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ERRATA

Corrections to listing of CANDO: ERL-M251

SUBROUTINE PT:
Card C-2L46 should read
IF (KKTT, E0.1) go to 62
Card C-253 should be replaced by the following three cards:
I=NN-1
DO 35 J = NN, NB
Tee= T Lu il
The following card should be added right after C-257

GRL T =ST =
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ERL-M251 ERRATUM:

i+
Page 3T, the expression for gl . should read:

. e . i
) i (B * (51 —;gj)] * [gh * (g_l -;gf)]

= P e A il
(8%) * (g -g") (87 -g) *8 * (g -g)

Page 38, the indicated blocks should contain the following

Compute the following scalars

e e
gh" * (g*-gh)
P R D R S 2

= &

plis]

Compute matrices
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ABSTRACT :

This report describes the operation and use of CANDO (Computer Analysis
of Networks with Design QOrientation), a time domain, design oriented,
analysis program for linear time-invariant networks. The networks may con-

tain dependent and independent sources, capacitances, resistances and

“inductances.

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

In the program CANDO, nonindependent source tree voltages and non-
independent source link currents form a basis set of variables. This formu-
lation yields the autaomatic satisfaction of Kirchhoff's laws and also allows
us to solve an optimally low order system of equations. A numerical integration
formula reduces the system to a set of simultaneous algebraic equations of

the form

CANDO utilizes the Fletcher-Powell and Rohrer search minimization
algorithms in minimizing €.

The tree-picking and internal current scaling algorithms are such that
large value spread and large time constant spread problems can be handled
reasonably effectively and efficiently.

The program CANDO is written in FORTRAN IV for the CDC 6400 system.
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INTRODUCTION:

In computerized fully automated network design, where one performs
severai network analyses at each iterative step of the design process s
one has a need for an analysis program which can be made arbitrarily
accurate, and whose execution time is a function of the accuracy desired.

CANDO satisfies the above requirement, since one can specify either a
maximum permissible value of the performance criterion €, and/or a maximum
number of minimization iterative steps, per time point.

The iterative scheme utilized by CANDO is such that it can be easily
extended to networks containing nonlinear and time-varying elements s by the
simple addition of corresponding subroutines.

Section I describes the iterative scheme utilized in solving both the
initial condition problem and the general time point problem. Section II
describes the MAIN program and subroutines associated with CANDO. The
appendices describe the use of CANDO in solving network problems, and the

way in which dependent sources must be modeled.
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SECTION I: Network Analysis

Theory:
The solution of a network consists of finding the vectors ajib and Yo?
representing all of the branch currents and voltages, respectively. The

solution is obtained by solving the following simultaneous set of equations

;:b(Xb s ib) = 0 branch relations

”~

&, =9 Kirchhoff's current law
By, =0 Kirchhoff's voltage law

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

With this numbering scheme s We may partition 3, and B as follows:
Q=1[Z/F) and B=[-F'} 1]

where I is the identity matrix end hence we have, from Kirchhoff's laws,

¥
3

Y, =F'

3'_4
-

where the subscripts t and £ refer to tree branches and links respectively.
Our tree-picking algorithms are discussed in Subroutine PT; suffice

it to say that in both our tree-picking schemes, independent voltage

sources must be tree branches and independent current sources must be links.

Upon using a numerical integration formula (see Subroutine ERROR), our set
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of linear equations reduces to

§(2£’ iz) = 9
and the dimension of the system is NB minus the number of independent
sources.

This set of equations is solved by minimizing a performance criterion

€ defined by

=1 2 _1g.
€=32 }Z B, =2E- %

The minimization is performed by using the Fletcher Powell algorithm
to give us a direction along which to minimize (see Subroutine FLPOW),
and using Rohrer search to find the optimum step size along that direction
(see Subroutine FNDALFH).

This iterative scheme is continued until either the error is suffi-
ciently small or we have gone the desired number of steps. (See Program

MAIN).

Solving the Initial Condition Problem:

Given the initial capacitance voltages and inductance currents, we
wish to compute vy and_il the branch voltages and currents at the initial
time point., This reduces to the problem of solving a coupled system of
algebreic equations.

A proper tree is selected according to the algorithm described in sub-
routine PP, allowing us to reduce the order of the system. This algorithm
maximizes the number of capacitances in tree branches and the number of

inductances in links. In general, if there are no capacitance or capaci-

tance-voltage source loops, or inductance or inductance-current source
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cutsets, all capacitances will be tree branches, and all inductances will
be links.

Kirchhoff's current and voltage laws become automatically satisfied
upon the selection of the tree voltages and link currents to be a basis set

of variables, with the following relations emerging:

=" E,
and
- L
Yw=EY >

where the subscripts 2 and t refer to links and tree branches respectively,
and where Q = [I |F] is the fundemental cutset matrix based on the proper
tree.

To further reduce the dimension of the system, we do not treat independent
sources as variables, but rather require independent voltage sources to be
tree branches, and independent current sources to be links.

Furthermore, tree capacitances are treated as independent voltage
sources with their voltage being set to the initial condition. Similarly,
link inductances are treated as independent current sources with their
current being set equal to the initial condition. Tree inductance voltages
and link capacitance currents are set equal to zero, and their initial
conditions are lost. Hence, incompatible initial éonditions (e.g., in-
compatible capacitance voltages around a cepacitance-voltage source loop or in-
compatible inductor currents at an inductor-current source cutset) are forced
to be compatible, with the tree inductances and link capacitances loosing

their specified initial conditions.
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Thus the system of equations we are solving is one corresponding to
a network consisting only of independent sources, dependent sources and
resistances.

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

section), and will not be detailed here.

Solving the general time-point problem:

Knowing il and Vyo the branch currents and voltages at the previous
time-point, we wish to compute ’{2 and Yos the branch currents and voltages
at the succeeding time point. The problem reduces to solving the coupled
system of differential and algebraic equations, consisting of the branch
relations, and Kirchhoff's current and voltage laws.

A tree is selected according to the optimal tree algorithm (see sub-
routine PT), allowing us to reduce the order of the system, and hence to
improve the convergence of our iterative minimization scheme.

The network is renumbered such that the first NN-1 branches form the
tree, and the subsequent branches are links. Kirchhoff's current and
voltage laws became automatically satisfied upon the selection of the tree

branch voltages and link currents to be a basis set of variables.

The tree currents it are given, in terms of the link currents 45:2 by

3:1;::-?3;2 ’

where Q = 1 g] is the fundemental cutset matrix associated with our
optimal tree.

Similarly,

U
s

2::
‘)_:2



where ’F\" is the transpose of F. We thus wish to solve the set of equations

’ E(i, v) =9
2 which are our branch errors (see subroutine ERROR).

To further reduce the dimension of the space, we do not treat independent
source values as variables. Notice that this requirement dictates that inde-
pendent voltage sources be tree branches, and that independent current
sources be links.

The solution to E(i Iy Xt) = 2 is obtained by minimizing a performance
criterion €, given by

€ =Z E12
1

Note that we have an exact solution when € = O.

¢ is mininized via the Fletcher-Powell minimization algorithm(®)

(see subroutine FLPOW) with Rohrer search (see subroutine FNDALPH) being
utilized to find the optimal step size along the direction generated by
the Fletcher-Powell algorithm.

Once Y and E;g are known, we have

- X
I
r and
Xz
- X2 %™ P Xt

and hence, we proceed to the subsequent time point in exactly the same way,



[8

SECTION II: PROGRAM CANDO
MAIN program:

The MAIN section of program CANDO ensures that the desired subroutines
are called in the correct sequence. It solves both the initial condition
problem and (when required) the general time point problem, in the way
discussed in Section I under Theory. It also controls the calls to the

output subroutines.
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BLOCK DIAGRAM:

- MAIN PROGRAM

CALL READIN
- Read in network description
- Compute proper tree (call PT)

- Compute associated.z matrix
(call FCsM)

CALL KONST
- Compute branch element constants

- Select internal current scale
(if desired)

- Initialize tree voltages and link
currents at initial time point

V

CALL INCREM (May call PERIOD)

Initialize nonconstant sources

10
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P

CALL CALCAL

Compute tree currents and link
voltages from tree voltages
and link currents via Kirchhoff's
laws

Have
we exceeded

Yes

desired number
f iteratio

CALL ERROR
- Compute branch errors

- Compute performance
criterion

CALL desired
output
routines

Is
performance
criterion less than

specified
error

CALL. FNDGRAD, Compute. gradients

CALL FLPOW, - Compute minimization
direction

CALL FNDALPH, Compute optimal step size

CALL CNGVARS, Change variables




>

Have Go to next
we gone far problem to
enough in time be solved.

CALL INCREM (which may call PERIOD)

- Compute independent source values
at next time point

Is
a new
tree required

CALL PT - -~ compute optimal tree

CALL FCSM - compute associated
E metrix

CALL KONST

compute new internal
scale (if desired)

campute new branch
constants.
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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 giveq network description and the pertinent control specifications are
printed out

For a detailed description of the variables read in,‘see the section
entitled "Data Cards for CANDO."

This subroutine also calls subroutine, PT which computes an appropriate
tree to solve the initial condition problem, 'If no indépendent voltage

source loops or independent current source cutsets exist, subroutine FCSM

is called, otherwise the program proceeds to the next set of data. Sub-

routine FCSM computes the nontrivial portion of the fundamental cutset

matrix.



BLOCK DIAGRAM:

L3

Input and output network description
and associated pertinent data.

l

CALL PT. KLOOP will be set to 1 if
there is either an independent
voltage source loop or an inde-
pendent current source cutset. If
KIOOP = 1, the program proceeds to
the next network to be analyzed

SUBROUTINE READIN

1L



K- 3

a

15

SUBROUTINE PT

The first time it is called, this subroutine computes a proper tree
for the initial condition problem; on subsequent calls in the same problem, it
computes an optimal tree. The distinguishing features of the above two
tree-picking schemes will be enunciated below.

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

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

1. independent voltege sources

2. dependent voltage sources

3. capacitances

k., resistances in ascending order of value

5. inductances

6. dependent current sources

7. independent current sources

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

An optimel 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 resistances in ascending order of value

3. dindependent current sources
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The equivalent resistance velues are given by the following prescription:

Controlled voltage source - 10"

Resistance (R) - R
Capacitance (C) - -éa—{-
Inductance (L) - X

2H

' Controlled current source - 1050,

where H is the specified integration step size for use with the trapezoidal
rule. If C = O, the corresponding equivalent resistance is set to 1051.

The internal branch numbering scheme is such that the first NN-1
branches are tree branches, the remaining being cotree links. This modification
allows us to subsequently store only a portion of the fundamental cutset
matrix.

Note that in the selection of a proper tree, the independent current sources
are placed at the end of the branch list. In the subsequent selection of
an optimal tree, the independent current sources are not moved around and
hence need not be rearranged.

This subroutine, when desired, prints out the selected tree and the
rearranged network.

Note that when a network contains only sources and resistances (i.e.,

no reactive elements), the proper and optimal trees coincide.
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BLOCK DIAGRAM

Reorder branches according
to desired priority scheme
(proper tree or optimal tree)

Y

Select first NN-1 branches
which do not form loops to
make up desired tree

Are there
independent
voltage source loops

Yes

17

or independent
current source

No

If required, rearrange link
branches placing independent
current sources at the end
of branch list

l

RETURN

SUBROUTINE PT

Print error
diagnostic

Y

Read in next
set of data
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SUBROUTINE FCSM (Fundamental Cutset Matrix):

Given a connected network, and a specified tree, there exists a unique
(NN-1 X NB) fundamental cutset matrix 2,, 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:
&,=9 »

where ib is the 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:

Q= [Z]x]

”

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

With each link, of our connected network, is associated a unique funda-
mental loop, consisting of the link itself and sufficient tree branches
required to close the loop. Each column of z corresponds to such a funda-
mental loop. This intermediate scheme is used to compute E

If desired, this subroutine can output the F portion of the fundamental

cutset matrix.



BLOCK DIAGRAM:

- Select a link

Y

Search along tree branches
until the corresponding
unique fundamental loop
is obtained.

Y

Fill the corresponding
column of‘g

obtained all

fundamental

Return

SUBROUTINE FCSM

19
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SUBROUTINE KONST:

This subroutine computes the branch element constants required in the
branch relations. It initializes tree voltages and link currents, and, when
desired (NSCALE # 1), it selects a new current scale factor each time a
new tree is picked.

There are no constants associated with independent sources. |

The constants are computed according to the prescription given below,
where H denotes the integration time step, in seconds, S denotes the scale
factor whiéh selects the desired current unit (e.g., S = 1000 implies current
unit is milliamps), and Ai denotes the branch element constant associated
with the ith branch. See subroutine ERROR for the form of the branch rela-
tions.

Dependent voltage sources:

a) voltage controlled case

Ay =Ky

where Ki is the ith coupling constant and is unitless.

b) current controlled case

=

5
A; =S

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

Capacitances:

a) tree branch case
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b) 1link case

2% C, ¥§5
P p—
i H
where Ci is the ith capacitance value, in farads.
Resistances:

a) tree branch case

Ry
MEF
b) liﬁk case
=S
AL TR,
1

where Ri is the ith resistance value in ohms.

Inductances:

a) tree branch case

*
\ e 2 Li
i H*®S
b) 1link case
H*S
A. =
; *
i 2 Li

where Li is the ith inductance value in henrys.

Dependent current sources:

a) voltage controlled case

= *
Ai Ki S

where Ki is the ith coupling constant, in ohms.



b) current controlled case

where Ki is the ith coupling constant and is unitless.

Initialization:

The first time that subroutine KONST is called it initializes tree
voltages and link currents as follows:

tree voltages: Tree inductance and tree dependent current source
voltages are set equal to zero, the remaining being set to the given initial
conditions.

1link currents: link capacitance and link dependent voltage source

currents are set equal to zero, the remaining being set to the given initial
conditions.
It should be noted that the above initialization scheme makes sense

in light of the fact that the associated tree is a proper tree.

Automatic computation of scale factor:

When desired, this subroutine will compute & new current scale factor
each time a new tree is picked.
The algorithm, for selecting the optimum scale factor, for both proper
and optimal trees, is as follows:
1. select smallest link resistance value (say Ri)
2. set internal current unit to be %EE where Ri is in ohms, e.g.,
if R, = 14800 ohms, the internal current unit will be =5
milliamps.
If our tree selection yields the fact that there are no link resistances,
the scale factor is set equal to the maximum tree resistance. If our network

contains no resistances, the scale factor is automatically set equal to 1.0.



SUBROUTINE CALCAL:
This subroutine computes the tree branch currents ,i{t and the link

vo:l.’ca.ges){z from the link currents ,J; and the tree voltages Vs respectively,

£ t
via
i, =-H,
and
- 1]
Yo =Fv. >

where E is the nontrivial part of the fundamental cutset matrix (see Sub-
routine FCSM), and where the prime denotes the transpose.

Thus we see that Kirchhoff's voltage and current laws are sutomatically
satisfied, for any given network, because »ii'l; and v, are forced to satisfy the

3/

above relations.
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SUBROUTINE INCREM:

Upon the completion of computations at one time point, this sub-
routine initializes the program for the next time point.

The most important aspect of the above mentioned initialization, is
the computation of the independent sourc.e values at the next time point.

When periodic independent sources exist, INCREM calls subroutine PERIOD
which then computes the corresponding signal values.

An arbitrary independent source is specified by two arrays (up to 100
points each) denoting the time points and the corresponding source values.
If the program time does not correspond to a time point » linear interpolation

between the previous and the next time points is automatically carried out.

e.g.

independent x-=Data Read in for arbitrary waveform
source | ___ Waveform assumed by program
value

value assumed
by program

Program
time point

There are three basic ways in which a nonconstant independent source

can be specified:
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1. arbitrary (as above)

2. exponential

3. sinusoidal
To see how these are read in, see the section on "Data Cards for CANDO."
The values of the independent sources, beyond the last specified time
point, are taken to be zero.
For sinusoidal and exponential source specifications, the program uses
library SINE and EXPONENTIAL routines.

The general operationkof this subroutine may be seen on the following page.



g

BLOCK DIAGRAM
Do the following for each nonconstant
independent source
Call subroutine
PERIOD
sinusoidal arbitrary exponential
Y type type Y type

Compute source
value explicitly

Compute source
value explicitly

Interpolate, between
adjacent time points,
linearly, to obtain
source values

- Return ~——

SUBROUTINE INCREM
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SUBROUTINE PERIOD:

This subroutine computes the signals of periodic independent sources,
for the next time point.

Linear interpolation is used, as in subroutine INCREM, the only dif-
ference being that when the last specified time point is exceeded, the

waveform is repeated.

e.g.

waveform read in

t

waveform generated by computer

Program
time points

Thus we note that when the last specified time point does not corre-
spond to a program time point (i.e., to + 1H where n = 0, 1, «..), the

period, T, of the waveform is increased so that T = nH, n =1, 2, ....
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SUBROUTINE ERROR:

This subroutine computes the branch errors Ei and the performance

criterion which is to be minimized, defined by

where i ranges over all nonindependent source branches.
Note that when both the branch relations and Kirchhoff's laws are

simultaneously satisfied, € will be identically zero.

Branch errors:
Notation: The Ai denote the branch element constants defined in subroutine

KONST. Via and Ci2 denote the present branch voltage and current respectively.

vil and Cil

point, respectively. The Ei,of course, denote the branch error associated

denote the branch voltage and current, at the previous time

with the ith branch.

Integration:
The trapezoidal integration scheme is utilized to perform the inte-

grations assoclated with the reactive element branch relations.

The integral of a function f over an interval H is spproximated by

t -
L_H £fat=3 [flt_H + f|t:l

Since an iterative minimization scheme is utilized at each time point,
the trapezoidal rule, in this context, becomes equivalent to a multistep,
second-order predictor corrector scheme.

We always integrate either voltage or current. Since both are treated

alike, only the current integration will be considered below.
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We have the following typical error term

- - - *
Ey (Vip = Vip) + 23 * (€5, +Cyp)

where Vil and Cil are known.

As the error is reduced to zero, we have, in effect,

Vi = Vi1 =y ¥ (Cip +Cy5)

i.e., the left hand side is the value of the integral, and Ci2 is chosen

so as to satisfy the above equality via linear interpolation.

true cur i2

il

/

1 2

Note that the area under the linear interpolation is the same as the aree
under the true curve.

The above argument indicates that for this integration scheme to be
accurate, the step size must be much smaller (of the order of 1/10 is

sufficient) than the smallest contributing time constant.

Dependent voltage sources

a) voltage controlled case

Ei‘—‘--vi + A

¥*
2 A ¥ Vo
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where the subscript K denotes the controlling branch.

b) current controlled case

E, =~ Vi

+A, *¥C
i i

2 K2

vhere K again denotes the controlling branch.

Capacitances:

a) tree branch case

By == (Vip - Vyy) + 2y % (Ci5 +Cyyp)
b) link case
By == (Cp + Cyy) + 2, * (Vs - Vyy)

Note that at the first time point, when we are solving the initial condition
problem, Ei is set to zero.

Resistances:

a) tree branch case

- - *
By == Vip v Ay *¥Cyp
b) 1link case
= - *
By =-Cio*t )y " Vio
Inductances:
a) tree branch case
— - * -
E; (Vip + Vyy) + Ay *(C55 - Cyy)



b) link case

= - - *
E; (Cip = Cyp) + A5 * (Vi +Vy)

Note that Ei is set equal to zero at the first time point, while solving
the initial condition problenm.

Dependent current sources:

a) voltage controlled case

= - ¥*
By == Cip ¥ Ay ¥Vpp

where K denotes the controlling branch.

b) current controlled case

By =-Cip+ Ay ¥ Cpy

where K denotes the controlling branch.

Performance criterion:

The performance criterion € is given by
€ =ZE;E.2
i
i

where i ranges over all the nonindependent source branches.
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and from (1) we have,

% | 2
¥ [

o€
Sy,
% _ |-
ov.
~b oe
3y,

Hence, combining (2), (3), and (4) we obtain

[ e ]
de _ ) Ef;.
o [,IJ’F\‘] —n,
~t
o3
3y,
which reduces to
de e Po 3
—— T S— + F o —
dv, oYy, ~ oY
Link current gradient vector:
Since
- F
R R

33

(3)

()

(5)

(6)
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we may proceed exactly as in the tree voltage gradient case, and arrive at

de J€ O€
— 3 - -F' . (7)
d, "3, T~ 3,

Branch Gradients:

The branch gradients a? and oe are computed as follows, where bg
3, 3y, o5

and'gé- are branch gradients associated with the ith branch:
i

Tree branches:
Independent voltage sources:

a) not associated with controlled sources

e el

b) associated with controlled source K

e _ 0
i
o€
= *
- Sl
Dependent voltage sources:
e _
v 5B
i
13



Dependent current sources:

Remaining tree branches:

Link branches:
NSNS PN NSNS

Independent current sources:

a) not associated with controlled sources

e _
A
e _
-0

35



Dependent current sources:

Dependent voltage sources:

Remaining link branches:

Note, when solving the initiel condition problem, the gradients with
respect to reactive element currents and/or voltages, are set equal to

zZero.
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SUBROUTINE FLPOW:

This subroutine computes the direction § along which we wish to minimize
the performence criterion €.

1)

The Fletcher-Powell( 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 direction along which we perform the minimization is given by

Si = H? . §i

”~ ~

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

and g is the gradient vector.

-~

E is updated as follows

B =1
_ st* (sh)' (" - shr' (g™ - s’
~ ~ (s ) * ( i+l i) (§1+1 §1)'E}(§1+1 §i)

Thus we see that use of the Fletcher-Powell algorithm requires us to store

an n X n matrix, the Hessian matrix.



Block Diagram:

Is
this the
first iteration
for this time

Yes

Compute the following
scalars

(§i+1 } §i) '}!i(ﬁiﬂ _ §i)

!

Compute matrices

: 1

(§i+1 ) §1)Ei(§1+1 - §i)'

Compute f*l
i+l _ A4 4l
-1

set §

L Return |

SUBROUTINE FLPOW

38
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SUBROUTINE FNDALPH

This subroutine computes al, the optimal step size at the ith iterative
step, which minimizes € along §1, a direction computed by subroutine FLPOW.

The constant ai is such that

min s(i} - §§1) = e(f} - a?§l)
A

where X is the set of nonindependent source tree voltages and link currents,

at the ith iterative step.
The analytical expression for o is:

i

o =

e(x - 5%) + () * 8% - e(x)

P

where gl is the gradient at the ith iterative step.

The situation may be depicted graphically as follows:




SUBROUTINE CNGVARS:
Given the direction along which we minimized, §i » and the optimal

step size ai s the nonindependent source tree voltages and link currents

are modified as follows:

V. V.
—- - = o - - ai * si
=2 =2

new old

It should be emphasized that only the basis set of variables, i.e.,
tree voltages and link currents, are changed. Tree currents and link
voltages follow directly from the implicit formmlation of Kirchhoff's

laws.
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SUBROUTINE READOUT:
This subroutine outputs all the desired currents a.nd/or voltages, in
the desired order, and in the original network numbering scheme. Hence
for any bfa.nch, one ma.& output its current a.nd/ or its voltage.
Note that a one to one correspondence; between desired output variables and
their internal ordering, needs to be calculated each ‘time a new tree is

selected. This is done in subroutine PT.
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SUBROUTINE GRAPH: (Graphical outputs)

The purpose of this subroutine is to provide graphical outputs of up
to five variables. For each time point at which an output is desired, the
main progrem calls this subroutine. The desired variables are then stored
in an array. When either the final desired output time point or the two
hundredth output time point is reached, the variables will be scaled,
individually, such that maximum use will be made of the output page width.
The corresponding variable value is also outputed.

The following figure illustrates a typical graph ocutput,

Corresponding
Time Variable Value Branch 8 Voltage

X_\

D

et

equal to maximum absolute
velue of signal

e e ]

The operation of this subroutine may be seen on the following page.

-y



For each (up to 5) of desired
variables, store value

Is
the final
desired or the
200th output time
point reached?

Find the maximum absolute value
corresponding to each variable

Scale variables according to
above

Y

Plot appropriate graphs

Return

SUBROUTINE GRAPH
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SUBROUTINE ALLOUT:
This subroutine outputs all the tree voltages and link currents
(including those associated with independent sources), in the optimal or
proper tree numbering scheme. Hence, when it 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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APPENDIX A:

Dependent source modeling:

Each dependent source
cation, both of which must

must be read in as data.

Voltage controlled voltage source:

Ideal model:

CANDO model:

Controlled
voltage

Controlled
voltage

Current controlled voltage source:

Ideal model:

Controlled

voltage

Controlling
voltage

Controlling
voltage

vYI

Controlling
current

45

requires two branches for its complete specifi-

be a part of the network description, and hence

V = kV
c
V=kv
C
V=kI



CANDO model:

_

Controlled

voltage

Voltage controlled current source:

i,

Ideal model:

Controlled

current

B

Controlled
current

CANDO model:

Current controlled current source:

3

Controlled
current

Ideal model:

Controlling
current

o—0
Controlling
voltage

Controlling
voltage

Controlling
current

il

n

kv

46



k7

CANDO model:

I

¢
-+—0
I ® v=o I= kI
O
Controlled Controlling
current current

Thus we see that in all cases the controlling current is taken to be
the current through a zéro-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.
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APPENDIX B:

Data Caxrds for CANDO

Notation:

I = Integer format
E => Exponential or floating point format
A = Alphanumeric format

Col = Column on data card



Card #1:
Variables read in, in sequential order
NN, number of nodes (I)
NB, number of branches (I)
PSTART, starting time (E)
TEND, end time (E)
H, time increment (E)
NSTEP, number of time iterations per output (I)
EPS, error criterion (E)

NCONT, Tree and F output control (I)

NSTEP = 1 = outputs desired
NSTEP = O = outputs not desired
col 1-5, - NN

col 6-10, - NB
col 11-25, - TSTART
col 26-40, - TEND DATA CARD #1
col 41-55, - H
col 56-60, - NSTEP

col 61-75, - EPS

col 80, NCONT _J
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Card #2:
Variables read in, in sequential order
NGRAPH, mumber of graphical outputs (I)
NALLOUT, control variable for use of ALLOUT subroutine (1)

NALJOUT = 1 => use of ALLOUT is desired

i}

NALIOUT = O = 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 time point (1)
(NITT = O if using only error criterion)
NSCALE, control variable for use of internal, automatic current scaling.
. NSCALE = 1 => use scale factor read in as SCALE

NSCALE # 1 = use internal, automatic current scaling algoritim.

col 1-5, - NGRAPH )
col 6-10, - NALLOUT
col 11-15, - JOUT g

DATA CARD #2
col 16-30, - SCALE

col 31-35, - NITT

col 40, NSCALE 7
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Network description data cards

For each network branch, the following card (or set of cards) is
needed. The order in which network branches are read in is arbitrary.
Variables read in, in sequential order
TYPE, Branch type (A)
E - independent voltage source
V - controlled voltage source
C - capacitance

- inductance

controlled current source

L
R - resistance
I
J

independent current source
IBRAN, Branch number (I)

SORTYPE, Independent source type (A)

C - constant source
E - exponential source
P - periodic source
S - sinusoidal source

T - time-varying
CONTYPE, dependent source controlling type (A)
V - voltage controlled
I - current controlled
KONBRAN, dependent source controlling branch (I)
LEAV, node which branch leaves (I)
LENT, node which branch enters (I)
NCARDS, a flag signaling that more data pertaining to this branch needs

to be read in (independent sources only). (I)
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NCARDS = O = no more data needed

NCARDS # O = more data needed

VALUE, value of branch element (E)
Resistances in ohms
Inductances in henrys
Capacitances in farads
Dependent source coupling constants in ohms, mhos, or unitless.
COND, - for inductances, the initial current
- for capacitances, the initial voltage
- for constant independent sources, the source value

(in volts or amperes). (E)

col 1, =~ TYPE )

col 2-4, - IERAN

col 5, - SORTYPE .

col 6, - CONTYPE DATA CARD FOLLOWED BY OTHER
col 7-9, —KONBRAN> RELATED CARDS IF NCARDS # O

col 11-12,- LEAV
col 14-15,- LENT
col 17-18,- NCARDS

col 21-35,~ VALUE

col 36-50,~ COND

If NCARDS # O, we need the following card(s), to describe the corre-

sponding nonconstant independent source.



- If SORTYPE = S, i.e., a sinusoidal source, the signal is assumed
to be of the form

A sin (v *t - ¢)

one card is required to describe the above
col 1-10, signal amplitude A, in volts or amperes (E)
col 11-20, signal frequency v, in radians/sec (E)
" col 21-30, signal phase ¢, at initial time (TSTART), (E)
- If SORTYPE = E, i.e., an exponential source, the signal is assumed

to be of the form
2eY(E-9)

one card is required to describe the above

col 1-10, signal amplitude A, in volts or amperes (E)

col 11-20, time constant y (sec-l), ()

col 21-30, signal phase ¢, at t = TSTART, (E)

- If SORTYPE = T or P, i.e., a time varying or periodic source, we
need the following set of cards,

a) card #1, col 1-5, number of time points (I)

b) as many cards as needed to specify the source values at the time

points, allowing for 8 source values/data card, each being allotted

10 columns of space (E)

c) as many cards as needed to specify the time points, allowing for

8 time points/data card, each being allotted 10 columns of space (E).
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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 date cards follow immediately after the network description
data cards.
- If NGRAPH # 0, we need NGRAPH (= 5) cards with the following information
col 1-5, branch number (I)
col 10, output type desired (I)
1 = current desired
0 = voltage desired
- If JOUT # 0, we need JOUT (= 200) cards with the following information
col 1-5, branch number (I)
col 10, output type desired (I)
1 = cwrrent desired
0 => voltage desired

- If NALLOUT # O, no other data cards are reguired.

Note that when one or more networks are analyzed in one batch, the

last data card of the batch g;hould be a blank card.
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APPENDIX C:
1» Sample Problems:

Notation:

4
[}

circled numbers indicate node numbers

uncircled 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

H is the integration time step, in seconds

TSTART is the starting time, in seconds

TEND is the final time, in seconds
- EPS desired performance criterion error
Note, that only the pertinent computer output is included with the

sample problems.

Sample Problem #1:

Butterworth Filter:

- <]
n

o
1]

10°

0.01

2 x 10
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The input E is specified to be

D U S

time (seconds)
0 2.5 x 1076 5 x 10-6

Specifications:
- Initial time = O (TSTART = 0.0)

Final time = 10~ (TEND = 0.0001)

- Time increment = 2 X lO"6 (H = 0.000002)

- Desire error, at each time point, to fall below 107! (EPS = 10°7)
- Desire results, at each time point, to be outputed (NSTEP = 1)

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

- Desire current to be in milliamps (SCALE = 10° and NSCALE = 1)

Desire the following graphical outputs
Branch 1 voltage
Branch 2 current (NGRAPH = 3)

Branch 6 voltage

Specify zero initial conditions.
The required data cards, for this problem,may be seen on the following
page.

The central processor time for this problem was 2.954 seconds.
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Sample Problem #2:

Controlled Source DC problem:

E =1 volt DC
R2=R5=R6=lQ
NN =5

NB = 8

Branch 3 is a current controlled current source, controlled by branch 4
= *
I3 5 Iu

Branch 8 is a voltage controlled current source, controlled by branch 7

Specifications:

- since we have a resistive DC problem, we need the solution at only
one time point

set TSTART = 0.0 = TEND



desire error to fall below 103

(EPS = 1073)

the time increment = 0

(set H = 0.0)

desire results, at each time point, to be outputed (NSTEP = 1)

do not desire tree and E to be outputed

(NconT = 0)

desire current to be in amperes

(SCALE = 1.0 and NSCALE = 1)

desire all voltages and currents outputed
(JOUT = 16)
The reqnired data cards, for this problem, may be seen on the
following page.

The central processor time, for this problem,was 0.24 seconds.
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Sample Problem #3:

D. C. amplifier:

§6u.8x ?’-K ‘l}ov

out

Iin G‘) é 1.8k 4.8 K

Transistor model:

C

C B 200 q

O— "W\

IB —
I
— _ B

B -
E

!
‘g

The output will be the emitter current, and will be taken to be a

current through a zero valued voltage source.



Modeling the controlled source in the way described in the section

]

on "Dependent Source Modeling,'

our network becomes

8$ax

®

-1

e 50 Il|. 7 30 K
9 -
I, (D 1
10<€ 20 @
119 48K
12 v 0
Approximate theoretical gain:
AL
Neglecting the 30K resistor, we can show that 12 4 2.4, about a

quiescent 112 of 1.1 ma.

=1

1

67

30V



Specifications:

- Il = A sin (1.8t)

A = 0.1 milliamps

t is in seconds
- initial time = 0O (TSTAR:I: = 0.0)
- final time = 5 (TEND = 5.0)
- time increment = 0.1 (H = 0.1)

6ordesireto

6

- desire error, at each time point, to drop to 10
proceed to next time point after 30 iterations (EPS = 10 = and
NITT = 30)

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

- desire results, at each time point, to be outputed (MSTEP = 1)

- desire internal, automatic current scaling (NSCALE # 1)

- desire following graphical ocutputs
Branch 1 current\
Branch 4 current 5

(NGRAPH = 4)
Branch 12 current

Branch 6 current J

The required data cards for this problem may be seen on the following

page.
The central processor time, for this problem, was 8. 24 seconds.
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Sample Problem #l: Compatible voltage source loop.

iv @ Rli @

©) ()—»— AN 9

Branch 3 is a current controlled voltage
source, controlled by branch 6

V3 =3 %I

Specifications:

- since we have a resistive DC problem, we need solution at only one
time point.

set TSTART = TEND = 0.0
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- desire error to fall below 10~

(EPS = 107°)

the time increment is arbitrary

(set H = 0.0)

desire results, at.each time point, to be outputed

(NSTEP = 1)

desire tree and.z to be outputed

"(NCONT = 1)

desire automatic internal scaling
(NSCALE # 1)

desire all branch currents and voltages to be outputed
(souT = 16)

The required data cards, for this problem, may be seen on the

following page.

The central processor time, for this problem, was 0.23 seconds.
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Comments on Sample Problem #l:

Note that when dependent and independent voltage source loops exist
in a network, it is of paramount importance for them to be compatible,
i.e., that Kirchhoff's voltage law be satisfied around that loop.

Incompatible loops, of the above type, will yield incorrect executions
of CANDO. The same holds for cutsets of independent and dependent current

sources.



TINVE =
BRANCFH
BRANCH
BRANCH
BRANCH

BRANCH

BRANCH
BRANCH
BRANCH
BRANGH
BRANCH
BRANCH

BRANCH

0.

o U & W N = O tn »r W N

CULRRENT
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT
VOL TAGE
VOLTAGE

VOL TAGE:

VOLTAGE
VCLTAGE

VOLTAGE:

=,10000E+01

«,10000E+01

04
+10000E+01
«10000E¢01
+10000€E+01
<10000€+01
.20000E+01
«30000E+01
«20000E+01
«10000E+01

-0,
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Sample Problem #5:

Four Step RC Ladder Network:

(] C
@ || @ |l @ I | @
< »- >
3|| llh “6 1

E 1 2< R 5< R 9< R
R =100
¢ =10
NN =6
NB =9

The input E is specified as follows

E
1V
t (seconds)

0.0 0.01
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Specifications:

initial time = O (TSTART = 0.0)

final time = 50 millisec (TEND = 0.05)

time increment = 1 millisec (H

0.001)
desire 10 iterative steps to be taken at each time point
(EPS = 0.0, NITT = 10)
desire results, at each time point, to be outputed (NSTEP = 1)
do not desire tree information and F to be outputed (NCONT = 0)
desire internal automatic current scaling (NSCALE # 1)
zero initial conditions
desire the following graphical outputs
Branch 1 voltage

} (NGRAPH = 2)
Branch 5 voltage

The central processor time, for this problem, was 8.26 seconds.

The required data cards, for this problem, may be seen on the

following page.
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Sample Problem #6:

Large time constant spread problem--quick response:

©) R @ R ®
AN >— *th >
I I R =105
cy = 1078
E=1V 1 C, —— ——c -
(o) 3773 5T 5 C5=01

¢
®

We desire the step response associated with the small time constant.

Specifications:

- initial time = O (TSTART = 0.0)

- final time = 50 microseconds (TEND = 5 X 10'5)
%)

- time increment = 1 microsecond (H = 10~

- desire error to fall below 102"

(gps = 10°2%)

- desire results, at each time point, to be outputed (NSTEP = 1)
- do not desire tree information and F to be outputed (NCONT # 1)
- desire internal, sutomatic current scaling (NSCALE # 1)

- zero initial conditions



- desire the following graphical outputs
Branch 3 volta.ge\
Branch 4 current

> (NGRAPH = 4)
Branch 2 current

Branch 5 voltage /

The data cards, for this problem, may be seen on the following page.

The central processor time, for this problem, was 4.1l seconds.
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Comments on Sample Problem #6:

The most important thing to notice in the computer output of this
problem is that the voltage across C5 is, essentially, zero; i.e., the
large capacitance is acting as a short circuit over the time interval of
concern.

The quickresponse steady stete voltage across 03 is 0.5 volts, and, as
will be noted in problem #7, this value must be used as the initial condi-

tion on C3 when the slow time response is desired.



TI,

C.
«120CL-C
« 2CAUN =75
f4GCLI~(5
e 50003
« €C0T -5
«TCCCE -3
« 2030t~
«SGCCT -1 3
. lUCU&‘L‘f
« 1180 -C4
« 120 0F-(4
«13CC_~-(4
«14CO0I -C4
.l5CO§°(4
e l63CC-L~
« 17CCE -4
« 18C0F~-C4
«19CCE-(4
«2CCLI=(4
«21030-CH

220C7-(4

23CC[ -C4
¢4 CCE-(4
2500E-(4
26G0t-C4
c7CLEi-C4

«23CCE~(4

e 2500E-C4

«30C0L-(4

«21(0i-C4

«22CGe-(4

o & o ¢ o o

A3CCL-(4
240Gt -C4
3ECLe-CS
26CC-(4
e 3750-C4
«28C0OL-(4
«3¢COL-(4
«4(CE-CH
«41C0L -C4
«42JUL-C4
«43CLE-CH
«44CLT-Ca
«4E00E-(4%
e4c(CL-C4%
«4T7CCR-C4
. 4F‘COL-L»
«4C L -Ch
«53CCE-Ce

Yol

.

WCLC] =i}
I -
«e272° 1+
2T 25 #1,

el 179 4+
eG4 2R, #iy
0‘4‘:1:.-;'.19 "C.}
0’1::.(.".‘(-‘
e €328 +90
e 46GC Yt +O(
cATTHTHCE
¢ 4T7SRF+0)
«GE3E 41y(
«4REEF 40D
« 4351 +0u
«4G1GI-+00
« 4B 24E 4G
«4S4CE+DN
<451 +0Y
«4S55Y+00
«4507 490
«4C73E4+00
« 4% TBF +CU
«HCR2E+C0
«4CEZE4+UD

49181400
«4G9CI 40V
«4562{ +00
« 466G +(0)
<4938 +CU
«4SSECH+((
«45G6! +00
«4CET! +0)
«4CC L+ )
«4CCY ey
«4CGCRIH(D
«4CCGL+0D
«4G5CG +CU
LeCCCi4(n
$ 43157400
$43CC R D
<500+
<SL0 3400
eTLLTEHLD
¢ TLOLY 411
« STUNT+Q0

2 A9OH 3 VOLTAG,

Coo..looooonoo-00000000000000000'00100

T+ +

TT T H T4+ 2+ 241 4+ T+ 4+ 44+ %44+ re e+ 44

98



TIvL
[
«lLLLI-C5
« 2L CGE-CH
« 30 G0E-C5
«40LLCE-(C5
- tUuOt—LS
«TUCLE-CS
« ECCOE-C5
«SOCOt-C5
«lOCCE-L4
e ll0Li-C4
«12C0L-C4
«13CCL-C4
- 14CUC-(4
«1800f -C4
« LELCL-(4
«17007-C4
«1FCCE-C4
«19GOt-(4
«2( CUE-C4
«21CCE-(4
«22CCI-L4
«23(CCi-C4
s 24(CE-(C4
«25CCE-(4
«26CCc-C4
«27CCL-(4
«28COL-C4
«29CCE-C4
«3CCCE-(4
«31C0L-C4
«32CCE-(4
«2300E-(4
«34C0L-C4
«35CCE-(4
«2€00c-(4
«37CLe-Lu
«3PCCE-C4
«39G0t-(a
«40C0:-C4
«41COL-C4
«43C0E-C4
«44COF-(4
«4530E5-C4
b6 (Cl-(a
«4T7CLE-C4
«48COL-CH
«S0CCL-(4

VLU
«1CiCi~-02
«8CC1i-0:3
«E2471-C2
«e7736:-13
«7261:-G3
«E£33F-33
«E3L0OF-03
«62277-03
«4£CC4.-03
«£32¢1-C3
«S€72:-C3
«©55CF-C3
«53S0L~-C3
«£201z-C3
«£24€F-03
«52G21-03
«£1€81~-03
«£13€t-03
«£110f-C3
«5L80E-03
«5C74t-C3
«5LHANL-C3
e SC4SL-C3
«5C40t-03
«£(328-G3
«£(27:-C3
«£6220-03
«SCLHEE-(3
«501€:-C3
«SC12F-03
«5C10E-C3
«5CCEE-G3
«SCOTE-02
«5CCEY-013
«SCC4E-C3
«35CC4f-03
«5CC3t-C1
«5CCzi-03
«5CC2:-C3
«SC02: -yl
«5CC1L-03
«£CC1luv-C3
«3C01°-C3
«8301{-C3
e 500301
e 5LIUH=03
«5CULF-C3
«500C.-C3
«SLLCI-C3

2e ANCH 2 CURQENT

. ' N
® 00000000 009020 TSNS JNLLES0G000 00 E00000 000000000 CCP0CPPOTVINIOD V000 000000000000 00000CCCRIIOIREOGEIOOSTOIEOIOONS

® & 0 ® ° o 0 0 ¢ O 0 4 0 4 e 6 0 O B s 0 0 ¢ O 8 & 6 0% 0 06 8 % 2 G O 0% O 8 6 & s 0 0 e 0 o @

R IR R R R A R REEE EE R R I e

-+ >

+

+

L8



Sample Problem #7:

Large time constant spread problem - slow response:

The network is identical to that of problem #6. However, this time,

we desire the step response associated with the large time constant.

Specifications:

initial time = 0 (TSTART = 0.0)
final time = 500 sec (TEND = 500.0)
time increment = 10 sec (H = 10.0)

desire error to fall below lO‘lb' or 20 iteration steps, per time

point. (NITT = 20, EPS = 10°1%)

desire results, at each time point, to be outputed (NSTEP = 1)
do not desire tree information and F to be outputed (NCONT = O)
desire internal, automatic current écaling (NSCALE # 1)
initial voltages are

vc3(o) =0.5V

VCS(O) =0V

desire the following graphical outputs
N
Branch 3 voltage
Branch 4 current

> (NGRAPH = 4)
Branch 2 current

Branch 5 voltage )

The data cards, for this problem, may be seen on the following page.

The central processor time, for this problem, was 3.80 seconds.
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Comments on Sample Problem #7:

Note that the initial voltage on 03 has been set to 0.5 volts, which

is the steady state value associated with the small time constant (see
problem #6). Failing to do the above would yield incorrect results s since
the trapezoidal integration scheme, applied to branch 3, would have a step
size to time constant ratio of 108, whereas a ratio of 0.1 is desirable

for accurate integration. With the proper initial condition, C, becomes,

3
effectively, a voltage source, and the integration problem does not arise.
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Sample Problem #8:

Network with zero-valued elements:

93

Specifications:
- initial time = O (TSTART = 0.0)

final time = 5 sec (TEND = 5.1)

time increment = 0.1 sec (H = 0.1)

point (NSTEP = 50)

R2 @ R3 @
@ AN > T AAN~ > |
1.
R
E=10V N ci' L L 2
(oc) 7 8
0
@
R, =1 N =5
R3=O NB =8
R, =2
G5 =0
L6=0
c, =1

desire tree and F to be outputed (NCONT = 1)
desire error at each time point to fall below 12076 (EPS = 10-6)

desire all voltages and currents outputed at every fiftieth time



- desire internal automatic current scaling (NSCALE # 1)
- zeyo initial conditions
The data cards required for this problem may be seen on the following

page.

The central processor time, for this problem, was 3.48 seconds.
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Comments on Sample Problem #8:

Note that at the initial time point, all capacitances are tree branches
and all inductances are links, as desired. For the remaining time points,
zero valued R's and L's are tree branches and zero valued C's are links.

Such a tree will always exist as long as there are no loops of short

circuits (independent voltage sources, zero valued R's and L's), and no

cutsets of open circuits (independent current sources and zero valued C's).

Should the above conditions not be satisfied, an arithmetic error will

result during the execution of the program.




TIME §
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH

BRANCH

w N — ® ~N o v & Ww N

&

2 N

VO TAGE
VOL.TAGE
VOL_TAGE
VO _TAGE
VOLTAGE
VO_TAGE
VO TAGE
VOI_TAGE
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT

+10000E+02
«10000E%02
0
0
0
0o
0o
0o
-+10000E+02
+10000E%02
0

0o

0o

0o
«10000E+02

0o



TIME =
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH

BRANCH

0 ~ o un » W .N

N

® N o0 N & W

+50000E+01
VOL_TAGE
VO TAGE
VO_TAGE
VO TAGE
VOLTAGE
VOI_TAGE
VOLLTAGE
VOI_TAGE
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT
CURRENT

+10000E*02

«10058E+02
=e55976E=03
~+56889E=01
~+568R89E-01
-e10373E=02
-+58486E=01
~e58486E=01
~+10058E+02

«10058E+02
~.28288E~01
~e28275E=01
~+13688E=04
-+28288E=01
=-+18666E+00
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APPENDIX D:
CANDO FORTRAN IV LISTING
(cpc 6400)
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PROGRAM

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
15) .
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
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CANDO ( INPUT s OUTPUT)

TYPE
TEMP
CONTYPE»
SORTEM,C
CNTSOR
/BLOCK1/
/BLOCK2/
/BLOCK3/
/BLOCK &4/
/BLOCKS/
/BLOCK6/
/BLOCK7/
/BLOCKS8/
/BLOCKS/
/BLOCK10/
/BLOCK11/
/BLOCK12/

SORTYPE
ONTTEM

NNP(200)sNP(200)

IBRAN(200) s LEAV(200) sLENT(200)

TYPE(200) sVALUE(200)sF (499151 ) 9NOEL(7)
ITBRAN(200) s LEAVT(200) sLENTT(200)
IOUT(200)sNOUT(200) sITEST(200)

TEMP(7)+E(200) sGRAD(200) sCONST(200)

IDIMEN sALPHA 3 FUNCT sNICSsNITERsH9EPSsNNsNB

V(20092)9C(200+2)

SORTYPE(200) sCONTYPE(200) s KONBRAN(200)
COND(200) s IDELsTSTART s TENDsNSTEP
SORVAL(55100) s TIMEPT(55100)sSNSOID(5+3)sNNI(5)
CONTTEM(200) s SORTEM(200) sCONDTEM(200) sKONTEM(200)

/BK13/ ISTEPsOLDVAL(5)9sSECVAL(5)sOLDTIME(5)sSECTIME(5) sNNJ(

/BLOCK14/
/BLOCK15/
/BLOCK 16/
/BLOCK17/
/BLOCK18/
/BLOCK19/
/BLOCK 20/
/BLOCK21/
/BLOCK23/
/BLOCK24/
/BLOCK25/

KP(5)
NITsJOUT s NGRAPH s NALLOUT
GRAF (20095) » JGRAPH(5) s IGRAPH(5) s NPRINT9SCALESNITT
1TN$S(200)

VAROUT (200)

CNTSOR(200)
NCONT s KLOOP s KPP

NST(5)
TEMPAR(200) sDUMMY (200)
SCAL yNSCALE
X(200),Y(200)

DIMENSION HH(20520)

NDATA=0
NLNEAR=
NIT=0
ITN=1
NPRINT=
NIC=0

0

0

IF (NDATAEQeO) GO TO 2

CALL SE
TO=T=-TU
PRINT 1
CALL SE
CALL RE
IDEL=NS
NDATA=N

COND (T)

6s TO
COND (Tu)
ADIN
TEP=-1
DATA+1

CALL KONST

CALL IN
GO TO0 9
NIC=NIC
CALL IN

CREM

+1
CREM

IF (NOEL(7)4EQe0) GO TO 5

NK=NB~N
DO 4 I=

OEL(7)+1
NKsNB

IF (SORTYPE(I)eEQelHC) GO TO 4
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10
11

12

13

14

15

16

C(1+2)=C(I92)*SCALE
CONTINUE

NIT=0

ITN=1

IF (NLNEAR.NE.O) GO TO 6
IF (NICeNEsl) GO TO 11
CALL PT

IF (KPP4EQs0O) GO TO 7

GO TO 8

SCAL=SCALE

IF (NICeEQel) CALL KONST
GO 70 11

CALL FCSM

CALL KONST

IF (NICeEQes0) GO TO 11
DO 10 I=NNsNB
C(I192)=ClI92)3#SCALE/SCAL
C(Is1)=ClIs1)#SCALE/SCAL
CONTINUE

CALL CALCAL

IF (NITTeEQeO) GO TO 12
IF (NIT=NITT) 12914514
CALL ERROR

IF (FUNCT-EPS) 14,514,13
CALL FNDGRAD

CALL FLPOW (HHsNBsALPHA)
ITN=ITN+1

NIT=NIT+1

CALL FNDALPH

CALL CNGVARS

GO 70 11

IDEL=IDEL+1

IF (IDELeNE.NSTEP) GO TO 15

NPRINT=NPRINT+1

IF (NGRAPHeGEe«1) CALL GRAPH
IF (NALLOUT.GEel) CALL ALLOUT
IF (JOUTeGEe1l) CALL READOUT

IDEL=0

IF (NGRAPH0.EQ+201) GO TO 1

IF (NIC-NITER) 3511

FORMAT (1H1920Xs*THE CENTRAL PROCESSOR TIME FOR THIS PROBLEM
1E15459% SECONDS#*)

END

>PPP>PP>P>PP>PPPDPPPPPP>PPrP>PPPrr PP rPrPr>»r>»r>»rPrrrrrrr

56
57
58
59
60
61
62
63
64
65
66
67
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69
70
71
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74
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~
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SUBROUTINE READIN

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

INTEGER TYPE

INTEGER TEMP

INTEGER CONTYPE»SORTYPE

INTEGER SORTEMsCONTTEM

INTEGER TYTEMP

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

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

COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(499151)9sNOEL(T)

COMMON /BLOCK4/ ITBRAN(200)sLEAVT(200)sLENTT(200)

COMMON /BLOCK5/ IOUT(200)sNOUT(200)sITEST(200)

COMMON /BLOCK6/ TEMP(7)sITBB(200)sTYTEMP(200)sVALTEM(200)

COMMON /BLOCK7/ IDIMENSALPHA»FUNCTsNICsNITERsHsEPSsNN9sNB

COMMON /BLOCK9/ SORTYPE(200)sCONTYPE(200) s KONBRAN(200)

COMMON /BLOCK10/ COND(200)sIDELsTSTARTsTEND9NSTEP

COMMON /BLOCK11/ SORVAL(55100)sTIMEPT(55100)sSNSOID(553)sNNI(5)
COMMON /BLOCK12/ CONTTEM(200)sSORTEM(200) s CONDTEM(200) sKONTEM(200)
COMMON /BK13/ ISTEPsOLDVAL(5)sSECVAL(5)sOLDTIME(5)sSECTIME(5) sNNJ(
15)

COMMON /BLOCK15/ NIT»sJOUT sNGRAPHsNALLOUT

COMMON /BLOCK16/ GRAF(200s5) s JGRAPH(5) s IGRAPH(5) s NPRINTsSCALEsNITT

COMMON /BLOCK20/ NCONT KLOOP

COMMON /BLOCK24/ SCAL 9NSCALE

ISTEP=0

1JK1=0

1JK2=0

KSOR=0

KCURR=6

READ 18s NNsNBsTSTARTsTENDsHINSTEPSEPSsNCONT

IF (NNeEQeO) STOP

READ 199 NGRAPHsNALLOUT s JOUT 9 SCALEsNITTsNSCALE
PRINT 20s EPSsTSTARTSTEND»H

PRINT 21s NNsNB9sSCALEsNITTyNSCALE

PRINT 229 NSTEP

IF (HeEQe0a0) GO TO 2

NITER=(TEND-TSTART)/H

GO TO 3

NITER=0

DO 9 I=1oNB

READ 23y TYPE(I)sIBRAN(I)sSORTYPE(I1)9sCONTYPE(I)sKONBRAN(I)sLEAV(I)
1+LENT(I)9oNCARDSsVALUE(I)9sCONDI(I)

IF (NCARDS.EQe0Q0) GO TO 9

IF (TYPE(I)eEQelHJ) GO TO &

IF (SORTYPE(I)eEQelHS«OR«SORTYPE(I)eEQelHE) GO TO 5
IF (SORTYPE(I)eEQe1HP«ORsSORTYPE(I)eEQelHT) GO TO 6
ISTEP=ISTEP+1

IF (SORTYPE(I1)eEQe1HPOReSORTYPE(I)4EQelHT) GO TO 8
IF (SORTYPE(I)eEQe1HSeOReSORTYPE(I)eEQelHE) GO TO 7

GO TO 9
KSOR=KSOR+1
NNJ(KSOR) =0

READ 245 (SNSOID(KSORsJ)sJ=143)
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11

12

13

14

15

16

17

GO TO 9

KSOR=KSOR+1

NNJ(KSOR) =0

READ 25s NNI(KSOR)

NNN=NNI(KSOR)

READ 269 (SORVAL(KSORsJ)sJ=1sNNN)

READ 26+ (TIMEPT(KSORsJ)9»J=1sNNN)

GO TO 9

KCURR=KCURR-1

NNJ(KCURR) =0

READ 24, (SNSOID(KCURRsJ)9J=1s3)

GO TOo 9

KCURR=KCURR~-1

NNJ(KCURR) =0

READ 259 NNI(KCURR)

NNN=NNI(KCURR)

READ 26s (SORVAL (KCURRsJ) sJ=1sNNN)
READ 269 (TIMEPT(KCURRsJ)9»J=1sNNN)
CONTINUE

IF (NGRAPH.EQe0) GO TO 10

READ 279 ((IGRAPH(I)sJGRAPH(I))s1=1+NGRAPH)
IF (NALLOUTeGEe1eOReNGRAPH4GE.1) GO TO 11
READ 27y ((IOUT(I)SITEST(I))sI=1oJOUT)
PRINT 28

PRINT 29

DO 12 I=1sNB

PRINT 309 IBRAN(I)sTYPE(I)sVALUE(I)sLEAV(I)sLENT(I)sCONDI(I)
CONTINUE

DO 14 I=1sNB

IF (SORTYPE(I)eNEs1lH ) GO TO 13

GO TO 14

IF (IJK14EQeO) PRINT 31

1JK1=1

A=THVOLTAGE

IF (TYPE(1)eEQelHJ) A=2THCURRENT

PRINT 32» A,IBRAN(I)oSORTYPE(I)
CONTINUE

DO 17 I=1sNB

IF (CONTYPE(I)eNEs1H ) GO TO 15

GO 70 17

IF (1JK2.EQ.0) PRINT 33
1JK2=1

IF (TYPE(I).EQ.IH!) GO TO 16
A=THCURRENT

IF (CONTYPE(I)eEQq1HV) A=7HVOLTAGE

. PRINT 34s AsIBRAN(I)sKONBRAN(I)

GO TO 17

Az THCURRENT

IF (CONTYPE(I)+EQe1HV) A=THVOLTAGE
PRINT 35s AsIBRAN(I)sKONBRAN(I)
CONTINUE

IDIMEN=NB=NN+1

KLOOP=0

CALL PT

IF (KLOOP.EGe1) GO TO 1
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18
19
20

21

22
23
24
25
26
27
28

30

31
32
33
34

35
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CALL FCSM
RETURN

FORMAT (I59159E15e39E15e39E15e39159E1563515)

FORMAT (3159E1545915415)

FORMAT (1H1s///7//+40Xs* ERROR CRITERION = *4E15659///940Xs* STARTI
ING TIME = %¥4E15459# END TIME = %4E15e59///940X9%¥STEP SIZE = %

2 E154,5)

FORMAT (1HO»s///+30Xs*NUMBER OF NODES = ¥5]54% NUMBER OF BRANCHE
1S = %5159///930X9%*SCALE FACTOR = %*4E15659///930Xs* DESIRED NUMBER
20F ITERATIONS AT EACH TIME POINT = %9159///930X9s*NSCALE = ¥+15)

FORMAT (1HOs///930Xs* NUMBER OF TIME ITERATIONS PER OUTPUT = %¥,15)

FORMAT (Al9I35A19A191391X91291X91291X91292X9E15e49E1544)

FORMAT ( 3E10.3)

FORMAT ( I5 )

FORMAT ( 8El0.3 )

FORMAT (215)

FORMAT (1H1955Xs*#THIS IS THE GIVEN NETWORK¥*)

FORMAT (1HOs///955Xs*UNITS ARE OHMSs FARADS AND HENRYS *)

FORMAT (1HO»s 3Xs*BRANCH NUMBER ¥,2Xs13s4Xe#* IS A *9Al gk OF
1 VALUE %*,E12459*% LEAVING NODE *9I39% AND ENTERING NODE *s13,
22Xe%* COND = %¥,E1063)

FORMAT (1H19////930Xs*INDEPENDENT SOURCES*s///)

FORMAT (1HOs10XsA7s * SOURCE BRANCH #,139% IS OF TYPE *,Al)

FORMAT (1H=9///930Xs*CONTROLLED SOURCES #9///)

FORMAT (1HO»10X9sA7s* CONTROLLED VOLTAGE SOURCE#*#sI3s% IS CONTROLLED
1 BY BRANCH#%*,15)

FORMAT (1HO»10XsA7s% CONTROLLED CURRENT SOURCE#*sI3s%* IS CONTROLLED
1 BY BRANCH¥,15) '

END

DO PIPITOIPP TN OTPITODTOROXIDEODD @
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116
117
118
119
120
121

"122

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140~
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SUBROUTINE PT

INTEGER TEMPOIoTEMPOZ,TEMPOBoTEMPO#’TEMPO69TEMPO797EMPO9
INTEGER TYTEMP

INTEGER TYPE

INTEGER TEMP :

INTEGER CONTYPE s SORTYPE

INTEGER SORTEMsCONTTEM

INTEGER CNTSOR

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

COMMON /BLOCK2/ IBRAN(200) sLEAV(200)+LENT(200)

COMMON /BLOCK3/ TYPE(200)sVALUE(200)+F (4941519 ¢NOEL(7)
COMMON /BLOCK4/ ITBRAN(200)sLEAVT(200) sLENTT(200)

COMMON /BLOCKS/ IOUT(200)sNOUT(200)sITEST(200)

COMMON /BLOCK6/ TEMP(7)s1TBB(200)sTYTEMP(200) sVALTEM(200)
COMMON /BLOCK7/ IDIMEN»ALPHA»FUNCTsNICsNITER sHsEPS sNN+NB \
COMMON /BLOCK8/ V(20052)sC(20052)

COMMON /BLOCK9/ SORTYPE(200)sCONTYPE(200) s KONBRAN (200}
COMMON /BLOCK10/ COND(200)sIDELsTSTARTsTENDJNSTEP
COMMON /BLOCK12/ CONTTEM(200)+sSORTEM(200) s CONDTEM(200) sKONTEM(200)
COMMON /BLOCK15/ NITJOUT sNGRAPH9NALLOUT

COMMON /BLOCK16/ GRAF(20095) s JGRAPH(5) » IGRAPH(5) s NPRINT s SCALEsNITT
COMMON /BLOCK18/ CONST(200)

COMMON /BLOCK19/ ‘CNTSOR(200)

COMMON /BLOCK20/ NCONT »KLOOPsKPP

COMMON ' /BLOCK21/ NST(5)

KK=NN=-1

KM=0

KKTT=0

IF (NICeNE.O) GO TO 5

TEMP(1)=1HE

TEMP(2)=1HV

TEMP(3)=1HC

TEMP (4)=1HR

TEMP(5)=1HL

TEMP(6)=1HI

TEMP(7)=1HJ

DO 3 K=1,7

KT=0

DO 2 I=1,NB

IF (TYPE(I)+EQ.TEMP(K)) GO TO 1

GO TO 2

KM=KM+1

ITBRAN(KM) =1 ;

TYTEMP (KM)=TEMP (K)

VALTEM(KM)=VALUE(1)

KT=KT+1

CONTTEM(KM)=CONTYPE(I)
SORTEM(KM) =SORTYPE(1)
CONDTEM(KM)=COND( 1)
KONTEM(KM)=KONBRAN(1 )

CONTINU

E

NOEL (K)=KT

CONTINU
DO 4 I=

E
1sNB

K=ITBRAN(I)

nhnqnnvnnnnnnonnnnnnqnnnnnnnnnnnnnnnnhnnnnnnnnnnnnnnnnnn
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10

11

LFEAVT(I)Y=LFAV(K)

LFNTT(I)=LENT(K)

TYPF{TI)=TYTFMP (1)

VALUE(T1)=VALTEM(I)

CONTYPE( I)Y=CONTTFM(T)
SORTYPE(T)=SORTFM(T1)
COND(T)=CONDTEM(T)
KONBRAN(T)=KONTFM(T)

CONTINUF

IF (NOFL(4)4FQeN) GO TO 15
N=NOFL(1)+NOFL(2)+NDFL(3)+1
MM=N+NOFL (4) =1

GO TO 6

CONTINUF

MM=NR=NNFL(7)

N=MOFL(1)+1

M:MM..]_ X

PO 7 T=NMM '

I[F (TYPF(T)eFQelHV) CONST(T1)=1,0F=50
IF (TYPFII)eFQelHr) 6N TO 8

TF (TYPF(I)eFQe1HR) CONSTI(I)=VALUF(T)
IF (TYPF(I)eFQelHL) CONST(I)=240#VALUE(I)/H
IF (TYPF(I)eFQelHI) CONST(1)=1,0F+50
CONTINUF

GN TN 9

IF (VALUF(I)eFQeNesND) CONST(I)=140F+51
IF (VALUF(I)eNFeNeN) CONSTII)=H/(2,0%VALUF(T))
GO TO 7

KPP=0

IF (NeGTeM) GO TO 15

NO 14 I=NeM

KP=0

AMIN=CONSTI(1)

K=T+1

NO 11 J=KsMM

IF (CONST(J)eLT<AMIN) GO TO 1N

GO TO 11

AMIN=CONST(J)

NP(T)=J

KP=1

Kpo=1]

CONTINUF

IF (KP«FQeN) GO TN 14

J=NP(1) :

"TEMPO1=1TBRANI(TI)

TEMPO2=LFAVT(1)
TEMPO3=LFNTT(1)
TEMPO4=TYPE(1)
TEMPOS=VALUF(1)
TFMPNE=CONTYPF (1)
TEMPOT7=SORTYPF (1)
TEMPO8=COND( 1)
TEMPO9=KONBRAN(T)
TEMP10=CONST(I}

IF (NICeFQae0) GO TN 12

107



+ 12

L]

13

14
15

16

17

18
19

20

TEMP11=V(142)
TFMP12=C(192)
TEMP13=V{(Is1)
TFMP14=C(141)
ITRARAN(TI=ITRRAN(J)
LFAVT(I)=LEAVT(J)
LENTT(I)=LENTT(J)
TYPE(I)Y=TYPE(J)
VALUF(I)=VALIIE(J)
CONTYPF(1)=CONTYPF (J)
SORTYPE(I1)=SORTYPE(JY
COND(T)=COND(J)
KONBRAN( 1) =KONRRAN(J)
CONST(I)=CONST (D)

IF (NTCaFQe0) GO TO 13
V(i1e2)=V(Js2)
C(l1e2)=CJs2)
VIiTsel)=V(Jel)
C{l1s1)=ClJUsl)
ITSRAN(J)=TEMPN]
LEAVT(J)=TEMPO2
LENTT(J)=TEMPO3
TYPE(J)=TEMPO4

VALUF (J)=TEMPOS
CONTYPE(J)Y=TEMPNG
SORTYPE(J)=TFMPN7
COND(J)=TFMPOS8
KONBRAN(J)=TFMPDO .
CONST(J)=TEMP10

I (NIC,FQe0) GO TO 14
V(Js2)=TEMP11
C(Js2)=TEMP12
V(Jel)=TEMP13
ClJs1)=TFMP14
COMTINUF ,
IF (2eGTeKK) GO TO 32
DO 25 I=24KK
NE=LENTTI(I])
NL=LEAVTI(I)

NP(1)=1

NMP(1) =1

M=1=1

‘MT=0

KT=1

DO 19 JJJ=1sM

J=M+1=JJJ . ’

IF (MTeFQeJ) GO TO 18

IF (LEAVT(J)eEQeNE) GO TO 23
IF (LENTT(J)eEQeNF) - GO TO 24
CONTINUF '
CONTINUF

IF (KTeFQel) GO TO 25

KA=NNP (KT)

KR=NP (KT}

M=KR=-1
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112
113
114
115
116
117
118
119
120
121
122
123
124
125

.~ 126

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
144A
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163



26

27

28

109

1E (M,f0,n) 0 TN 2]
YT=ND(VT-1)

KT=KT-1

IF (‘(’\.rqo“l) (“f) Tr) 7?
NE=LFAVT(K3)

GN TN 17

KT=KT=-1

50 TN 20

NE=] ENTT (¥ R)

GN TN 17

TE (LENTT(U)aEQeNL )Y 0N TO 26
NE=_ENTT ()

KT=KT+1

ND(KT)=J

NMP(KT)=1

MT=y

“=1-1

G0N TN 17

TF (LFAVT(J) e FQGNL) AT 26
NF=1 FAVT(J)

VT=T+1

NP(FET)Y=J

NND (VT )==1

\‘,T:J

M=T1-

G TN 17

CONMTINIE

GH TN 2?2

LAF=NOFL (1)

IF (TelLFalLAF)Y GO TN &2
TEMPATI=TTRRAN(T)
TEMPN2=LEAVT(-T)
TEMPA3= ENTT(T)
TEUPAL=TVYPF (]}
TEMPAS=VALYUF(T)
TEMPAG=CANTYPE(])
TFMPAT=SNRTYPF(T)
TFEVPAG=COND(T)
TEYPNY=VNANRRAN(T)

18 (MNIC,TQgN) /AN TN 20
TEVDI1=VI(T42)
TEMDY 2= (] 47)
TrEMPI3=V(T41)
TrMP1L4=C{T41)

CONTINUFE

ML R=NR =T

IF (NICeNTa0) MLR=NR=MNE] (7)=)
PO 30 JN=T oML R

JE=n4
JTARANM JNY = TTRRANM( )
LYAVT (NI =LTAVYT ()
LEMTTOJMN)=LENTT ()
TYPF{UN)=TYPF (JF)
VALUS (UN)=VALUF(JR)
CONTYPF(JN)=CONTYPE (7))

(\ﬁﬁﬂf\l‘l.\(\(\(’\f\l\ﬁ“’\ﬁﬁﬁ(\ﬁﬁ«”\ﬁf\ﬁﬁﬁf\lﬂ(\d(\ﬂﬂﬂﬁ(\ﬂﬁ(\f\ﬁﬁf\(ﬂ/Wﬂ’\(\ﬂﬁﬁf\lﬁﬁ(‘l

164
165
166
167
163
169
170
171
172
177
174
175
176
177
178
179
18n
181
182
183
184
185
186
187
188
189
19n
191
192
192
154
195
196
197
198
199
200
201
202
203
204
208
206
207
2Cc2
209
210
211
212
212
214
21%
216
217
218



® 20
23N

31

32

213

34

35

36

37

38

39

40
41

SORTYPF(JN)Y=SORTYPF( JF)
COND(UN) =COND ( JF)
KONBRAN({JN)=KONRRAN{ JF)
IF (NIC4FQe0) GO TO 29
V(INs2)=V(JEs2)
C(UNe2)=C(JE92)
V(JNe1)=V(JFs1l)
C{INs1)=C(JUF»1)
CONTINUF

CONTINUF

NZ=NR S

IF (NICeNFe0) NZ=NR=NOFL(T)
ITRRAN(NZ)=TEMPO1
LEAVT(NZ)=TFMPO?2
LENTT(NZ)Y=TEMPO3
TYPE(NZ)=TEMPO4
VALUF(NZ )=TEMPOS

CONTYPE (NZ)=TEMPN6

SORTYPF(NZ)=TEMPO7
COND(NZ)=TEMPO8
KONBRAN(NZ ) =TEMPO9

IF (NIC.FQe0) GO TO 31
VI(NZs2)=TEMP11

C(NZ42)=TEMP12

VINZs1)=TEMP13

CI{NZ41)=TFMD14

CONTINUF

IF (KKTT.FQel) GO TO 35

GO TO 16 ‘

CONTINUF

NO 33 L=1,KK

IF (TYPF(L)oFQ.TEMP(7)) GO TO 53
CONTINUF ;

IF (NICeNFo0) GO TO 36
DO 35 I=NNsNR

IF (TYPF(I)eEQeTEMP(T7)) GO TO 34
GO TO 35

KKTT=1

GO TO 27

CONTINUE

DO 37 I=1sNR

K=T1TRRAN(I)

NP(1)=IRRAN(K)

CONTINUF

DO 38 I=1sNR

CNTSOR(1)=0

CONTINUF 3

IF (JOUT.FQe0) GO TO 4

DO 40 I=1sJ0UT

K=0

K=K+1 '

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

CONTINUE .

IF (NGRAPH.EQ.D) GO TO 44

t
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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
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273



42

43
A

4

46

L7
48

49

8N

NN 43 1=1sNGRAPY
v=n

K=+

TF (TGRAPH(T)eNFJNP(K)) GO TG 42
NST(T) =K

CONTTNUF

M=MOFL(1)+1

H=NR=NOEL(7)

NN 5N [=NgM

TE (TYPF(I)eFN1HIY AN TO 45
IF (TYPF({I)aFQelHV) AN TO 45
GO TO 50

K=KONBRAN( )

L=0 '

L=lL+1

€ (LeGTNOFL(1)) AD TN 47

IF (MP(L)eMFK) AN TN 46

GO TN 40

L=NR=NOFL(7)

L=L+1

IF (NP(L)aMFeK) GN TN 48
CNTSOR(T)=L

CNTSOR(L) =1

CONTINUF

I (NCONTLEN,T) »Y TN &4
DRTINT 55

PRPINT 569 ((T4NP{I))ygI=14KK)
PRINT 574 ((TsND(I))sT=NNyNR)
PRINT 58 '

NN 51 T=1,NR

PRIMT 599 NP(T)sTYPT(I)sVALUF(T) sLFAVT(I)sLFNTT(I)sCONT(T)
COMTINUFS

RETURN

PRINT 6N

KLNNP=1

RFTURN

PRINT 61

KLNOP=1

RFETURN

FARMAT (1H1 320X s #CARRECPANNENAE ACTWEEN ORTGINA] TAPOLAGY AND NFW

1TADOLDGY*e /7 /)

FARMAT (1HN 93X #TREF RRANCH#* 414 95X g #CNRRFESPONNE TN B0AKCH #414)
FARMAT (1HN 333X s% LINMK %¥92Xs14s5Xs *CORREGPANDE TN DOANCU 3#414)
SORMAT (1H1)

FORMAT (1HOs 3Xs*BRANCH NUMBEP %,2X,13s4Xs% IS A *oAl s OF

1 VALUF  #,512,459% LFAVING NONT FeT2a% ANN CNTERINA NARFE %5173,
22X COND = ¥*,F1043)

EARMAT (1HC 33X #THERFE JS A VOLTALGE LOOP TN NETWANK %)
FORMAT (THN g2 X4 #THFRE 1€ A CIRRFMT COMRCE CHTEET [N NETWARK )
=D

N NaNANaNaNaNaRaNaNaNaNaNaaNaNaNaNaNaNaNaRaRaYaRate NaXaRaXataaa¥aeaRaXaka¥a¥e e e Na e Na Na o NataNe)

274
275
276
277
278
279
28n
281
282
283
284
285
286
287
288
289
290
291
292
2913
294
265
296
297
298
2973
300
301
302
303
104
305
306
307
3083
305
316
311
312
3173
314
318
315
317
213
319
320
221
327
322
224



SUBROUTINE FCSM
INTEGER TYTEMP
INTEGER TYPE

INTEGER TEMP

COMMON /BLOCK1/
COMMON /BLOCK3/
COMMON /BLOCK4/
COMMON /BLOCKS/
COMMON /BLOCK&/
COMMON /BLOCKT/

NNP(200)sNP(200)
TYPE(200)sVALUE(200)sF (499151 ) sNOEL(7)
ITBRAN(200) sLEAVT(200) sLENTT(200)
IOUT(10)s ITEST(10)sNOUT(10)
TEMP(7)s1TBB(200)s TYTEMP(200)sVALTEM(200)
IDIMENsALUPHA s FUNCT sNICINITERsHIEPS9sNNoNB

COMMON /BLOCK20/ NCONTsKLOOP
SET MATRIX TO ZERO

KK=NN-1
NLB=NB=NN+1
DO 1 I=1sNLB
DO 1 J=1sKK
F(Js1)=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)=1
NNP(1)=1
M=1

KT=1 .
DO 3 J=M,sKK

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)=040
KT=KT=1

IF (MeGE«NN) GO TO 4
IF (KAsEQel) GO TO 5

NE=LENTT(KB)

GO 7O 2
NE=LEAVT(KB)
GO TO 2
F(Js10)==140
KT=KT+1

IF (LENTT(J)sEQeNL) GO TO 8

NE=LENTT(J)
NP(KT)=J
NNP (KT} =1
M=1 )
GO TO 2
F(J»10)=140
KT=KT+1

IF (LEAVT(J)«EQeNL) GO TO 8

ivivivivivie] OUOOOOO'OO.U‘U-OOOOUDOOOUUOUO~QOO~OOOOUUOUOOOUUUOOOQU(?.O,’,.‘

VoOoO~NOVLH WA



1n

11

12

13

14

15

16

17

13
19

20-

NE=LEAVT(J)
NP(KT)=J

NNP (K T)
M=1
GO TO 2

=—1A

CONTINUE

IF (NCONT.EQeQ) GO TO 16
NLB=NB-NN+1 :

KK=NN-1

NCOUNT=-1

NT=NLB"
NPAGF=1

PRINT 175 NPAGE

PRINT 18

PRINT “195 (JsJ=1sNLB)
NT=NT=25
NCOUNT=NCOUNT+1

NS1=1+42

5#NCOUNT

NS2=25+425%NCOUNT

IF (NTeLEeN) GO TN 11

DO 10 I=1,KK

PRINT 209 Is(F(I1sJ)sJ=NS1sNS2)
CONTINUE

NPAGE=NPAGE+1

GO 7O 9

IF (NTe.EQeQ) GO TO 12
GO TC 13

NS3=1 "
NS4=25

GG TO 14
NT=NT+25

NS3=NS1

NS4=NS1+NT~-1
CONTINUE

DO 15 1

=1 +KK

PRINT 20s Is(F(I9J)9sJ=NS39NS4)
CONTINUE

RETURN

FORMAT

(1H1+40Xs%* F PORTION OF FUNDAMENTAL CUTS

1F%5155//)

FORMAT
FORMAT
FORMAT
END

(r777) .
(1HO97X925(2X91291X))
(1HO91393X925(2X9F340))

13

ET MATRIX 3#46X9¥PAG
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SUBROUTINE KONST

CALCULATION OF CONSTANTS RFLATED TO FLEMENT VALUES FOR USE IN BRAN
RELATIONS AND GRADIFNT

INTEGER TYPE '

INTEGER TEMP

INTEGER CONTYPEsSNRTYPE

COMMON /BLOCK3/ TYPE(200)sVALIFE(200)9F(495151)9NOEL(T)

COMMON /BLOCK.6/ TEUP(7)sE(200)sGRAD(200)sCONST(200)

COHON /BLOCYT/ IDTHENSALPHASFUNCTsNTCoNITERsHs EPS9NNINB

COMMON /BRLOCKB/ VI(20052)5C(20052)

COMMON /BLOCKY/ SORTYPF(200) sCONTYPE(290) s KONBPAN(200)

COMMON /BLOCK10/ COND(200) »IDELs TSTARTSTENDINSTEP

COAMON /3LOCK 11/ SORVAL(55100) s TIMEPT(55100)sSNSOID(593)sNNI(5)
COMMON /BK13/ ISTEPsOLDVALI(5)sSECVAL(5)sOLDTIME(5) s SECTIME(S) >NNJ(
15)

COM=ON /3LOCK14/ NP(5)

COMMON /BLOCK.16/ GRAF(20055) s JGRAPH(5) s IGRAPH(5) sNPRINT»SCALESNITT
COMMON /RLNCK 247 SCALSNSCALE

IF (NICJNEeD) GO TD 2

DO 1 I=1s5

SECTIME(I)=TIMEPT(1s2)

OLOTIME(I)=TIMEPT(Is1)

CENOoOUHWLUN -

SECVAL(T)=SORVAL(I2) 23
OLOVAL(T)=SORVALI(Is1) 24
NP(T)=2 25
COMTINUE 26

SCAL=5CALFE
IF (NSCALFE.Fidel) GO TO 5
Kil=n

mrnmmmmm_mmm‘m_mmmmmmmmmmmmrﬂmmmmmmmmmmm m -’
—
0

DO 4 I=NNsNB 30
IF (TYPF(I)eEQelHR) GO TO 3 31
GO TO 4 32
IF (KWeSQe0) SCALE=VALUF(I) 33
KiW=1 34
IF (VALUE(I1)eLTeSCALF) SCALE=VALUE(T) 35
CONTINUE 36
IF (KWeEQel) GO TO 5 ADD 1
DO 135 I=1sNN ADD 2
IF (TYPE(I).EQe1HR) GO TO 136 ADD 3
GC TO 135 ADD &
IF (KWeFQe0Q) SCALF=VALUF(I) ADD 5
Ku=1 ADD 6
IF (VALUE(I)eGTeSCALF) SCALE=VALUF(I) ADD 7
CONTINUE ‘ ! ADD 8
IF (KWeFQeO) SCALF=1.0 ADD 9
IF (SCALEEQeOetl) SCALE=140 ADD10
N=NN=1 E 38
NO 12 I=1sN E 39
IF (TYPE(I)eEQelHE) GO TO 6 E. 40
IF (TYPE(I)eFQelHV) 60O TO 7 E 41
IF (TYPF(I)eFQelHC) GO TOC 8 E 42
IF (TYPE(I)eEQelHRY GO TO 9 E 43
IF (TYPE(I)eFQelHL) GO TO 10 E 44
IF (TYPE(I)eEQelHI) 750 TO 11 E- 45

E 46

GD TN 12 :



12

TF (MIC.Hie0) 60 TN 17
VIT52)=CONNT)

4% TO 12
CONMST (1) =VALUE(])

PEOCCONTYRE(L ) o FGe 1T CONST ) =CONST (1) /50ALE

19 (MICNeN) 30 TO 17

VI1a2)=C0ND(])

GoOTO 12

COMET (L) =01/ (20 ORVALUF (T ) #00ALE)
FANTCLNTL0) 60 Th 12

V{Te2)=CDNMND(T)

S0Tn 10
CONSTOI) =VALE (1) /SCALL

IF (NIC.M™a0) 50 TN 1D

VITs2)=CaND(])

a7 T0 19

COMAT(IY =2 o DEVALYIC () / {5ivCr AL
TF (NTCaMIon) G0 TN 12

V(Ia2)=nen

Gy TH 12

CONGT([)=VALUE
TF (CONTY- (1)
IF (NIC.H o0) 55 Ta 12
VIIs2) =00

CeNTINME

B16 TRRN N3

TF (TYPF(1)oFaalil)) =0 TN 13
17 (TYPI (D) amQe1MY) A7 TO 14
IF (TYPT(])efielHr) A0 TC 15
IF (TYPT (1) Ga1HR) A0 T4 16
IF (TYPF(I)af0a1HLY GO TN 17
IF (TYEF (D) oFQelHIY %% TO 18
;’3."1 TO 177

IF (NICLMI 40) 60 T4 17

FUTs2) =m0 RaraLe

S0TH 19

CrusTOI) =VALIE (1)

by

T (CONTYFT(]1)emQalill ) CONCT( )Y =CONATUIY) /7 CALT

IF (MICaNTL0) GO TO 10
C(l1s2)=04n
feoTH 10

COMET(I) =2 JORVALIE () araL e /p

I8 (MIZ.MRan) &0 70 10
C{leP)=0e" :

0T 19
GHMAETCI)=1«0/VALHUF (1) #5CALT
FANICeN 00) GO TH 19

A Te2)=CORIT)#SCALY

20T 1Y
CONSTL)=HRGSCALFE /7 (24 O%VALUF(]))
I[F ANICJNT D) 50 TH 19

CATa 2 =COND(T)RSCALY

50 TO 19

CONST(I)=VALUE(T)

Y e Y

Ot

IF (CONTYPF(1)eFQelHV) CONST(I)=CONGT (I)¥SCALF

{
ofltie 11IV) CUNRSTLI)=CONTTIT ) #SCALE

RS IR ]

H |

MM oMoty n

PR R A SR e B B R Y]

R R N G IR e I R

PR

R IR R

I AL B R ]

LT 00 I o e £ N ¢ M e s}

im

Mmoo inman

-
1

H LRI IR

47

438
49

50

bHe
94
D4
59
56
97
C)a
5
60
61

64

SN
59
56
o7
50
HY
/0
71
72
7 -
7

s

7 )

77
76
I
30
&l
82
83
34
o5
[3Y4)
a7
83

28}
[oRr4

V0
Y1

e
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R
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.
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21

IF (NIC.NE.O) GO TO 19
C(152)=COND(I)*SCALE
CONTINUE

1F (NIC.EQ.0) GO TO 20
RETURN ,

DO 21 I=1sNB =

IF (TYPE(I)oEQelHL) CONST!
IF (TYPE(I)eEQe1HC) CONSTI
CONTINUE ‘

RETURN

END

— —
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SUBROUTINE CALCAL

INTEGER TYPE

INTEGER CNTSOR

COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(499151)9sNOEL(T)
COMMON /BLOCK8/ V{200+2)sC(20092)

COMMON /BLOCKT7/ IDIMENSALPHASFUNCTsNICSsNITERsHsEPSsNNsNB
COMMON /BLOCK19/ CNTSOR(200)

N=NN-1

DO 1 I=1sN

C(I+2)=0.0

DO 1 J=NNsNB

C(I92)=C(I92)=F(IsJ-N)*¥C(Jy2)

CONTINUE

DO 2 I=NNsNB

V(Is2)=0e0

DO 2 J=1sN

VIIs2)=V(Ie2)+F(JsI-N)#V(Jy2)

CONTINUE

RETURN

END
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SUBROQUTINE INCREM
INTEGER TYPE
INTEGER TEMP
INTEGER SORTYPEsCONTYPE

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
15)
COMMON

K=0

/BLOCK3/
/BLOCK6&/
/BLOCKT/
/BLOCK 8/

/BLOCKS/

TYPE(200) s VALUE(200)sF(495151) 9NOEL(T)
TEMP(7)sE(200)sGRAD(200)sCONST(200)
IDIMENsALPHASFUNCT 9yNICsNITERsHsEPS9sNNoNB
V(200+2)9C(20052)

SORTYPE(200) sCONTYPE(200) » KONBRAN(200)

/BLOCK10/ COND(200) s IDELsTSTARTsTENDINSTEP

/BLOCK11/ SORVAL(55100)sTIMEPT(55100)9sSNSOID(5¢43)sNNI(5)
/BK13/ ISTEPsOLDVAL(5)sSECVAL(5)sOLDTIME(5)sSECTIME(5) sNNJI(

/BLOCK14/ NP(5)
LOGICAL BOOL
BOOL=eTRUE
DO 1 I=1sNB
V(Isl)=V(Ie2)
CONTINUE

DO 2 I=1,NB
C(Is1)=C(Is2)
CONTINUE
TIME=TSTART+NICi#H
M=NOEL(1)+NOEL(7)

DO 14 I=1sM

J=1

IF (1eGEeNOEL(1)+1) J=NB=I+NOEL(1)+1
IF (JeGTeleANDeBOOL) GO TO 3

GO TO 4
BOOL=eFALSE.
K=5-1STEP

IF (SORTYPE(J)eEQe1HC) GO TO 14

K=K+1

IF (SORTYPE(J)eEQe1HE+OReSORTYPE(J) ¢EQelHS) GO TO 7
IF (SORTYPE(J)«EQ.1HP) GO TO 11

IF (TIMESLE«SECTIME(K)) GO TO 5

IF (NNI(K)sLEeNP(X)) GO TO 12

NP(K)=NP (K)+1
NPR=NP (K )
OLDTIME(K)=SECTIME(K)
SECTIME(K)=TIMEPT (KsNPR)
OLDVAL (K)=SECVAL(K)
SECVAL (K)=SORVAL (K sNPR)
GO TO 15 ,
IF (1eGELNOEL(1)+1) GO TO 6

V(Js2)=OLDVAL (K)+(SECVAL (K)~OLDVAL (K))*(TIME-OLDTIME(K))/(SECTIME(

1K)=OLDTIME(K))
GO TO 14

C(J’2)=OLDVAL(K)+(SECVAL(K)“OLDVAL(K))*(TIME;OLDTIME(K))/(SECTIME(

1K)=OLDTIME(K) )
GO TO 14
W=SNSOID(Ks2)
T=SNSOID(Ks3)
IF (SORTYPE(J)eEQe1HS) GO TO 9

t
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, 119
IF (JeGTal) GO TO 8

13
i4

G HH
VIJe2)=SNSOTD(Ke 1Y ¥EXP (W TIHE=T) G 55
GO TO 14 G o7
ClJ92)=SNSOID(Ks L) ¥EXP (W#*TINE-T) G 58
GO TO 14 G 5y
IF (JeGTel) GO TO 10 G 60
VIJs2)=SNSOID(Ks 1) #STN(W*TIME=T) G 61
GO TO 14 ' G 62
ClJe2)=SNSOID(Ks 1) *SIN(W*TIME-T) G 63
GG TO 14 G 64
CALL PERIOD (KsdJ) G 65
GO T 14 G 66
L=NNT(K) G 67
IF (JeGTeI) GO TO 13 G 68
VIJe2)=S50RVAL (KsL) G 69
GO TO 14 : G 70
ClJe2)=50KVAL (KoL) G 71
CONTINUE G 72
RETURN G 73
END G T4~



SUBROUTINE PERIOD (KsJ)

INTEGER TYPE

COMMON /BLOCK3/ TYPE(200) s VALUE (200) sF (499151) s NOEL(T)

COMMON /BLOCK7/ IDIMEN9ALPHA,FUNCT’NICsNITER’HsEPS9NN’NB

COMMON /BLOCK8/ V{(20052)sC(20052)

COMIMON /BLOCK10/ COND(200) s IDELs TSTART s TENDsNSTEP

COMMON /BLOCK11/ SORVAL(59100),TIMEPT(5’100)aSNSOID(593)9NNI(5)
COMMON /BK13/ ISTEP’OLDVAL(S)9SECVAL(5)9OLDTIME(5)»SECTIME(S)’NNJ(

15)
COMMON /BLOCK14/ NP(5)
NNN=NNI (K)

TIME=TSTART+NIC3#H

T=TIME=NNJ(K) * (TIMEPT(KsNNN)=TSTART)

IF (TeLEsSECTIME(K)) GO TO 2

NP (K)=NP (K)+1

IF (NP(K)eGTeNNI(K)) GO TO 4

NPR=NP (K)

OLDTIME (K)=SECTIME (K)

SECTIME(K)=TIMEPT (KsNPR)

OLDVAL (K)=SECVAL (K)

SECVAL (K) =SORVAL (K sNPR)

GO TO 6

IF (JeGENOEL(1)+1) GO TO 3

V(Js2)=OLDVAL (K} +(SECVAL (K)=OLDVAL (K))#* (T=OLDTIME (K))/(SECTIME(K)=
10LDTIME(K)) . ,
GO TO 5 ,
C(Js2) =OLDVAL (K)+(SECVAL (K)=OLDVAL (K))%#(T=OLDTIME (K))/ (SECTIME(K)=
10LDTIME(K))

GO TO 5 ,

NNJ(K) =NNJ(K) +1

SECTIME(K)=TIMEPT(Ks2)

OLDTIME(K)=TIMEPT(K»s1)

SECVAL(K)=SORVAL (K »2)

OLDVAL (K)=SORVAL (K1)

NP (K)=2

GO TO 1

RE TURN

END
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SUBROUTINE ERROR
INTEGER TYPE

INTEGER TEMP
INTEGER SORTYPEs»CONTYPE
INTEGER CNTSOR

COMMON
COMMON

COMMON /BLOCK7/ IDIMENsALPHASFUNCToNICINITERsHIEPS9NNsNB

COMMON
COMMON
COMMON

/BLOCK3/ TYPE(200)sVALUE(200)sF(495151)9NOEL(T)
/BLOCK6/ TEMP(7)sE(200)9yGRAD(200) sCONST(200)

/BLOCK8/ V{(20092)sC(20052)
/BLOCKS/ SORTYPE(200) sCONTYPE(200) s KONBRAN(200)
/BLOCK19/ CNTSOR(200)

M=NOEL (1)+1

N=NB-NOEL(7)

DO 13 I=MsN

IF (TYPE(I).EQ.1HV) GO TO 3

IF (TYPE(I)+EQe1HC) GO TO 5

IF (TYPE(I)eEQe1HR) GO TO 7

IF (TYPE(I).EQelHL) GO TO 8

IF (TYPE(1).EQe1HI) GO TO 1
E(1)=040

GO TO 13

K=CNTSOR(1)

IF (CONTYPE(I)eNEs1HV) GO TO 2
E(1)==C(152)+V(Ks2)*CONST(I)
GO TO 13
E(I)==C(I+2)4C{K»2)*CONST(1)
GO TO 13

K=CNTSOR( 1)

IF (CONTYPE(1)eNE+1HV) GO TO 4
E(I)==V(Is2)+V(Ks2)*CONST(I)
GO TO 13
E(I)==V(152)+C(Ks2)*CONST (1)
GO TO 13

IF (NIC.EQe0) GO TO 6

IF (1.GE.NN) GO TO 10
E(I)==(V(I+2)=V(I5s1))+(C(I1+2)+C(Is1))*CONST(I)
GO TO 13

E(1)=040

GO TO 13

IF (1+GE<NN} GO TO 11
E(1)==V(I52)+C(152)%CONST(1)
GO TO 13

IF (NICeEQ.0) GO TO 9

IF (1.GE«NN) GO TO 12
E(1)==(V(Is2)4V(141))4(C(142)=ClIs1))*CONST(I)
GO TO 13

E(1)=040

GO TO 13
E(I)==(C(1s2)+C(Io1))+(V(I92)=V(Is1))*CONST(I)
GO TO 13 |
E(1)==C(1+2)+V(1s2)%CONST(1)
GO TO 13
E(I)==(C(I1+2)=C(Is1))+(V(142)+V(I1s1))%CONST(I)
CONTINUE

FUNCT=040
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DO 14 I=MsN
FUNCT=FUNCT+E (1) #%2
CONTINUE - |
FUNCT=FUNCT/2
RETURN

END
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SUBROUTINE FNDGRAD
INTEGER CNTSOR

_INTEGER TYPE

INTEGER TEMP

COMMON /BLOCK3/ TYPE(200)9VALUE(200)oF(49o151)0NOEL(7)
COMMON /BLOCK6/ TEMP(7)sE(200) sGRAD(200)sCONST(200)
COMMON /BLOCK7/ IDIMENsALPHASFUNCTsNICsNITERsH9EPSsNNsNB

COMMON /BLOCK19/ CNTSOR(200)

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

M=NOEL (1)+1
MM=NB-NOEL ( 7)

N=NN-1

DO 5 I=1,N

IF (TYPE(1)4EQe1HE) GO TO 1
IF (TYPE(1).EQe1HI) GO TO 3
IF (TYPE(I)4EQe1HV) GO TO 4
TEMPAR(I)==E(1) ‘

DUMMY ( 1)=CONST(I)*E ()

GO TO 5

K=CNTSOR(I)

IF (KeEQs0) GO TO 2
TEMPAR(1)=040

DUMMY ( 1) =CONST(K)*E(K)

GO TO 5

TEMPAR(1)=040

DUMMY (1)=040

GO TO 5

TEMPAR(1)=040

DUMMY (T)==E (1)

GO TO 5

TEMPAR(T)==E(1)
DUMMY (1) =040

CONTINUE

DO 10 I=NNsNB

IF (TYPE(I)4EQe1lHJ) GO TO 6
IF (TYPE(1).EQe1HV) GO TO 8
IF (TYPE(I)4EQe.1HI) GO TO 9
TEMPAR(T)=CONST(I)*E(1)
DUMMY (1) =-E(1)

GO TO 10

K=CNTSOR(I)

IF (KeEQe0) GO TO 7
TEMPAR(1)=CONST(K)*E(K)
DUMMY (1)=040

GO TO 10

TEMPAR(1)=040

DUMMY (1)=0,0

GO TO 10

TEMPAR(1)==E (1)

DUMMY (1)=040

GO TO 10

TEMPAR(1)=040

DUMMY (T)==E(1)

CONTINUE

IF (NICeNEeO) GO TO 13
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14
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15
19

16

17

DO 12 I=MsM

M
IF (TYPE(Il.EQolHC.OR.TYPE(I).EQ.lHL) GO 7O 11

GO TO 12

TEMPAR(I)=0e0

DUMMY (1)=040

CONTINUE

IF (MaGTeN) GO TO 18

DO 14 I=MsN

GRAD(1)=TEMPAR(I)

DO 14 J=NNsNB o
GRAD(I)=GRAD(I)+F(19J—N)*TEMPAR(J)
IF (NNeGTeMM) GO TO 19

DO 15 I=NNsMM

GRAD( 1)=DUMMY (T)

DO 15 J=1sN
GRAD(I)=GRAD(I)=F(Js1~=N)*DUMMY(J)
IF (NIC.EQs0) GO TO 16

RETURN

DO 17 I=1sNB

IF (TYPF(1)eEQelHC) GRAD(I1)=0.0
IF (TYPE(I)eEQelHL) GRAD(I)=0e0
CONTINUE

RETURN

END
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SUBROUTINE FNDALPH K 1
THIS SUBROUTINE FINDS THE DISTANCE WF SHOULD GO ALOND THE GRADIENT K 2
INTEGER TYPE K3
INTEGER TEMP K 4
COMMON /BLOCK3/ TYPE(200)sVALUF(200)sF(495151)4NOEL(T7) K 5
COMMON /BLOCK6/ TEMP(7)sE(200)sGRAD(20N) sCONST(200) K 6
COMMON /BLOCK7/ TDIMENSALPHASFUNCToNICoNITFEFRoHsFPSsNNyNR K 7
COMMON /BLOCKS8/ VI(20052)sC(20N2) K 8
COMMON /BLOCK12/ rONTTEM(2N00)sSORTFM(200)sCONRTEM(200) sKONTEM(200) K 9
COMMON /BLOCK15/ NIT K 10
COMMON /BLOCK17/ ITNs53(200) K 11
FZERO=FUNCT : K 12
M=NOFL(1)+1 K 13
N=NR=NOEL (7) K 14
MM=NN-1 K 15
PROD=0.0 K 16
IF (MeGTeMM) GO TO 5 K 16A
DO 1 I=MsMM K 17
PROD=PROD+GRAD (1)1 #S(1) K 18
CONTTEM(I)=V(1,2) K 19
V(Is2)=VI(1s2)=5S(1) K 20
CONTINUF K 21
IF (NNeGTeN) GO TN 6 K 21A
DO 2 I=NNsN K 22
PROD=PROD+GRAD(1)%S( 1) K 23
CONTTEM(I)=C(1,2) K 24
C(192)=C(142)=S(1) K 25
CONTINUE K 26
CALL CALCAL K 27
CALL ERROR K 28
FGRAD=FUNCT K 29
IF (MeGTeMM) GO TO 7 K 29A
DO 3 1=MyMM K 30
VIIs2)=CONTTEMI(I) K 31
CONTINUE K 32
IF (NNeGTeN) GO Tn 8 K 32A
DO 4 I=NNsN K 33
C(I192)=CONTTEM(I) K 34
CONTINUF K 35
ALPHA=PROD/ (FGRAD+PROND=-FZERO) K 36
ALPHA=ALPHA/2 40 K 37
RETURN K 38
END K 39-
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SUBROUTINE CNGVARS

THIS SUBROUTINE CHANGES THE CURRENTS ALONG THE GRADIENT BY THE

CONSTANT ALPHA
INTEGER TYPE
INTEGER TEMP .

COMMON /BLOCKB/'TYPE(ZOO)sVALUE(ZOO)9F(49'151)9NOEL(7)
(200)’GRAD(ZOO)’CONST(ZOO}
sNICsNITERsHsEPSsNNsNB

COMMON /BLOCK6/ TEMP(T7)sE
COMMON /BLOCKT7/ IDIMEN s ALPHA s FUNCT
COMMON /BLOCKS8/ V(20052)9C(20052)
COMMON /BLOCK17/ ITNsS(200)

M=NOEL(1)+1

N=NB=NOEL(T)

IEND=NN-1

IF (MeGToIEND) GO TO 3
DO 1 I=MyIEND '
V(I1s2)=V(19s2)-ALPHA%S(1)
CONTINUE

IF (NNeGTeN) RETURN

DO 2 I=NNsN
C(1s2)=Ct192)-ALPHA¥S(1)
CONTINUE

RETURN

END
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SURBROUTINE FLPOW (HHsNBsALPHA)

INTEGER TEMP

INTEGER TYPE

CUOMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(499151)9eNOELI(T)

COMMON /BLOCK6&/ TEM4P(7)sE(200) sGRAD(200) sCONST(200)

COUMMON /BLOCK17/ 1TN9S(200)

CO:A+ON /BLOCK 25/ GRAD=2(200) sDUVMY (200)

DIMENSION HH({NBsNR)

IF. (ITNeGTWel) GO TO 3

i4=NOEL(1)+1

N=NB=NOEL(7)

DO 2 I=MsN

DO 1 J=MsN

HH(I+4J)=0e0

HH(IsI)=1e0

GRADB(I1)=GRAD(I])

S(1)=GRADI(I)

RETURN

GHG=0.

SG=0.

DO 4 I=MsN

S(I)=ALPHA*S(1)

GRADB(I)_ORAD(I)—GRADQ(I)
35=SG+S( 1) *¥GRADBI( 1)

DO 5 I=MeN

DUMMY(I)=0De

DO 5 J=MsN

GHG=GHG+GRADB (1) #*GRADB (JI¥HH(1sJ)

DUMMY.(T) =DUMMY (T )+HH( 1 +J)*¥GRADE(J)

DO 7 I=MsN

GRADRB(I1)=040

DO 6 J=1sN

HH(I o J)=HH(T o J)=(S(T)%#S(J)/SG)=(DUMMY ( T)*#DUMMY (J) /GHG)

HH{Je I)=HH(IsJ)

DO 7 J=MsN

GRADBI(I)=GRADB(I)+HH(1sJ)*GRAD(J)
DO 8 I=MsN

S(I)=GRADB(TI)

GRADB(I)=GRADI(I)

RETURN

END

127
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SUBROUTINE READOUT

INTEGER TYPE

INTEGER TEMP

COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF (499151)sNOEL(T)
COMMON /BLOCKS/ I0UT(200)sNOUT(200)sITEST(200)

COMMON /BLOCK6/ TEMP(7)sE(200) sGRAD(200) sCONST(200)
COMMON /BLOCK7/ IDIMENsALPHAsFUNCTsNICsNITERsHsEPSsNNsNB
COMMON /BLOCK8/ V(20052)sC(20052)

COMMON /BLOCK9/ SORTYPE(200)sCONTYPE(200) s KONBRAN (200)
COMMON /BLOCK10/ COND(200)»IDELsTSTARTsTENDsNSTEP
COMMON /BLOCK15/ NITsJOUTsNGRAPHsNALLOUT

COMMON /BLOCK16/ GRAF(20035)sJGRAPH(5) » IGRAPH(5) sNPRINT»SCALESNITT
COMMON /BLOCK18/ VAROUT(200)

N=NN-1 |

DO 4 I=1,J0UT

K=NOUT (1)

IF (NOUT(I).LTeNN) GO TO 2

IF (ITEST(I).EQel) GO TO 1

VAROUT(1)=V(Ks2)

GO TO 4

VAROUT (1)=C(K»2)/SCALE

GO TO 4

IF (ITEST(I)EQe0) GO TO 3

VAROUT (1)=C(K»2)/SCALE

GO TO 4

VAROUT(1)=V(K»2)

CONTINUE

TIME=H*NIC+TSTART

IF (NIC+EQe0) PRINT 6

PRINT 75 TIME

DO 5 1=1,J0UT

A=THVOLTAGE

IF (ITEST(I)eEQel) A=THCURRENT

PRINT 8s IOUT(I)sAsVAROUT(I)

CONTINUE

RETURN

FORMAT (1H1)
FORMAT (//7/7/s10Xe*TIME = #,E155)

()
—

[ IENN Wl

" FORMAT (1HO»10Xs*BRANCH¥*+15s5X9A7910X9E15e5)

END
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SUBRSUTINE GRAPH
INTEGER ANP
INTLGER TYPE

Cu 0Ol
CorvanN
“GAON
CLU¥ADN
ConesON
CulindN
C O:'i:"io x\l
CinadON
Cra 0N

Do 3 I=

/HLOCK1/ ANPR(200) WP (20C)

/LOCES3/Z TYPE(200) sVALGT(200)sF{499151) 9 NOFL (7))

JUBLOCK 47 TTRRAN(200) s LTAVTI200) sLENTT (200)

/BLOCKT/ IDTMFEN9sALPHAsFUNCToNICoNITERaHaZPS o NN N

/BLOCKB/ VI200s2)sC(20042)

/BLUCK10/ COND(20C) s IDELsTSTART s TEND o MSTEP

Ji3LOCK 15/ NITaeJOUT s NGRAPHSNALLOUT

/3LOCK 16/ GRAF(ZOU’5)9JGRAPH(5)QIGRﬂPH(S)9NPRINT75CALE$NITT
/BLOCK21/ MST(H)

1 s NGRAPH

K=NST(I)
IF (JORAPA(T) eFGen) & TO 2
GRAF(NPRINT;I)FC(%sZ)/SCALE

Gy 10 3

GRAF(NPRINT s 1)=VI(Ke2)

CONTINUE

1€ (NPRINTeLT e2U0e AND G (MITFR=MIL) o GFoNSTEP) RETURN
DDy 1=1 s NGRAPH

PRINT 10

A= THVOLTAGE

IE {(JORAPH(1) eEvel) A=THCURRENT

PRINT 11 IGRAPH(I) A

AVAX=GRAF(1s1)

AFMAX=ASS CAMAX)

Ny 4 J=

2eNPRINT

A=GRAF(Js 1)

A=ARS(A)

IF (AeGToAMAX) AMAX=A
CONTINJF

DO 5 J=

1o MPRINT

NP(J)=GRAF(Js 1) %5040/ AAX+5160
COUNTINUE

DG 6 J=

1,101

ANP{J)=T1He
COMTINUF
PRINT 12s (ANP(J)sJ=1,101)

nn T Jd=

19102

ANP(J)=1H
CONTINUE

AMP(51) =1i1a

DG 8 KK=1NPRINT
LL=NP(KK)

IF (LLa

GFe51) LL=LL+*1

ANP(LL)Y=1rR+

TI“E=TSTARTHNSTHEP#CK#H~H

PRINT 139 T1AEsOGRAF(LiZs ) s CANPLI) 9U=15102)
ANP(LL) =1k

CONTTIRUF

CONTINUF

NGRAPH=

RETURN

201
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APPENDIX E
General comments regarding use of CANDO.
1. Number of nodes camnot exceed 50
2. Number of branches cannot exceed 200
3. Cennot exceed 5 arbitrary or periodic independent sources, and
cannot exceed 5 sinusoidal or exponential sources. There is no
limit on the number of constant independent sources. We can have
at most 100 time points to describe an arbitrary independent source.
4. Cannot exceed 5 graphical outputs
5. There is an internal limit of 200 output points per graph.
6. Branch and node numbering is arbitrary, but branch numbers cannot

exceed three digits and node numbers cannot exceed two digits.

7. Core rguirements

Since using the Fletcher-Powell minimization algorithm requires the
étoring of an NB X NB matrix, it would, in general, be inconvenient to
always dimension the above matrix 200 x 200.

Thus, to save core, one need only replace the DIMENSION statement in
the MAIN program by

DIMENSION HH(N, N), X(N), ¥(N)
where N is the maximum number of branches to be encountered in the network(s)
to be solved.

With the above dimensioning procedure, the core requirements for CANDO

are, approximately,

27000 + N° (decimal)

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

CANDO can handle zero valued R's, L's and C's as long as there
are no loops of zero valued inductances or resistances (short
circuits) and no cutsets of zero valued capacitances (open circuits).
In this context, independent voltage sources are equivalent to
short circuits and independent current sources are equivalent to
open circuits.

H, the time increment, cannot be zero for networks containing
reactive elements (L's and C's).

Zero is not a valid branch or node number.

CANDO can be utilized for batch processing; simply stack data
card sets, for the networks to be solved, one behind the other,

ensuring that the last card in the stack is a blank card.
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