(200)sLENTT(200)
COMMON /BLOCKS5/ IOUT(200)sITEST(200)sNOUT(200)s ITTEST(200)
COMMON /BLOCK6/ TEMP(7)sE(200)sGRAD(200)sCONST(200)
COMMON /BLOCK7/ ALPHAsFUNCTsNICsFACTORSEPSsNNsNB
COMMON /BLOCKS8/ V(200)sC(200)

COMMON /BLOCK9/ CONTYPE(200) sKONBRAN(200)

COMMON /BLOCK10/ AMAG(200) s APHASE(200) sWSTART sWEND sNRES
COMMON /BLOCK11/ CONT(200)s5(200)

COMMON /BLOCK12/ CONTTEM(200)sCONDTEM(200) sKONTEM(200)
COMMON /BLOCK13/ X(200)sY(200)sITN

COMMON /BLOCK14/ KP(5)sWsFREQADD

COMMON /BLOCK15/ NIT,JOUT sNGRAPHsNALLOUT

COMMON /BLOCK16/ GRAF(200s5) s JGRAPH(5) s IGRAPH(5)sNPRINTsSCALESNITT
COMMON /BLOCK19/ CNTSOR(200)

COMMON /BLOCK20/ NCONT sKLOOP sKPP

COMMON /BLOCK21/ NST(5)

COMMON /BLOCK23/ TEMPAR(200) sDUMMY (200)

COMMON /BLOCK24/ SCALsNSCALEsNTREE

DIMENSION HH(54554)

NDATA=0

NIC=0

NRES=0

IF (NDATA.EQ.0) GO TO 2

CALL SECOND (T)

T0=T-TU

PRINT 21s TO

CALL SECOND (TU)

CALL READIN

NDATA=NDATA+1

KLOOP=0

CALL PT

IF (KLOOP.EQe1) GO TO 1

NB2=(NB=-NOEL (1)-NOEL (7)) %2

CALL FCSM

NLS=NN=1

CALL INITIAL

NPRINT=0

IF (FREQADD) 34443

W=WSTART-FREQADD
GO TO 6

PPPPE>Br->>PPP>E>>PPPPPPrPrrP P> rPPPPrrPPI>BPPPPPPPDPI>D>PPPRD

VOOV S WN-



()}

& 7

11

12
13
14

15

l6

W=WSTART/FACTOR
W=W*FACTOR

NTRES=0

GO TO 7

W=W+FREQADD

NTRES=0

NIC=NIC+1

IF (NICsEQel) GO TO 8
IF (NTREEeNE«1) GO TO 8
CALL PT

IF (KPP.EQ.0) GO TO 8
CALL FCSM

CALL KONST

NIT=0

ITN=0

KRES=0

IF (NIC.EQel) SCAL=1.0
DO 9 I=NNsNB
C(I)=C(I)*SCALE/SCAL
CONTINUE

CALL CALCAL

IF (NITT«EQe0) GO TO 11
IF (NIT=NITT) 11517517
CALL ERROR

IF (IDRES<EQe1l) GO TO 1
IF (KRES«EQe0) FRES=FUN
IF (KRES+EQe0) GO TO 12
A=ABS(FRES=FUNCT)
B=1+0E~09%FUNCT

IF (AeLTeB) NRES=1
FRES=FUNCT

IF (NTRES<EQel) GO TO 1
IF (NRES+EQel) GO TO 19
GO 10 13

KRES=1

IF (FUNCT-EPS) 17+17+14
CALL FNDGRAD

ITN=ITN+1

CALL FLPOW (HHsNBsNB2)
NIT=NIT+1

CALL FNDALPH

CALL CNGVARS

IF (IDRES«EQel) GO TO 1
DO 15 I=1sNLS
A=REALI(V(I))
B=AIMAG(V(I))

IF (ABS(A)eGTele0E+30)
IF (ABS(B)eGTele0E+30)
CONTINUE

DO 16 I=NNsNB
B=AIMAG(C(I))
A=REAL(C(1))

IF (ABS(B)eGTele0OE+30)
IF (ABS(A)eGTele0QE+30)
CONTINUE

3
cT

3

0

GO TO 17
GO TO 17

GO T0 17
GO 70 17

93

>PP>Pr>>pPrPP>>P>PP>lBIE2PPBP>PPrPPP>>PPPrE PP PP B>B>> >

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
17
78
79
80
81
82
83
84
85
86
87
88
89
90

92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110



GO 70 10 A 111
NPRINT=NPRINT+1 A 112
IF (NGRAPHJGE«1) CALL GRAPH A 113
IF (NALLOUT.GEe1) CALL ALLOUT A 1ll4
IF (JOUT+GEel) CALL READOUT A 115
IF (NGRAPH+EQe201) GO TO 1 A 116
IF (NRES«.EQel) GO TO 20 A 117
IF (WEND-W) 1,1,18 A 118
IF (NIC.EQel) CALL INITIAL A 119
IF (FREQADD) 64546 A 120
DW=0e05%W A 121
W=W+DW A 122
NIC=NIC-1 A 123
NTRES=1 A 124
GO T0 7 A 125
W=W-DW A 126
NRES=0 A 127
GO TO 18 A 128
A 129
A 130
FORMAT (1H1»20Xs*THE CENTRAL PROCESSOR TIME FOR THIS PROBLEM = #* A 131
19E15659% SECONDS*) A 132
END A 133~
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SUBROUT

95

INE READIN

NB IS THE NUMBER OF BRANCHES
NN IS THE NUMBER OF NODES

COMPLEX
INTEGER
INTEGER
INTEGER
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
1JP=0
READ 12
IF (NNe.
READ 13
PRINT 1
PRINT 1
PRINT 1
DO 1 I=
READ 17

GRAF

CONTYPE

CONTTEM

TYPE

/BLOCK1/ NNP(200)sNP(200)IDRES

/BLOCK2/ IBRAN(200)sLEAV(200)sLENT(200)

/BLOCK3/ TYPE(200)sVALUE(200)sF(494151)sNOEL(7)
/BLOCK4/ ITBRAN(200) sLEAVT(200)sLENTT(200)

/BLOCKS/ 10UT(200)sITEST(200)sNOUT(200)sITTEST(200)
/BLOCK7/ ALPHASFUNCTsNICsFACTORSEPSsNNsNB

/BLOCK9/ CONTYPE(200) sKONBRAN(200)

/BLOCK10/ AMAG(200) yAPHASE(200) sWSTARTsWEND
/BLOCK14/ KP(5)sWs FREQADD

/BLOCK15/ NITsJOUT sNGRAPHsNALLOUT ,

/BLOCK16/ GRAF(20035) y JGRAPH(5) s IGRAPH(5) sNPRINT9SCALESNITT
/BLOCK20/ NCONT sKLOOP sKPP

/BLOCK24/7 SCALsNSCALESNTREE

» NNoNBIWSTARTSWENDsFACTORIEPSsNCONTsNTREE

EQeQ) STOP

» NGRAPHsNALLOUT s JOUT s SCALE 4NITTosFREQADD sNSCALE S IDRES

49 EPS»WSTARTsWEND»FACTOR

59 NNsNBsSCALEsNITTsFREQADDsNSCALE s IDRES

6s NTREE

1sNB

» TYPE(I)sIBRAN(I)sCONTYPE(TI)sKONBRAN(I)YsLEAV(I)SLENT(I)sVA

1LUE(T)sAMAG(I) sAPHASE( 1)

CONTINU

E

IF (NGRAPH.EQe0O) GO TO 2

READ 18
IF (NAL
READ 19
PRINT 2
PRINT 2
DO 4 1=
PRINT 2
CONTINU
PRINT 2
DO 8 I=
IF (TYP
IF (TYP
GO TO 8
A=THCUR
GO TO 7
A=THVOL
PRINT 2
CONTINU
DO 11 I
IF (CON
GO TO 1
IF (1JP

s ((IGRAPH(I)sJGRAPH(I)SITTEST(I))sI=19NGRAPH)
LOUTeGEeleOReNGRAPHeGEe1l) GO TO 3

s ((IOUT(I)SITEST(I))sI=1+JOUT)

0

1

1sNB

2y IBRAN(I)STYPE(I)sVALUE(TI)SLEAV(I)SLENTI(I)
E

7

1sNB

E(I)eEQelHE) GO TO 6

E(I)eEQelHJ) GO TO 5

RENT

TAGE |
6s IBRAN(I)As AMAG(T)sAPHASE(T)
E

=]19sNB

TYPE(I)eNEes1H ) GO TO 9

1l

oeEQe0) PRINT 23
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=0

11

C
C
12
13
14

15

16
17
18
19
20
21
22

23
24

25
26

27

1JP=1

IF (TYPE(I)eEQelHI) GO TO 10
A=THCURRENT

IF (CONTYPE(I)eEQe1HV) A=THVOLTAGE
PRINT 245 AsIBRAN(I)9KONBRANI(I)

GO TO 11

A=THCURRENT

IF (CONTYPE(I)eEQe1HV) A=THVOLTAGE
PRINT 255 AsIBRAN(I)sKONBRANI(TI)
CONTINUE

W=WSTART

RETURN

FORMAT (I55155E15439E15¢392E15439215)

FORMAT (3155E15e55155E1565915515)

FORMAT (1H1s/////+40Xs#ERROR CRITERION = %sE15.59///940Xs* INITIAL
1 FREQUENCY = *,E15.55 * FINAL FREQUENCY = *s E15459///+40Xs% FACTO
2R = #3E1545) |

FORMAT (1HOs///330Xs* NUMBER OF NODES = *,15s% NUMBER OF BRANC
LHES = *4159///+30Xs*  SCALE FACTOR = #3E15455///330Xs*DESIRED NUM
2BER OF ITERATIONS AT EACH FREQUENCY POINT = #5155///30X»*FREQUENC
3Y ADDITIVE STEP = %sE15e55///530Xs% NSCALE = #*,154///930Xs* IDRES
4 = %,15)

FORMAT (1HOs///535Xs*NTREE = #,15)

FORMAT (Als13s1XsA151351X91251Xs1245X93E1545)

FORMAT (315)

FORMAT (215)

FORMAT (1H1s55Xs*THIS IS THE GIVEN NETWORK*)

FORMAT (1HOs///55Xs*UNITS ARE OHMSs FARADS AND HENRYS *)

FORMAT (1HOs10Xs*BRANCH NUMBER *s5XsI3s4Xe%* IS A ®9Als% OF
1 VALUE #,E12.5s* LEAVING NODE  *513s* AND ENTERING NODE *,13)

FORMAT (1HOs///530Xs*CONTROLLED SOURCES *4///)

FORMAT (1HOs10X»>A7s% CONTROLLED VOLTAGE SOURCE#sI3¢% IS CONTROLLED
1 BY BRANCH#,15) |

FORMAT (1HO0»10XsA7s* CONTROLLED CURRENT SOURCE#s13s% IS CONTROLLED
1 BY BRANCH#*,15)

FORMAT (1HO»10Xs*BRANCH*sI493Xs* IS AN INDEPENDENT #5ATs%* SOURCE¥,
110X»*MAGNITUDE = #5E1545510Xs*PHASE = *»E15.5)

FORMAT (1H15s30Xs*INDEPENDENT SOURCES¥s///)

END

DO DO TTODDOITODIDODODODODRRODD ®

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
77
78
78A
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95-



97

SUBROUTINE PT

COMPLEX VsC

COMPLEX TEMP11sTEMP12

COMPLEX GRAF

INTEGER CNTSOR

INTEGER CONTTEM

INTEGER TYTEMP

INTEGER TEMPO1,TEMPO2s TEMPO3 » TEMPO4 s TEMPO6 » TEMPO9
INTEGER TEMP

INTEGER TYPE

INTEGER CONTYPE

COMMON /BLOCK1/ NNP(200)sNP{200)

COMMON /BLOCK2/ IBRAN(200) sLEAV(200)sLENT(200)

COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(495151)sNOEL(7)
COMMON /BLOCK4/ ITBRAN(200)sLEAVT(200)sLENTT(200)
COMMON /BLOCKS/ I10UT(200)sITEST(200)sNOUT(200)sITTEST(200)
COMMON /BLOCK6/ TEMP(7)sITBB(200)sTYTEMP(200)sVALTEM(200)
COMMON /BLOCK7/ ALPHAsFUNCTsNICsFACTORSEPSsNNsNB
COMMON /BLOCK8/ V(200)5C(200)

COMMON /BLOCK9/ CONTYPE(200) sKONBRAN(200)

COMMON /BLOCK10/ AMAG(200) sAPHASE(200) sWSTART sWEND
COMMON /BLOCK12/ CONTTEM(200)sAMTEM(200)sAPH(200) sKONTEM(200)
COMMON /BLOCK14/ KP(5)sWsFREQADD

COMMON /BLOCK15/ NITsJOUT sNGRAPHsNALLOUT

COMMON /BLOCK16/ GRAF(20055) s JGRAPH(5) s IGRAPH(5)sNPRINTsSCALESNITT
COMMON /BLOCK19/ CNTSOR{200)

COMMON /BLOCK20/ NCONT sKLOOP sKPP

COMMON /BLOCK21/ NST(5)

COMMON /BLOCK23/ CONST(200)

COMMON /BLOCK24/ SCAL sNSCALE sNTREE

KK=NN-1

KKTT=0

IF (NIC4EQ.0) GO TO 1

GO TO 6

KM=0

TEMP(1)=1HE

TEMP(2)=1HV

TEMP(3)=1HC

TEMP(4)=1HR

TEMP(5)=1HL

TEMP(6)=1HI

TEMP(7)=1HJ

DO 4 K=1s7

KT=0

DO 3 1=1,NB

IF (TYPE(1).EQ.TEMP(K)) GO TO 2

GO TO 3

KM=KM+1

ITBRAN(KM) =1

TYTEMP (KM) =TEMP (K)
VALTEM(KM)=VALUE(I)
KT=KT+1
CONTTEM(KM)=CONTYPE(I)
AMTEM(KM) =AMAG(I)
APH(KM)=APHASE(1)}
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10

11

12

KONTEM(KM)=KONBRAN(I)

CONTINUE

NOEL (K)=KT

CONTINUE

DO 5 I=1sNB

K=ITBRANI(I)

LEAVT (1) =LEAV(K)

LENTT(I)=LENT(K)
TYPE(I)=TYTEMP(I)
VALUE(1)=VALTEM(])
CONTYPE(I)=CONTTEM(I)
AMAG(I)=AMTEM(I)

APHASE(1)=APH(I)
KONBRAN(I1)Y=KONTEM(1I)

CONTINUE

MM=NB

N=1

GO To 7

MM=NB-NOEL (7)

N=NOEL (1)+1

M=MM=1

DO 8 I=NsMM

IF (TYPE(1)eEQelHE) CONSTI(I)=-1e0
IF (TYPE(I)eEQelHV) CONST(1I)=1.0E~50
IF (TYPE(I)eEQelHC) GO TO 9

IF (TYPE(I)eEQe1lHR) CONST(I)=VALUE(I)
IF (TYPE(I)eEQelHL) CONST(I)=VALUE(I)*W
IF (TYPE(1)eEQelHI) CONST(1)=140E+50
IF (TYPE(I)eEQelHJ) CONST(I)=140E+52
CONTINUE

GO T0 10

A=VALUE( 1) *W

IF (AeEQe0eO) CONST(1)=1e0E+51

IF (AeNEeOeO) CONST(I)=1.0/A

GO TOo 8

KPP=0

IF (NeGTeM) GO TO 16

DO 15 I=NsM

KP=0

AMIN=CONST(I)

K=l+1

DO 12 J=KsMM

IF (CONST(J)eLTeAMIN) GO TO 11

GO TO 12

AMIN=CONST (J)

NP(I)=J

KP=1

KPP=1

CONTINUE

IF (KPeEQeO) GO TO 15

J=NP (1)

TEMPO1=ITBRAN(1)

TEMPO2=LEAVT(I)
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56
57
58
59
60
61
62
63
64
65
66
67

69
70
71
72
73
T4
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
102
104
105
106
107
108



13

14

15

16
17

18

19
20
21

TEMPO3=LENTT(I)

TEMPO4=TYPE(I])
TEMPOS5=VALUE(I)
TEMPO6=CONTYPE(I)
TEMP20=AMAGI(1)
TEMP21=APHASE (1)
TEMPO9=KONBRAN(1)
TEMP10=CONST(I)

IF (NICs.EQs0) GO TO 13
TEMP11=V(I)
TEMP12=C(I)
ITBRAN(I)=ITBRAN(J)
LEAVT(I)=LEAVT(J)
LENTT(I)=LENTT(J)
TYPE(I)=TYPE(J)
VALUE(I)=VALUE(J)
CONTYPE(I)Y=CONTYPE(J)
AMAG( I)=AMAG(J)
APHASE (1)=APHASE(J)
KONBRAN(1)=KONBRAN(J)
CONST(1)=CONST(J)

IF (NIC.EQes0) GO TO 14
V(I =v(J)

Ct1y=CtJ)
ITBRAN{J)=TEMPO1
LEAVT(J)=TEMPO2
LENTT(J)=TEMPO3
TYPE(J)=TEMPO4
VALUE(J)=TEMPO5
CONTYPE(J)=TEMPO6
AMAG(J)=TEMP20

APHASE (J)=TEMP21
KONBRAN(J)=TEMPO9
CONST(J)=TEMP10

IF (NIC.EQ@e0) GO TO 15
V(J)=TEMP11
CtJ)=TEMP12

CONTINUE

IF (24GToKK) GO TO 32
DO 26 I=2+KK
NE=LENTT(I)
NL=LEAVT(I)

NP(1)=1

NNP(11}=1

M=]-1

MT=0

KT=1

DO 20 JJJ=1»M
J=M+1=-JJJ

IF (MT.EQeJ) GO TO 19
IF (LEAVT{J)«EQeNE) GO TO 24
IF (LENTT(J)eEQeNE) GO TO 25
CONTINUE

CONTINUE

IF (KTeEQel) GO TO 26

99
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109
110
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114
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117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
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140
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22
23

24

25

26
27
28

229

KA=NNP (KT)

KB=NP(KT)

M=KB~1

IF (MeEQeO) GO TO 22
MT=NP(KT-1)

KT=KT-1

IF (KA¢EQe~1) GO TO 23
NE=LEAVT(KB)

GO TO 18

KT=KT=-1

GO TO 21

NE=LENTT(KB)

GO TO 18

IF (LENTT(J)eEQeNL) GO TO 27
KT=KT+1

NE=LENTT(J)

NP(KT)=J

NNP(KT)=1

MT=J

M=]-1

GO TO 18

IF (LEAVT(J)«EQeNL) GO TO 27
NE=LEAVT (J)

KT=KT+1

NP(KT)=J

NNP(KT)=-1

MT=J

M=1=-1

GO TO 18

CONTINUVE

GO TO 32

LAF=NOEL (1)

IF (IeLEeLAF) GO TO 52
TEMPO1=ITBRAN(I)
TEMPO2=LEAVT(1)
TEMPO3=LENTT(I)
TEMPO4=TYPE(1I)
TEMPOS5=VALUE(]1)
TEMPO6=CONTYPE(I)
TEMP20=AMAG(I)
TEMP21=APHASE (1)
TEMPO9=KONBRAN(1I)

IF (NIC.EQe0) GO TO 29
TEMP11=VI(I)
TEMP12=C(1)

NLB=NB-1

IF (NICoeNEeO) NLB=NB-NOEL(7)-1
DO 30 JN=IsNLB

JE=JIN+1
ITBRAN(JN)=ITBRAN(JE)
LEAVT(JUN)=LEAVT(JE)
LENTT(JIN)=sLENTT(JE)
TYPE(JN)=TYPE (JE)
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164

165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
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201
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205
206
207
208
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31

32

33

34

62
35
36

37

¥ 38

» 39

40
41

VALUE (UN) =VALUE(JE)
CONTYPE (JUN)=CONTYPE(JE)
AMAG( UN) =AMAG (JE)
APHASE (UN)=APHASE ( JE)
KONBRAN (JUN)=KONBRAN(JE)
IF (NIC.EQe0) GO TO 30
VIIN)=V(JE)

C(JIN)=C(JIE)

CONTINUE

NZ=NB

IF (NICeNE«O) NZ=NB=NOEL(7)
ITBRAN(NZ)=TEMPO1
LEAVT(NZ)=TEMPO2
LENTT(NZ)=TEMPO3
TYPE(NZ)=TEMPO4
VALUE(NZ)=TEMPO5
CONTYPE(NZ)=TEMPO6
AMAG(NZ)=TEMP20

APHASE (NZ)=TEMP21
KONBRAN(NZ)=TEMPO9

IF (NIC4EQe0) GO TO 31
V(NZ)=TEMP11
CINZ)=TEMP12

IF (KKTTeEQel) GO TO 62
GO TO 17

CONTINUE

IF (NICeNEe.O) GO TO 36
DO 33 L=1sKK

IF (TYPE(L)+EQ.TEMP(7)) GO TO 53
CONTINUE

I=NN-1

DO 35 J=NNsNB

I=1+1

IF (TYPE(I)EQ.TEMP(7)) GO TO 34
GO TO 35

KKTT=1

GO TO 28

I=1-1

CONTINUE

DO 37 I=1yNB
K=I1TBRAN(I)
NP(1)=IBRAN(K)

CONTINUE

DO 38 I=1sNB
CNTSOR(1)=0

CONTINUE

IF (JOUT.EQ.0) GO TO 41
DO 40 I=1,>JOUT

K=0

K=K+1

IF (IOUT(I)eNESNP(K)) GO TO 39
NOUT( 1) =K

CONTINUE

IF (NGRAPH.EQ.0) GO TO 44
DO 43 I=1sNGRAPH
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217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
246A
247
247A
248
249
250
251
251A
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268



42

343
44

45

46

47
48

49

50

51

52

57
% 58
59

60
s 61

1 VALUE

K=0

=K+1
IF (IGRAPH(I)eNEsNP(K)) GO TO 42

NST(I)=K

CONTINUE

N=NOEL(1)+1

M=NB=-NOEL (7)

DO 50 I=NsM

IF (TYPE(I)eEQelHI) GO TO 45
IF (TYPE(1)eEQelHV) GO TO 45
GO TO 50

K=KONBRAN(1I)

L=0

L=L+1

IF (LeGTeNOEL(1)) GO TO 47
IF (NP(L)eNEeK) GO TO 46

GO TO 49

L=NB-NOEL(7)

L=L+1

IF (NP(L)eNEsK) GO TO 48
CNTSOR(I)=L

CNTSOR(L)=1

CONTINUE

IF (NCONT«EQeO) GO TO 54
PRINT 56

PRINT 57s ((1sNP(I))sI=1sKK)
PRINT 589 ((IsNP(I))sI=NNsNB}
PRINT 59

DO 51 I=1sNB

PRINT 55 NP(I)sTYPE(I)sVALUE(I)sLEAVT(I)sLENTT(I)

CONTINUE
RETURN
PRINT 60
KLOOP=1
RETURN
PRINT 61
KLOOP=1
RETURN

FORMAT (1HO»10Xs#BRANCH NUMBER #*45X9s1394Xe* IS A *9Aloe%

*9E12459% LEAVING NODE

#eI3 0

AND ENTERING NODE

102

OF
*513)

FORMAT (1H1+20X9»*CORRESPONDENCE BETWEEN ORIGINAL TOPOLOGY AND NEW

1TOPOLOGY#*s///)

FORMAT (1HO930Xs*TREE BRANCH¥*3I495X s #CORRESPONDS TO BRANCH #,14)
FORMAT (1HO»33Xs#* LINK *92X91495Xs*CORRESPONDS TO BRANCH %*,14)

FORMAT (1H1)

12Xe%* COND = %#9E1043)

FORMAT (1HO»30Xs*THERE IS A VOLTAGE LOOP IN NETWORK#*)
FORMAT (1HO»30Xs#THERE IS A CURRENT SOURCE CUTSET IN NETWORK#*)

END

2 ¥a¥a¥aXakaka¥aXaXaNaXaXaXaXaXaXakaXa¥aXakalaNa¥aXaNaXaXaRakaXaXaXaXa¥akaNaXalaNaaNaNaRaNaNaXaNalalie!

269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
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SUBROUTINE FCSM

INTEGER TYPE
COMMON /BLOCK1/ NNP(200)sNP(200)

COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(495151)9NOEL(7)
COMMON /BLOCK4/ ITBRAN(200)sLEAVT(200)sLENTT(200)
COMMON /BLOCK7/ ALPHAsFUNCTsNICsFACTORSEPSsNNsNB

COMMON /BLOCK20/ NCONTsKLOOPsKPP
SET MATRIX TO ZERO

KK=NN-1

NLB=NB~NN+1

DO 1 I=1,NLB

DO 1 J=1sKK

FtJeI)=0e0

CONTINUE

DO 8 I=NNsNB

NE=LENTT(I)

NL=LEAVT(I)

10=1-NN+1

NP STORES THE PREVIOUS TREE BRANCH
NNP STORES ITS DIRECTION
NP(1)=1I

NNP(1)=1

M=1

KT=1

DO 3 J=MsKK

IF (JeEQeNP(KT)) GO TO 3

IF (LEAVT(J)«EQeNE) GO TO 6
IF (LENTT(J)eEQeNE) GO TO 7
CONTINUE

M=NP(KT)+1

KA=NNP (KT)

KB=NP (KT)

F(KBs10)=0e0

KT=KT=1

IF (MeGEJNN) GO TO &

IF (KA+EQel) GO TO 5
NE=LENTT (KB)

GO TO 2
NE=LEAVT (KB)
GO TO 2
F(Js10)=-140
KT=KT+1

IF (LENTT(J)eEQeNL) GO TO 8
NE=LENTT(J)

NP (KT)=J

NNP(KT)=1

M=1

GO To 2

F(Js10)=1e0

KT=KT+1

IF (LEAVT(J)«.EQeNL) GO TO 8
NE=LEAVT(J)

NP (KT)=J

NNP(KT)=-1

M=1

103
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10

11

12

13

14

15
16

17
18
19
20

GO TO 2

CONTINUE

IF (NCONT.EQe0Q) GO TO 16
NLB=NB=NN+1

KK=NN-1

NCOUNT=-1

NT=NLB

NPAGE=1

PRINT 20+ NPAGE

PRINT 19

PRINT 18s (JsJ=1sNLB)
NT=NT=25
NCOUNT=NCOUNT+1
NS1=1+25%NCOUNT
NS2=25+25%¥NCOUNT

IF (NTeLE«O) GO TO 11
DO 10 I=1sKK

PRINT 17 Is(F(IsJ)9eJ=NS1sNS2)
CONTINUE
NPAGE=NPAGE+1

GO TO 9

IF (NTsEQeO) GO TO 12
GO TO0 13

NS3=1

NS4=25

GO TO 14

NT=NT+25

NS3=NS1

NS4=NS1+NT-1

CONTINUE

DO 15 I=1sKK

PRINT 17s Is(F(IsJ)9sJ=NS3sNS4)
CONTINUE

RETURN

FORMAT (1HO9I393X925(2X9sF340}))
FORMAT (1HO»7Xs25(2Xs1291X))
FORMAT (//7/)

1ok

FORMAT (1H1,30X»s*% F PORTION OF FUNDAMENTAL CUTSET MATRIX*5Xs»*PAG

1E%5159//7/)
END

[vAvNolvEvlvivNelvivivivivivivivRvivivivivivivivivivivivivivivielivivivieRelvivRvRe e

56

57
58
59
60
61
62
63
64
65
66
67
68
69
70

72
73
14
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8
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SUBROUTINE VOLCUR (14D}
COMPLEX D

COMMON /BLOCK10/ AMAG(200) sAPHASE(200) sWSTARTsWEND

P1=180e0/3¢14159265

IF (APHASE(I)eLTe=180e) APHASE(1)=360¢0+APHASE(I)
IF (APHASE(]1)eGTe180s) APHASE(1)==360e+APHASE(])

IF (APHASE(I)) 15596

IF (APHASE(I)+9040) 29394
TH=(180.0+APHASE(1)) /P1
A=~COS(TH)*AMAG(I)
B==SIN(TH)*AMAGI(1)
D=CMPLX(AsB)

RETURN

B=-AMAG(I)
D=CMPLX{040s8B)

RETURN

TH==APHASE(I)/P1
A=COS(TH) *AMAG(I)
B==SIN(TH)*AMAG(1)
D=CMPLX(A»B)

RETURN

A=AMAGI(I)
D=CMPLX(As040)

RETURN

IF (APHASE(I)-9060) 79899
TH=APHASE(I)/PI
A=COS(TH)*AMAG(I)
B=SIN(TH)*AMAG(I)
D=CMPLX{A»B)

RETURN

B=AMAGI(1)
D=CMPLX(0+0+8)

RETURN
TH=(180.0-APHASE (1)) /P1
A=-AMAG( T)3#COS(TH)
B=AMAG(I)*SIN(TH)
D=CMPLX(A+B)

RETURN

END
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SUBROUTINE INITIAL

COMPLEX VsC

COMPLEX GRAF

INTEGER TYPE

COMMON /BLOCK3/ TYPE(200)»sVALUE(200)sF(499151)9NOEL(T)
COMMON /BLOCK7/ ALPHAsFUNCTsNICsFACTORSEPSsNNsNB
COMMON /BLOCKS8/ V(200),C(200)

COMMON /BLOCK10/ AMAG(200) s APHASE (200) sWSTARTsWEND
COMMON /BLOCK16/ GRAF(2005) s JGRAPH(5) s IGRAPH(5) sNPRINT s SCALEsNITT
N=NN=-1

IF (NIC.EQeO0) GO TO &

IF (WSTARTeNE«Oe0) RETURN

DO 2 I=1»N

V(I)=CMPLX(0e05040)

IF (TYPE(I)eEQelHE) CALL VOLCUR (IsVI(I))
CONTINUE

DO 3 I=NNsNB

C(1)=CMPLX(0¢05040)

IF (TYPE(1)eEQelHJ) CALL VOLCUR (IsC(I))

IF (NICeGTe0) C(IN=C(I)*SCALE

CONTINUE

RETURN

IF (WSTARTeNEeO«0) GO TO 1

DO 5 I=1sN

V(I)=CMPLX(0e0+040)

IF (TYPE(1)eEQelHE) V(I)=CMPLX(AMAG(I)2040)
CONTINUE

DO 6 I=NNsNB

C(1)=CMPLX(0+05040) -

IF (TYPE(I)eEQelHJ) C(I)=CMPLX(AMAG(1)+0.0)
CONTINUE

RETURN

END
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SUBROUTINE CALCAL

COMPLEX EsCONST»sVsCsGRAD

INTEGER TYPE

COMMON /BLOCK3/ TYPE(200) s VALUE (200) s F (49 151) s NOEL(T)
COMMON /BLOCK7/ ALPHA»FUNCTsNICsFACTORSEPSsNNsNB
COMMON /BLOCK8/ V(200)»C(200)

N=NN-1

DO 1 I=1sN

C(1)=CMPLX(005040)

DO 1 J=NNsNB

ClLIN=CUI)=F(1sJ-N)*C(J)

CONTINUE

DO 2 I=NNsNB

V(I)=CMPLX(0e05040)

DO 2 J=1sN

VD) =VII)I+F(Js I-N)#V(J)

CONTINUE

RETURN

END
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SUBROUTINE KONST
CALCULATION OF CONSTANTS RELATED TO ELEMENT VALUES FOR USE IN BRAN

RELATIONS AND GRADIENT
COMPLEX E9sCONSTsVsCrGRAD

COMPLEX
INTEGER
INTEGER
INTEGER
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

KW=0

GRAF
CONTYPE
TEMP
TYPE
/BLOCK3/
/BLOCK6/
/BLOCK7/
/BLOCK8/
/BLOCK9/

TYPE(200) s VALUE(200)9F(494151)9NOEL(7)
TEMP(7)2E(200) sGRAD(200) sCONST (200)
ALPHASFUNCTsNICsFACTORSEPSsNNsNB
V(200)+C(200)

CONTYPE(200) sKONBRAN(200)

/BLOCK14/ KP(5)sWs FREQADD

/BLOCK16/ GRAF(20095) s JGRAPH(5) s IGRAPH(5) sNPRINTsSCALESNITT

/BLOCK24/ SCALsNSCALESNTREE
SCAL=SCALE
IF (NSCALE.EQel) GO TO 3

DO 2 I=NNsNB
IF (TYPE(1)eEQelHJ) GO TO 2

IF (TYPE(1)eEQelHV) GO TO 2

IF (TYPE(I)eEQelHI) GO TO 2

IF (TYPE(I)eEQelHC) A=W*VALUE(I)
IF (TYPE(I)eEQelHR) A=140/VALUE(TI)

IF (WeEQeOoO)

GO 70 1

IF (TYPE(I)eEQelHL) A=140/(W*VALUE(I))
EQe0) SCALE=A

IF (KWe
Kw=1

IF (AeGTeSCALE) SCALE=A
CONTINUE

IF (KWeEQeO)

SCALE=1.0

IF (SCALE«EQeO040) SCALE=1.0

SCALE=1
N=NN-1
DO 9 I=

«0/SCALE

1sN

IF (TYPE(I)eEQelHV) GO TO 4
IF (TYPE(I)eEQelHC) GO TO 5
IF (TYPE(I)eEQe1lHR) GO TO 6
IF (TYPE(I)eEQelHL) GO TO 7
IF (TYPE(1)eEQelHI) GO TO 8

GO TO 9

CONST(I)=CMPLX(VALUE(I)50e0)
IF (CONTYPE(I)eEQe1HI) CONST(I)=CONST(I)/SCALE

GO TO 9

IF (WeEQeOe0O) GO TO 9
A==1,0/(VALUE(])*¥SCALE*W)
CONST(I)1=CMPLX{0+0+A)

GO TO 9

A=VALUE(1)/SCALE

CONST(I)=CMPLX(A»00)

GO TO 9

A=VALUE(1)#W/SCALE
CONSTI(I)=CMPLX(0es0sA)

GO TO 9
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11

12

13

14

15

CONST(1)=CMPLX(VALUE(1)90e0)

IF (CONTYPE(I)eEQe1HV) CONST(I)=CONST(1)*SCALE
CONTINUE

DO 15 I=NNyNB

IF (TYPE(1)esEQe1HV) GO TO 10

IF (TYPE(I1)eEQelHC) GO TO 11

IF (TYPE(1)+EQe1lHR) GO TO 12

IF (TYPE(I)eEQelHL) GO TO 13

IF (TYPE(I)eEQelHI) GO TO 14

GO TO 15

CONST(I)=CMPLX(VALUE(1)s0e0)

IF (CONTYPE(I)eEQelHI) CONST(I)=CONST(I)/SCALE
GO TO 15

A=VALUE(1)#SCALE*W

CONSTI(I)=CMPLX(0s0sA)

GO TO 15

A=SCALE/VALUE(I])

CONST(I)=CMPLX(A9040)

GO TO 15

IF (WeEQeOeO) GO TO 15

A==SCALE/ (VALUE (1) *W)

CONST(1)=CMPLX(0s0sA)

GO TO 15

CONST(1)=CMPLX(VALUE(I)s040)

IF (CONTYPE(1)eEQe1HV) CONST(1)=CONST(I)*SCALE
CONTINUE

RETURN

END
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SUBROUTINE ERROR

INTEGER CNTSOR

COMPLEX EsCONSTsVsCsGRAD

INTEGER TEMP

INTEGER CONTYPE

INTEGER TYPE

COMMON /BLOCK3/ TYPE(200) s VALUE(200) sF (4945151 ) 9 NOEL(T)
COMMON /BLOCK®6/ TEMP(7)QE(200)9GRAD(20°)’CONST(200)
COMMON /BLOCK 7/ ALPHA sFUNCTsNICsFACTORSEPSsNNsNB
COMMON /BLOCKS8/ V(200)sC(200)
COMMON /BLOCK9/ CONTYPE(200) sKONBRAN(200)
COMMON /BLOCK14/ KP(5)sWsFREQADD
COMMON /BLOCK19/ CNTSOR(200)
M=NOEL(1)+1

N=NB8-NOEL(7)

DO 10 I=MsN

IF (TYPE(1)eEQelHV) GO TO 8

IF (TYPE(I)eEQelHl) GO TO 6

IF (1eGE.NN) GO TO 3

IF (WeEQeDoe0O) GO TO 2
E(I)==V{I)+C(T)*CONST(I)

GO 70O 10

IF (TYPE(I)eNEelHC) GO TO 1
E{I1)=CMPLX(0e¢0s040)
VII)=CMPLX(0e¢0+0.0)

GO TO 10

IF (WeEQeOeO) GO TO 5
E(I)==C(I)+V(I)*CONST(I])

GO TO 10

IF (TYPE(I)eNEelHL) GO TO &
E(I1)=CMPLX(0e05060)
C(1)=CMPLX(0605040)

GO TO 10

K=CNTSOR(1)

IF (CONTYPE(1)eNEs1HV) GO TO 7
E(1)==C(I)Y+V(K)®*CONST(1)

GO T0 10
E¢I)==C(I)Y+C{K)*CONST(1)

GO T0O 10

K=CNTSOR(1I)

IF (CONTYPE(1)eNEs1HV) GO TO 9
E(I)==V(I)+V(K)®*CONST(1)

GO TO 10
E(I1)==V(I)+C{K)*CONSTI(1)
CONTINUE

FUNCT=0.0

DO 11 I=MsN
FUNCT=FUNCT+E(I)*CONJG(E(I))
CONTINUE

FUNCT=FUNCT/2

RETURN

END

SUBROUTINE CNGVARS

THIS SUBROUTINE CHANGES THE CURRENTS ALONG THE GRADIENT BY THE
CONSTANT ALPHA
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COMPLEX VsC

COMPLEX CONT»S

INTEGER TYPE

COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(499151)sNOEL(T7)
COMMON /BLOCKT7/ ALPHAsFUNCTsNICsFACTORSEPSsNNsNB
COMMON /BLOCKB/ V(200)sC(200)

COMMON /BLOCK11/ CONT(200)+S(200)

M=NOEL(1)+1

N=NB-NOEL (7)

TEND=NN-1

IF (MeGT.IEND) GO TO 2

DO 1 I=M,sIEND

V(1)=V(I)-ALPHA%*S(1)

CONTINUE

IF (NNeGTeN) RETURN

DO 3 I=NN»sN

C(I)=C(I)~-ALPHA*S(1)

CONTINUE

RETURN

END

111
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SUBROUT

INTEGER
COMPLEX
COMPLEX
INTEGER
INTEGER
INTEGER
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

INE FNDGRAD
THIS SUBROUTINE CALCULATES THE GRADIENT VECTOR
CNTSOR

TEMPAR s DUMMY

E+sCONSTsVsCesGRAD

CONTYPE

TEMP

TYPE

/BLOCK3/ TYPE(200)sVALUE(200)sF{499151)sNOEL(T)
/BLOCK6/ TEMP(T7)9E(200)sGRAD(200)sCONST(200)
/BLOCK7/ ALPHASsFUNCTsNICsFACTORSEPSsNNsNB
/BLOCKS8/ V(200)sC(200)

/BLOCKS9/ CONTYFE(200)sKONBRAN(200)

/BLOCK14/ KP(5)sWsFREQADD

COMMON /BLOCK19/ CNTSOR(200)

COMMON /BLOCK23/ TEMPAR(200) sDUMMY (200)

M=NOEL(1)+1

MM=NB~-NOCEL(7)

N=NN-1

DO 7 I=1oN

IF (TYPE(I)eEQelHF) GO TO 3
IF (TYPE(I)eFEQelHI) GO TO 5
IF (TYPE(I1)eEQelHV) GO TO 6
IF (WeEQeDe0O) GO TO 2
TEMPAR(I)==E(1)

A=REAL(E(I))*REAL(CONST(I))+AIMAG(E(1))*AIMAG(CONST(I))
B==RFAL(E(I))*AIMAGICONST(1))+AIMAG(E(]1))#RFEAL(CONST(I))

DUMMY (1) =CMPLX(A+8)

GO 7O 7

IF (TYPE(I)eNEelHC) GO TO 1
TEMPAR(1)=CMPLX(0es09040)
DUMMY(1)=CMPLX(0e¢0+040)

GO TO 7

K=CNTSOR (1)

IF (KeEQeO) GO TO 4
TEMPAR(I)=CMPLX(0s09040)
DUMMY (1) =CONST(K)#*E(K)

GO TO 7
TEMPAR(1)=CMPLX(0609040)
DUMMY (1) =CMPI.X(0e00.0)

GO TO 7
TEMPAR(1)=CMPLX{0s05040)
DUMMY(TI)=-E(1)

GO TO 7

TEMPAR(1)==E(1)

DUMMY (1) =CMPLX(0eN9sN40)
CONTINUE

DO 14 I=NNsNB

IF (TYPE(I)eEQelHJ) GO TO 10
IF (TYPE(I)eEQelHV) GO TO 12
IF (TYPE(]I)eFQelHI) GO TO 13
IF (WeEQeDs0) GO TO 9

DUMMY (I)=-E(1) '

A=REAL(E(I))*REAL(CONST(I)I+AIMAG(E(I))*AITMAGICONSTI(T1))
B=~REAL(E(I))*AIMAG(CONST (1) )+AIMAG(E(I))*REAL(CONST(I))
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11
12

13

14

15
16

17
18

19

20
21

22

TEMPAR(I)=CMPLX(AsB)

GO TO 14

IF (TYPE(I)eNEe1lHL) GO TO 8
TEMPAR(I)=CMPLX(0e¢09040)
DUMMY (I1)=CMPLX(04050,0)

GO TO 14

K=CNTSOR(1)

IF (KeEQeO) GO TO 11
TEMPAR(1)=CONST(K)*E(K)
DUMMY (1) =CMPLX(0e¢09040)

GO TO 14
TEMPAR(1)=CMPLX(0e0+040)
DUMMY (1) =CMPLX(0e09040)

GO TO 14

TEMPAR(1)==C(1])

DUMMY (1) =CMPLX(0e05040)

GO TO 14
TEMPAR(1)=CMPLX({0e090.0)
DUMMY(I)==E(I])

CONTINUE

IF (MeGTeN) GO TO 16

DO 15 I=MsN
GRAD(I)=TEMPAR(1)

DO 15 J=NNsNB
GRAD!(1)=GRAD(I)+F(I9sJ=N)*TEMPAR(J)
IF (NNeGTeMM) GO TO 18

DO 17 I=NNsMM
GRAD(I)=DUMMY (1)

DO 17 J=1»sN
GRAD(I1)=GRAD(I}=F(JsI—~N)*¥DUMMY (J)
IF (WeEQeOoe0O) GO TO 19
RETURN

IF (MeGTeN) GO TO 21

DO 20 I=MsN

IF (TYPE(I)eEQe1lHC) GRAD(I)=CMPLX(0409040}
CONTINUE

IF (NNeGTeMM) RETURN

DO 22 I=NN»MM

IF (TYPE(I)eEQelHL) GRAD(I1)=CMPLX(0¢09000)
CONTINUE

RETURN

END
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SUBROUTINE FNDALPH

THIS SUBROUTINE FINDS THE DISTANCE WE SHOULD GO ALOND THE GRADIENT
COMPLEX E»CONST»VsCsGRAD

COMPLEX CONT»sS

INTEGER TYPE

INTEGER TEMP

COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(499151)9NOEL(7)
COMMON /BLOCK6/ TEMP(7)sE(200)sGRAD(200)sCONST(200)
COMMON /BLOCK7/ ALPHASFUNCTsNICsFACTORSEPSsNNsNB
COMMON /BLOCK8/ V(200)sC(200)

COMMON /BLOCK11/ CONT(200)S(200)

FZERO=FUNCT

M=NOEL(1)+1

N=NB-NOEL(7)

MM=NN-1

PROD=040

IF (MeGTMM) GO TO 2

DO 1 I=MsMM

PROD=PROD+REAL (GRAD(1))*REAL(S(I1))+AIMAG(GRAD(1)}*AIMAG(S(1})
CONT(I)=V(I])

VII)=V(I)=S(I)

CONTINUE

IF (NNeGTeN) GO TO 4

DO 3 I=NNsN
PROD=PROD+REAL(GRAD(T) ) *REAL(S(1))+AIMAG(GRAD(1))*AIMAG(S(I))
CONT(I)=C(1)

Cl1)=C(I)=-S(1)

CONTINUE

CALL CALCAL

CALL ERROR

FGRAD=FUNCT

IF (MseGTeMM) GO TO 6

DO 5 I=MsMM

V(I)=CONT(I)

CONTINUE

IF (NNeGTeN) GO TO 8

DO 7 I=NNsN

C(I)=CONT(])

CONTINUE

A=PROD+FGRAD-FZERO

IF (AeEQe0e0) A=1,0E-10

ALPHA=PROD/A

ALPHA=ALPHA/2.0

RETURN

END
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SURROUTINE FLPOYW (HHsMHBeNB2)
COMPLEX CUNT 5

COVPLEX FsGRADSCONST

COMPLEX GRADR

INTEGER TEMP

INTEGER TYPE

COMMON /BLOCK3/ TYPE(200)sVALUF(200)sF (495151 )9 NOFL{ 7)Y
COMMON /BLOCKSE/ TEMP(T7)YsE(200) sGRAD(200)sCONST(200)
COMMON /RIDCK. T/ ALPHA

COMMOM /BLGCK11/ CONT(200)s5(200)
COMMOMN /BLIACKL3/ RRADDR(200) o DHIMAY(40N) s ITHN
COMMON /BLDCHK 23/ S5(40N0)sGR(400)
DIMENSION HHIMB32sNI2)

IF (ITNeGTe1) GO TO 3

M=NOFL(L)

N31=NR2/2

NN 2 T=1sMNB1

[T=T+N]

GRADA(T+M)=ARAD(T+M)

DO 1 J=1,.NR2

HIH(I9J)=0e0

HH{1T1sJ)=040

HH(ITsI1)=1e0

HH(Ts1)=1ae0

SUT+M) =GRAD(1+M)

RETURN

GHG=N 40

SG=0,"

DO 4 T=1,.N31

IT=1+NB1

L=1+M

SS(I)=REAL(S(L) ) ¥ALLPHA
SSUIT)=ATAAGIS(L) ) #ALPHA
SREIV=RFALIGRAD(LY)-RFAL{GRADR{L))
GROTT)=ATIAGICRAD(LIY=ATMAG(GRANR(L))
SG=SG+HAS () #GBLI)+SS(IT)I*GR(IT)
DS I=1 40Ni32

DUFMY(T)Y=040

DO 5 J=140i32
GHG=GHG+GR (1) #GR(J)*HH({ T 9J)

DUMMY (1) =CUMMY (TY+HH( T o J) %GR (J)
NC6 T=14MRD

NO &6 J=TeNR2

HHOT 9 J)=HHOT 9 J)=SS{TY#*SS(JY/SC=-DUMMY ( T)#DUMMY () /6GHG
HH{Js I)=HH( [ sJ)

DO 7 I=1sNB1

TI1=T+NR1

L=T4+4

GRIT)=RZAL(GRAD(L)Y)
GR(TT)=ATYUAGIGRAD (L))

D 8 I=14NR2

SS(T)=0eD

N8 J=1sN32

SSI)=8SSUI)+HHIT »J)*¥GI(J)

NO 9 T=14NR1

s —=s
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I1=1+NB1

GRADB( I+M)=GRAD(I1+M)
A=SS(1)

B=sS(I1I)
S{I+M)=CMPLX(A»B)
RETURN

END :
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SUBROUTINE READOUT
COMPLEX V»sC
& COMPLEX VAROUT
COMPLEX GRAF
INTEGER TYPE
COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(499151)sNOEL(7)
& COMMON /BLOCKS/ IQUT(200)sITEST(200)sNOUT(200)s ITTEST(200)
COMMON /BLOCK7/ ALPHAsFUNCTsNICsFACTORSEPSsNNsNB
COMMON /BLOCK8/ V(200)sC(200)
COMMON /BLOCK10/ AMAG(200) sAPHASE(200) sWSTARTsWEND sNRES
COMMON /BLOCK14/ KP(5)sWsFREQADD
COMMON /BLOCK15/ N1TsJOUT sNGRAPHsNALLOUT
COMMON /BLOCK16/ GRAF(20055) sJGRAPH(5) » IGRAPH(5) s NPRINT»SCALESNITT
COMMON /BLOCK23/ VAROUT(200)sVABS{200)sVPHASE (200)
PI=180¢/3¢14159265
N=NN-1
DO 7 1=1,J0UT
K=NOUT(1)
IF (NOUT(I)eLTeNN) GO TO 5
IF (ITEST(I)«EQel) GO TO 1
VAROUT(1)=V(K)
GO TO 2
VAROUT (1) =C(K) /SCALE
2 VABS(I)=SQRT(VAROUT(I)%*CONJG(VAROUT(1)))
IF (REAL(VAROUT(I))«EQe040) GO TO 4
VPHASE (1) =ATAN(AIMAG(VAROUT(1))/REAL{VAROUT(I)))*PI
IF (VPHASE(I) eLEeOeOsANDeREAL(VAROUT(I))elLTe0s0) GO TO 3
IF (VPHASE(1)eGTe0e0sANDeREAL(VAROUT(I))eLTo0e0) VPHASE(1)=VPHASE(
11)-180.0 :
GO TO 7
3 VPHASE (1)=VPHASE(1)+180.0
GO TO 7
4 VPHASE(1)=9040
IF (AIMAG(VAROUT(I}))eLTe0e0) VPHASE(I)=-VPHASE(I)
GO TO 7
5 IF (ITEST(I)«EQe0) GO TO 6
VAROUT (1)=C(K) /SCALE
GO TO 2
6 VAROUT (1)=V(K)
GO TO 2
7 IF (VABS(1)eEQe0e0) VPHASE(1)=040
MRES=9H
IF (NRESeEQel) MRES=9HRESONANCE
PRINT 99 WsMRES
DO 8 1=1,J0UT
A=THVOLTAGE
IF (ITEST(I)eEQel) A=T7HCURRENT
PRINT 10s IOUT(I1)sAsVABS(I)sVPHASEL(I)

[y

o ;

CONTINUE
RETURN
C
C
9 FORMAT (//7/7/3s10Xs#FREQUENCY = %3E154595X9A9)
10 FORMAT (1HO910Xs#BRANCH¥*»5X9s 153X sATs10Xs%ABS VALUE = #9E15e5

110Xs#* PHASE = %#9E1545)
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SUBROUTINE ALLOUT

COMPLEX V»sC

COMPLEX A

COMPLEX GRAF

COMMON /BLOCK7/ ALPHAsFUNCTsNICsFACTORSEPSsNNoNB
COMMON /B8LOCK8/ V(200)sC(200)

COMMON /BLOCK14/ KP(5)sWsFREQADD

COMMON /BLOCK16/ GRAF(20035) s JGRAPH(5) s IGRAPH(5) s NPRINT»SCALESNITT
COMMON /BLOCK23/ A(200)

N=NN=-1

PRINT 2s W

DO 1 I=NNsNB

A(1)=C(I)/SCALE

CONTINUE

PRINT 35 (V(I)sI=1sN)

PRINT 4s (A(I)sI=NNsNB)

RETURN

FORMAT (1HOs///s* FREQUENCY = ¥4E15.5)

FORMAT (1HO s *THESE ARE THE TREE BRANCH VOLTAGES#5//510(3XsE1245))
FORMAT (1HOs * THESE ARE THE LINK CURRENTS #5//310(3XsE125))
END

[eYeXoXoXeXoXeNoRoNoXoNoNeNeoNoNoNoloNeoojo o o)
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SUBROUTINE GRAPH

COMPLEX Es+CONSTsVsCsGRAD
COMPLEX GRAF

INTEGER ANP

COMMON /BLOCK1/ ANP(200)sNP(200)

COMMON /BLOCKS/ FR(200) sKR(200)sNOUT(200) s ITTEST(200)
COMMON /BLOCK7/ ALPHASsFUNCTsNICsFACTORSEPSsNNsNB

COMMON /BLOCK8/ V(200)+sC(200)

COMMON /BLOCK10/ AMAG(200) s APHASE(200) sWSTART ¢WEND »NRES

COMMON /BLOCK14/ KP(5)sWsFREQADD
COMMON /BLOCK15/ NITsJOUT s NGRAPHsNALLOUT

COMMON /BLOCK16/ GRAF(ZOOQS);JGRAPH(S)9IGRAPH(5)9NPRINT;SCALE9NITT

COMMON /BLOCK21/ NST(5)

N=NN-1

DO 2 I=1sNGRAPH

K=NST(I)

FR(NPRINT) =W

KR(NPRINT) =0

IF (NRES.EQel) KRINPRINT)=1

IF (JGRAPH(1).EQe0) GO TO 1
GRAF (NPRINTs1)=C(K)/SCALE

GO TO 2

GRAF (NPRINTsI)=V(K)

CONTINUE

IF (NPRINTeLTe200+ANDeWeL ToWEND) RETURN
DO 27 1=1sNGRAPH

PRINT 28

A=THVOLTAGE

IF (JGRAPH(I)<EQel) A=THCURRENT
IF (ITTEST(I)«EQel) GO TO 3
PRINT 29s IGRAPH(I)»sA '

GO TO 19

PRINT 30s IGRAPH(1)sA
PI=1800/3¢14159265

DO 7 J=1sNPRINT

IF (REAL(GRAF(Js1))eEQe0e0) GO TO 6

A=ATAN(AIMAG(GRAF (Js1))/REAL(GRAF(Js1)))*P1

B=REAL(GRAF(Js1))

IF (AelLTe0e0) GO TO &

IF (AeGEe0e0O) GO TO 5

IF (BeLTa0e0) A=A+180.
GRAF(Js1)=CMPLX(A9040)

GO TO 7

IF (BeLTe0e0) A=A-180.
GRAF(Js1)=CMPLX(A»040)

GO TO 7

A=90.0

IF (AIMAGIGRAF(J»1))¢EQe0e0) A=040
IF (AIMAG(GRAF(Js1))elLTe0e0) A==A
GRAF (J»I1)=CMPLX(A+0.0)

CONTINUE
AMAX=ABS (REAL (GRAF(1s1)))

DO 8 J=2sNPRINT

A=ABS(REAL (GRAF(Js1)))

IF (A«GTeAMAX) AMAX=A

UV'U'U'U’U'OV'D'U'U'U'O'U‘U'U'U'U'U'U'U'O'U‘U'U'DV’U'U'D'U“UTJ'U’D'O‘U'O‘U'O‘U'OUU'U'U'O"U'U'U'U'O'O'D‘D
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CONTINUE
[F (AMAX+EQeQe0) AMAX=90.0
DO 9 J=1sNPRINT

NP(J)=REAL(GRAF(Js1))/AMAX%5040+5140

CONTINUE

DC 10 J=1,101

ANP(J)=1H.

CONTINUE

PRINT 31s (ANP(J)sJ=1,101)
DO 11 J=1+102

ANP(J)=1H

CONTINUE

DO 14 KK=1sNPRINT
ANP(51)=1H,

LL=NP(KK)

ANP(LL)=1H+

A=REAL(GRAF (KK»sI})

W=FR(KK)

IF (KR(KK)eEQel) GO TO 15
PRINT 329 WsAs(ANP(J)sJ=1+102)
ANP(LL)=1H

IF (KR(KK)e+EQel) GO TO 17
CONTINUE

CONTINUE

GO TO 27

DO 16 II1=5,15

ANP(IT)=1HX

CONTINUE

ANP(LL)=1H+

IF (ITTEST(I)eEQenN) GO TO 24
GO TO 12

DO 18 II=5,15

ANP(11)=1H

CONTINUE

IF (ITTEST(1)eEQe0) GO TO 25
GO TO 13
AMAX=GRAF(1s1)%CONJG(GRAF(1s1})
DO 20 J=2sNPRINT

A=GRAF (Js 1) #CONJG(GRAF (JsI))
IF (AeGT+AMAX) AMAX=A
CONTINUE

IF !AMAX.EQ.0.0) AMAX=1e0
B=SQRT (AMAX)

DO 21 J=1sNPRINT
A=SQRT(GRAF(Js 1) #CONJG(GRAF(JsI1)))
GRAF({Js1)=CMPLX(As040)
NP(J)=A#100,0/B+1

CONTINUE

DO 22 J=1,101

ANP(J)=1H,

CONTINUE

PRINT 31s (ANP(J)»J=1,101)
DO 23 J=1,102
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ANP(J)=1H P 109
23 CONTINUE P 110
: DO 26 KK=1sNPRINT P 111
4 ANP(1)=1H. P 112
LL=NP(KK) P 113
ANP(LL)=1H+ P 114
A=REAL (GRAF(XKs1)) P 115
W=FR{KK) P 116
IF (KR{KK)eEQsel) GO TN 15 P 117
24 PRINT 329 WeAs(ANP(J) 9 J=1+102) P 118
ANP(LL)=1H P 119
IF (KR(KK)«EQel) GO TO 17 P 120
25 CONTINUE P 121
26 CONTINUE P 122
27 CONTINUE P 123
NGRAPH=201 P 124
RETURN P 125
C P 126
C P 127
28 FORMAT (1H1) P 128
29 FORMAT (1HO 30X s #BRANCH¥s1395X A7 s6Xs#MAGNITUDE PLOT #) P 129
3N FORMAT (1HOs30Xs#BRANCH¥*91395Xy A7 96 X9 ¥PHASE PLOT *) P 130
31 FORMAT (1HO 91X s #FREQUENCY* 96X s ¥VALUE*96Xs101A1) P 131
32 FORMAT (1HZsE1le4s2XsE11e493Xs102A1) P 132
END P 133~

r
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APPENDIX E

General Comments Regarding Use of CANDOFD.

l. Number of nodes cannot exceed 50

2. Number of branches cannot exceed 200

3. Cannot exceed 5 graphical outputs

4, There is an internal limit of 200 output points per graph.

5. Branch and node numbering is arbitrary, but branch numbers cannot
exceed three digits, and node numbers cannot exceed two digits.

6. Zero is not a valid node or branch number.

7. There must be at least one branch, which is not an independent
source, in any given network,

8. CANDOFD can handle zero valued elements as long as there are no

loops of short circuits and no cutsets of open circuits. 1In this context,

zero valued R's and L's, and independent voltage sources are short circuits,
and zero valued C's and independent current sources are open circuits.

9. If a DC network analysis is to be performed, there can be no
independent current source - capacitance cutsets, and no independent
voltage source - inductance loops.

10. We cannot have both of the variables FACTOR and FREQADD simul-
taneously equal to zero.

1l. Core requirements:

Since our Fletcher-Powell minimization scheme requires the storing of
an N x N matrix, where

N =2 % (NB - # of independent sources)

it would be inconvenient to always dimension the above matrix 400 x 40O.
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Thus, to save core, one need only replace the DIMENSION statement in
the MAIN program by
DIMENSION HH(N, N)
where N is the largest number to be encountered in the network (s) to be
solved.
With the above dimensioning procedure, the core requirements for

CANDOFD are, approximately,

29500 + N (decimal)
storage locations.

12. TIn general, one should make use of the automatic current scaling
(NSCAIE # 1) and of the optimal tree picking (NTREE = 1) algorithms at each
frequency point.

13. In general, unless the network is lossless, one need g_gl_'.. test for
jdeal resonances (IDRES = 1) and one need not output the tree and E infor=-
mation (NCONT # 1)

14, Comments 12 and 13 will, in general, reduce the execution time
required for the analysis of a network. Sample problem #2 indicates
variations in CP time caused by different selections of the control variables
discussed above.

15. The output voltage and current units are always volts and amperes
respectively.

16. Whenever FREQADD # 0.0, CANDOFD assumes that the user wishes to
increment the frequency additively.

17. An attempt to w a signal which is identically zero over the

entire frequency range of interest, will result in an arithmetic error during

the execution of CANDOFD.
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