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ERRATA

Corrections to listing of CANINE: ERL-M252

SUBROUTINE PT:

Card C-21+6 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 = NN, NB

1 = 1 + 1

The following card should be added right after C-257

62 1 = 1-1

Comment on use of CANINE:

CANINE will not, in general, handle the following situations:

1. Compatible loops of voltage sources containing voltage controlled

voltage sources.

2. Compatible cutsets of current sources containing current con

trolled current sources.

The above situations give rise to a singular A matrix, and no

diagnostic is provided. For such problems, the use of CANDCr is

recommended.
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ABSTRACT

This report describes the operation and use of CANINE

(Computer Analysis of Networks via Inversion of Network Equations),

a time-domain analysis program, for linear time-invariant networks.

The networks may contain dependent and independent sources of all

types,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 CANINE, tree voltages and link currents form

a basis set of variables, denoted by x. This formulation yields the

automatic satisfaction of Kirchhofffs laws. A numerical integration

formula reduces the system to a set of simultaneous algebraic

equations of the form

Ax = k,

where A is called the "network equation matrix" and k is a vector,

which is constant at any time point, and which will be defined later.

The solution x is obtained by inverting the matrix A:

x = A k .

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.

-v-



The program CANINE is written in Fortran IV for the CDC

6400 computer operating under the (CAL) Scope 3d system.
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INTRODUCTION

Since the program CANINE evolved from the program CANDO ,

many of the subroutines making up CANINE are identical to those of

program CANDO,

The following subroutines are common to both programs and

are described in (1);

Subroutine READIN

Subroutine PT

Subroutine FCSM

Subroutine KONST

Sub r outine C ALCAL

Subroutine INCREM

Subroutine PERIOD

Subroutine READOUT

Subroutine GRAPH

Subroutine ALLOUT

Knowledge of the operation of the above subroutines is not necessary

for the effective use of program CANINE.

It should be noted, at this point, that programs CANINE and

CANDO are complementary in the sense that each is better suited to

a particular type of network analysis. If an exact analysis is desired,

CANINE has been found to be the superior (in the sense of computer

time) whereas, if only an approximate analysis is desired (as in the



initial stages of automated network design), CANDO, due to its

iterative formulation, is the more desirable program.

The choice of either program over the other must depend on

the type of analysis that the user finds most desirable, for his

particular application.

Section I describes the formulation of the matrix A and the

vector k. Section II describes the main program and subroutines

associated with CANINE which have not been employed in the program

CANDO. The Appendices describe the use of CANINE in solving

network problems, and the way dependent sources must be modeled.



SECTION I: NETWORK ANALYSIS

Theory:

The solution of a network consists of finding the branch current

and voltage vectors 1 andv respectively. The solution is obtained

by solving the following simultaneous set of equations

i (i. . v, ) = 0 branch relations
^b^b ~b' ~

f) L = 0 Kirchhoff's current law
~"*b ~

B7 v, =0 Kirchhof^s voltage law
' r* ^b **

where 0 is the fundamental cutset matrix, and B is the_ fundamentaI loop
** •- - —

matrix based on an appropriately selected tree. We may renumber the

NB branches of our network in such a way that the 1st NN-1 (where NN

is the number of nodes in our network) branches form the tree.

With the above numbering scheme, ^and B may be partitioned as

follows:

0 = t • F and B = -F' : I

and hence we have, from Kirchhof^s laws

~t ~ I

v = F1 v,.,

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

respectively. Our tree picking algorithms are discussed in subroutine

PT^\ suffice it to say that inboth 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 MATSET), our set of equations reduces to

I (v, i ) = 0.

This set of linear equations is solved by reducing it to the form

A x = k (see subroutine MATSET) where

x =
zt

h

and inverting A to yield

x = A" k .

The solution obtained by CANINE is exact and is limited only

by roundoff error in the computer and the accuracy of the integration

formula.

Solving the Initial Condition Problem:

Given the initial capacitance voltages and inductance currents,

we wish to compute v. and L, the branch voltages and currents, at the

initial 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 subroutine PT* . This algorithm maximizes the number of

capacitances in tree branches and the number of inductances in links.



If there are no capacitance or capacitance-voltage source loops, or

inductance or inductance-current source cutsets, all capacitances will

be tree branches, and all inductances will be links.

Kirchhoff!s current and voltage laws become automatically

satisfied by selecting the tree voltages and link currents to be a

basis set of variables, with the following being true

i = - F i„<vtj ~~jex

and v = F y^ ,
1 1

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

and where £} = I : F is the fundamental cutset matrix based on

the proper tree.

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 to the initial condition. Tree inductance voltages

and link capacitance currents are set equal to zero, and their inital

conditions are lost. Hence, incompatible initial conditions (e. g.,

incompatible capacitance voltages around a capacitance-voltage source

loop or incompatible 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.

Except for the fact that reactive elements are treated as

indpendent sources, the solution of the initial condition problem is



analogous to that of the "general time point problem, " and will not

be detailed here. Suffice it to say that our system of equations is

reduced to the form

A x = k

and the solution is obtained, via the inversion of A, from

where

x = A*" k,
r*f /%»

x
\
h

1

Solving the General Time Point Problem:

Knowing i, and v., the branch currents and voltages at the
~1 ~1

previous time point, we wish to compute i and v , 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 of

subroutine PT ', rendering the system well behaved, and hence

minimizing computational errors in our matrix inversion 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 by selecting the tree



voltages and link currents as a basis set of variables. Note that this

approach requires that independent voltage sources be tree branches

and that independent current sources be links.

The tree currents r are given, in terms of the link currents
~t

where 0 =fl : F
"* /v ***

K = " F li t

is the fundamental cutset matrix associated

with our optimal tree. Similarly,

v„ = F1 v, ,

where F1 is the transpose of F.

The problem thus reduces to solving the set of equations

i i*e if it' h] =&
Integrating the above set of equations, via a numerical integration

formula, reduces the problem to

L(v. , ij = 0 ,

where the L. are the general time point branch relations, in terms of

our basis set of variables. The above set of equations is reduced to

the form

A x = k ,

and the solution is obtained, explicitely, from



X = A"Xk

Construction of A and k:
*^j f\f

We wish to solve a set of branch relations of the form

f (v, , L ) = 0 (1)
^ "b -^b ^

while simultaneously satisfying Kirchhof^s voltage and current laws.

Upon the selection of a tree, and appropriate renumbering, Kirchhoff!s

voltage and current laws may be expressed as

ii
F1 v, "N

(2)

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

and

$* I : F

is the fundamental cutset matrix based on our topological tree,

Substituting (2) into (1), we obtain

i

L(v^, ij = 0

We wish to reduce (3) to the form

A x = k

where

(3)

(4)



X =
*t

h

(5)

and hence the solution is given by

x = A^k (6)

Note that A is an NB X NB nonsingular matrix, where NB is the

number of branches in the network.

Upon the inclusion of a numerical integration formula, the ith

general branch relation can be written in the form

-a • i. + S. • v. -C4 • i - j2. • v = k (7)
i i "i i i m i m i

TheC and It terms are nonzero only for dependent sources, and m
i i

designates the controlling branch.

Tree Branches:

NN designates the number of nodes, P =NN - 1, and const.

designates the branch constant as computed in subroutine KONST (1).

H denotes the integration step size.

Independent Voltage Sources:

branch relation

v = source value
i

Thus a. = C. = l. - 0
ill

h-1
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k. = source value
1

so A = 6 . (Kronecker delta)

= 1 i =j

= 0 i t j

Dependent Voltage Source:

a) voltage controlled (controlling voltage is a link voltage)).

branch relation:

v. - const. • v =0
l i m

Thus a. = C. = k. = 0
ill

i. = const .
l i

since v is a link voltage, we must express it in terms of tree voltages,
m

i. e.,

Vm =L Fm -P, K • VK
K

over tree

branches

io A.. = 0 j £ NN

A = 6 . - F. • .const . j < NN
ij ij h m-p i

b) current controlled (controlling current is a tree current),

branch relation:

v. - const . i =0
i i m



thus a = i, - k. = 0
111

C. = const .
i l

since i is a tree current, we must express it in terms of link
m

currents, i. e.,

••I F • i.\n " L mK XK
K

over links

so, A.. = 6.. j <NN

A.. = const . • F . _ j ^ NN
lj i m, j-P

Tree Capacitances:

a) initial time point problem

branch relation:

v. = initial condition
l

Thus Vcisli'°

h-1

k. = initial condition
i

so A.. = 6..

11

b) general time point problem

Let 1 designate the previous time point and 2 designate the present

time point. A trapezoidal numerical integration formula is employed.



branch relation:

v..- const . i.„ = const .•!.. + v.r
i2 i i2 1 ll ll

Thus k. = const . . i., + v
i l ll il

I. =C. = 0
l l

h=1

a. = const,
i *

Now i._ must be expressed in terms of link currents, i. e.,

las - I F • i

iK 2M
K *

over links

so A.. =6.. j <NN

A.. = const . • F. . j ^ NN
ij i l, J-P

Tree Resistance:

branch relation:

v. - const . • i. = 0
l li

Thus a. = const .
i l

h-1

C. = i. = k. = 0
ill

We must express i. in terms of link currents, i. e. ,

12



H--Z F • i
iK K

13

K

over links

so, A.. = 6.. j < NN

A.. = const . • F. . „ j ^NN
ij i i>J--^

Tree Inductances:

a) initial time point problem

Due to our selection of a proper tree, the initial voltage across

a link inductance is taken to be zero.

branch relation:

v. = 0
i

Thus a. = C. = I. = k. = 0
1111

so A.. = 6..

b) general time point problem

Let 1 designate the previous time point and 2 designate the present

time point. A trapezoidal numerical integration formula is employed.

branch relation:

v - const . • i.„ = - v.. - const . • i._
i2 i i2 ll l ll

thus a. = const .
i i

C. = I, = 0
l i



k. = - v., - const . • i.,
1 ll 1 ll

We must express i in terms of link currents, i. e.,
i2

\z =• I F • i

iK 2K
K K

over links

so A.. = 6.. j <NN

A.. = const . • F. . _ j ^ NN
ij i i,J-P

Dependent Current Sources:

a) voltage controlled (controlling voltage is a link voltage).

branch relation:

i. - const . " v = 0
l i m

thus or. = - 1
l

p. = C. = k = 0
ri l i

t. = const .
l l

We must express v in terms of tree voltages , and i. in terms
m 1

of link currents, i. e.»

v = ) F' • v
m l_j m-P, K K

K

over tree

branches

L. = - ) f • i
i Z_i 'iK K

K

over links

14



so A.. = - F. v,const . j < NN
ij J,m-P i

A.. = - F. . _ j * NN
ij i,J-P

b) current controlled (controlling current is a tree current).

branch relation:

i. - const . • i =0
l i m

thus a. = - 1
l

p. =i. = k. = 0
ri i l

C. = const .
l i

Both i and i are tree currents and must be expressed in terms
i m

of link currents, i. e.,

i /_, lK K m La
K K

over links over links

so A.. = 0 j < NN

A.. = - F. . _ + const . • F . _ j ^ NN
ij i,j-P i m,j-P

Link Branches:

Independent Current Sources:

b r anch r elation:

i. = source value
l

F • i
mK K

15



thus a. = - 1
1

6. = C. = I. = 0
ri l i

k = source value
i

so, A.. = 6..

Dependent Current Sources:

a) voltage controlled (controlling branch is a link)

branch relation:

i. - const . • v =0
l i m

thus a. = - 1
i

3. = C. = k. = 0
ri i i

jg = const
i i

We must express v in terms of tree voltages, {. e,,
m

Vm = L Fm-P, K" VK
K

tree branches

so, A.. = - F. • const . j < NN
ij j, m-K i

A.. = 6.. j *NN

b) current controlled (controlling branch is a tree branch),

branch relation:

16



i. - const . • i = 0
1 i m

thus a = - 1
i

p. = I. = k. = 0
ill

C. = const .
l l

We must express i in terms of link currents, i. e.,
m

Xm L, FmK " XK
K

over links

so, A.. = 0 j < NN

A.. = 6 .. + F . • const . j > NN
ij ij m, j-P l

Link Capacitances:

a) initial time point problem

branch relation:

i. = 0
l

thus a, - - 1
l

P. = C = I = k. = 0
l ll i

so, A =6..
ij iJ

b) general time point problem

Let the subscripts 1 and 2 designate the previous and present

time points respectively. A trapezoidal numerical integration

17



formula is employed,

branch relation:

i. - const . • v = - const . • v - i
i2 1 i2 1 il u

thus a. = - 1
l

6 = - const .
i i

C. = I. = 0
l l

k. = - const. * v., - i.,
l i il il

We must express v.- in terms of tree voltages, u e.,

Vi2 =1 Fi-P' V2
K K

tree branches

so, A.. = - F. . _ • const . j < NN
ij J.i-P i

A.. = 6.. j * NN

Link Resistance:

branch relation:

i. - const, v. = 0
l ii

thus or. = - 1
l

P. = - const .
ri l

C. = I. = k. = 0
ill

18



We must express v. in terms of tree voltages, i. e. ,

\ - I F!-P, K' VK
K

tree branches

so, A.. = - F. . • const . j < NN
ij J,i-* i

Aij =6ij j * NN

19

Link Inductance:

a) initial time point problem,

branch relation:

i. = initial condition
i

thus a. = - 1
l

p. = C. = st. = 0
rl 1 1

k. = initial condition
l

so, A.. = 6..

b) general time point problem.

The subscripts 1 and 2 designate the previous and present

time points respectively. A trapezoidal numerical integration formula

is used.

branch relation:

i.0 - const . • v._ = i., + const . • v.,
i2 l i2 il i il

thus a. = - 1
i



B. = - const .
ri i

C. = 1. = 0
l l

k. = i.. + const . • v.,
l il l il

We must express v.? in terms of tree voltages , i. e,

Vi2 =L Fi-P, K ' V2K
K

tree branches

so, A.. = - F. . • const j < NN
ij h i-P x

A.. = 6.. j * NN

Dependent Voltage Sources:

a) voltage controlled (controlling branch is a link).

branch relation:

v. - const . • v =0
l i m

thus a. = C. = k. = 0
ill

P.=i

i. = const .
l l

both v. and v must be expressed in terms of tree voltages, i. e.,
i m

'1=1 Fi.P,K'VK
K

tree branches

20



Vm = L, F!m-P,K - VK
K

tree branches

so, A.. = F. . - F. • const j < NN
ij J.i-P J,m-P l

A.. = 0.0 j * NN
IJ

b) current controlled (controlling branch is a tree branch),

branch relation:

v. - const. • i = 0
1 l m

thus a. = I. = K. = 0
ill

C. = const .
i i

We must express v. in terms of tree voltages, and i in terms of
r i m

link currents, i.e. ,

v = > F1 • v
i L i-P, K K

K

tree branches

i = ) F -v
m L, m-P, K K

K

link branches

so, A.. =F. . _ j< NN
ij J»i-p

A.. = F _ . _ ' const . j > NN
ij m-P,j-P i

21
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SECTION II

Program CANINE

MAIN program:

The MAIN section of program CANINE ensures that the desired

subroutines are called in the correct sequence. It solves both the

initial condition and general time point problems, in the way discussed

in Section I. It also controls the calls to the output routines.

BLOCK DIAGRAM - MAIN PROGRAM

©

CALL READIN

Read in network description

compute proper tree (CALL PT)

compute associated F 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

I



©

CALL MATSET

compute appropriate A matrix and k vector

call MATINV, to obtain A"
-1

obtain x from x = A • k

I
CALL CALCAL

compute tree currents and link voltages from tree

voltages and link currents via Kirchhoff's laws

I
Call desired output routines

CALL INCREM (which may call PERIOD)

increment independent source values.

0

hlO

—0

CALL PT - compute optimal tree

CALL FCSM - compute associated F matrix if needed

CALL KONST - compute new internal scale (if desired)

- compute new branch constants

23



SUBROUTINE MATSET

This subroutine computes the A matrix and k vector for

both the initial condition problem and for the general time point

problem. MATSET then calls MATINV which computes A . The

solution is then computed from

below.

Zt
= A

-1

The general operation of this subroutine may be seen

BLOCK DIAGRAM - SUBROUTINE MATSET

Compute appropriate A matrix (corresponding

to intial condition or general time point

problem), and appropriate vector k

CALL MATINV

Compute A

Compute v and j. from

*t = A-1 • k

h j

RETURN

24
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SUBROUTINE MATINV

This is a standard IBM matrix inversion routine which obtains

A via Gaussian elimination, making use of maximal pivoting.

The original matrix A, is destroyed in the process, and

A** is stored in the place of A.

MATINV also computes the determinant of A which can be

outputed for diagnostic purposes.
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APPENDIX A

Dependent Source Modeling:

Each dependent source requires two branches for its complete

specification, 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: • v

CANINE model:

v

controlled

voltage

V

controlled

voltage

Current Controlled Voltage Source:

Ideal model:

V (i

controlled

voltage

controlling
voltage

ISO

controlling
voltage

irr.

controlling
current

V2 kV

V^kV

V ski



CANINE model:

V t) UJvso

controlled controlling
voltage current

Voltage Controlled Current Source:

Ideal model: *~~ "
+

CANINE model:

controlled

current

controlling
voltage

*(D (J)**0 ye
controlled

current

Current Controlled Current Source:

Ideal model:

CANINE model:

*a
controlled

current

controlled

current

controlling
voltage

controlling
current

i)vso

controlling
current

27
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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.

28



APPENDIX B

Data Cards for CANINE:

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)

TSTART, starting time (E)

TEND, end time (E)

H, time increment (E)

NSTEP, number of time iterations per output (I)

NCONT, tree and F output control (I)

NCONT = 1=^-outputs desired

NCONT = 0 ^outputs not desired

col 1-5, - NN

col 6-10, - NB

col 11-25, - TSTART

col 26 - 40, - TEND

col 41 - 55, - H

col 56 - 60, - NSTEP

col 80, - NCONT

^

J

DATA CARD # 1

29



30

Card # 2:

Variables read in, in sequential order

NGRAPH, number of graphical outputs (I)

NALLOUT, control variable for use of ALLOUT subroutine (I)

NALLOUT = l=^use of ALLOUT is desired

NALLOUT = 0=»use of ALLOUT is not desired

JOUT, number of outputs desired (I). To be used in conjunction

with subroutine READOUT.

SCALE, scale factor (E)

3
eg. scale factor of 10 sets current unit to milliamps.

NSCALE, control variable for use of internal, automatic current

scaling.

NSCALE = 1, a^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, - JOUT

col 16 - 30, - SCALE

col 40, - NSCALE

J

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

DATA CARD # 2
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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

KONBRAN, dependent source controlling branch (I)

LEAV, node which branch leaves (I)

LENT, node which branch enters (I)

NCARDS, a flag signalling that more data pertaining to this branch

needs to be read in (independent sources only). (I)



NCARDS = 0=^no more data needed

NCARDS ^ 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

unitiess (see Appendix A)

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, - IBRAN

col 5 - SORTYPE

col 6 - CONTYPE

col 7 - 9, - KONBRAN

col 11 - 12, - LEAV

col 14 - 15, - LENT

col 17 - 18, - NCARDS

col 21 - 35, - VALUE

col 36 - 50, - COND

^

J

DATA CARD FOLLOWED BY

OTHER RELATED CARDS IF

NCARDS t 0

32

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

the corresponding noneonstant independent source.

If SORTYPE =S, ie a sinusoidal source, the signal is assumed

to be of the form



A- sin (w * t - <j>)

one card is required to describe the above

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

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

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

If SORTYPE = E, ie an exponential source, the singal is

assumed to be of the form

one card is required to describe the above

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

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

col 21 - 30, signal phase <j>, at t = TSTART. (E)

If SORTYPE = T or P, ii 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 alotted 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 alotted 10 columns

of space (E).
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OUTPUT specifications;

Only one type of output is allowed for any one network analysis,

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

The following data cards follow immediately after the network

description data cards.

IF NGRAPH M, we need NGRAPH (^ 5) data 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 £ o, we need JOUT (^ 200) data cards with the following

information

col 1-5, branch number (I)

col 10, output type desired (I)

1 =^ current desired

0 =#• voltage desired

If NAL.L.OUT ^ 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.



APPENDIX C

Sample Problems:

Notation:

— Circled numbers indicate node numbers

— Uncircled numbers indicate branch numbers

— R's indicate resistances, in ohms

— Li'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

35



Sample Problem # 1:

Butterworth Filter: . \4^J

T

©

NN = 5

NB = 6

I

©

The input E is specified to be

\Ov

2.5 kio""6 Sxi©

Specifications:

— Initial time = 0 (TSTART = 0. 0)

—Final time =10"4 (TEND =0. 0001)
-6

— Time increment = 2 X 10 (H = 0. 000002)

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

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

3
— Desire current to be in millamps (SCALE = 10 and NSCALE = 1)

— Desire the following graphical outputs

Branch 1 voltage |

Branch 2 current > (NGRAPH = 3)

Branch 6 voltage J

L

5

-c

t cseO

R =10

L = 0. 01

C = 2 X10
-8

36
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Specify zero intial conditions

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

the following page.

The central processor time, for this problem, was 2.86 seconds.

Comments on Sample Problem # 1:

The proper tree selected at the initial time point coincides

with the optimal tree picked at the second time point. Thus F is

computed only once and hence, is: outputed only once.
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Sample Problem # 2:

Controlled source DC problem:

I v oc

R2=R5 =R6=1
NN = 5

NB = 8

42

,©*•

Branch 3 is a current controlled current source, controlled by branch 4

I3 =5 * I4

Branch 8 is a voltage controlled current source, controlled by

branch 7

I = 3 * V
8 7

Specifications:

— Since our problem is a resistive DC network, we need the

solution at only one time point. Set TSTART = 0. 0 = TEND

— The time increments is arbitrary (set H = 0. 0)

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

Do not desire tree and F 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 required data cards, for this problem, may be seen on

the following page. The central processor time, for this problem,

was 0. 234 seconds.
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TIKE = V.

&PANCI- 1 CLRKE.NT

yPANCH 1 vclTage

BP.ANCh d current

BPANCh ?m VClTAGE

bPANCh .3 current

BPAIJGh J • VCL-TAGE

BpA.xJCI- H- current

BPANCh *¥. vcltage

.BRANCH-- 5 . CURRENT

BRANCH IS vc'ltage

branch 0 current

8PANCK- 6 •^gl^age

bPANO J . CURRENT

bFANCH 7 vclJAge

8RANCH ..a.~. .CURRENT

BRANCH a voltage

-.13333E+01

.10000E+01

..13333E*01

.13333E+01

.16667E+01

-o33333E+00

.33333E+00

0,

-..3333 3£.* 0.0.

-•33333E+00

-.25000E+00

<-.2&000E + 00

0, .

-.83333E-01

.^.25-OOOE+OO

.25000E+00
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Sample Problem # 3:

D. C. Amplifier

Modeling, " our network becomes

47

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

a current through a zero valved voltage source. Modeling the controlled

source in the way described in the section on "Dependent Source

©

?0 V



48

The approximate theoretical gain (neglecting the 30 K across

the controlled current source) can be shown to be:

about a quiescent value of L of 1.1 ma.

Specifications:

1= A sin (1. 8 t)

A = 0.1 milliamps

t is in seconds

— initial time = 0 (TSTART = 0. 0)

— final time = 5 (TEND = 5. 0)

— time increment = 0.1 (H = 0.1)

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

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

— desire internal, automatic current scaling (NSCALE i 1)

— desire the following graphical outputs

Branch 1 current

Branch 4current I (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. 48 seconds.
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Sample Problem # 4:

Compatible voltage source loop

Re = 1

NN = 4

©
vvvW—^ n

eKrJVBo

NB = 6

Branch 3 is a current controlled voltage source, controlled

by branch 6

V3 =3 * I6

52

Specifications:

— since we have a resistive DC problem, we need solution

at only one time point.

— the time increment is arbitrary, (H = 0. 0)

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

— do not desire tree and F, to be outputed (NCONT = 0)



53

— desire automatic internal scaling (NSCALE *£ 1)

— desire all branch currents and voltages to be outputed.

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.

Comments on Sample Problem # 4:

Note that when dependent and indpendent voltage source loops

exist in a network, it is of paramount importance for them to be

"compatible, " that Kirchhoff's voltage law be satisfied around that

loop.

Incompatible loops, of the above type, will yield incorrect

executions of CANINE. The same holds for cutsets of independent and

dependent current sources.
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TIKE =

BRANCH

BRANCh

BRANCH

BRAhCH

branch

BPANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

i CLRREMT

z CLRRENT

3 CURRENT

4 CLRRENT

b CtRRENT

6 CURRENT

1 VolTAgE

d vclTAge

3 VCL-TA6E

4 VCLTA6E

5 VCL.TAGE

b voltage

-aooooE+oi

-.10000E+01

.24136-225

,10oOOE+Ol

.10000E+01

.1U000E+01

.10000E+01

,2ooooe*oi

.3000QE+01

,20000E*01

.10000E+01

0.
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Four step RC ladder network- /T\
.C (2 „C © ilCL_^l_Jl£

R =10

-5
C = 10

NN = 6

NB = 9

The input E is specified as follows:

W

C7« \

56

4: Csec)

Specifications:

initial time = 0 (TSTART = 0. 0)

— final time = 50 milliseconds (TEND = 0. 05)

— time increment = 1 millisecond (H = 0. 001)

— 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 1voltage **> (NGRAPH =2)
Branch 5 voltage J

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

following page. The central processor time, for this problem, was

4.17 seconds.
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TIME

y.
.1000E-02
•20CnE-02

.3000E-02

.4000E-02
•5000E-02

,600u£-02
.700DE-02
.eooaE-02

•9000E-02
.lOOOE-Ol
• UOOE-Ol
•1200E-01
.UOOE-01
•1400E-01

•ISOOE-Ol
•lbOOE-Ol
.1700E-01
•1800E-01
.1900E-01
.20006-01
•2100E-01
.2200E-01
.2300E-01
•2400E-01
.2500E-01
•2600E-01
.2700E-01
.2800E-01
.2900E-01
.3U00E-01
•3100E-01
•3200E-01
•3300E-01
.3400E-01
.3500E-01
•3600E-01
.3700E-01
.3800E-01

.3900E-01
•4000E-01
.4100E-01
•4200E-01
.4300E-01
.4400E-01
.4S00E-C1
,4b0OE-0l
.4700E-01
•4800E-01
.4900E-01
,5O0OE-0l

VALUE

•100QE*01
.4983E*00
•2778E*00
•17S0E*00

.1222E*00

.912SE-01

•7C32E-01
•S<»*6E-0l
•AlblE-01
.3C51E-01

•2098E-01
-.7365E*00

-.3R27E+00

-•2274E*00
-.1552E*00

-•1182E+00
-.96A7E-01
-.Q171E-01

-.70*3E-01
-.6113E-01
-.5312E-01

-.4t09E-01
-.39B5E-01
-.3428E-01

-.2932E-01
-.2489E-01
-.2094E-01
-.1742E-01
-.U28E-01
-.1150E-01

-.9026E-02
-.6835E-02
-.4e98E-02
-.3188E-02

-.1682E-02
-.3601E-03

.79T4E-03
•1807E-02
.2685E-02
•3444E-02
.4098E-02

.4656E-02

.S131E-02

.5529E-02

.5P61E-02

•6133E-02
.f:3blE-02
.6F23E-02
.6653E-02
•67*5E-02
.6P06E-02
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Sample Problem # 6:

Large time constant spread problem - quick response:

R (F) R
a

©

toe)

©

61

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

Specifications:

— initial time = 0 (TSTART = 0. 0)

-5
— final time = 50 microsec. (TEND = 5 X 10 )

-6
— time increment = 1 microsec. (H = 10 )

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

— do not desire tree and F to be outputed (NCONT £ 1)

—desire internal automatic current scaling (NSCALE t 1)

— zero initial conditions

— desire the following graphical outputs

Branch 3 voltage "^

Branch 4 current

Branch 2 current

Branch 5 voltage _,

> (NGRAPH = 4)

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

page.
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The central processor, time for this problem, was 2.96 seconds.

Comments on Sample Problem # 6:

The quick response steady state voltage across (3 is 0. 5 volts,

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

initial conditions on C when the slow time response is desired.
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TIMf

C.

. 10 001 -C5

.2C00l-r*5

.3O0O[-f5

.*000L-C5

.*0 00J-C5

.60COI-C5

.70COi>05

. 80 001-( 5

.90COf-C5

. 10 cor-04

. iicop-r4

.12 00!-C4

.13001-04

. 1*001-04

.15 COt-04

. I600i*-C4

.17C0E-C4

. 18 00F-C4

. 19GGE-C4

. 20 001-C4

.2100F-C4

.22 00T-C4

.2300f-C4

.24C01-C4

. 2500*1-04

.26C0L-C4

. 27001--C4

.2P0C1-C4

.29C0F-C4

.3O00r-04

.31C0E-C4

.32 00F-C4

.3300E-C4

.34CG'-C4

.3?00F-C4
• 36 00F-C4

• 3700E-C4

.38C0f-C4

.39C0E-C4

.A000I-C4

. 41001-C4

.«200f-C4

•4300L-C4
.4400"-C4

.A5 0CL-C4

.4<E-00f.*-C^

.47C0I-C4

.<8 00f -O

.4900'-C4

.fcoor-f4

VALUt

0.

.9091F-01

. U5T : + 0C

.72fili>On

.2759-+00

.31*7'+00

.35001 +00

.3773!-*00

.399fr+00

.4178f+00

.4328^+00

.4450~: + 00

.455C+00

.4632' +00

.4699; +00

.4754f.+00

.4798C+0C

.4835!+00

.4865r+00

.48901+00

.4910! +C0

.4926[+00

.4940f+00

.4951T+00

.4960t+00

.4967c+00

.49731+00

.4S78E+00

.4982F+00

.4985E>00

.4988J +C0

.499CF+00

.4992r+00

.4993r-+00

.4995f+00

.4996"+00

.*?96i"+00

.4997*:+00

.^998^+00

.4998f"+00

.4998f+00

.4999J +00

.4999f:+0()

.499 9 if+00

.4999i +f n

,4999r+P0

.5 000+00

.5000; +00

.5000' +0C

.^OOCf +00

.FCOOf +0C

BRANCH VOLTAGE
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+

♦

+

+
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+
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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 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. (NSCALiE £ 1)

—initial voltages are

V JO) =0. 5v
C.3

Vc5(0) =0 v

desire the following graphical outputs

Branch 3 voltage

Branch 4 current

Branch 2 current

Branch 5 voltage

(NGRAPH = 4)

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

page.

The central processor time, for this problem, was 3. 06 seconds.
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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,
Q

would have a step 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.
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Sample Problem # 8:

Network with zero-valved elements:

R2 = 1

R3 = 0

R4 = 2

C5 = 0

L6 = 0

C7 = 1

L8 = 1

NB = 8

R
AAM/VA- .©

71

Specifications:

— initial time = 0 (TSTART = 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 = 1)

— desire all voltages and currents outputed at every fifteenth time

point (NSTEP = 50)

— desire internal, automatic current scaling (NSCALE *£ 1)
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— 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 2.49 seconds.

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 valved 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

Rfs and L's), and no cutsets of open circuits (independent current

sources and zero valued C's). Should the above conditions not be

satisified, an arithmetic error will result during the execution of the

program.
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TIME = 0.

BRANCH 1 VOLTAGE

BRANCH ? VOLTAGE

BRANCH 3 VOLTAGE

BRANCH i. VOLTAGE

BRANCH c VOLTAGE

BRANCH 6 VOLTAGE

BRANCH 7 VOLTAGE

BRANCH 8 VOLTAGE

BRANCH 1 CURRENT

BRANCH 2 CURRENT

BRANCH 3 CURRENT

BRANCH /; CURRENT

BRANCH cv CURRENT

BRANCH 6 CURRENT

BRANCH 7 CURRENT

BRANCH 8 CURRENT

.10000^+02

.10C00E+02

C.

c.

0.

c.

c.

c.

-.1.0000E+02

.IO00OE+02

0.

C.

C.

0.

.10000E+Q2

0*

75



TIME=

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

.50000E+01

1VOLTAGE

2VCLTAGE

3VOLTAGE

4VOLTAGE

5VOLTAGE

6VOLTAGE

7VOLTAGE

PVOLTAGE

1CURRENT

2CURRENT

3CURRENT

4CURRENT

5CURRENT

6CURRENT

7CURRENT

3CURRENT

.10000E+02

.10O60E+02

C.

-.59957E-01

-.59957E-01

C.

-„599?7E-01

-.59957E-01

-.10060E+02

.10060E+02

-.29979E-01

-.29979E-01

0.

-.29979E-01

-.187AOE+00

.10277E+02
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APPENDIX D

CANINE Fortran IV Listing (CDd-^CaiX))
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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

78

CANINEtINPUT,OUTPUT)

CNTSOR

TEMP

TYPE

SORTYPE»CONTYPE

CONTTEMtSORTEM

/BLOCK1/ NNP(200)»NP(200)

/BLOCK2/ IBRAN(200)»LEAV<200)»LENT(200)

/BL0CK3/ TYPE <200)»VALUE <200)»F <49•151)tNOEL <7)

/BLOCKS/ ITBRAN(200)*LEAVT<200)»LENTT(200)

/BLOCK5/ IOUT(200)»NOUT(200)11 TEST(200)

/BLOCK6/ TEMP(7),E(200)»GRAD(200)»CONST<200)

/BLOCK7/ IDIMEN*ALPHA»FUNCT»NIC»NITER*HtEPStNN»NB

/BLOCK8/ V(200»2)»C(200»2)
/BLOCK9/ SORTYPE(200)»CONTYPE(200)»KONBRAN(200)

/BLOCK10/ COND(200)»IDELfTSTARTtTEND*NSTEP

/BLOCK11/ SORVAL(5»100)»TIMEPTC5»100)»SNSOID<5»3)tNNI<5)
/BLOCK12/ CONTTEM(200)»SORTEM(200)>CONDTEM<200)»KONTEM(200)

/BK13/ ISTEP»OLDVAL(5)fSECVAL(5)»OLDTIME(5)»SECTIME(5)»NNJ(

COMMON

DIMENSION HH(20»20)

NDATA=0

NLNEAR=0

NIT=0

NPRINT=0

NIC=0

IF (NDATA.EQ.O)

CALL SECOND (T)
TO=T-TU

PRINT 13» TO

CALL SECOND (TU)

CALL READIN

IDELaNSTEP-1

NDATA«NDATA+1

CALL KONST

CALL INCREM

GO TO 9

NIC=NIC+1

CALL INCREM

IF (NOEL(7).EQ.O)

NK=NB-N0EL(7)+1

DO 4 I=NK»NB

IF (SORTYPEU )«EQ.1HC)

C(If2)=C(I»2)*SCALE

CONTINUE

/BL0CK14/ KP(5)

/BLOCK 15/ NIT»JOUT»NGRAPH»NALLOUT

/BL0CK16/ GRAF(200»5>»JGRAPH(5)*IGRAPH(5)»NPRINT#SCALE»NITT
/BL0CK18/ VAROUT(200)

/BL0CK19/ CNTSOR(200)

/BLOCK20/ NCONT»KLOOP»KPP

/BL0CK21/ NST(5)

/BL0CK22/ CKC200)

/BL0CK24/ SCALtNSCALE

/BLOCK25/ X(200)»Y<200)t2(200»2)

GO TO 2

GO TO 5

GO TO 4

A 1

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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5 NIT=0

IF (NLNEAR.NE.O) GO TO 6

IF (NICNE.l) GO TO 11

6 CALL PT

IF (KPP.EQ.O) GO TO 7

GO TO 8

7 SCAL*SCALE

GO TO 11
8 CALL FCSM

CALL KONST

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

DO 10 I=NN»NB

C( I »2)=C(112)*SCALE/SCAL

C(It1)»C(I»1)*SCALE/SCAL

10 CONTINUE

11 CALL MATSET (HH»NBtNN»NIC>
CALL CALCAL

NIT=NIT+1

IDEL=IDEL+1

IF (IDEL.NE.NSTEP) GO TO 12

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.20D GO TO 1

12 IF (NIC-NITER) 3»ltl

C

13 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
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SUBROUTINE READIN

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

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

COMMON /BLOCK1/

COMMON /BLOCK2/
COMMON /BL0CK3/

COMMON /BL0CK4/

COMMON /BL0CK5/

COMMON /BL0CK6/

COMMON /BL0CK7/

COMMON /BL0CK9/

COMMON /BLOCK10/

COMMON

COMMON

COMMON

15)

COMMON /BL0CK15/

COMMON /BL0CK16/

COMMON /BLOCK20/

COMMON /BL0CK24/

ISTEP=0

IJK1=0

IJK2»0

KSORaO

KCURR=6

READ 19, NN9NB»TSTART»TEND»HfNSTEP»EPS»NC0NT

IF (NN.EQ.O) STOP

READ 20» NGRAPH»NALLOUT»JOUT,SCALE»NlTT»NSCALE
PRINT 21» TSTART,TEND»H

PRINT 22» NN»NB»SCALEtNSCALE

PRINT 23» NSTEP

IF (H.EQ.O.O) GO TO 2

NITER=(TEND-TSTART)/H

GO TO 3

NITER=0

DO 9 1=1,NB
READ 24, TYPE(I),I BRAN(I)»SORTYPE(I),CONTYPE(I),KONBRAN(I)»LEAV(I)

1,LENT(I)»NCARDS»VALUE(I),COND(I)

IF (NCARDS.EQ.O) GO TO 9

IF (TYPE(I).EQ.IHJ) GO TO 4
IF (SORTYPEd).EQ.1HS.0R«S0RTYPE(IJ.EQ.IHE) GO TO 5
IF (SORTYPEd).EQ.1HP.0R.S0RTYPE(I)«EQ«1HT) GO TO 6
ISTEP=ISTEP+1

IF (S0RTYPE(I).EQ#1HP.0R.S0RTYPE(I)«EQ.1HT) GO TO 8
IF (SORTYPEd WEQ.1HS.OR.SORTYPEd UEQ.1HE) GO TO 7
GO TO 9

KS0R=KS0R+1

NNJ(KSOR)=0
READ 25, (SNS0ID(KS0R,J)»J=1,3)

TYPE

TEMP

SORTYPE»CONTYPE
CONTTEM,SORTEM

TYTEMP

NNP(200)»NP(200)
IBRAN(200),LEAV(200),LENT(200)
TYPE(200)9 VALUE(200)♦F(491151)»NOEL(7)
ITBRAN(200)»LEAVT(200)»LENTT(200)
IOUT(200)t NOUT(200)♦ITEST(200)
TEMP(7)»ITBB(200)tTYTEMP(200)•VALTEM(200)
IDIMEN»ALPHA,FUNCT,NIC>NITER»H,EPSfNNtNB

SORTYPE(200)tCONTYPE(200),KONBRAN(200)
COND(200),IDEL,TSTART»TEND»NSTEP

/BLOCK11/ SORVAL(5*100)»TIMEPT(5tlOO)»SNSOID(5»3)»NNI(5)
/BLOCK12/ CONTTEM(200)»SORTEM(200),CONDTEM(200),KONTEM(200)
/BK13/ ISTEP tOLDVAL(5),SECVAL(5)»OLDTI ME(5)»SECTI ME(5)»NNJ(

NIT,JOUT»NGRAPH»NALLOUT
GRAF(20015),JGRAPH(5)♦IGRAPH(5)»NPRINT »SCALE »NITT
NCONTtKLOOP

SCAL»NSCALE

B 1

B 2

B 3

B 4

B 5

B 6

B 7

B 8

B 9

B 10
B 11

B 12

B 13

B 14

B 15

B 16

B 17

B 18

B 19

B 20

B 21

B 22

B 23

B 24

B 25

B 26

B 27

B 28

B 29

B 30

B 31

B 32

B 33

B 34

B 35

B 36

B 37

B 38

B 39

B 40

B 41

B 42

B 43

B 44

B 45

B 46

B 47

B 48

B 49

B 50

B 51

B 52

B 53

B 54

B 55



GO TO 9

6 KSOR=KSOR+l

NNJ(KSOR)=0

READ 26* NNKKSOR)
NNN=NNI(KSOR)

READ 27, (SORVAL(KSOR*J)*J=l,NNN)
READ 27, (TIMEPT(KS0R,J)*J=1,NNN)
GO TO 9

7 KCURR=KCURR-1

NNJ(KCURR)=0

READ 25, (SNSOID(KCURR,J),J=l,3)

GO TO 9

8 KCURR=KCURR-1

NNJ(KCURR)»0
READ 26, NNKKCURR)

NNN=NNI(KCURR)
READ 27, (SORVAL(KCURR,J)»J=l,NNN)
READ 27, (TIMEPT(KCURR»J),J=1,NNN)

9 CONTINUE

IF (NGRAPH.EQ.O) GO TO 10

READ 28, UIGRAPH(I),JGRAPH(I)),I*1,NGRAPH)
10 IF (NALLOUT.GE.l.OR.NGRAPH.GE.l) GO TO 11

READ 28, (dOUT(I),ITEST(I)),I =l,JOUT)
11 PRINT 18

PRINT 29

DO 12 1=1,NB

PRINT 30* IBRAN(I)*TYPE(I)•VALUE(I),LEAV(I),LENT(I),COND(I)
12 CONTINUE

DO 14 1=1*NB
IF (SORTYPE(I).NE.IH ) GO TO 13

GO TO 14

13 IF (IJK1.EGU0) PRINT 31
IJK1=1

A=7HV0LTAGE

IF (TYPE(D.EQ.IHJ) A=7HCURRENT

PRINT 32* A,IBRANd),SORTYPEd)
14 CONTINUE

DO 17 I=1»NB

IF (CONTYPE(I).NE.IH ) GO TO 15
GO TO 17

15 IF (IJK2.EQ.0) PRINT 33

IJK2=1

IF (TYPE(D.EQ.IHI) GO TO 16
A=7HCURRENT

IF (CONTYPE(I).EQ.IHV) A=7HV0LTAGE
PRINT 34* A»IBRANd),K0NBRAN(I)
GO TO 17

16 A=7HCURRENT

IF (CONTYPE(IWECUIHV) A=7HV0LTAGE
PRINT 35, A,IBRAN(I),K0NBRAN(I)

17 CONTINUE

IDIMEN=NB-NN+1
KLOOP=0

CALL PT

IF (KLOOP.EQ.l) GO TO 1

81

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 B2

B 83

B 84

B 85

B 86

B 87

B 88

B 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



C

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

CALL FCSM

RETURN

FORMAT (1H1*55X»
FORMAT (I5,I5»E1

FORMAT (3I5»E15.

FORMAT (1H1,////

1NG TIME = *»E15.

2 E15.5)

FORMAT (1H0»///*
IS = **I5*///»30X

2
(lH0»///»
(A1»I3,A1

( 3E10.3)

( 15 )

( 8E10.3

(215)

(1H0*///*
(1H0* 3X»

*»E12«5»

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

1 VALUE
22X** COND = *»E1
FORMAT (1H1,////

FORMAT (1H0»10X»
FORMAT (1H-,///*

FORMAT (1H0*10X*
1 BY BRANCH*,I 5)

FORMAT (1H0*10X*
1 BY BRANCH*,I5)

END

82

*THIS IS THE GIVEN NETWORK *>
5.3*E15.3»E15.3*I5,E15.3»I5)
5,15,15) _ Mt
/ ,40X** STARTI
5,* END TIME = *,E15.5,///,40X.*STEP SIZE * *•

30X»*NUMBER OF NODES = *»I5»* NUMBER OF BRANCHE
**SCALE FACTOR = *.E15.5,///,30X*

*NSCALE = **I5)

30Xt* NUMBER OF TIME ITERATIONS PER OUTPUT = **I5)
,A1*I3.1X*I2»1X»I2*1X.I2»2X,E15.4»E15«4)

)

55X**UNITS ARE OHMS* FARADS AND HENRYS *)
♦BRANCH NUMBER *»2X,I3*4X»* IS A *tAl** OF
* LEAVING NODE *,I3»* AND ENTERING NODE *»I3*
0.3)
♦30X»*INDEPENDENT SOURCES**///)
A7» * SOURCE BRANCH *»I3»* IS OF TYPE *»A1)
30X.*CONTROLLED SOURCES *•///)
A7** CONTROLLED VOLTAGE SOURCE**I3»* IS CONTROLLED

A7»* CONTROLLED CURRENT SOURCE**I3»* IS CONTROLLED
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B 112

B 113

B 114

B 115

B 116

B 117

B 118

B 119

B 120
B 121

B 122

B 123

B 124

B 125

B 126

B 127

B 128

B 129

B 130

B 131

B 132

B 133

B 134

B 135

B 136

B 137

B 138
B 139

B 140-



SURROUT

INTEGER

INTEGFR

INTEGER

INTFGER

INTFGER

INTEGER

INTFGER
COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

KK=NN-1

KM=0

KKTT=0

IF(MIC

TFWP(1)

TFMP(2)

TFMP(3)

TFMP(4)

TFMP(5)

TFMP(6)

TFMP(7)

DO3K=

KT=0

0021=

IF(TYP

GOTO2

KM=KM+1

ITBRAN(

TYTEMP(

VALTFM(

<T=KT+1

CONTTFM

^opt^MC

CONOTEM

KONTFM(

CONTINU

NOEL(K)

CONTINU

0041=

K=ITRRA

83

,TFMP02♦TEMP03,TF*'P04»TEMP06»TEMP07*TFMD09
INFoj

TFMPOl

TYTFMP

TYPF

TFMP

CONITYP

S9RTFM

CNTSOR

/RL0CK1

/RL0CK2

/RL0CK3

/RL0CK4

/RLOCK5

/HL0CK6

/RL0C<<7

/RL0CK8

/RL0CK9

/RL0CK1

/BL0CK1

/RL0CK1

/RL0CK1

/RL0CK1

/RL0C<1

/RIOrK?

/BLOCK?

F,SOPTYPE

•CONTT^m

/NNP(200)*NP(200)
/IRRAN(200)iLFAVt?^),LFNT(200)
/TYPE(200)•VALUE(200),F(49*151)*N0FL(7)
/ITBRAN(200)*LFAVT(200)»LENTT(?O0)
/IOUT(?00)»NO!IT(200)♦ITFST(200)
/tf^P(7),ITRR(?0O),TYTFMP(?00),VALTEM(?pn)
/T0IMFN,Al.PHA,FMNCT*NTC»NTTFR,H*FPS*NN*N'P
/V(200*2)»C(20n,?)
/S0RTYDE(200)*rOMTYPE(200),KONBRAN(2on)
0/CON0(200),IDFL»TSTART»TFND*N?TEP
2/CONTTFM(200),SORTFM(200),CONTTFM(200),KONTFM(200)
5/NIT,JOUT»NGRAPH»NALLOUT
6/GRAF(200,5)*JGPAPH(5)»IGRAPH(5)*NPRINT,SCALE*NITT
8/CONST(200)
9/rNTSOR(200)

0/wrOMT»<LOOP,<PP

1/NST(5)

.NF.O)GOTO5

=1HE

=1HV

=1HC

=1HR

=1HL

=1HI

=1HJ

1*7

1,NB

F(I).FO.TFMP(K))

KM)=I

<M)=TEMP(K)

KM)=VALUF(I)

(KM)=CONTYPF(T)

KM)=S0PTVpr(j)

(<M)=COMO(I)

KM)=KONRRAN(I)

F

=KT

F

1,NR

M(T)

GOTO1
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C

C

C

C

C

C

C

C

C

C

C
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c
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c
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c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c

c



84

LFAVTtI)=LFAV(K)

LFNTT(I)=LFNT(K)

TYPE(I)=TYTFMP(I)

VALUF(I)=VALTFM(I)

CONTYPR(T)=CONTTFM(T)
SORTYPF(I)=SORTFM(I)

COND(I)=CONOTFM(T)

KONRRAM(T)=KONTFM(T)

4fONTTNU17

IF(NOFL(4).FQ.O)GOTO15

N=.NOFL(l)+NOFL(2)+NOPL(3)+l

MM=N+N0FL(4)-1

GOTO6

5CONTINUF

M^=NB-NOFL(7)

N=NOFL(l)+l
6M=MM-1

DO7I=N»MM

IF(TYPF(I).FO.IHV)CONST(I)=1.0F-50
IF(TYPF(I).F0.1HC)r>0TO8
IF(TYPF(I).FQ.1HR)CONST(I)=VAL«JF(T)
IF(TYPFd).FO.IHL)'"ONST(I)=?.0*VALUF(I)/H
IF(TYPFd).FQ.1HI)C0NST(T)=1.0F+50

7CONTINUF

GOTO9

8IF(VALIJF(I).FQ.0.O)CONST(I)=1.0F+51
IF(VALUF(I).NF.O.O)CONST(I)=H/(2.0#VALUF(I))

GOTO7

QKPP=0

IF(N.GT.M)GOTO15

DO14I=N»M

KP=0

AMIM=CONST(I)

K=I+1

DO11J=K»MM

IF(CONSTtJ).LT.AMIN)GOTO10

GOTO11

inAMIN=C0NST(J)

NP(T)=J

KP=1

KPP=1

11CONTINUF

IF(KP.FQ.O)GOTO14

J=MP(I)

TFMP01=ITRRAN(I)

TFMP02=LFAVT(I)

TFMP03=LFNTT(I)

TFMP04=TYPF(I)

TEMP05=VALUE(I)

TFMP06=C0NTYPE(I)c
TCMP07=S0RTYPE(I)c
TFMP08=C0ND(I)

TEMP09=K0NBRAN(I)

TFMP10=CONST(I)

IF(NIC.FQ.O)GOTO\?

c56

c57

c58

c59

c60

c61

c62

c63

c64

c65

c66

c67

c68

c69

c70

c71

c72

c73

c74

c75

c76

c77

c78

c79

c80

c81

c82

c83

c84

c84A

c85

c86

c87

c88

c89

c90

c91

c92

c93

c94

c95

c96

c97

c98

c99



TFVP11=V(I*2)

TrMP12=C(I*?)

TrMP13=V(I»1)

TE^P14=C(1*1)

1? ITRRANtI)=ITRRAN(J)

LFAVT( I )=LEAVT(J)

LFNTT(I)=L"NTT(J)

TYPF(I)=TYP^(J)

VALIJF( I )=VALUE(J)
C0NTYPF(I)=CONTYPF(J)

SORTYPE(I)=SORTYPE(J)

COND(I)=CONO(J)

KONRRA.N( I )=KONRRAN( J)

CONST(I)=CONST(J)

TF (NIC.FO.O) GO TO

V(T*?)=V(J*2)

Cd*?)=C( J»2)

V(I»1)=V(J,l)

C( I,1)=C(J*1)

13 ITRRAN(J)=TFMP01

LrAVT(J)=TFMPO?

LFNTT(J)=TFMP03

TYPF(J)=TFMP04

VALtJF( J)=TFMP05

CONTYPF(J)=TFMP06

SORTYPE(J)=TF^P07

COND(J)=TFMP08

KONRRAN(J)=TFMP09

CONST(J)=TE^PlO

IF (MIC.FO.O) GO to

V( J»?)=TFMPU

C(J,?)=TFMP1?

V(J*1)=TFMP13

C(J*1)=TFMP14

CONTINUF

IF (2.GT.KK) GO TO

no 75 I=?,KK

MF=|.rNTT( T )

Ml =|_r/\VT( | )

NP(1)=I

NNPd )=1

M=T-1

vt = o

KT=1

17 OO 19 JJJ=1,M

J=M+1-JJJ

!c (^T.fo.J) GO jn

IF (LFA\/T( J) .FO.NF)

IF (l.FNTT( J) .FO.NF)

18 rnNTfMijF

To cnwTTN'JF

20 Tr (KT.FQ.l) GO TO

KA = MMP(|C T )

\s o = \\ o ( ^ T )

14

15

16

n

14

18

2*

TO

TO

2*

24
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IF (M.FO.O) GO TO 2^

MT = N|D ( KT-1 )

KT=KT-1

TF (KA.FO.-l) GO TO 22

NF-I.PAVT(KR)

r.n to 17

->y <Tt=<T-l

r,n jn ?o

?? NF = !_rNTT('<R)

Gn jn 17

2 3 IF (LF\'TT( J) . FO.NI ) GO TO ?6

NF=LCNTT(J)

KT=KT+1

NP(KT)=J

M M D ( V J )= 1

MT = J

M=T-T

GO TO 17

?4 IF (LFA\/T( J) .FO.NL) rO TO ?6

MC=LFAVT(J)

K T = < T +1

NP(KT)=.)

MMD(fcTT)=-1

MJ = J

M=T-1

GO TO 17

?S CONTINUF

GO TO 3 2

?f» t.AF = MOFL ( 1 )

IF (T.Lr#LAF) GO TO *?

77 jcvipni = T T^RAM ( T)

TFMpn^=t FA\/T( T )

TF^pn3=LrNTT(T)

jFMpn4=TYPF(I)
jrMpo5=VALUF(])

TFMP06=CONTYPF(I)

TF»"D07 = SORTYPF ( I )

TFMpo8=rONO(T)

jrMP00= KONRPAN| ( I )

TF (MTC.FO.O) GO T^ ?«

TrviPU = v(I*2)

TFN'Pi2=r ( T *?)

TfMPl3=V(1*1)

jfmp|4= C( T *1. )
?q CONTINUF

M| n = MB-l

TF (MlC.MF.n) M|.n=\in-MOF[. ( 7)-1

r>^. 30 JM=I ,M| R

JF=JM+1

J TRRAM ( JM ) =T Tpr?AM( JF )

LFAVTtJM)=LrAVT(Jr)

I rNTT{JN)=LFMTT(JF)

TVDF(JN)=TYPF(JF)

VAL»'C( J^)=VALUF( Jr )
COMTvpF(jm)=romty°f(jf)
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SUBROUTINE FCSM

INTEGER TEMP
INTEGER TYPE

INTEGER TYTEMP
COMMON /BLOCK1/

/BLOCK3/

/BL0CK4/

/BLOCK5/

/BLOCK6/

/BLOCK7/

/BLOCK20/

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON
SET MATRIX TO ZERO
KK=NN-1

NLB=NB-NN+1

DO 1 I=ltNLB

DO 1 J=1»KK

F(J»I)=0.0

CONTINUE
DO 8 I=NNtNB

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.EO.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.D GO TO 5
NE=LENTT(KB)

GO TO 2
NE=LEAVT(KB)

GO TO 2

F(J»IO)=-l*0

KT=KT+1
IF (LENTT(J).ECUNL) GO TO 8
NE=LENTT(J)

NP(KT)=J

NNP(KT)=1

M=l

GO TO 2

F(J»I0)=1.0

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

NNP(200)»NP(200)
TYPE(200)»VALUE(200)»F(49»151)»NOEL(7)
ITBRAN( 200)» LEAVT(200)»LENTT(200)
IOUT(10)tITEST(10).NOUT(10)
TEMP(7)»ITBB(200).TYTEMP(200)tVALTEM(200)
IDIMEN»ALPHA»FUNCT»NICtNlTER»HtEPS»NN»NB

NCONTtKLOOP
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D 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

D 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

D 43

D 44

D 45

D 46

D 47

D 48

D 49

D 50

D 51

D 52

D 53

D 54

D 55



NE=LEAVT(J)

NP(KT)=J

NNP(KT)=-1

M=l

GO TO 2

8 CONTINUE
IF (NCONT.EQ.O) GO TO 16
NLB=NB-NN+1

KK=NN-1

NCOUNT=-l

NT*NLB

NPAGE=1
PRINT 17» NPAGE

PRINT 18
PRINT 19* (J»J=WNLB)

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

10 CONTINUE
NPAGE=NPAGE+1

GO TO 9

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

12 NS3=1

NS4=25

GO TO 14

13 NT=NT+25

NS3=NS1

NS4=NS1+NT-1

14 CONTINUE

DO 15 I=1»KK
PRINT 20» U(F(I»J)»J=*NS3»NS4)

15 CONTINUE
16 RETURN

17 FORMAT (1H1»40X»*FUNDAMENTAL CUT SET MATRIX *t5X»*PAGE *»I3)
18 FORMAT (///)
19 FORMAT (lH0»7Xt25(2X»I2»lX))
20 FORMAT (lHOtI3»3X»25(2X,F3.0))

END
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SURR0UT1NF KONST

CALCULATION OF CONSTANTS KFLATFD TO FLFMFMT VALUFf-. FOP UOF IN BkAN
R r L ATI 0 MS AND G N AnIFNT

INTfOPR TFMP

IN'TFGFR TYPF

I N1 FGF|< V )RT YP«=• »COf-IT YPF
COMMON /f.L'iCK 3/ TYPi"( 700 ) ,VAL'!?' ( ?00) »F
COMMON /hi.0CK6/ TrMP ( 7 ) , F( 200 ) ,GRAD( 20

C';M!-iON /:5LOC<7/ I O I =lr',.!»ALPHA»F,-iMC.T »NI C
COMKOM /RL0C<8/ V( 200,2 ) »C ( 20n ,2 )
C •) MMO N / ii L OC < 9 / S 0 VT Y *-*» F ( 2 0 0 ) , C 0'«T v P I- ( 2
COMMON /fiLOCKl.0/ CDNh{?00) , IDfl. »T'<TV3T
COMMON /BLOCK 11/ O^RVAlM 5, 1 On ) . T TT'^T (
COMMON /:V<13/ I STFP,DI OVAL ( 5 ) ,GFCVAI.{ 5

.5)

C0 -1,••;on / oL;.)CK14/ N P ( r>)
COMMON /HL0CK16/ GRAF (200 >5 )?JO!-; APh (5 )

COM-ION /HLOC<24/ FOAL »NSC ALE

IF (NIC. Nl'.O) GO TO ?

^•M 1 1 = 1,5

r.r-CTIMr"( I )=Tl.Mr"PT( T ,?)

r:LOTrir( T )=TIMFPT( 1,1)

O^CVAL ( I )= SOrtVAL ( I » 2 )
01 OVAL( I )=SORVAL(1,1)

NP(I)=2

CONTINU'"

SCAL = OCAl.i-:

IF (NSCALfr.r0.1) GO

kw=o

on 4 I=NN»N:->

IF (TYPF(I).F0.1HR)

GO TO 4

IF (!< W • c 0 . 0 ) SC A Ln = V A LIJ F ( I )

K'.\» = 1

IF (VALU'::( I ).LT.SCAL5") 'cr ALF =V MJ J'r ( I )

CONTINUF

IF (K.w.FO.1) GO TO 5

HO 13'3 1=1 ,NN

IF (TYPF( I ).FQ.1HR) <

GO TO 13r>

IF (KW.FQ.O) oCALF =VUJlr ( I )

KV=1

Ir (VA Li ll: ( I 5. GT . .0T ^L' ) 00 A LF =V •* L11r; ( I )

CONTINUF

IF U'V.FQ.")) '",CALF=1#0

IF ( ^CAL^.f'O.j.O) ^CM. c = 1.0

00 12 1=1»N
(TYP«-( I ),FO.]U~)

{TYPF ( i ) . ru. 1HV)

( TYP!" ( I )•r0. V\r)
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(TYPr( I )•'• 0,1 M|.. )
(TYPF(T),ro.1HI)

TO 1 ?

IF
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IK CONST ( l)=VALt IE(I)
IF (CONTYPr( Ir.FO.THV) CONrT( I)=CON0I (I)*C,CALF
IF (NIC.IF.m GO T-o 10

C( 1»,?)=COMO( I)^SCALC
n CONTINUF

RFTURN

FMD
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SUBROUTINE CALCAL

INTEGER CNTSOR

INTEGER TYPE

COMMON /BLOCK3/
/BLOCK8/

/BLOCK7/

/BLOCK19/

COMMON

COMMON

COMMON

N=NN-1

DO 1 I=1»N

C(I»2)-0.0

DO 1 J=NN»NB

C(I»2)=C(It2)-F(I.J-N)*C(Jt2)

CONTINUE

DO 2 I=NN»NB

V(I»2)=0.0

DO 2 J=1»N

V(I.2)=V(I»2)+F(JfI-N)*V(J»2)

CONTINUE

RETURN

END

TYPE(200)♦VALUE(200)»F(49•151)•NOEL(7)

V(200*2)»C(200»2)
IDIMEN»ALPHA»FUNCT»NIC»NITER»H»EPS»NN»NB

CNTSOR(200)
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SUBROUTINE INCRFM
INTEGER TFMP

INTFGFR TYPE

INTFGER SORTYPFfCONTYPF
COMMON /BLOCK3/ TYPE (200) »VAL''F(200) ,F(49.151) *NOEL (7)
COMMON /BLOCK6/ TEMPI 7)>F(200) »GRAO(?00)»CONST(2P0)
COMMON /BLOCK 7/ I0 TM.fm ,ALPHA ,FUNCT »NIC »NITFK »HtEPS »MN»NB
COMMON /BLOCK 8/ V(?00»2)»C(200»2)
COMMON /RL0CK9/ SORTYPE (200) ,C.OMTYPF( 200) »KONPRAN (?00 )
COMMON /BLOCK 10/ cnwn(200) »IDFL ♦ TST ART >TEND »Nf»TEP
COMMON /RIOCK11/ SORVAL(5» 100),TIMFPT(5»100 ),5-NSOI D(5> 3)*NNI(5)
COMMON /3K13/ ISTFP,OLPVAL(5) »SFCVAL(5) >OLDT IMF <5)♦ Sf-OT IMF(5)»NNJ (

15)

COMMON /BL0CK14/ NP(5)

LOGICAL BOOL

IF (NIC.EQ.O) GO TO 3

BOOL=.TRUE.

00 1 I=1,NB

V( I»1)=V(I,2)

1 CONTINUF

DO 2 I=1»N8

C( I »D=C( 1 »2)

2 CONTINUE
3 TIME=TSTART+NIC*H

M=NOFL(1)+N0EL(7)

K = 0

00 15 1=1»M

J=I

IF (I.GF.N0EL<1)+1) J=NB-I+N0FL(1)+1
IF (J.GT.I.AND.BOOL) GO TO 4

GO TO 5

u BOOL=.FALSE.

K=5-ISTFP

5 IF (SORTYPE(J).FO.IHC) GO TO 15
K = K + 1

IF (SORTYPE(J).EQ.IHF.OR.SORTYPF(JUFO.IHS) GO TO 8
IF (SORTYPE(J).EQ.IHP) GO TO 12
IF (TIMF.LH.SECTIMF.(K) ) GO TO 6

IF (NNI(K).LE.NPCO ) GO TO 13

NP(K)=NP(K)+1

NPR=NP(K)

OLDTIME(K)=SEC TIMF(K)

SFCTIMF(K)= TIMFPT(K,NPR )

OLOVAL(K)=SECVAL(K)

SECVA L (K )= SOR VAL (K tNPR )

6 IF (I.GE..M0EL(1)+1) GO TO 7
V(J»2)=0LDVAL(K)+(SECVAL(K)-0LDVAL(<) )*(TIME-OLDT IMF. (K))/(SECTIME(

lK)-OLDTIME(K) )

GO TO 15
7 C(J»2)-0LDVAL(K)+(.SFCVAL(K)-0LDVAL(<) )*(TIMF-OLPTIMF(K))/(SECTIME(

IK)-OLDTTMF(K) )

GO TO 15

R- W=SNS0ID(K»2)

T=SNS0ID(K»3)
IF (SORTYPE (J) .ro.lU.O) GO TO 10

G 1

G 2

G 3
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G 42
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G 45

G 46

G 47

G 48
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r
o 50

G 51
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G 55



IF (J.GT.I) GO TO 9
V{J»2 )=SN50ID(K,1) *FX& (W*TIMF-T )
GO TO 15

9 C(J»2)=SNSO ID.( K»1) *EXP(W*T IME-T )
GO TO 15

10 IF (J.GT.I) GO TO 11
V(J92)=SNSO ID (K»1) *.S IN(W*T IME-T )
GO TO 15

11 C(J>2)=SNSOID(K»1) *M N(W*TIMF-T)
GO TO 15

12 CALL PERIOD (K,J)
GO TO 15

13 L=NNI(K)
IF (J.GT.I) GO TO 14
V(J>2)=S0UVAL(K*L)

GO TO 15
14 C(J»2>=S0RVAL(K»L)

15 CONTINUE
RETURN

END
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SUBROUTINE PERIOD (K»J)
INTEGER TYPE ^, ,_%
COMMON /3LOCK3/ TYPE<200 )»VALUE(200).F(49.151)»NOEL<7)
COMMON /BL0CK7/ IDIMFM,ALPHA ,FL'NCT ,NIC»NI TER .H. EPS ,NNt NB
COMMON /BLOCK8/ V(200,2).C(200,2)
COMMON /BLOCKIO/ CONO(200),IDEL ,TST ART .TEND. NSTEP M..T/ti,
COMMON /BLOCKll/ SORVAL(5, 100).TIMEPT(5.ICO).5NS0,;d(5.31|'™ >„J(
COMMON /BK13/ ISTEP.OLDVAL(5).SECVAL(5).OLDT1 ME(5),SECT IMfc(5).NNJ(

15)

COMMON /BLOCK 14/ NP(5)
NNN=NNI(K)
TIMF=TSTART+NIC*H
T=TIME-NNJ(K)*iTIMFPT(K »NNN)-TSTART)
IF (T.LF.SFCTIMF(K)) GO TO 2
NP(K)=NP(K)+1
IF (NP(K).GT.NNI(K)) GO TO 4
NPR=NP(K)
0LDTIME(K)=SECTIME(K)

SECT IME(K)=TIMEPT(K,NPR >
OLDVAL(K)=SECVAL(K)
SECVAL(K)=SORVAL(K tNPR)
IF (J.GF.N0EL(1)+1) GO TO 3 _(K..V(J,2)=0LDVAL(K) +(SECVAL (K)-OLDVAL(K))*(T-OLDTIME(K))/CSE.CTIME(K)

10LDTIME(K))

C?jl2)=0LDVAL(K)+(SECVAL(K)-0LDVAL(K))*(T-0LDTIME(K))/(SECTIME(K)-
10LDTIME(K))

GO TO 5
NNJ(K)=NNJ(K)+1
SFCTIME(K)=T1MEPT(K»2)
OLDTIME(K)=TIMEPT(K.l)
SECVAL(K)=S0KVAL(K»2)
OLDVAL(K)=S0RVAL( K »1 )

NP(K)=2

GO TO 1

RETURN

END
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SUBROUTINE MATSET (AtNB.NN.NIC)
INTEGER CNTSOR

INTEGER TEMP
INTEGER SORTYPE.CONTYPE
INTEGER TYPE
COMMON /BLOCK3/ TYPE(200).VALUE(200)»F(49»151)#NOEL(7)
COMMON /BL0CK6/ TEMP(7).E(200)»GRAD(200)»CONST<200)
COMMON /BL0CK8/ V(200.2).C(200*2)
COMMON /BL0CK9/ SORTYPE*200).CONTYPE(200).KONBRAN(200)
COMMON /BLOCKIO/ COND(200).IDEL.TSTART.TEND.NSTEP
COMMON /BL0CK19/ CNTSOR(200)
COMMON /BLOCK22/ CK(200)
COMMON /BLOCK25/ X(200).Y(200)»Z(200.2)
DIMENSION A(NB.NB)

K=NN-1

DO 4 I= 1»K

IF (TYPE(I).EQ.IHE) GO TO 1

IF (TYPE(I).EQ.IHC) GO TO 2
IF (TYPE(I).EQ.IHL) GO TO 3
CK(I)=0.0

GO TO 4

L CK(I)*V(I»2)
GO TO 4

I IF (NIC.EQ.O) CK(I)=COND(I)
IF (NIC.NE.O) CK(I)=V(I»1)+C0NST(I)*C(1.1)
GO TO 4

3 IF (NIC.EQ.O) CK(I)=0.0
IF (NIC.NE.O) CK(I)=-V(I.l)-CONST(I)*C(I.l)

4 CONTINUE
DO 8 I=NN»NB
IF (TYPE(I).EQ.IHJ) GO TO 5

IF (TYPE( D.EQ.1HC) GO TO 6
IF (TYPE(I).EQ.IHL) GO TO 7
CK(I)=0.0

GO TO 8

5 CK(I)=C(I.2)

GO TO 8
6 IF (NIC.EQ.O) CK(I)=0.0

IF (NIC.NE.O) CK(I)=-C(I.1)-V(I»1)*C0NST(I)
GO TO 8

7 IF (NIC.EQ.O) CK(I)=COND(I)
IF (NIC.NE.O) CK(I)=C(I.1)+V(I.1)*C0NST(I)

8 CONTINUE

DO 29 1=1.K
IF (TYPE(D.EQ.IHE) GO TO 9
IF (TYPEU UEQ.1HV) GO TO 11
IF (TYPE(I).EQ.IHC) GO TO 18
IF (TYPE(I).EQ.IHR) GO TO 19
IF (TYPE(D.EQ.IHL) GO TO 22
IF (TYPE(I).EQ.IHI) GO TO 23

GO TO 29

9 DO 10 J=1.NB

A(I.J)=0.0

IF (I.EQ.J) A(I»J)=1.0

10 CONTINUE
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GO TO 29

11 IF (CONTYPEU).EQ.1HV) GO TO 12
GO TO 15

12 M=CNTSOR(I)
DO 13 J=1»K

A(I.J)=-F(J*M-K)*CONST(I)
IF (I.EQ.J) A(I.J)=1.0+A(I.J)

13 CONTINUE
DO 14 J=NN.NB

A(I.J)*0.0

14 CONTINUE

GO TO 29

15 M=CNTSOR(I)
DO 16 J=1»K

A(I»J)=0.0

IF (I.EQ.J) A(I.J)=1.0
16 CONTINUE

DO 17 J=NN»NB
A(I»J)*CONSTtI)*F(M.J-K)

17 CONTINUE

GO TO 29

18 IF (NIC.EQ.O) GO TO 9
19 DO 20 J*1.K

A( I.J)=0.0

IF (I.EQ.J) A(I»J)=1.0

20 CONTINUE
DO 21 J=NN.NB
A(I.J)=CONST(I)*F(I.J-K)

21 CONTINUE

GO TO 29

22 IF (NIC.EQ.O) GO TO 9
GO TO 19

23 IF (CONTYPEt D.EQ.IHI) GO TO 26
M=CNTSOR(I)

DO 24 J=1.K
A(I.J)=-CONST(I)*F(J.M-K)

24 CONTINUE
DO 25 J=NN.NB
A(I»J)=-F(I.J-K)

25 CONTINUE
GO TO 29

26 M=CNTSOR(I)
DO 27 J=1.K
A(I.J)=0.0

27 CONTINUE
DO 28 J=NN»NB
A(I»J)«-F(I.J-K)+CONST(I)*F(MtJ-K)

28 CONTINUE
29 CONTINUE

DO 49 I=NN.NB
IF (TYPE(D.EQ.IHJ) GO TO 30
IF (TYPEU ).EQ.1HI) GO TO 32
IF (TYPE(D.EQ.IHC) GO TO 38
IF (TYPEU).EQ.1HR) GO TO 39
IF (TYPEUUEQ.1HL) GO TO 42
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IF (TYPEd UEQ.1HV) GO TO 43
GO TO 49

30 DO 31 J=1.NB
A(I»J)=0.0
IF (I.EQ.J) A(I.J)=1.0

31 CONTINUE

GO TO 49
32 IF (CONTYPEdJ.EQ.IHI) GO TO 35

M=CNTSOR(I)

DO 33 J=1»K
A( I.J)=-F(J.M-K)*CONST(I)

33 CONTINUE
DO 34 J=NN.NB
A(I»J)=0.0

IF (I.EQ.J) A(I»J)=1.0

34 CONTINUE

GO TO 49

35 DO 36 J=1.K

A(I.J)=0.0

36 CONTINUE
M=CNTSOR(I)
DO 37 J=NN.NB
A(I.J)=F(M»J-K)*CONST(I)
IF (I.EQ.J) A(I»J)=A(I»J)+1.0

37 CONTINUE

GO TO 49

38 IF (NIC.EQ.O) GO TO 30
39 DO 40 J=1.K

A(I.J)=-F(J.I-K)*CONST(I)

40 CONTINUE
DO 41 J=NN.NB

A(I»J)=0.0

IF (I.EQ.J) A(I»J)=1.0
41 CONTINUE

GO TO 49

42 IF (NIC.EQ.O) GO TO 30
GO TO 39

43 IF (CONTYPEd>.EQ.1HI) GO TO 46
M=CNTSOR(I)

DO 44 J=1.K
A(I.J)=F(J.I-K)-F(J»M-K)*CONST(I)

44 CONTINUE
DO 45 J=NN.NB

A(I.J)=0.0

45 CONTINUE

GO TO 49

46 DO 47 J=1.K
A(I.J)=F(J.I-K)

47 CONTINUE
M=CNTSOR(I)

DO 48 J=NN.NB

A(I,J)=CONST(I)*F(M-K.J-K)
48 CONTINUE

49 CONTINUE

CALL MATINV (A»NB,DETERMtX.Y.Z)
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DO 50 1=1.K 1 \*t
V(I»2)=0.0 1 t*
DO 50 J=1.NB } *JZ

50 V(I.2)=Vd.2)+A(l9J)*CK(J) ! J*°*
DO 51 I=NN.NB } *'!?
C(I.2)=0.0 } :'p
do 5i j=i.nb i t'*

51 C(I.2)=C(I.2)+A(I.J)*CK(J) } \'*
RETURN t i7R
END l l15'
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SUBROUTINE MATINV (A.N.DETERM.PIVOT.IPIVOT.INDEX)

MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS

DIMENSION IPIVOT(N). PIVOT(N). INDEX(N.2). A(N.N)
EQUIVALENCE (IROW.JROW). (ICOLUM.JCOLUM). (AMAX.T.SWAP)

INITIALIZATION

DETERM=1.0

DO 2 J=1»N

IPIVOT(J)=0

DO 15 1=1.N

SEARCH FOR PIVOT ELEMENT

AMAX=0.0

DO

IF

DO

IF

IF

7 J=1.N

(IPIVOT(J)-I)
6 K=1.N

(IPIVOT(K)-I) 4.6*19
(ABS(AMAX)-ABS(A(J.K)))

IROW=J

ICOLUM=K

AMAX=A(J.K)

CONTINUE

CONTINUE

IF (AMAX) 8.20.8
IPIVOT(ICOLUM)=IPIVOT(ICOLUM)+l

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF (IROW-ICOLUM) 9.11.9
DETERM=-DETERM
DO 10 L=1.N
SWAP=A(IROW.L)
A(!ROW»L)=A(ICOLUM.L)
A(ICOLUM»L)=SWAP
INDEX(I.l)=IROW
INDEX(I»2)=ICOLUM
PIVOT(I)=A(ICOLUM.ICOLUM)
DETERM=DETERM*PIVOT(I)

DIVIDE PIVOT ROW BY PIVOT ELEMENT

A(ICOLUM.ICOLUM)=1.0

DO 12 L=1.N
A(ICOLUM.L)=A(ICOLUM»L)/PIVOT(I)

REDUCE NON-PIVOT ROWS

DO 15 L1=1.N
IF (Ll-ICOLUM) 13.15»13
T=A(L1.ICOLUM)
A(L1.ICOLUM)=0.0

3.7,3

5.6.6
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J
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J

J
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J

J

J

J

J
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DO 14 L=1.N

14 A(L1.L)=A(L1.L)-A(ICOLUM.L)*T

15 CONTINUE

C

C INTERCHANGE COLUMNS

C

DO 18 1=1.N

L=N+1-I

IF (INDEX(L.1)-INDEX(L»2)) 16.18.16

16 JROW=INDEX(L.l)

JCOLUM=INDEX(L»2)

DO 17 K=1.N

SWAP=A(K»JROW)

A(K»JROW)=A(K»JCOLUM)

A(K»JCOLUM)=SWAP

17 CONTINUE

18 CONTINUE

19 RETURN

20 DETERM=0.

RETURN

END
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J 56

J 57

J 58

J 59

J 60

J 61

J 62

J 63

J 64

J 65

J 66

J 67

J 68

J 69

J 70

J 71

J 72

J 73

J 74

J 75

J 76



SUBROUTINE READOUT

INTEGER TEMP

INTEGER SORTYPE.CONTYPE

INTEGER TYPE

COMMON /BLOCK3/

COMMON /BLOCK5/

COMMON /BLOCK6/

COMMON /BLOCK7/

COMMON /BLOCK8/

COMMON /BLOCK9/

COMMON /BLOCKIO/

COMMON /BLOCK15/

COMMON /BL0CK16/
COMMON /BLOCK18/
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TYPE(200).VALUE(200).F(49tl51).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).NPRI NT.SCALE.NITT
VAROUT(200)

N=NN-1

DO 4 I=1.J0UT

K=NOUT(I)

IF (NOUT(I).LT.NN) GO TO 2

IF (ITESTt D.EQ.l) GO TO 1

VAROUTd )=V(K.2)

GO TO 4

VAROUTd )=C(K.2)/SCALE

GO TO 4

IF ( ITEST( D.EQ.O) GO TO 3

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

GO TO 4

VAROUT(I)=V(K»2)

CONTINUE

TIME=H*NIC+TSTART

IF (NIC.EQ.O) PRINT 6
PRINT 7» TIME

DO 5 I=1.J0UT

A=7HV0LTAGE

IF (I TEST (D.EQ.l) A=7HCURRENT

PRINT 8. IOUT(I)»A»VAROUT(I)

CONTINUE

RETURN

fcgRMAT (1H1)
FORMAT (/////»10X»*TIME = *»E15.5)
FORMAT (1H0»10X»*BRANCH*.I5.5X»A7.10X.E15.5)

END

K 1

K 2

K 3

K 4

K 5

K 6

K 7

K 8

K 9

K 10

K 11

K 12

K 13

K 14

K 15

K 16

K 17

K 18

K 19

K 20

K 21

K 22

K 23

K 24

K 25

K 26

K 27

K 28

K 29

K 30

K 31

K 32

K 33

K 34

K 35

K 36

K 37

K 38

K 39

K 40

K 41

K 42
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SUBROUTINE GRAPH
INTEGER TYPE

COMMON /BLOCK1/

COMMON /BLOCK3/

COMMON /BL0CK4/

COMMON /BLOCK7/

COMMON /8LOCK8/

COMMON /BLOCKIO/

COMMON /BL0CK15/

COMMON /BLOCK 16/

COMMON /BL0CK21/

DO 3 I=1»NGRAPH

K=NST(I)

IF (JGRAPH(I).EQ.O) GO TO 2

GRAF(NPRINT,I)=C(K.2)/SCALE

GO TO 3

GRAF(NPRINT.I)=V(K.2)

CONTINUE

IF (NPRI NT.LT.200.AND.(NITFR-MIC).GF.NSTEP)

DO 9 I=1.NGRAPH

PRINT 11
A=7HVOLTAGE

IF (JGRAPH(I).EQ.l)

PRINT 10. IGRAPH(I)
AMAX = GRAF(1»I )

AMAX=ABS(AMAX)

DO 4 J=2.NPRINT

A=GRAF(J»I)

A = ABS( A)

IF (A.GT.AMAX) AMAX=A

CONTINUF

DO 5 J=1.NPRINT

NP(J)=GRAF(J.I)*5O.0/AMAX+51.0

CONTINUE

DO 6 J=1.101

ANP(J)=1H.

CONTINUF

PRINT 12. (ANP(J).J=l.101)

DO 7 J=l,102

AMP(J)=1H

CONTINUE

ANP(51)=1H.

DO 8 KK=1.NPRINT

LL=NP(KK)

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

ANP(LL)=1H+

TIMF=TSTART+NSTEP*KK*H-H

PRINT 13. TIME»GRAF(KK»I)»(ANP(J)»J=1.102)
ANP(LL)=1H

CONTINUF

CONTINUF

NGRAPH=201

RETURN

FORMAT (1H0.30X»*RRANCH*,I4.5X.A7)

ANP(200),NP(200)

TYPE(200).VALUE(200)♦F(49»151).NOEL(7)

ITBRAN(200)>LFAVT(2O0).LENTT(?00)

IDIMFN »AL PHA,FUNCT»NIC »NITER »H» EPS »NN•NR

V(200,2) »C(200»2)

COND(200)♦IDrL.TSTART.TEND.NSTEP

NIT.JOUT.NGRAPH.NALLOUT

GRAF(2 00.5)»JGRAPH(5)>IGRAPH(5).NPRI NT»SCALE.NITT

NST(5)

A=7HCURRFNT

»A

RFTURN

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L



12 ' FORMAT (riH0,2X.*TIME*.10X,*VALUE^6X.101Al)
13 ' FORMAT .(1HZ.Ell.4.2X,Ell.4.3X.102A1)

END
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SUBROUTINE ALLOUT

COMMON /BLOCK7/ IDIMEN.ALPHA.FUNCT.NIC.NITER.H.EPS.NN.NB
COMMON /BLOCK8/ V(200.2).C(200.2)

COMMON /BLOCKIO/ COND(200)»IDEL.TSTART.TEND.NSTEP
COMMON /BL0CK16/ GRAF(200.5)»JGRAPH(5).IGRAPH(5).NPRINT.SCALE.NITT
COMMON /BL0CK18/ A(200)

DO 1 I=NN»NB

A(I)=C(I.2)/SCALE

1 CONTINUE

N=NN-1

TIME=(TSTART+H*NIC)

PRINT 2. TIME

PRINT 3. (V(I.2).I=1»N)
PRINT 4. (A(I)»I=NN»NB)

RETURN

C

2 FORMATdHO.///.* TIME = *»E15.5)
3 FORMAT(IHO»*THESE ARE THE TREE BRANCH VOLTAGES*.//.10(3X.E12.5))
4 FORMAT (IHO. * THESE ARE THE LINK CURRENTS *»//.10(3X.E12.5) )

END

M 1

M 2

M 3

M 4

M 5

M 6

M 7

M 8

M 9

M 10

M 11

M 12

M 13

M 14

M 15

M 16

M 17

M 18

M 19

M 20
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APPENDIX E

General Comments Regarding Use of CANINE:

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

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 requirements:

Since our inversion scheme requires the storing 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)

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 CANINE are, approximately,
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2
27000 + N (decimal)

storage locations.

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

source, in any given network.

9. CANINE can handle zero valved R!s, Li!s and C!s as long

as there are no loops of zero valved inductances or resistances (short

circuits), and no cutsets of zero valved 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 (Lifs and C's).

11. CANINE can be used 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.

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

13. The output voltage and current units are always volts and

amperes respectively.
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