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ERRATA

Corrections to listing of CAUDO: ERL-M251

SUBROUTINE PT:

Card C-2H6 should read

IF (KKTT, E0.1) go to 62

Card C-253 should be replaced by the following three cards

I = M - 1

DO 35 J = HN, NB

1 = 1 + 1

The following card should be added right after C-257

62 1=1-1



ERL-M251 ERRATUM:

Page 37, the expression for H should read

Hi+1 = H1

i+1 iS1 * (S1) [H1 * (g1+1-g1)] * [H1 *(£-£)]

/ai\* * / i+1 i\ / i+1 i\f * „! * /i+1 i\(S ) * (g -g ) (£ -g ) * H * (g_ -g )

Page 38, the indicated blocks should contain the following

Compute the following scalars

(S1)' * (g^V)

1'

Compute matrices

s1 * (sV

[H1 * (gf+1-•/)] * [H1 * <£*
+1 i

-g

i

)]
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ABSTRACT:

This report describes the operation and use of CANDO (Computer Analysis

of Networks with Design Orientation), 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 Kirchhofffs 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 automatic 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

which are solved by minimizing a performance criterion € defined by

•*i>
2

, i
i

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 GhOO system.
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INTRODUCTION:

In computerized fully automated network design, where one performs

several network analyses at each iterative step of the design process,

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, 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 i and v ,
-~b *>b9

representing all of the branch currents and voltages, respectively. The

solution is obtained by solving the following simultaneous set of equations

£b(V ib^ =5 branch relations

gjb =0 Kirchhoff's current law

JKb = 2 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 away that the 1st NN-1 (where NN is the number of nodes

in our network) branches form the tree.

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

Q= [I;F] and B = [-F* JI]

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

sxt •**>&

v. = F'v. ,

where the subscripts t and irefer 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

5<Zt' ii> =2

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

e defined by

=il Ei2 =iri
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 FNDALPH).

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 v, and i- the branch voltages and currents at the initial
Al <^i

time point. This reduces to the problem of solving a coupled system of

algebraic equations.

A proper tree is selected according to the algorithm described in sub

routine PT, 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



cutsets, all capacitances will be tree branches, and all inductances will

be links.

Kirchhofffs 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:

i* = - Fi*

and

Xi= z'xt >

where the subscripts I and t refer to links and tree branches respectively,

and where Q = [I |F] is the fundamental 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 conditions (e.g., in

compatible capacitance voltages around a capacitance-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.



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 in and v,, the branch currents and voltages at the previous
^xl Al

time-point, we wish to compute ig and vg, 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. Kirchhofffs current and

voltage laws become automatically satisfied upon the selection of the tree

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

The tree currents i. are given, in terms of the link currents i^ by

where Q = [I! F] is the fundamental cutset matrix associated with our

optimal tree.

Similarly,

•sjj s* y\t
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where F' is the transpose of F. We thus wish to solve the set of equations

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 Efijg, v.) = 0 is obtained by minimizing a performance

criterion e, given by

•I*
Note that we have an exact solution when e = 0.

e is minimized 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 v. and i. are known, we have

- F

i2 = it

and

I

V *»

p'
It >

.(i)

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



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.



BLOCK DIAGRAM: - MAIN PROGRAM

CALL READIN

- Read in network description

- Compute proper tree (call PT)

- Compute associated F matrix
(call FCSM)

CALL KDNST

- Compute branch element constants

- Select internal current scale

(if desired)

- Initialize tree voltages and link
currents at initial time point

CALL INCREM (May call PERIOD)

Initialize nonconstant sources

<s>

10



CALL CALCAL

Compute tree currents and link
voltages from tree voltages
and link currents via Kirchhoff*s

laws

No

CALL ERROR

- Compute branch errors

- Compute performance
criterion

No

Yes

Yes

CALL desired

output
routines

CALL FNDGRAD, Compute gradients

CALL FLFOW, Compute minimization
direction

CALL FNDALPH, Compute optimal step size

CALL CNGVARS, Change variables

11

~<D



Yes

No

CALL INCREM (which may call PERIOD)

- Compute independent source values
at next time point

No

Yes

CALL PT - - compute optimal tree

CALL FCSM - compute associated
F matrix

CALL KONST - compute new internal
scale (if desired)

compute new branch
constants.

<2>

<5>

<S)

Go to next

Z) problem to
be solved.

12
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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 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 independent 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:

Input and output network description
and associated pertinent data.

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
KLOOP = 1, the program proceeds to
the next network to be analyzed

Yes

No

CALL FCSM

RETURN

SUBROUTINE READIN

llf
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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 voltage sources

2. dependent voltage sources

3. capacitances

h, 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 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 resistances in ascending order of value

3. independent current sources
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The equivalent resistance values are given by the following prescription:

-50
Controlled voltage source •* 10

Resistance (R) •+ R

2H
Capacitance (C) "* FT"

/ \ L
Inductance (L) "*" ph

50
Controlled current source -» 10 ,

where H is the specified integration step size for use with the trapezoidal

51
rule. If C = 0, the corresponding equivalent resistance is set to 10 .

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 opfr*™»T 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.



BLOCK DIAGRAM

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

Select first NN-1 branches

which do not form loops to
make up desired tree

Yes

i '

No

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

of branch list

}'

RETURN

SUBROUTINE PT

17

Print error

diagnostic

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 Q, where NN and NB are the number of

nodes and the number of branches in the network, respectively.

Kirchhoff1s current law is then given by:

Qi = 0 ,

where i, 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 = [l|F]

and only the (NN-1 X NB-NN + l) F 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 F corresponds to such a funda

mental loop. This intermediate scheme is used to compute F.

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

cutset matrix.



BLOCK DIAGRAM:

Select a link

Search along tree branches
until the corresponding
unique fundamental loop

is obtained.

No

Fill the corresponding
column of F

Have we*

obtained all

fundamental

loops?

Yes

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 ^ l), 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 which selects the desired current unit (e.g., S = 1000 implies current

unit is milliamps), and A. 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

h- h
where K. is the ith coupling constant and is unitiess.

b) current controlled case

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

Capacitances:

a) tree branch case

K = H
i 2 * C * S



b) link case

2 * C * S

Xi° -H-

where C. is the ith capacitance value, in farads,

Resistances:

a) tree branch case

b) link case

R.

Ai "R.
1

where R. is the ith resistance value in ohms,

Inductances:

a) tree branch case

b) link case

2 * L.

Ai " H * S

. _ H * S
i 2* Ii±

where L. is the ith inductance value in henrys.

Dependent current sources:

a) voltage controlled case

A. = K * S
i i

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

21
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b) current controlled case

V, = K.
i 1

where K. 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.

link 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 a 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 H^
amns

2. set internal current unit to be * where R. is in ohms, e.g.,

1 iif R. = ikQOO ohms, the internal current unit will be TJTg

milllamps.

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.
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SUBROUTINE CALCAL:

This subroutine computes the tree branch currents i^ and the link

voltagesv- from the link currents i. and the tree voltages vt, respectively,

via

and

i. = - Fi„
^•t <**-&

v. - F'v. ,

where F 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 automatically

satisfied, for any given network, because i. and v. are forced to satisfy the

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 source 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
source

value

x—Data Read in for arbitrary waveform

Waveform assumed by program

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



BLOCK DIAGRAM

Do the following for each nonconstant
independent source

Yes

26

Call, subroutine

PERIOD

,
, No

1

sinusoidal

p type i
arbitrary

' type
exponential

y type

Compute source
value explicitly

Compute source
value explicitly

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

1f

ttc't

SUBROUTINE INCRM
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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

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., tQ + nH where n = 0, 1, ...), the

period, T, of the waveform is increased so that T = nH, n = l, 2, ....



SUBROUTINE ERROR:

This subroutine computes the branch errors E. and the performance

criterion which is to be minimized, defined by

/.

d

1

where i ranges over all nonindependent source branches.

Note that when both the branch relations and Kirchhoff*s laws are

simultaneously satisfied, e will be identically zero.

Branch errors:

Notation: The X± denote the branch element constants defined in subroutine

KONST. Vi2 and C^ denote the present branch voltage and current respectively.

Vil and Cil denote *he bra»ch voltage and current, at the previous time

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

with the ith branch.

Integration:

The trapezoidal integration scheme is utilized to perform the inte

grations associated with the reactive element branch relations.

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

t

-iJS'

fdt =f
t-H

f t-H + fIt

28

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.



We have the following typical error term

Ei -" <Vi2 "Vil> +Xi * <Ci2 +Cil>

where V.n and C.n are known,
ll il

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

Vi2 -Vil =h * <Ci2 + Cil>

29

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

so as to satisfy the above equality via linear interpolation.

Note that the area under the linear interpolation is the same as the area

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 l/lO is

sufficient) than the smallest contributing time constant.

Dependent voltage sources

a) voltage controlled case

Ei = " Vi2 + h * VK2
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where the subscript K denotes the controlling branch,

b) current controlled case

Ei - - Vi2 + Ai * CK2

where K again denotes the controlling branch.

Capacitances:

a) tree branch case

Ei =- <Vi2 "Vil> +Xi * <Ci2 + Cil>

b) link case

Ei =- <Ci2 +Cil> +\ * <Vi2 " Vil>

Note that at the first time point, when we are solving the initial condition

problem, E. is set to zero.

Resistances:

a) tree branch case

b) link case

Inductances:

Ei " - Vi2 + Ai * Ci2

E. = - C.0 + A. * V.0
1 i2 1 i2

a) tree branch case

Ei -" <Vi2 +VU} +\ * <Ci2 "CU>
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b) link case

Ei •" <Ci2 "Cil> +h * <Vi2 +Vil>

Note that E. is set equal to zero at the first time point, while solving

the initial condition problem.

Dependent current sources:

a) voltage controlled case

E. « - C0 + A. * V„0
1 i2 1 K2

where K denotes the controlling branch,

b) current controlled case

Ei = " Ci2 + h * CK2

where K denotes the controlling branch.

Performance criterion:

The performance criterion e is given by

2

i

where i ranges over all the nonindependent source branches,
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SUBROUTINEFNDGRAD:

Thissubroutinecomputesthegradientoftheperformancecriterion,

withrespecttononindependentsourcetreevoltagesandnonindependent

sourcelinkcurrents.

Theory

Treevoltagegradientvector:

Recallthat

xb=

i

(i)

r

d€
Thetreevoltagegradientvector-r—canbewritten,viathechainrule,

o%t

as

where

23v,

de

dv

dr.

37
*»»-:

de

dv.
•••NB

dv,

*5dv]NB
'NN-1

(2)



and from (l) we have,

^b

dv.
^t

I

r

dcNote that 3-7- can be partitioned, i.e.,
•vb

vvD

^t

de

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

d£_ = n!
dv.

= [I|F]

which reduces to

de"

^•t

de

d£ ds_ +F #de_
dXt " *Xt ~ ^£

Link current gradient vector:

Since

- F

h

33

(3)

w

(5)

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

Branch Gradients:

*£-. a|l- _ pt . de_ r-v
di„ diT * di7 v '
^£ £i it

The branch gradients t-t- and £—- are computed as follows, where ^t—

Tree branches:

Independent voltage sources:

a) not associated with controlled sources

de de -

^i "^i

b) associated with controlled source K

de

^ovT
« 0

ST = AK * *K
1

Dependent voltage sources:

de
5vTc-Ei



Dependent current sources:

&e -o

•E7"_Ei

Remaining tree branches:

It---*-dv. 1
1

s:= xi * Ei
i

Link branches:

Independent current sources:

a) not associated with controlled sources

de de A
3T-S7 °

b) associated with controlled source K

3^ =*K*h

^e - n

35



Dependent current sources:

5v7~°
i

st =" Ei
i

Dependent voltage sources:

<5— = - E.
OV. 1

It-0
i

Remaining link branches:

It- »A. * E.
dv. l i

ST"' Ed

36

Note, when solving the initial condition problem, the gradients with

respect to reactive element currents and/or voltages, are set equal to

zero.
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SUBROUTINE FLPOW:

This subroutine computes the direction S along which we wish to minimize

the performance criterion e.

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

S1 =H1 • g1
•v s*. ^

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

and g is the gradient vector.

H is updated as follows
•>.

- =JT " /CTiN» „ /i+1 117 " /i+1 ei\,rri/' i+1 e^(S ) * (^ -S ) (g -S )H (g - S )

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

an n X n matrix, the Hessian matrix.



Block Diagram:

38

1
, No

Compute the following
scalars

l

Yes
set H1 = I

XV XV

set S « jjj

v

RETURN

Compute matrices

S1 * (S1)?

(,*1-gW+1-gL>'
Compute H1*1

set S " = h ~g
XV XV x

i+1 = jji+l^i+1

i
Return

SUBROUTINE FLPOW
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SUBROUTINE FNDALPH

This subroutine computes a , the optimal step size at the ith iterative

step, which minimizes e along S , a direction computed by subroutine FLPOW.

The constant a is such that

i~i-min e(x - AS ) = e(x - a S )
XV XV *XV XV

A

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

at the ith iterative step.

The analytical expression for a is:

i i tfy*?
8 =2.,.. „ix .. ,MT£(* "S1) + (j| )** S1 - £(x)

where g is the gradient at the ith iterative step.

The situation may be depicted graphically as follows:

minimum (e = 0)



SUBROUTINE CNGVARS:

Given the direction along which we minimized, S1, and the optimal

step size a , the nonindependent source tree voltages and link currents

are modified as follows:

it Xt
- a1 * S1

ii i*
new old

ho

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 formulation of Kirchhoff's

laws.
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SUBROUTINE READOUT:

This subroutine outputs all the desired currents and/or voltages, in

the desired order, and in the original network numbering scheme. Hence

for any branch, one may output its current and/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 program 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 output.

Corresponding
Time Variable Value Branch 8 Voltage

equal to maximum absolute
value of signal

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



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

Is

the final

desired or the

200th output time
)oint reached?

Yes

No

Find the maximum absolute value

corresponding to each variable

Scale variables according to
above

i'

Plot appropriate graphs

Return

SUBROUTINE GRAPH

1*3

RETURN
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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 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:

CANDO model:

Controlled

voltage
Controlling
voltage

®ISOV

Controlled Controlling
voltage voltage

Current controlled voltage source:

Ideal model:

O *—

v (fe

o 1

v I

Controlled Controlling
voltage current

V s kV

VskV

VskI



CANDO model:

Controlled Controlling
voltage current

Voltage controlled current source:

Ideal model:

O •- o
+

CANDO model:

I (J)

Controlled Controlling
current voltage

O—#-

(s) d> I a 0 Vc

Controlled

current

Controlling
voltage

Current controlled current source:

Ideal model:

<t>

Controlled

current

Controlling
current

1*6

V s kl

I a kV

I s kV

I a kl



CANDO model:

I <t>

Controlled

current

3D V= 0

Controlling
current

*7

I a kl

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 CANDO

Notation:

I =» Integer format

E => Exponential or floating point format

A =^Alphanumeric format

Col =£ Column on data card

If8



Card #1:

Variables read in, in sequential order

NN, number of nodes (I)

NB, number of branches (i)

TSTART, 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 = 0 =» outputs not desired

col 1-5, -

col 6-10, -

col 11-25, -

col 26-1+0, -

col 41-55, -

col 56-60, -

col 61-75, -

col 80,

NN

NB

TSTART

TEND

H

NSTEP

EPS

NCONT s

DATA CARD #1

1+9
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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 =J> 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 10 sets current unit to milliamps

NUT, number of iterative minijnization steps, per time point (i)

(NITT = 0 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 algorithm.

col 1-5, - NGRAPH

col 6-10, - NALLOUT

col 11-15, -

col 16-30, -

JOUT

SCALE

> DATA CARD #2

col 31-35, - NITT

col 1+0 , - NSCALE /
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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

L - inductance

R - resistance

I - controlled current source

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

KQNBRAN, 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)



NCARDS = 0 =» no more data needed

NCARDS f 0 => 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 2-1+, - IBRAN

col 5, - SORTYPE

col 6, - CONTYPE

col 7-9, - KDNBRAN

col 11-12,- LEAV

col 11+-15,- LENT

col 17-18,- NCARDS

col 21-35,- VALUE

col 36-50,- COND

DATA CARD FOLLOWED BY OTHER

RELAXED CARDS IF NCARDS ^ 0

52

If NCARDS ^ 0, we need the following card(s), to describe the corre

sponding nonconstant independent source.
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- If SORTYPE = S, i.e., a sinusoidal source, the signal is assumed

to be of the form

A sin (u * t - <D)

one card is required to describe the above

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

col 11-20, signal frequency uj, in radians/sec (E)

col 21-30, signal phase <t>, at initial time (TSTART), (E)

- If SORTYPE = E, i.e., an exponential source, the signal is assumed

to be of the form

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" ), (E)

col 21-30, signal phase 4>, 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 data 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 =^ current desired

0 =* voltage desired

- If NALLOUT ^ 0, 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

- 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:

R - 10J

L = 0.01

C = 2 x 10
-8
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The input E is specified to be

10 V

E

2.5 X 10 5 x 10-6
time (seconds)

Specifications:

- Initial time = 0 (TSTART = 0.0)

-Final time =10"^ (TEND »0.0001)
-6

- Time increment = 2 X 10 (H = 0.000002)

- Desire error, at each time point, to fall below lo"' (EPS =10~^)

- Desire results, at each time point, to be outputed (NSTEP = l)

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

-Desire current to be in miUiamps (SCALE *= 10^ and NSCALE « l)

- 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 2.95U seconds.
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Sample Problem #2;

Controlled Source DC problem:

E = 1 volt DC

©

B2 =R5 =R6 -1 Q

61

®

0i,o

NN = 5

NB = 8

Branch 3 is a current controlled current source, controlled by branch k

I3 =5* Ik

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

I8 -3* V?

Specifications:

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

one time point

set TSTART = 0.0 = TEND



-3
- desire error to fall below 10

(EPS =10"3)

- the time increment = 0

(set H » 0.0)

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

- do not desire tree and F to be outputed

(NCONT « 0)

- desire current to be in amperes

(SCALE = 1.0 and NSCALE = l)

- desire all voltages and currents outputed

(JOUT = 16)

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

following page.

The central processor time, for this problem,was 0.2*+ seconds.
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Sample Problem #3:

D. C. amplifier:

66

61+.8 K J_30 V

h»®

Transistor model:

h
B O

4^
O

E

I

1 .8 K

B 200 Q

o—vw o c

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

Q

Approximate theoretical gain:

AI
12 ANeglecting the 30K resistor, we can show that -rz— = 2.1+, about a

^1
quiescent Ilp of 1.1 ma.
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Specifications:

- Ix =A sin (1.8t)

A = 0.1 mi1Hamps

t is in seconds

- initial time « 0 (TSTART = 0.0)

- final time = 5 (TEND = 5.0)

- time increment = 0.1 (H «= 0.1)

- desire error, at each time point, to drop to 10* or desire to

proceed to next time point after 30 iterations (EPS = 10* and

NUT o 30)

- desire tree and F to be outputed (BCONT ° l)

- desire results, at each time point, to be outputed (HSTEP » l)

- desire internal, automatic current scaling (NSCALE / l)

- desire following graphical outputs

v.

Branch 1 current

Branch k current

Branch 12 current

Branch 6 current

(NGRAPH * It)
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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 #1»: Compatible voltage source loop,

3 V±

AAAr
k

72

®

I
G)v s 0

Rc = 1 fi

UN = 4

KB a 6

Branch 3 is a current controlled voltage

source, controlled by branch 6

v3 J 6

Specifications:

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

time point,

set TSTART = TEND = 0.0



- desire error to fall below 10"^

(EPS = 10~5)

- the time increment is arbitrary

(set H = 0.0)

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

(NSTEP = 1)

- desire tree and P to be outputed

(NCONT = 1)

- desire automatic internal scaling

(NSCALE ^ 1)

- desire all branch currents and voltages to be outputed

(JOUT = 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 #ki

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.



T1>F * 0.

BRANCH 1 CURRENT

8PANCH 2 CURRENT

BRANCH 3 CURRENT

BRANCH 4 CURRENT

BRANCH 5 CURRENT

BRANCH 6 CURRENT

BRANCH 1 VOLTAGE

BRANCH 2 VOLTAGE

BRANCH 3 V0LTA6E

BRANCH 4 VOLTAGE

BRANCH 5 VCuTAGE

BRANCH 6 VOLTAGE

-•1Q000E+01

«.10000E*01

0.

•10000E+01

•10000E+01

#10000E*01

#io6ooe*oi

,20000E*01

,30oOOE*01

.20600E*0l

•10000E*01

'0.
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Sample Problem #5:

Pour Step RC Ladder Network:

R = 10-

C = 10

NN = 6

NB = 9

The input E is specified as follows

E

1 V

0.0 0.01

-5

77

t (seconds)



Specifications;

- initial time = 0 (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 = l)

- do not desire tree information and F to be outputed (NCONT = 0)

- desire internal automatic current scaling (NSCALE ^ l)

- zero initial conditions

- desire the following graphical outputs

Branch 1 voltage
J- (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.

78



DATACARDS i PROBLEM #S"
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TIM J VALUi
C. . l< CC'>U1

. 10CCt-C2 •ICJOt:+0l

.20CCE-C2 . lCK'-U*-+01

.3CC0:-l.2 .lccor +01

.4CC01-C2 .10O0:.+01

.5GC0C-C2 .lOOOf +01

.£CCCE-C2 .10CLI +01

.70CCL-C? . KCC\:+ui

.ecccc-c? .ICCCE + 31

•S0CCI-C2 . KCtF + 01

. lOGCS-Cl . ItCOc +01

.ucor-ci c.

.120OI-C1 c.

.ncot-ri c.

. KCCt-Cl c.

. 15COf. -CI c.

.IcCOE-Cl 0.

.17CCE-U 0.

. lecoE-ci c.

.19CCE-C1 0.

.2CCCE-CI c.
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Sample Problem #6:

Large time constant spread problem—quick response:

82

<±>. B ®
w\ » • <

.1E = 1 V ( ±) 1

(DC)

R

-AAAr

4
+ R = 10°

'5 C5 « 0.1

©

NN = 1+

NB = 5

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

Specifications:

- initial time = 0 (TSTART = 0.0)

- final time = 50 microseconds (TEND = 5 X 10 J)
-6

- time increment = 1 microsecond (H « 10 )

-lU
- desire error to fall below 10

(EPS =lo""1^)
- desire results, at each time point, to be outputed (NSTEP = l)

- do not desire tree information and F to be outputed (NCONT ^ l)

- desire internal, automatic current scaling (NSCALE ^ l)

- zero initial conditions



- desire the following graphical outputs

Branch 3 voltage

Branch k current

Branch 2 current

Branch 5 voltage

> (NGRAPH = k)

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

The central processor time, for this problem, was 4.11 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 C^ is, essentially, zero; i.e., the

large capacitance is acting as a short circuit over the time interval of

concern.

85

The quick response steady state voltage across C-, is 0.5 volts, and, as

will be noted in problem #7, this value must be used as the initial condi

tion on Co when the slow time response is desired.
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Sample Problem fjfr:

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)

-Ik
- desire error to fall below 10 or 20 iteration steps, per time

point. (NUT =20, EPS «lO*1^)

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

- do not desire tree information and P to be outputed (NCONT = 0)

- desire internal, automatic current scaling (NSCALE ^ l)

- initial voltages are

vC3(o) =0.5 V

vc5(o) =0V

- desire the following graphical outputs

Branch 3 voltage

Branch k current

Branch 2 current

Branch 5 voltage

> (NGRAPH • k)

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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*» 4

DATA CAROS -. PROBLEM # 7
f

V V /

12 3 4 5 6 7 8 9 10 11 12 1314 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4142 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 66 69 70 71 72 73 74 75 76 77 78 79 6

i i i i* i i i£ i itfuicO I 1 1 1 S1S.Sl.lO \ha.\Q 1 1 . \i 1 1 l/l. ^if'-l/l^ III.
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l . . .
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Comments on Sample Problem #7;

Note that the initial voltage on C_ 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, since

the trapezoidal integration scheme, applied to branch 3> would have a step
o

size to time constant ratio of 10 , whereas a ratio of 0.1 is desirable

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

effectively, a voltage source, and the integration problem does not arise.

90



in
j>

J
>

j>
j>

/>
j>

J
>

js
J
N

j>
iu

i>
J
l>

>
ij

J
id

W
io

ii
J
U

>
i*

jr
v
M

r
u

r
o

r
u

r
o

M
0

'0
»

^
a

i
f
l
J
>

t
J
r
i
)
r
-
0

>
O

O
D

^
O

>
l
f
l
J
>

t
O

N
)
H

O
i
O

»
^
>

(
n

>
W

N
i
r
'C

\
0

0
»

^
(
>

v
f
l
4

>
W

N
»

-
O

O
P

O
O

C
-
?

,
O

r
'"

o
o

o
o

o
o

o
o

o
o

o
o

o
n

o
r
»

o
o

o
o

r
>

o
o

r
>

o
o

o
o

o
o

o
»

r
i
c
>

r
i
o

o
o

o
O

o
>

r
i
o

o
c
>

o
o

o
r
>

o
o

o
c
o

c
r
»

o
o

o
o

o
e
-
.
.
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

c
r
>

c
n

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

m
r

•
n

m
rn

m
n

i
rn

m
m

rn
rr

:
rn

m
n

i
m

m
rn

m
rn

n
i

m
m

m
m

n
i

rn
n

i
m

rn
rn

m
rn

m
m

m
rn

rr
.

rn
rr

.
m

r.
i

rn
m

m
r-

.
m

f;
»

in
rn

*
*

*
+

4
-
*

+
+

+
4

.
*

*
.
4

.
-
»

-
*

*
+

4
-
"
*

'
+

4
.
*

*
+

4
.
*

.
4

'
4

.
4

.
4

-
4

-
+

*
+

.
+

*
+

+
*

.
*

*
*

4
-

+
*

-
+

+
'+

+
*.

0
r
^
0

r
N

r
^
r
^
r
^
0

r
^
r
^
r
^
r
^
0

O
0

o
r
*

r
^
O

r
^
O

0
r
^
r
^
r
^
r
^
0

<
^
r
^
0

0
0

0
O

r
»

r
^

^
W

W
w

O
J
W

W
W

W
W

^
W

J
W

u
i
W

W
W

W
W

W
U

^
y
J
W

w
^
W

W
U

J
w

W
w

w
W

w
W

U
U

(
W

W
r
g

l
\
/
l
\
i
l
U

(
V

N
)
W

|
y
M

>
J
>

J
>

^
i
n

i
n

,n
i
n

r
*

^
0

-
>

4
»

l
^
a

)
m

>
f
l
.n

H
r
'H

r
'H

H
<

H
H

r
'^

H
r
'H

r
'|

y
W

N
)
N

)
I
V

)
W

r
O

I
\
J
l
>

l
l
l
l
i
J
J
l
J
U

W
J
>

f
'J

S
I
>

U
.

<
H

U
u

i
v
i
i
j
N

)
i
n

u
>

H
J
>

v
i
H

^
r
B

N
r
>

H
t
i
o

n
K

H
N

i
N

i
i
)
J
>

u
i
i
n

r
>

v
i
f
f
l
^
O

r
<

N
i
g

J
>

r
>

v
i
n

i
O

H
W

i
i
i
v
i
a

)
r
i
U

i
i
i
v
i
C

i
;
'

O
r
-
w

o
^
r
—

o
»

u
)
r
v
M

t
w

^
r
-
^
u

i
c
^
O

L
-
i
o

v
n

o
o

>
r
-
^
u

>
»

n
^
t
>

(
o

a
)
c
^
J
>

w
t
j
J
L

i
J
w

N
r
\
l
^
»

^
^
Q

B
N

C
^
J
S

H
i
n

v
O

N
(
>

H
A

^
H

W
N

i
l
J
^
M

M
r
>

U
I
J
>

i
£

>
0

(
i
l
M

'<
I
O

>
H

l
i
t
n

J
>

J
>

l
\
l
3

)
r
4

|
u

4
t
J
>

i
i
)
t
i
l
J
>

n
>

C
C

r»
-n

n-
r*

.i
p*

r
i

"
rn

<
^

>
r|

i—
>

r—
rn

t>
p*

-p
,

-n
r
r

m
rr

»
m

n
t
i

<
n

•""
<

rn
in

rp
m

m
n

i
rn

r
^

-n
rn

rr
;

r«
-n

»-
i

:i
r

r>
^

p
-

m
r™

—
»

p
-n

—
71

'H
f

p
I

I
I

I
I

I
I

I
I

I
I

I
t

I
I

I
I

I
I

I
I

t
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

O
r
»

o
o

^
O

O
O

-
*

C
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
C

'
O

O
O

O
0

0
o

r
»

t
~

0
0

0
0

0
r
-
»

0
J
«

|
-
4

^
^
^
^
X

>
l
,
^
>

^
^
^
*

*
J
>

*
W

W
U

I
^
W

v
>

)
W

U
l
W

W
W

U
I
W

w
W

W
U

W
U

w
W

'
j
J
U

I
W

^
U

'
W

W
w

O
.
U

i
U

W

«
■
"
♦
■
+
■
►

+
•+

•»
»

+
••

♦
♦

♦
♦

+
♦
:
♦

+
♦

+
+

+
1 it

-

1
6



ooor>oooooooooo<r*vrjooooooor>ooOof50oor»o<-)r>ooooooor>ooooo
oooocooooooooooooooooooooooooooooooooooooooooonoo
i-.1r-\rnmrnmmmmininmrnmmmmrrimmmmmmmmmmrr<rnn»mmmmmmrnmmrnmct;mrrrnrrimm
+*+*4.++++++*+++++++++4-++4.4.+++*+++'4.+4-*+4-'»-.».+4-++4-+++

♦♦

♦♦

♦+•»•

♦♦♦

♦♦♦♦♦

26



£

Sample Problem #8;

Network with zero-valued elements:

©
R2 = l UN = 5

R3 =o KB = 8

\ = 2

c5 =o

L6 = 0

C?=l

L8 = l

Specifications:

- initial time = 0 (TSTABT = 0.0)

- final time = 5 sec (TEND = 5.1)

- time increment =0.1 sec (H = 0.1)

- desire tree and F to be outputed (NCONT = l)
-6 -6

- desire error at each time point to fall below 10 (EPS = 10 )

- desire all voltages and currents outputed at every fiftieth time

point (NSTEP = 50)

93
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- desire internal automatic current scaling (NSOALE ^ 1)

- zero 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.*r8 seconds.



DATA Cf\RDS '• PROBLEM ^8
1 2 3 4 5 6 7I'I» 10 11 12 13 14 12 16 17ll8 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37J38J39J40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 7\72 73 74 75 76 77 78 79 8

1 1 i i5 , , ,? 1 1 1 1 I I I I 1 III. \D 1 1 . . . i i i . i^i.i/ i Ol* 1 B 0 0 4 0 0 0 mi

| i i 1 1 1 1 1 l/l4S i i i i I II

S\ i/iC 1 1 1 l£l 1 l/ /.* i 0

ft >a 1 I > ,2 i a ; .I. ii . • i >/i..^
*ji—i

fl\ i3i 1 1 1 i3i i \4\ i i i i i i i i > i i i \O\*\0 i i i i i
-

t-jt—i

r?l i^i 1 1 1 i4 i £ i i i i2i<id i i i i i
(XI—I

fl |Si 1 1 1 i^i i i
. i i i i0i* J

/, i^i 1 1 1 .5, , ./ i i i ift'id i i i i i

r. i i7i 1 1 1 .3. i ./ , . . ,/„ J , , , , ,

/, 1 1*1

~ ' ' ' 1
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i i i3 i i i<? i i i i _j

•

i i i/ . . ./ i i i i

i i £ . . ./ i i i i

i i 3 , . ./ i i i i

II A . . ./ i i i i
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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.



TIMP = 0»

BRANCH 1 VOLTAGE

BRANCH 2 VOLTAGE

BRANCH 3 VOLTAGE

BRANCH 4 VOLTAGE

BRANCH 5 VOLTAGE

BRANCH 6 VOLTAGE

BRANCH 7 VOLTAGE

BRANCH 8 VOLTAGE

BRANCH 1 CURRENT

BRANCH 2 CURRENT

BRANCH 3 CUPRENT

BRANCH 4 CURRENT

BRANCH 5 CURRENT

BRANCH 6 CURRENT

BRANCH 7 CURRENT

BRANCH 8 CURRENT

•10000E*02

•10000E*02

0.

0.

0.

0,

0.

0.

-•10000E*02

•10000E*02

0.

0,

0.

0.

tl0000E*02

0.
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TIME • • 50000E*01

BRANCH 1 VOLTAGE

BRANCH 2 VOLTAGE

BRANCH 3 VOLTAGE

BRANCH 4 VOi.TAGE

BRANCH 5 VOLTAGE

BRANCH 6 VOi.TAGE

BRANCH 7 VOLTAGE

BRANCH 8 VOi.TAGE

BRANCH 1 CURRENT

BRANCH 2 CURRENT

BRANCH 3 CURRENT

BRANCH 4 CURRENT

BRANCH 5 CURRENT

BRANCH 6 CURRENT

BRANCH 7 CURRENT

BRANCH 8 CURRENT

•10000E*02

•10058E*02

•55976E-03

•56889E-01

•56889E-01

.10373E-02

•58486E-01

••58486E-01

'•l6658E*02

•10058E+02

••28288E-01

•.28275E-01

••13688E-04

••28288E-01

••18666E*00

•10273E*02
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APPENDIX D:

CANDO FORTRAN IV LISTING

(CDC 6toO)
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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

CANDO<INPUT»OUTPUT)

TYPE

TEMP

CONTYPE>SORTYPE

SORTEM,CONTTEM
CNTSOR

/BL0CK1/ NNP(200)tNP(200)
/BL0CK2/ IBRAN(200)»LEAV(200)»LENT(200)
/BLOCK3/ TYPE(200)*VALUE(200)tF(49,151)♦NOEL(7)

/BL0CK4/ ITBRAN(200)tLEAVT(200)»LENTT(200)
/BLOCKS/ IOUT(200)»NOUT(200)tITEST(200)
/BLOCK6/ TEMP(7)»E<200)»GRAD(200)»CONST(200)
/BL0CK7/ IDIMEN»ALPHA,FUNCT»NIC»NITER»H»EPS»NN«NB
/BL0CK8/ V(200»2),C<200>2)

/BL0CK9/ SORTYPE(200)»CONTYPE(200)»KONBRAN(200)
/BLOCKIO/ COND(200> •IDELfTSTART»TEND»NSTEP
/BLOCK11/ SORVAL(5»100)»TIMEPT(5»100),SNSOID(5,3)>NNI(5)
/BL0CK12/ CONTTEM(200)»SORTEM(200)»C0NDTEM(200)»KONTEM(200)
/BK13/ ISTEP»0LDVAL(5)»SECVAL(5)»0LDTIME(5),SECTIME(5)*NNJ(

COMMON

DIMENSION HH(20»20)
NDATA=0

NLNEAR=0

NIT=0

ITN=1

NPRINT=0
NIC=0

IF (NDATA.EQ.O)

CALL SECOND (T)

TO=T-TU

PRINT 16» TO

CALL SECOND (TU)

CALL READIN

IDEL=NSTEP-1

NDATA=NDATA+1

CALL KONST

CALL INCREM

GO TO 9

NIC=NIC+1

CALL INCREM

IF (NOEL(7UEQ«0)
NK=NB-NOEL(7)+l

DO 4 I=NK»NB

IF (S0RTYPE(I).EQ#1HC)

/BL0CK14/ KP(5)
/BL0CK15/ NIT»JOUTtNGRAPHtNALLOUT
/BL0CK16/ GRAF(200»5)»JGRAPH(5)»IGRAPH(5)»NPRINT»SCALE»NITT
/BL0CK17/ ITN»S(200)

/BL0CK18/ VAROUT(200)
/BL0CK19/ CNTSOR(200)

/BLOCK20/ NCONT»KLOOP»KPP
/BLOCK21/ NST(5)

/BLOCK23/ TEMPAR(200)»DUMMY(200)
/BLOCK24/ SCALtNSCALE
/BLOCK25/ X(200)>Y(200)

GO TO 2

GO TO 5

GO TO 4

A 2

A 3

A 4

A 5

A 6

A 7

A 8

A 9

A 10
A 11

A 12

A 13

A 14

A 15

A 16

A 17

A 18

A 19

A 20

A 21

A 22

A 23

A 24

A 25

A 26

A 27

A 28

A 29

A 30

A 31

A 32

A 33

A 34

A 35

A 36

A 37

A 38

A 39

A 40

A 41

A 42

A 43

A 44

A 45

A 46

A 47

A 48

A 49

A 50

A 51

A 52

A 53

A 54

A 55
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C(I»2>=C(I»2)*SCALE

4 CONTINUE

5 NIT=0

ITN=1

* IF (NLNEAR.NE.O) GO TO 6
IF (NIC.NE.l) GO TO 11

6 CALL PT

IF (KPP»EQ.O) GO TO 7

GO TO 8

7 SCAL=SCALE

IF (NIC.EQ.1) CALL KONST

GO TO 11

8 CALL FCSM

CALL KONST

9 IF (NIC.EQ.O) GO TO 11

DO 10 I=NN»NB

C(If2>=C(I»2)*SCALE/SCAL
C(I»1)=C(I»1)*SCALE/SCAL

10 CONTINUE

11 CALL CALCAL

IF (NITT.EQ.O) GO TO 12

IF (NIT-NITT) 12.14*14

12 CALL ERROR

IF (FUNCT-EPS) 14»14,13

13 CALL FNDGRAD

CALL FLPOW (HH,NB»ALPHA)

ITN=ITN+1

NIT=NIT+1

CALL FNDALPH

CALL CNGVARS

GO TO 11

14 IDEL=IDEL+1

IF (IDEL.NE.NSTEP) GO TO 15
NPRINT=NPRINT+1

IF (NGRAPH.GE.l) CALL GRAPH

IF (NALLOUT.GE»l) CALL ALLOUT

IF (JOUT.GE.l) CALL READOUT

IDEL=0

IF (NGRAPH.EQ»201) GO TO 1

15 IF (NIC-NITER) 3»1»1
C

16 FORMAT (1H1.20X»*THE CENTRAL PROCESSOR TIME FOR THIS PROBLEM = *

1E15.5»* SECONDS*)

END

A 56

A 57

A 58

A 59

A 60
A 61

A 62

A 63

A 64

A 65

A 66

A 67

A 68

A 69

A 70

A 71

A 72

A 73

A 74

A 75

A 76

A 77

A 78

A 79

A 80
A 81

A 82

A 83

A 84

A 85

A 86

A 87

A 88

A 89

A 90

A 91

A 92

A 93

A 94

A 95
A 96

A 97

A 98

A 99
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SUBROUTINE READIN

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

TYPE

TEMP

CONTYPE.SORTYPE
SORTEM.CONTTEM
TYTEMP

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

15)

COMMON

COMMON

COMMON

COMMON

ISTEP=0

IJK1=0

IJK2»0

KSOR=0

KCURR=6

READ 18. NN.NB.TSTART.TEND.H.NSTEP.EPS.NCONT
IF (NN.EQ.O) STOP

READ 19. NGRAPH.NALLOUT.JOUT.SCALE.NITT.NSCALE
PRINT 20. EPS.TSTART#TEND»H
PRINT 21. NN.NB.SCALE.NITT.NSCALE
PRINT 22. NSTEP

IF (H.EQ.O.O) GO TO 2
NITER=(TEND-TSTART)/H
GO TO 3

NITER=0

DO 9 1=1.NB

READ 23. TYPE(I)»IBRAN(I)»SORTYPE(I).CONTYPEtI).KONBRAN(I).LEAV(I)
l.LENT(I)»NCARDS.VALUE(I).COND( I)
IF (NCARDS.EO.O) GO TO 9
IF (TYPE(I).ECUIHJ) GO TO 4

IF (SORTYPE(I).EQ.IHS.OR.SORTYPE(IUEQ.IHE)
IF (SORTYPEUWEQ.IHP.OR.SORTYPE(I).EQ.IHT)
ISTEP«ISTEP+1

IF (SORTYPE(I)•EQ.1HP.0R.S0RTYPE(I).EQ.1HT)
IF (S0RTYPE(I).EQ.1HS.0R.S0RTYPE(I).E0.1HE)
GO TO 9

KS0R=KS0R+1

NNJ(KSOR)=0

READ 24. (SNS0ID(KS0R,J)»J=1,3)

/BL0CK1/

/BL0CK2/
/BL0CK3/

/BL0CK4/

/BL0CK5/

/BL0CK6/

/BL0CK7/

/BL0CK9/

/BLOCKIO/

NNP(200).NP(200)

IBRAN(200)» LEAV(200).LENT(200)
TYPE(200).VALUE(200).F(49.151).NOEL(7)
ITBRAN(200)f LEAVT(200).LENTT(200)
IOUT(200 ).NOUT(200)* ITEST(200)
TEMP(7).ITBB(200 >» TYT EMP(200).VALTEM(200)
IDIMEN.ALPHA.FUNCT.NIC.NITER.H.EPS.NN.NB
SORTYPE(200).CONTYPE(200).KONBRAN(200)
COND(200)..IDEL.TSTART»TEND»NSTEP

/BL0CK11/ SORVAL(5»100).TIMEPT(5»100).SNSOID(5»3)»NNI(5)
/BLOCK12/ CONTTEM(200).SORTEM(200)»CONDTEM(200).KONTEM(200)
/BK13/ ISTEP.OLDVAL(5).SECVAL(5)»OLDTIME(5).SECTIME(5),NNJ(

/BL0CK15/

/BL0CK16/

/BL0CK20/
/BL0CK24/

NIT.JOUT.NGRAPH.NALLOUT

GRAF(200»5)»JGRAPH(5)>IGRAPH(5)>NPRINT.SCALE.NITT
NCONTtKLOOP

SCAL.NSCALE

GO

GO

GO

GO

TO

TO

TO

TO

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B



GO TO 9

6 KSOR=KSOR+l

NNJ(KSOR)=0
READ 25. NNKKSOR)

* NNN=NNI(KSOR)
READ 26. (S0RVAL(KS0R»J).J=1»NNN)
READ 26. (TIMEPT(KS0R»J).J=1.NNN)
GO TO 9

? KCURR=KCURR-1
NNJ(KCURR)=0

READ 24. (SNSOID(KCURR.J).J*1.3)
GO TO 9

8 KCURR=KCURR-1

NNJ(KCURR)=0
READ 25. NNI(KCURR)

NNN=NNI(KCURR)

READ 26. (SORVAL(KCURR.J).J=l.NNN)

READ 26. (TIMEPT(KCURR.J).J=1.NNN)
9 CONTINUE

IF (NGRAPH.EQ.O) GO TO 10

READ 27. ((IGRAPH(I).JGRAPH(I)).I=1.NGRAPH)
10 IF (NALLOUT.GE»l«OR.NGRAPH.GE.l) GO TO 11

READ 27. <UOUT(I)»ITESTU)).I = l»JOUT)

11 PRINT 28

PRINT 29

DO 12 I*1»NB

PRINT 30. I8RANU)»TYPEU).VALUEm»LEAVU)#LENT<ntC0ND<I)
12 CONTINUE

DO 14 1=1.NB

IF (SORTYPEUUNE.IH ) GO TO 13
GO TO 14

13 IF CIJK1«EQ«0) PRINT 31
IJKlal

A=7HVOLTAGE

IF (TYPE(I).EQ»1HJ> A-7HCURRENT
PRINT 32. A.IBRANfP.SORTYPEU)

14 CONTINUE

DO 17 I»1.NB

IF (C0NTYPECI).NE#1H ) GO TO 15
GO TO 17

15 IF (IJK2.EQ.0) PRINT 33
IJK2*1

IF (TYPEUUEQ.IHI) GO TO 16
A»7HCURRENT
IF (C0NTYPE(I)*EQ.1HV) A«7HVOLTAGE

'^ PRINT 34. AtlBRANd)tKONBRAN(l)
GO TO 17

16 A-7HCURRENT

a IF (CONTYPEUUEQ.1HV) A«7HVOLTAGE
PRINT 35. AtlBRAN(I)tKONBRANd)

17 CONTINUE
IDIMEN«NB-NN+1
KLOOP-O

CALL PT

IF (KLOOP.EQ.1) GO TO 1

IQk

B 56

B 57

B 58

B 59

B 60

B 61

B 62

B 63

B 64

B 65

B 66

B 67

B 68

B 69

B 70

B 71

B 72

B 73

B 74

B 75

B 76

B 77

B 78

B 79

B 80

B 81

B 82

B 83

B 84

B 85

B 86

B 87

B 88

8 89

B 90
B 91

B 92

B 93

B 94

B 95

B 96

B 97

B 98

B 99

B 100
B 101

B 102
B 103

B 104

B 105

B 106

B 107

B 108
B 109

B 110
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CALL FCSM B 111

RETURN B 112

B 113

18 FORMAT (I5.I5.E15.3.E15.3.E15.3.I5.E15.3.I5) B 114

«, 19 FORMAT (3I5.E15.5.I5.I5) B 115
20 FORMAT (1H1./////.40X.* ERROR CRITERION = *.E15«5.///.40X.* STARTI B 116

1NG TIME = *.E15«5#* END TIME = *.E15.5.///.40X.*STEP SIZE = *» B 117
2 E15.5) B 118

© 21 FORMAT (1H0.///.30X.*NUMBER OF NODES * *.I5.* NUMBER OF BRANCHE B 119

IS = *.I5.///.30X.*SCALE FACTOR = *.E15.5.///.30X»* DESIRED NUMBER B 120

20F ITERATIONS AT EACH TIME POINT * *.I5»///.30X.*NSCALE = *»I5) B 121
22 FORMAT (1H0.///.30X.* NUMBER OF TIME ITERATIONS PER OUTPUT = *»I5) B 122
23 FORMAT (Al»13.Al.Al»I3.1X.12.IX.12.IX.I2.2X.E15.4.E15.4) B 123

24 FORMAT ( 3E10.3) B 124
25 FORMAT ( 15 ) B 125

26 FORMAT ( 8E10.3 ) B 126

27 FORMAT (215) B 127

28 FORMAT (1H1.55X»*THIS IS THE GIVEN NETWORK*) B 128
29 FORMAT (1H0»///.55X»*UNITS ARE OHMS. FARADS AND HENRYS *) B 129
30 FORMAT (1H0. 3X.*BRANCH NUMBER *.2X.I3»4X.* IS A *.A1»* OF B 130

1 VALUE *.E12«5»* LEAVING NODE *»I3.* AND ENTERING NODE *»I3» B 131

22X»* COND = *»E10«3) B 132

31 FORMAT (1H1.////.30X.INDEPENDENT SOURCES*.///) B 133
32 FORMAT (1H0.10X.A7. * SOURCE BRANCH *»I3.* IS OF TYPE *.A1) B 134

33 FORMAT (lH-.///.30X»*CONTROLLED SOURCES *♦///) B 135
34 FORMAT (1H0.10X.A7.* CONTROLLED VOLTAGE SOURCE*.13.* IS CONTROLLED B 136

1 BY BRANCH*.15) B 137

35 FORMAT (1H0.10X.A7.* CONTROLLED CURRENT SOURCE*.I3»* IS CONTROLLED B 138

1 BY BRANCH*.I 5) B 139

END B 140-
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SUBROUTINE PT

INTEGER TEMP01.TEMP02»TEMP03tTEMP04.TEMP06»TEMP07»TEMP09
TYTEMP

TYPE

TEMP

CONTYPE.SORTYPE

SORTEM.CONTTEM
CNTSOR

NNP(200)»NP<200)

I8RAN(200)•LEAV(200).LENT(200)
TYPE(200)»VALUE(200).F(49#151)»NOEL(7)
ITBRAN(200).LEAVT(200)»LENTT(200)
IOUT(200).NOUT(200).ITEST(200)

TEMP(7).ITBB(200)»TYTEMP(200)#VALTEM(200)
IDIMEN.ALPHA.FUNCT.NIC.NITER.H.EPStNNtNB
V(200»2).C(200»2)

SORTYPE(200)»C0NTYPE(200)tKONBRAN(200)
COND(200)»IDEL.TSTART»TEND.NSTEP

CONTTEM(200).SORTEM(200)»CONDTEM<200)»KONTEM(200)
NIT.JOUT.NGRAPH.NALLOUT

GRAF(200»5)»JGRAPH(5)»IGRAPH(5)»NPRXNT.SCALE.NITT

CONST(200)

CNTSOR(200) '
NCONT.KLOOP.KPP

NST(5)

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

KK=NN-1

KM=0

KKTT=0

IF (NIONE.O) GO TO 5

TEMP(1)»1HE

TEMP(2)=1HV
TEMP(3)=1HC
TEMP(4)*1HR

TEMP(3)«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 2

KM=KM+1

ITBRAN(KM)«I

TYTEMP<KM)»TEMP(K)
VALTEM(KM)=VALUEU )

KTSKT+1

CONTTEM(KM)«CONTYPE<I)
SORTEM(KM)»SORTYPE(I)
CONDTEMt KM)«CONO(1)
KONTEM(KM)=KONBRAN(I)
CONTINUE

NOEL<K)»KT

CONTINUE

DO 4 1=1»NB

K=ITBRAN<I)

/BLOCK1/

/BLOCK2/
/BLOCK3/

/BL0CK4/

/BLOCK5/

/BL0CK6/

/BLOCK7/

/BLOCK8/

/BLOCK9/

/BLOCK10/

/BL0CK12/

/BL0CK15/

/BLOCK16/

/BLOCK18/

/BLOCK19/

/BLOCK20/

/BL0CK21/

GO TO 1

C 1

c 2

C 3

c 4

c 5

C 6

c 7

C 8

C 9

c 10
c 11

c .12

c 13

c 14

c 15

c 16

c 17

c 18

c 19

c 20

c 21

c 22

c 23

c 24

c 25

c 26

c 27

c 28

c 29

c 30

c 31

c 32

c 33

c 34

c 35

c 36

c 37

c 38

c 39

c 40

c 41

c 42

c 43

c 44

c 45

c 46

c 47

c 48

c 49

c 50

c 51

c 52

c 53

c 54

c 55
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LrAVT(I)=LFAV(K) C
L^MTT(I)=LFMT(K) C

TYPFd )=TYTFMPd ) C
VALUEtI)=VALTEM(I) C

CONTYPF(I)=rONTTFM(T) C

SORTYPE(I)=S0RTFM(I) C

CONO(T)=C0NDTEM(T) C
KONBRAN(I)=KONTFM(I) C

4 CONTINUE C

IF (N0FL(4)•FQ.O) GO TO 15 C

N=NOFL(l )+NOFL(2)+NOFL(3) + 1. C

VW=N+N0FL(4)-1 C

GO TO 6 C

5 CONTINUF C

MR' =NB-NOCL(7) ' C
N=NOFL(l)+l C

6 M = MV|-1 C

DO 7 I=N»MM C

IF (TYPF(I).F0.1HV) CONST(I)=1.0F-50 C

IF (TYPFd ).PQ.lHO no TO 8 C

TF (TYPFd UFQ.1HR) CONST ( I )=VALUF d ) C

IF (TYPF(I).FQ.1HL) CONST(I)=2.0*VALUE(I)/H C

IF (TYPFd UFQ.1HI ) CONST(I)=1.0E+50 C
7 CONTINUF C

GO TO 9 C

8 IF (VALUF(I).FO.O.O) CONST(I)=1.OE+51 C

IF (VALUFd).NF.O.O) CONST (I )=H/ (2 •0*VALUF (I ) ) C

GO TO 7 C

9 KPP=0 C

IF (N.GT.M) GO TO 15 C

00 14 I=N»M C

<P= 0 C

AMjN=C'ONST(I) C
K=T+1 C
DO 11 J=K»MM C

IF (CONST(J).LT.AMIN) GO TO 10 C

GO TO 11 C

10 AN<IN = CONST(J) C

NP(I)=J C

KP=1 C
KPD=1 C

11 CONTINUF C
IF (KP.FG»0) GO TO 14 C

J=NP(I) C

'TEMP01=ITBRAN(I) C
TEMP02=LFAVT(I)

TEMP03=LFNTT(I)
TEMP04=TYPE(I)

TF^P05=VALUF(I)

TFMP06=CONTYPF(I )

TEMP07=SORTYPF(I)

TEMP08=COND(I)

TEMP09=KON8RAN(I )

TFMP10= CONST( I )

IF (NtC.^Q.O) GO TO 12



TFMPH=V(I.2)

TFVP12=C(I.2)

TFMP]3=v<1.1)
TFMpi4=r(i,i)

12 ITBRAN(T)=ITRRAN(J)

LFAVT(I)=LEAVT(J)

LFNTT(I)=LENTT(J)

TYPF(I)=TYPF(J)
VALUFd)=VALME(J)

CnNTYPF(I)=CONTYPF{J)

SORTYPE(I)=S0RTYPr(J)

COND(I)=C0N0(J)

KONJBRAN( I )=KONBRAN( J)

CONST(I)=CONST(J)

IF (NTC.FQ.O) GO TO 13

V(I»2)=V(J.2)

C(I.2)=C(J»2)

V(T»1)=V(J.l)

Cd»l)=C(J.l)

13 ITBRAN(J)=TEMP01

LFAVT(J)=TEMP02

LFNTT(J)=TEMP03

TYPE(J)=TEMP04

VALUF(J)=TEMP05

CONTYPEtJ)=TFMP06

SORTYPE(J)=TFMP07

COND(J)=TFMP08

KONBRAN(J)=TFMP09 •

COMST(J)=TEMP10

IF (NIC.FQ.O) GO TO 14

V(J»2)=TFMP11

C(J»2)=TEMP12

V(J.l)=TEMP13

C(J»1)=TFMP14

14 CONTINUE

15 IF (2.GT.KK) GO TO 32

00 25 1=2.KK

16 NE=LFNTT(I)

NL=LEAVT(I)

NP(1)=I

,NNP(1)=1

M=I-1

MT = 0

KT=1

17 DO 19 JJJ=1.M

J=M+1-JJJ

IF (MT.FO.J) GO TO 18

IF (LEAVT(J).EQ.^F) GO TO 23
IF (LENTT(J).EO.NF) GO TO 24

18 CONTINUF

19 CONTINUF

20 IF (KT.FQ.l) GO TO 25

KA=NNP(KT)

KR=NP(KT)

M=KB-1

108

c 110

c 111

c 112

c 113

c 114

c 115

c 116

c 117

c 118

c 119

c 120

c 121

c 122

c 123

c 124

c 125

C-. 126

c 127

c 128

c 129

c 130

c 131

c 132

c 133

c 134

c 135

c 136

c 137

c 138

c 139

c 140

c 141

c 142

c 143

•c 144

c 144A

c 145

c 146

c 147

c 148

c 149

c 150

c 151

c 152

c 153

c 154

c 155

c 156

c 157

c 158

c 159

c 160

c 161

c 162

c 163
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4?

44

3»

45

46

4 7

48

49

"?

53

54

C

*5

56

57

58

59

6~

61

00 43 1 = ] ,NGRAPH

^ = 0

K = < +1

IF (1 GRAPH( !}.NF.MP(K) )

VST(I)=K

rnNjTTM'jF

M=N0FL(1)+1
M=NR-NOcl(7)

On 5n I=N,vi

GO TO 4 2

IF (TYPF(T).rQ.iHI)

IF (TVPF( T ).FQ.1HV.)

GO TO 50

K = KONBRA\'( I )
L = 0

L = L+1

Ic (L.GT.NO^Lf 1 ) ) GO

en TO 45

r.o TO 45

IF (NP(L).NF.K)

C,n TO 49

L = NR-\'0FL(7)

L = L + 1

IF (NP(L).NF.K)

CNTSOR(I)=L

CNTSOR(L)=I

CONTINUF

I c ( MCQMT. «="0. **)

PR TNT 5^

56,

57,

58

1=1,NR

59,

TO 47

Gn TO 46

GO TO 48

00 TO ^4

PDTNT

PR TNT

PRINT

no 51

PRINT

CONTINUE

RFTU^N

PPTNT 60

KLOOP=1

RFTURN

PRINT 61

KLaOP=l

RFT'JRN

( ( I ,MP( I ) ) » I=1,KK)

((I»ND(I)),T=NM,MR)

NP( I ),TYpf( I ),VAL'.'r( T),L.FAVT( I ),LFMTT (I ),fOMn (I)

Ul

F^R'VAT (1H1 ,?^X»*rORRFSPON0FN'CF ^TwrFM ORTOTN.AI TOPOLOGY AND NTW

!T™0L0GY*»///)

FORMAT (]HQ,3nX,*TR^F rr ANCH* ,T4 ,5X ,'*CORRF?PONnc TO poA,vrH 14)

FORMAT (1H0,33X»* LIN^ *, 2X »14 ,5X »*CORRE<;PO.NDc Tn ^n^ru #,T4)
FORV.AT (1H1)

FORMAT (1H0, 3X»*RRANCH NUMRFP *,2X,I3,4X,* IS A *»A1»# OF
1 VAL'IF *»F1?«5»* LFAVING Nnnr *,T3,* ANO CNTFRTNG N'OOF * , I 3 »
??X,* CONO = *,F10.3)

FOP^AT (IHO»30X»*THFpr IS A VOL TAG*" [_onp JM \ir ji-TP v* )

FORMAT ( lHnf?.OX»*THrRr Ic A 01RRFNT c.r»' iRC^ fl itc cr-r jN \i rTynpv # )
cf)0
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SUBROUTINE FCSM

INTEGER TYTEMP

INTEGER TYPE

INTEGER TEMP

COMMON /BLOCK1/

COMMON /BLOCK3/

COMMON /BL0CK4/

COMMON /BLOCKS/

COMMON /BL0CK6/

COMMON /BLOCK7/

COMMON /BLOCK20/

SET MATRIX TO ZERO

KK=NN-1

NLB=NB-NN+1

DO 1 I=1»NLB

DO 1 J=1»KK

F(J»I)=0.0

CONTINUE

DO 8 I=NN»NB

NE=LENTT(I)

NL=LEAVT(I)

IO=I-NN+l

NP STORES THE PREVIOUS TREE BRANCH

NNP STORES ITS DIRECTION

NP(1)=I

NNP(1)=1

M=l

KT=1

DO 3 J=M,KK

IF (J.EQ.NP(KT)) GO TO 3

IF (LEAVT(J).EQ.NE) GO TO 6

IF (LENTT(J).EQ.NE) GO TO 7

CONTINUE

M=NP(KT)+1

KA=NNP(KT)

KB=NP(KT)

F(KB»IO)=0.0

KT=KT-1

IF (M.GE.NN) GO TO 4

IF (KA.EQ.l) GO TO 5
NE=LENTT(KB)

GO TO 2

NE=LEAVT(KB)

GO TO 2

F(J>IO)=-1.0

KT=KT+1

IF (LENTT( JUEQ.NL) GO TO 8
NE=LENTT(J)

NP(KT)=J

NNP(KT)=1

M=1 ?
GO TO 2 '
F(J»IO)=1.0

KT=KT+1
IF (LEAVT(J).EQ.NL) GO TO 8

NNP(200)»NP(200)
TYPE(200)»VALUE(200)»F(49tl51)»NOEL(7)

ITBRAN(2 00)»LEAVT(200)»LENTT(200)
IOUT(10)»ITE5T(10),NOUT(10)
TEMP(7)»ITBB(200)♦TYTEMP(200)»VALTEM(200)

IDIMEN»ALiPHA,FUNCT»NIC»NITER»H»EPS»NN»NB
NCONT»KLOOP

112

t> 1

D 2

D 3

D 4

D 5

D 6

D 7

D 8

D 9

D 10

D 11

D 12

D 13

D 14

D 15

D 16

D 17

D 18

D 19

D 20

D 21

D 22

D 23

$ 24

D 25

D 26

D 27

D 28

D 29

D 30

D 31

D 32

D 33

D 34

D 35

D 36

D 37

D 38

D 39

.D 40

D 41

D 42

b 43

D 44

D 45

D 46

D 4"?

D 4€

D 4S

D 5C

D 51

D 52

D 53

D 54

D 55
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NF=LEAVT(J) ' D
NP(KT)=J ' D
NNP(KT)=-1 D

M=l - D
GO TO 2 . o

8 CONTINUE D
IF (NCONT.EQ.O) GO TO 16 D
NL3=NB-NN+1 • '* D
KK=NN-1 • D
NCOUNT=-l D
NT=NLB* D
NPAGF=1 D
PRINT 17, NPAGE D
PRINT 18 D
PRINT-19, (J,J=1,NL8) D

9 NT=NT-25 D
NCOUNT=NCOUNT+l D
NS1=1+25*NC0UNT D
NS2 =?5+2-5*NCOUNT D
IF (NT.LE.O) GO TO 11 D
DO 10 1=1,KK D
PRINT 20, I,(F(I,J),J=NS1,NS2) D

10 CONTINUE D
NPAGE=NPAGE+1 D
GO TO 9 D

11 IF (NT.EQ.O) GO TO 12 D
GO TO 13 . D

1? NS3=1 . o
NS4=25 D
GO TO 14 D

13 NT=NT+25 D
NS3=NS1 . • D
NS4=NS1+NT-1 D

14 CONTINUE • D

DO 15 1=1,KK D

PRINT 20, I,(F(I,J),J=NS3fNS4) D
15 CONTINUF D
16 RETURN D
C D

17' FORMAT <1H1,40X,* F PORTION OF FUNDAMENTAL CUTSET MATRIX *,6X,*PAG D
IF*,15,//) D

18 FORMAT (///) D
19 FORMAT (1H0,7X,25(2X,I2,1X) ) D
?.0- FORMAT (1H0,I3,3X,25(2X,F3.0) ) D

END D
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SUBROUTINE KONST

C CALCULATION OF CONSTANTS RFLATCD TO ELEMENT VALUES FOR USE IN BRAN
%C RELATIONS AND GRAOIFNT

INTEGER TYPE

INTEGER TEMP

INTEGER CO.NTYPE,SORTYPE
V COMMON /BLOCK3/ TYPE(200),VAUIF(200),F(49,151),NOEL(7)

COMMON /BLOCK6/ TF\iP( 7) ,E(200) ,GRAD(200) ,CONST(200)
COMMON /BLOCK7/ IDIMEN ,ALPH A,FiJNCT ,NTC ,NITER ,H,EPS ,NN ,NB
COv'MON /BLOCKS/ V (200 ,2 ),C (200 ,2 )
COMMON /BLOCK9/ SORTYPF(200),CONTYPE(200),KONBPAN(200)
COMMON /BLOCK10/ COND(200),I DEL,TSTART,TEND,NSTEP
COMMON /BLOCK 11/ SORVALt 5*100) ,TIMEPT(5»100),SNSOID(5,3) ,NNI(5)
COMMON /6K13/ ISTEP,OLDVAL(5),SECVAL(5)>OLDTI ME(5),SECT IME(5),NNJ(

15)

COMMON /BLOCK14/ NP ( 5)
COMMON /BLOCK 16/ GRAF(200,5) ,JGRAPH(5) ,IGRAPH(5)>NPRI NT,SCALE,NITT
COMMON /BL0CK247 SCAL,MSCALE

IF (NIC.NE.O) GO TO 2

DO 1 1=1,5 '
SECTIME(I)=TIMEPT(I,2)
0LDTIME(I)=TIMEPT(1,1)

SFCVAL(I)=SORVAL(I,2)

OLOVAL(I)=SORVAL(1,1)

NP( I )-?.

1 CONTINUE

? SCAL=SCALF

IF (NSCALE.FO.l) GO TO 5

KW=o

DO 4 I=NN,NB

IF (TYPF(I)•E0.1HR) GO TO 3

GO TO 4

3 IF (KW.EQ.O) SCALE=VALUF(I)

KV=1
IF (VALUE (I).LT.SCALF) SC ALE=VALUE (I)

4 CONTINUE

IF (KW.EQ.l) GO TO 5,

DO 135 I=1,NN

IF (TYPE(IJ.EQ.1HR) GO TO 136

GO TO 135

136 IF (KW.EQ.O) SCALF=VALUE(I)
KW=1

IF (VALUE(I).GT.SCALF) SCALE=VALUE(I)

135 CONTINUE '
IF (KW.EQ.O) SCALC=1.0
IF (SCALE.EQ.0.0) SCALE=1.0

5 N=NN-1

00 12 1= 1,N

IF (TYPE(I).EQ.IHF) GO TO 6

IF (TYPE(I).EQ.1HV) GO TO 7

IF (TYPF(I).EQ.1HC) GO TO 8
IF (TY.PE( I ).EQ.1HR) GO TO 9

IF (TYPF( I UEQ.IHL) GO TO 10
IF (JYPE(I).E0.1HI) GO TO 11
GO TO 12

*

E 1

E 2
F 3

E 4

E 5

E. 6

E 7
e; 8

E 9

E 10

E 11

E 12

E 13

E 14

E 15

E 16

E 17

E 18

E 19

E 20

E 21

E 22

E 23

1_ 24

E 25

E 26

E 27

E 28

E 29

E 30

E 31

E 32

E 33

E 34

E' 35

F 36

ADD 1

ADD 2

ADD 3

ADD 4

ADD 5

ADD 6

ADD 7

ADD 8

ADD 9

ADD10

E 38

E 39

E 40

E 41

E 42

E 43

E 44

E- 45

E 46



*". IF (NIC.'*;:'. H) GO T'> 1?

V( I».?)=CONr>( I )
r.n jo |p

a 7 C'VMSTt I )=VALME( I )

I!r (CONTYPE( I ).-0. IHI ) CONST ( I)=COMST ( I)/SCA!..L

IF (MIG.Nh.O) GO TO 1.2

V( I ,?)=CON!".'( I )

t> GO TO 12

"<• C,,V'!ST( I )=•-!/(?.0*V*-LUF( I)*'*CAL!:)
IF {NTC.Nr.O) GO JO 1?

V( T »2)=C0N0( I )

GO TO 1?

•; CONST ( I )=VALUL( I )/scali:

IF (N!C.N'".0) GO TO ].?

V( T,2)=C0.MD( I )

GO TO 1?

1 '. Gr7'!ST( I )^?.0*VAL,,r{ F )/ {r-'-.'-^ALf )

IK (Mir.Mr.n) GO T'1 1?

' • V( I *?) =o.o
GO- TO 1?

1 I 0'>NST{ I )=VAL':E( I )

• IF (CONTYs -•_'( J ).Fu. 1HV) COKS I'( ! )=CON "T( I)-SCALE
If (NIC.Ni .0) GO jn 1.2

V.( I ,?)=0.

1 ? TOT TWiF

0 0 19 I=NN»Nr-

IF (TYPF ( r ),ro. 1MJ ) -'n jn 13

If (TYPr( I ).e0.1HV) GO TO 14
IF (TYP"( 1 ).FQ.IHG) T) TO 15

IF (TYPEt I ).FO.iJiP) r-r TO 16

IF (TYPF( I ).rQ.li-lL) GO TO 17

IF (TYPf( I ).F0.IHI) 00 JO 1B
GO TO lo

1.3 IF (NIC.M! .0 ) GO TO 1.0

r ( I ,? )--=GMN M I ; *TM...r~

00 TO 19

14 COM.'iTf 1 )=VALUE( I )

IF (CO.NTYK'K 1 ).E0.1HI ) C 0NC T ( i)=00901 ( I )/ rCA LF
IF (NIC.N".o) GO TO ]9

C(I,2)=0.^

Or;, to 19

••5 C .v.: c t ( I ) = ? .0* VALI ir( \ )*«• e,r ALcr/H

1r (M !C • ?•!!- •0 ) 0:O J ° 1°

C( I ,?)=0.'

0 GO TO 19
16 CONST ( I )= 1.0/VAL'lF( 1 )*SCALr

IF (NIC.N-'.O) GO TC> 19

ct 1 )?)=ooN')i t j-kscal:-:
2> . GO TO 19

1 7 co.NSTt I )=H#SCALF/( ? . 0*VAL \1C ( I ) }
IF (NlC.No.O) GO TO 1 c>
C{I ,;>)=CONO{I)*SCAL-

.GO TO 19
2 3 CONST ( I )=VALI)E( I )

IF (CONTYPF(I ).EU.1HV) CONST{I )=COMS f( I)#SCALF

115

'.'. 4 ,'

rr 4 a
rr 49
r 50

!" V- L

rr
52

r^*
5 3

E 54

E 5d

E 56
t.- 57
>~ 58

E 59

E 60
c fci
rr 62
r* ;•> -^

f 6 A
[-•

rr 66

E 67
~ 60
r-

6v

70

F 71
r 12
r-

/-

F »T4
cr /5
rr 76
rr 7 7
l- 7 b
c 7-7

z oQ

r 61
r «2
rr 8 3
p i>4
r 0 5
r 06
~ o7

E ti8
17 ci 9

F 90
ir 91
p 92
!7 9 3

ir. 9 4
£ >5

F 96

F. 97
f 98

E V 9

p 1U0
E 101



IF (NIC.NE.O) GO TO 19

C(I,2)=COND(I)*SCALE

49 CONTINUE
IF (NIC.EQ.O) GO TO 20

RETURN

20 DO 21 1=1,NB
D IF (TYPEd).EQ.1HL) CONST(I)=0.0

IF (TYPE(I)oE0.1HC) CONST(I)=0.0
21 CONTINUE

RETURN

END
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E- "102

103

E 104

E 105

E 106

E 107

E 108

E 109

E 110

E 111

E 112



SUBROUTINE CALCAL

INTEGER TYPE

INTEGER CNTSOR
COMMON /BLOCK3/ TYPE(200)»VALUE(200)tF(49»151)»NOEL(7)
COMMON /BL0CK8/ V(200»2)»C(200*2)
COMMON /BL0CK7/ IDIMENtALPHA»FUNCT,NIC»NITER*H»EPS»NN»NB

COMMON /BL0CK19/ CNTSOR(200)

N=NN-1

DO 1 I=1»N

C(I»2)=0.0

DO 1 J*NNtNB

C(It2)=C(U2)-F(I»J-N)*C(J»2)

CONTINUE
DO 2 I=NN»NB

V(I,2)=0.0

DO 2 J=1»N

V(I»2)=V(I»2)+F(J»I-N)*V(J»2)

CONTINUE

RETURN

END
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F 1

F 2

F 3

F 4

F 5

F 6

F 7

F 8

F 9

F 10

F 11

F 12

F 13

F 14

F 15

F 16

F 17

F 18

F 19

F 20
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SUBROUTINE INCREM

INTEGER TYPE

INTEGER TEMP

INTEGER SORTYPE,CONTYPE
COMMON /BLOCK3/ TYPE(200)>VALUE(200)»F(49*151)•NOEL(7)

a COMMON /8L0CK6/ TEMP(7),E<200),GRAD(200),CONST(200)
COMMON /BL0CK7/ IDIMEN,ALPHA ,FUNCT,NIC,NITER»H»EPS»NN»NB
COMMON /BL0CK8/ V(200,2)»C(200,2)
COMMON /BL0CK9/ SORTYPE(200),CONTYPE(200)»KONBRAN(200)

T» COMMON /8LOCK10/ COND (200) ,IDEL»TSTART ,TEND *NSTEP
COMMON /BL0CK11/ S0RVAL(5>100),TIMEPT<5*100)»SNSOID(5*3)*NNI(5)
COMMON /BK13/ ISTEP»OLDVAL(5),SECVAL(5)»OLDTI ME(5),SECTI ME(5),NNJ(

15)

COMMON /BL0CK14/ NP(5)

LOGICAL BOOL

BOOL=.TRUE.

DO 1 I=1,NB

V(I ,1)=V(1*2)

1 CONTINUE

DO 2 1=1,NB

C( I,1)=C(I»2)

2 CONTINUE

TIME=TSTART+NIC*H

M=N0EL(1)+N0EL(7)

K=0

DO 14 1=1,M

J=I

IF (I.GE.N0EL(1)+1) J=NB-I+N0EL(1)+1

IF (J.GT.I.AND.BOOL) GO TO 3

GO TO 4

3 BOOL=.FALSE.

K=5-ISTEP

4 IF (SORTYPE(J).EQ.IHC) GO TO 14

K = K+1
IF (S0RTYPE(J).EQ.1HE.0R.S0RTYPE(J).EQ.1HS) GO TO 7

IF (SORTYPE(J).EQ.1HP) GO TO 11
15 IF (TIME.LE.SECTIME(K)) GO TO 5

IF (NNI(K).LE.NP(K)) GO TO 12
NP(K)=NP(K)+1

NPR=NP(K)
OLDTIME(K)=SECTIME(K)

SECTIME(K)=TIMEPT(K,NPR)

OLDVAL(K)=SECVAL(K)

SECVAL(K)=SORVAL(K »NPR)

GO TO 15

5 IF (I.GE.N0EL(1)+1) GO TO 6
o V(J,2)=0LDVAL(K) +(SECVAL(K)-OLDVAL(K))*(TIME-OLDTI ME(K))/(SECT IME(

lK)-OLDTIME(K))

GO TO 14
6 C(J»2)=0LDVAL(K)+(SECVAL(K)-0LDVAL(K))*(TIME-OLDTI ME(K) )/(SECTIME(
® lK)-OLDTIME(K))

GO TO 14

7 W=SNS0ID(K»2)

T=SNS0ID(K»3)

IF (SORTYPE(J).EO.IHS) GO TO 9

G 1

G 2

G 3

G 4

G 5

G 6

G 7

G 8

G 9

G 10

G 11

G 12

G 13

G 14

G 15
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IF (J.GT.I) GO TO 8
V(J,2)=SNSOID(K,1)*EXP(W*TIME-T)
GO TO 14

8 C (J ,2 )=SNSO I0 (K, 1) *EXP ('."*T IV L> T )

GO TO 14

^ 9 IF (J.GT.I) GO TO 10
V (J92)=SMSOID(K,1)*SIN(W*TI^E-T)
GO TO 14

10 C (J ,2 )=SNSO ID (K ,1) *S IN (v\'-*T IME-T )
^ GO TO 14

11 CALL PERIOD (K,J)
GO TO 14

12 L=NNI(K)

IF (J.GT.I) GO TO 13

V(J,2)=S0RVAL(K,L)

GO TO 14

13 C(J,2)=S0RVAL(K,L)
14 CONTINUE

RETURN

END
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SUBROUTINE PERIOD (K,J)

COMMON /BL0CK3/ TYPE(200)>VALUE(200),F(49♦151)»NOEL(7)
COMMON /BLOCK7/ IDIMEN,ALPHA,FUNCT,NIC,NITERtHtEPStNN.NB

* COMMON /BL0CK8/ V(200,2)»C(200,2) mctcd
-* COMMON /BLOCK10/ COND(200) ,I DEL,TSTART,TEND♦NSTEP

COMMON /BLOCK11/ SORVAL(5,100),TIMEPT(5,100),SNSO D(5•3 .NNI 5)
COMMON /BK13/ ISTEPtOLDVAL(5),SECVAL(5)>OLDTIME(5)*SECTIME(5)»NNJ(

COMMON /BLOCK14/ NP(5)
NNN=NNI(K)
TIME=TSTART+NIC*H

1 T=TIME-NNJ(K)*(TIMEPT(K,NNN)-TSTART)
6 IF (T.LE.SECTIME(K)) GO TO 2

NP(K)=NP(K)+1
IF (NP(K).GT.NNKK) ) GO TO 4 !
NPR=NP(K)
OLDTIME(K)=SECTIME(K)
SECTIME(K)=TIMEPT(K,NPR)
OLDVAL(K)=SECVAL(K)
SECVAL(K)=SORVAL(K »NPR)
GO TO 6

2 IF (J.GE.NOEL(l)+l) GO TO 3 lir(w,w,crrTtMcinV(J*2)=OLDVAL(K)+(SECVAL(K)-OLDVAL(K))^(T-OLDTIME(K))/(SECTIME(K)-
lOLDTIME(K))

3 cul2)=OLDVAL(K)+(SECVAL(K)-OLDVAL(K))*(T-OLDTIME(K))/(SECTIME(K)-
lOLDTIME(K))

GO TO 5
4 NNJ(K)=NNJ(K)+1 •

SECTIME(K)=TIMEPT(K,2)
OLDTIME(K)=TIMEPT(K»l)
SECVAL(K)=SORVAL(K,2)
OLDVAL(K)=SORVAL(K»l)
NP(K)=2

GO TO 1

5 RETURN
END
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SUBROUTINE ERROR
INTEGER TYPE

INTEGER TEMP

INTEGER SORTYPE»CONTYPE
INTEGER CNTSOR

COMMON /BLOCK3/

/BLOCK6/

/BLOCK7/

/BLOCK8/

/BLOCK9/

/BLOCK19/

COMMON

COMMON

> COMMON
COMMON

COMMON

M=N0EL(1>+1
N=NB-N0EL(7)

DO 13 I=M»N

IF (TYPE(D.EQ.IHV)

IF (TYPE(D.EQ.IHC)
IF (TYPEd).EQ.lHR)

IF (TYPE(D.EQ.IHL)
IF (TYPEd ).EQ.IHI)

E(I)=0.0

GO TO 13

1 K=CNTSOR(I)

IF (CONTYPEd UNE.1HV) GO TO 2

E(I)=-C(I*2)+V(K»2)*CONST(I)

GO TO 13

2 Ed)=-C( I»2)+C(K»2)*CONST(I)

GO TO 13

3 K=CNTSOR(I)

IF (CONTYPEd UNE.1HV) GO TO 4

E(I)=-V(I»2)+V(K.2)*CONST(I)
GO TO 13

4 E(I)=-V(I*2)+C(K»2)*CONST(I)
GO TO 13

5 IF (NIC.EO.O) GO TO 6

IF (I.GE.NN) GO TO 10
E(I)=-(V(I*2>-V(I»1))+(C(I»2)+C(I,1))*C0NST(I)
GO TO 13

6 Ed)=0.0

GO TO 13

7 IF (I.GE.NN) GO TO 11

E( I)=-Vd»2)+C(I,2)*CONST( I)
GO TO 13

8 IF (NIC.EQ.O) GO TO 9

IF (I.GE.NN) GO TO 12

E(I)=-(V(I»2)+VU»1) )+ <C(I,2)-C(I»l))*C0NST(I)

GO TO 13

'9 Ed)=0.0
GO TO 13

10 E(I)=-(C(li2)+C(I»l))+<V(I»2)-V(Itl))*CONST(I)

> GO TO 13

11 Ed)=-C(I,2)+V(I,2)*CONST(1)

GO TO 13

12 E(I)=-(Cd*2)-C(I»l)) + (V( I»2)+V(Itl))»CONST( I)

13 CONTINUE

FUNCT=0.0

TYPE(200)»VALUE(200)»F(49#151)»NOEL(7)

TEMP(7 )»E(200)»GRAD(200)»CONST(200)
IDIMEN»ALPHA»FUNCT»NIC»NITER*HtEPS,NN#NB

V(200»2)»C(200,2)

SORTYPE(200)>CONTYPE(200)>KONBRAN(200)

CNTSOR(200)

GO TO 3

GO TO 5

GO TO 7

GO TO 8

GO TO 1
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DO 14 I*M,N

FUNCT=FUNCT+E <I)**2

14 CONTINUE
FUNCT*FUNCT/2
RETURN

END

•®
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SUBROUTINE FNDGRAD

INTEGER CNTSOR

INTEGER TYPE

INTEGER TEMP

.w COMMON /BLOCK3/ TYPE(200)»VALUE(200)»F(49»151)#NOEL(7)

COMMON /BL0CK6/ TEMP(7)»E(200)»GRAD(200)»CONST(200)
COMMON /BL0CK7/ IDIMEN»ALPHA»FUNCT»NIC»NITER»H»EPS,NN»NB

COMMON /BL0CK19/ CNTSOR(200)

l' COMMON /BLOCK23/ TEMPAR(200)*DUMMY(200)
M=NOEL(l)+l

MM=NB-NOEL(7)

N=NN-1

DO 5 I»1*N

IF (TYPEd UEQ.1HE) GO TO 1
IF (TYPEd).EQ.IHI) GO TO 3

IF (TYPEd).EQ.lHV) GO TO 4
TEMPAR(I)=-E(I)

DUMMY( I)=CONSTd )*E( I)
GO TO 5

1 K=CNTSOR(I)

IF (K»EQ.O) GO TO 2

TEMPARd)=0.0

DUMMY(I)=CONST(K)*E(K)
GO TO 5

2 TEMPAR(I)=0.0

DUMMY(I)=0.0
GO TO 5

3 TEMPAR(I)=0*0
DUMMY(I)=-E(I)
GO TO 5

4 TEMPAR(I)=-E(I)
DUMMY(I)=0.0

5 CONTINUE

DO 10 I=NN»NB

IF (TYPEdUEQ.lHJ) GO TO 6
IF (TYPEd UEQ.1HV) GO TO 8
IF (TYPE(I).EQ.IHI) GO TO 9
TEMPAR(I)=CONST(I)*E(I)
DUMMY(I)=-E(I)
GO TO 10

6 K=CNTSOR(I>

IF (K»EQ.0) GO TO 7
TEMPAR(I)=CONST(K)*E(K)
DUMMY(I)=0*0

GO TO 10

^7 TEMPAR(I)=0.0
DUMMY(I)=0.0
GO TO 10

8 TEMPAR(I)=-E(I)
P DUMMY(I)=0#0

GO TO 10

9 TEMPAR(I)=0.0
DUMMYd)=-E(I)

10 CONTINUE

IF (NIC.NE.O) GO TO 13
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?? J?YPEUUEQ.1HC.0R.TYPE(I).EQ.1HL) GO TO 11
GO TO 12

-11 TEMPAR(I)=0.0
DUMMY(I)=0.0

12 CONTINUE
13 IF (M.GT.N) GO TO 18

9 DO 14 I=M,N
GRAD(I)=TEMPAR(I)

DO 14 J=NN»NB
14 GRAD(I)=GRAD(I)+F(I,J-N)*TEMPAR(J>
18 IF (NN.GT.MM) GO TO 19

DO 15 I=NN»MM
GRADtI)=DUMMY(I)

DO 15 J=1»N
15 GRAD( I)=GRAD(I)-F(J,I-N)*DUMMY<J )
19 IF (NIC.EQ.O) GO TO 16

RETURN

16 DO 17 I=1»NB
IF (TYPFd ). EQ.IHC) GRAD(I)=0.0
IF (TYPEd >.EQ.IHL) GRADd)=0.0

17 CONTINUE
RETURN

END
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SUBROUTINE FNDALPH

THIS SUBROUTINE FINDS THE DISTANCE WF SHOULD GO ALOND

INTEGER TYPE

INTEGER TEMP

COMMON /BLOCK3/

/BLOCK6/

/BLOCK7/

/BLOCK8/

/BLOCK12/

/BLOCK15/

/BLOCK17/

THE

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

F2ERO=FUNCT

M=NOFL(1)+1

N=NB-NOEL(7)
M.V| = N]NJ-1

PROD=0.0

IF (M.GT.MM) GO TO 5

DO 1 I=M,MM

PROD=PROD+GRAD(I )*S(I)
CONTTEM(I)=V(I,2)

V(I,2)=V(I»2)-5(I)

CONTINUE

IF (NN.GT.N) GO TO 6

DO 2 I=NN,N

PROD=PROD+GRAD(I)*S(I)
CONTTEMtI)=C(1,2)

C(I,2)=C(I»2)-S(I)

CONTINUE

CALL CALCAL

CALL ERROR

FGRAD=FUNCT

IF (M.GT.MM) GO TO 7

DO 3 I=M,MM

V(I,2)=CONTTEM(I)

CONTINUF

IF (NN.GT.N) GO TO 8

DO 4 I=NN,N

C(I,2)=CONTTEM(I)

CONTINUF

ALPHA=PROD/(FGRAD+PROD-FZERO)
ALPHA=ALPHA/2.0
RETURN

END

TYPE(200),VALUE(200),F(49,151),NOEL(7)

TEMP(7) ,E(200),GRAD(20O),CONST(200)

TDIMFN,ALPHA,FUMCT,NIC,NITFR,H,EPS,NN,NB

V(200,2),C(2nn,2)

CONTTFM(200)»SORTFM(200), CONP-TFM (200 ),K(

NIT

ITN*3(200)
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SUBROUTINE CNGVARS
THIS SUBROUTINE CHANGES
CONSTANT ALPHA
INTEGER TYPE
INTEGER TEMP
COMMON /BLOCK3/

/BLOCK6/
/BL0CK7/

/BLOCKS/

/BLOCK17/

THE CURRENTS ALONG THE GRADIENT BY THE

COMMON

COMMON

COMMON

COMMON

M=NOEL(D + l
N=NB-NOEL(7)
IEND=NN-1
IF (M.GT.IEND) GO TO 3
DO 1 I=M»IEND
V( I»2)=Vd »2)-ALPHA*S( I)
CONTINUE
IF (NN.GT.N) RETURN
DO 2 I=NN.N
C(I*2)=Cd»2)-ALPHA*S(I)
CONTINUE

RETURN

END

TYPEC200).VALUE!200).F(49.151>.NOEL<7)
TEMP(7).E(200).GRAD(200).CONST(200)
IDIMEN.ALPHA.FUNCT.NIC.NITER.HtEPS.NN.NB
V(200.2).C(200.2)
ITN»S(200)

L 1

L 2

L 3

L 4

L 5

L 6

L 7

L 8

L 9

L 10

L 11
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SUBROUTINE FLPOW (HH,NB,ALPHA)
INTEGER TEMP

INTEGER TYPE

COMMON /BLOCK3/ TYPE(200),VALUE(200),F(49,151)»NOEL(7)

COMMON /BL0CK6/ TEMP(7).E(200),GRAD(200),CONST(200)

COMMON /BLOCK17/ ITN»S(2 00)

COMMON /BLOCK25/ GRADB(200),DUMMY(200)

DIMENSION HH(NB.NR)

IF (ITN.GT.l) GO TO 3 .
M=N0EL(1)+l

N=NB-N0EL(7)

DO 2 I=M,N

DO 1 JsM.N

HH(I,J)=0.0

HH(I»I)=1.0

GRADB(I)=GRAD(I)

S(I)=GRAD(I)

RETURN

GHG=0.

SG= 0.

DO 4 I=M»N

S(I)=ALPHA*S<I)

GRADB(I)=GRAD(I)-GRADB(I)

SG=SG+S(I)*GRADB(I)

DO 5 I=M,N

DUMMY(I)=0.

DO 5 J=M»N

GHG=GHG+GRADB(I)*GRADB(J)*HH(I,J)

DUMMY(I)=DUMMY(I)+HH( I,J)*GRADB(J)

DO 7 I=M,N

GRADB(I)=0.0
DO 6 J=I,N

HH(ItJ)=HH(I,J)-(S(I)*S(J)/SG)-(DUMMY(I)*DUMMY(J)/GHG)

HH(J.I)=HH{I,J)

•DO 7 J=M,N

GRADB(I)=GRADB(I)+HH(I.J)*GRAD(J)

DO 8 I=M,N

S(I)=GRADB( I )

GRADB(I)=GRAD( I )

RETURN

END
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SUBROUTINE READOUT

INTEGER TYPE

INTEGER TEMP
COMMON /BLOCK3/
COMMON /BLOCK5/
COMMON /BL0CK6/

COMMON /BLOCK7/

COMMON /BLOCK8/
COMMON /BLOCK9/

COMMON /BLOCKIO/
COMMON /BLOCK15/

COMMON /BLOCK16/

COMMON /BLOCK18/
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TYPE(200)»VALUE(200).F(49»151).NOEL(7)
IOUT(200).NOUT(200).I TEST(200)
TEMP(7)♦E(200).GRAD(200).CONST(200)
IDIMEN»ALPHA»FUNCT.NIC.NITER.H.EPS.NN.NB
V(200.2)»C(200.2)
SORTYPE(200).CONTYPE(200)#KONBRAN(200)
COND(200),IDEL»TSTART.TEND.NSTEP
NIT.JOUT.NGRAPH.NALLOUT
GRAF(200.5).JGRAPH(5).IGRAPH(5).NPRINT.SCALE.NITT
VAROUT(200)

N=NN-1

DO 4 1=1.JOUT

K=NOUTd )
IF (NOUTd).LT.NN) GO TO 2
IF (ITESTd).EQ.l) GO TO 1
VAROUT(I)=V(K.2)

GO TO 4

VAROUT(I)=C(K.2)/SCALE

GO TO 4

IF (ITEST(I).EQ.O) GO TO 3
VAROUT(I)=C(K,2)/SCALE
GO TO 4

VAROUT d)=V(K .2)

CONTINUE

TIME=H*NIC+TSTART
IF (NIC.EQ.O) PRINT 6

PRINT 7, TIME

DO 5 1=1.JOUT

A=7HV0LTAGE
IF (ITEST(I).EQ.l) A=7HCURRENT
PRINT 8. IOUT(I).A.VAROUT(I)
CONTINUE

RETURN

FORMAT (IHI)
FORMAT (/////»10X.*TIME = *»E15.5)
FORMAT (1H0»10X.*BRANCH*.I5.5X»A7.10X.E15.5)

END
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SUBROUTINE GkAPH

INTEGER ANP

INTLGER TYPE

CuM.-.ON /BL0CK1/ AMP (200 ),HP (200 )
/OLOCK3/ TYPE (2'>0 )*VALU- (200 )»F (49 »15 1 ).NOEL (7 )
/BLOCK4/ IT»RAN(2 00) ,LEAVT(200),LENTT(200)
/BLOCK7/ IDIMEN .AL PHA ,F'UNCT *N IC ,NITER ,H,r_PS ,
/HL0CK8/ V(200*.? ),C( 200*2)

/BLOCK 10/ COND(200) *IDEL,TST ART »TEND,MSTEP
NIT,JOUT *NGRAPH »NALLOUT

COMMON

CO1"" MON

COMMON

COMMON

COMMON

COMMON

COMMON

/BLOCK 15/

/BLOCK 16/

CO.MiON /BL0CK21/

DO 3 1=1.NGRAPH
K=NST(I)

IF (JGRAPn( I) .EQ.0) GO T0 2
GKAF (NPR IiMT »I )=C (< ,2 )/SCALE

GO TO 3

GX\AF(NP««IiWT» I)=VC<»2)

CONTINUE

lc (NPR INT. LT .200. AND. (MI TFR-NIC) .GF.NSTEP) RETURN
00 9 1=1,NGRAPH

PRINT 10

A=7HVOLT AGE

IF {JGK/\PH( 1).EO.l ) A=7HCURRKNT
PRINT 11* IGXAPH(I),A

AMAX=GRAF(1,1)

AMAX=ABS(AMAX)

DO 4 J =2*!NPklNT

A=GRAF(J*I)

A=ABS(A)

IF (A.GT.AMAX) AMAX=A

CONTINJE
DO 5 J=l,NPriINT
NP(J)=GRAF(J,I)*50.O/AMAX+51.0
CONTINUE

DO 6 J=l,101

ANP!J)=1H.

CONTINUF

PRINT 12, (ANP(J)»J=1.101)
00 7 J=l,102

ANP(J)=1H

CONTINUE

ANP(51)=1H-
DO 8 KK=1,NPRINT

LL=NP(KK)

IF (LL.GE.51) LL=LL+1
AMP(LL)=1H+

timf=tsta;u+nstep*kk*h-h
Pk INT 13 » TI-IE ,GRAF(KK»I)*(ANP(J)»J=1»102 )
ANP(LL)=1H

CONTINUE

CONTINUF

NGRAPH=201

RETURN

NN,NB

l\ 1 I JJUUI J'VORMfnjlNMLLUUi

GRAF(200,5), JGRAPH(5) »I GRAPH(5)»NPRINT,SCALE
M C T ( z> \V-!ST(5)
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APPENDIX E

General comments regarding use of CANDO.

1. Number of nodes cannot exceed 50

2. Number of branches cannot exceed 200

3. Cannot exceed 5 arbitrary or periodic independent sources, and

cannot exceed 5 sinusoidal or exponential sources. There is no

n«lt on the number of constant independent sources. We can have

at most 100 time points to describe an arbitrary independent source.

k. 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 requirements

Since using the Fletcher-Powell minimization algorithm requires the

storing of an KB xNB 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), Y(N)

where Nis the niaximum 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.



133

8. There must be at least one branch which is not an independent

source, in any given network.

9. 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.

10. H, the time increment, cannot be zero for networks containing

reactive elements (L's and C's).

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

12. 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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