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ERRATA

Corrections to listing of CANINE: ERL-M252

SUBROUTINE PT:
Card C-246 should read
IF (XKTT, EO0.1l) go to 62
Card C-253 should be replaced by the following three cards:
I=DNN-1
DO 35 J = NN, NB
T =" Al
The following card should be added right aftter C-257
62 I=I-~-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 CANDO(I) 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—inva_riant 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 Kirchhoff's laws. A numerical integration
formula reduces the system to a set of simultaneous algebraic

equations of the form

Ax = k,
~ o~ ~
where A is called the 'metwork 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 = A7 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.



The program CANINE is wriften in Fortran IV for the

6400 computer operating under the (CAL) Scope 3.1 system.
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Since the program CANINE evolved from the program CANDO

INTRODUCTION

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
Subroutine
Sub routine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine

Subroutine

READIN

PT

FCSM

KONST

CALCAL

INCREM

PERIOD

READOUT

GRAPH

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

(1)

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

TheorX:

The solution of a network consists of finding the branch current
and voltage vectors 3.b and Y, respectively. The solution is obtained
by solving the following simultaneous set of equations

Sl ) =2 branch relations
Q'Vib = 0 Kirchhoff's current law

.E, Nb

=0 Kirchhoff's voltage law
whereQ is the fundamental cutset matrix, and B is the fundamental 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

g = [1 ;E;] and B = [z =,1.]

and hence we have, from Kirchhoff's laws

follows:

= 1
Y =E 3y

v where the subscripts t and £ refer to tree branches and links

respectively. Our tree picking algorithms are discussed in subroutine

PT(I), 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 MATSET), our set of equations reduces to

Ly i) = &

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

é x = k (see subroutine MATSET) where

and inverting A to yield

x =47k,

The solution obtained by CANINE is exact and is limited only

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

formula,

Solying the Initial Condition Problem:
Given the initial capacitance voltages and inductance currents,

we wish to compute Y and *i'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(l). 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 = -Fi
~t1 ~ fl
'
and v, = Fvy
~ ~ A~ 2
21 1

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

~

and where & = [‘5 : ’]\5‘] 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
Ax =k

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

x =47k
where
v
~t
X = .....1'.. .
5
1

Solving the General Time Point Problem:

Knowing '%1 and v,, the branch currents and voltages at the
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,
c'onsisting of the branch relations, and Kirchhoff!'s current and voltage
laws.

A tree is selected according to the optimal tree algorithm of
subroutine PT(l), 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. Kirchhoff's 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 j.t are given, in terms of the link currents
i b

i = -F1,

where g = [L : E] is the fundamental cutset matrix associated

with our optimal tree. Similarly,

= T!
v, = F

~t?
where F' is the transpose of F.

The problem thus reduces to solving the set of equations

£00p Yo dp b)) = Q

Integrating the above set of equations, via a numerical integration

formula, reduces the problem to

Ly » &) = 2
where the Li 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,
~N o~ ~

and the solution is obtained, explicitely, from



Construction of é and k:

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

.,f.,(Y,b’ niab) =9 (1)
while simultaneously satisfying Kirchhoff's voltage and current laws.

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

voltage and current laws may be expressed as

= F'v
~

~t
. ] (2)
Ay T ) ,3}2

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

g- [;,E]

is the fundamental cutset matrix based on our topological tree.

and

Substituting (2) into (1), we obtain

Ly, i) = 0 (3)

~

1
We wish to reduce (3) to the form
A% =k @

where



v
~t
::’ = ———— (5)

L

e

and hence the solution is given by

x = 47K (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

- o. . - o. - . =k
R R B ™ i (N

The Ci and ﬁi terms are nonzero only for dependent sources, and m

designates the controlling branch.

Tree Branches:

NN designates the number of nodes, P = NN -1, and consti
designates the branch constant as computed in subroutine KONST (1).
H denotes the integration step size.

Independent Voltage Sources:

branch relation

v. = source value

1

Thus a. =C,.=142.=0
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k. = source value
i

so A, = §., (Kronecker delta)
1) 1)

Dependent Voltage Source:

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

branch relation:

v. -const,* v =0
i i

Thug a. =C. =k. =0

2. = const ,
i i

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

m
i. e.,

= | §
Ym Z Fm-p,K*"K

K
over tree
branches
so A.,=0 j=NN
1)
A. =56, ~-F, -ﬁonst. j < NN
1} 1) J» me 1

b) current controlled (controlling current is a tree current).
branch relation:

v, ~const , 1 =0
i i m
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since im is a tree current, we must express it in terms of link

currents, i.e.,

K
over links
so, A,..=68_, jJ<NN
1) 1)
= * 2
Aij const i Fm,j-P j 2 NN

Tree Capacitances:

a) initial time point problem
branch relation:
Vi = initial condition

Thus ¢ =C,=4,=0

ki = jnitial condition

so A.. = 6.,
ij ij
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.
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branch relation:

V.. - const:i i,

=const . * i, v,
i2 i2 i 11 *

1 il

Thus k = t o 1 v
1 cons i il + il

a. = const.
1 1

Now 1,

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

27T C Z Fix* lz.k
K
over links

»

o

s
"

5.. j < NN
1)

>
{]

. 1 2
ij consti Fi,j-P J NN

Tree Resistance:

branch relation:

.=-const ,*i =0
i i i

<
!

=
e
()
R
"

const .
i

5
1
-

C,=2_=k,=0
1 1 1

We must express ii in terms of link currents, i, e.,
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T 'Z Fix ' 'k
K
over links
so, A.. = &,. j<NN
1] 1)
= t.s F, . j 2 NN
A.ij cons i i, j-P 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. =2, =k =0
i i i
so A.., = §,.
1) 1]

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 , e« i,
i2 i

= wev, -const, 1
i2 il i

il

thus a. = const .,
i i
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k. =-v,_ -const, °i,
i il i il

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

i2

Y275 ° Z Fix’ JL2K

K v

over links
SOA,, = &, j <NN
1) 1)
= t [ >
Aij cons i Fi,j-P jZ NN

Dependent Current Sources:

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

branch relation:

j.~-const_*v =0
i i
thus o = =~1
i
= = k =0
B. Ci .
2., =const,

) .0

We must express Vin in terms of tree vaoltages , and ii in terms

of link currents, i.e.,

- ' L]
Ven ZFm—P, k' 'k
K

over tree
branches

i. = - Z o i
i Fik * 'k
K
over links
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so AL = = j,m-PconSti j < NN
A.L = -F, . j 2 NN
13 19J"P .

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

branch relation:

j. ~const i =0

i m
thus a. = -1

i

=9 =k =
By =8 =k =0

(=1

C. = const .
i i

Both ii and im are tree currents and must be expressed in terms

of link currents, i.e.,

11='Z Fik "'k ¢ 1m='z Fmk ~ 'k
K K
over links over links
so A, =0 j < NN
1)
A, = - + t, =
i Fi, §-P cons i Fm, j-P j NN

Link Branches:

Independent Current Sources:

branch relation:

ii = source value



thus a =-1

B;=C; =1L, =0

k = source value

Dependent Current Sources:

a) voltage controlled (controlling branch is a link)

branch relation:

1]
o

i, ~const _ . v
i i

thus a = -1
i

~
]
o
=}
[0}

o

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

= ' ) M
Vm z Fm-P, K 'K

tree branches

= e . 1<
so, Aij Fj, m-K const i j< NN
A.. = b, j 2NN
1] 1)

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

branch relation:

16



thus ¢ =-1

C. = const ,
i i

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

K
over links
so, A.,., =0 j < NN
1)
A, =6.,+F . * const, j =2 NN
ij ij m, j-P i
Link Capacitances:
a) initial time point problem
branch relation:
i. = 0
i
thus a = -1
i
ﬂi=(_",:‘l :£i=ki=0
so, A . = &_,
1) 1)

b) general time point problem
Let the subscripts 1 and 2 designate the previous and present

time points respectively. A trapezoidal numerical integration



formula is employed.

branch relation:
j._ ~const, *v,, = -const ° v, -1,
i2 i i2 i

thus a = -1

1
= = const
By nst
C. =4, =0
1 1
k = = t * - i
i C:OIISi vil 111

We must express v,

= 1 i
Vi2 Z Fip "zK
K

tree branches

= - . i<
so, Aij Fj, i-P consti j< NN
A.. = 0,, j 2 NN
ij ij

Link Resistance:

branch relation:

i, ~const, v. =0
i i

thus a

L]
n
]
[

) .00

| o]
s
}

i2 in terms of tree voltages, i.e.,

18



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

sz

K

tree branches

. F, . e const ,
1) Js 1~/ 1

Link Inductance:

a) initial time point problem.,
branch relation:

i. = initial condition

| 1)

thus a =-1
i
=C = =
By 7= =4 =0
ki = initial condition
so, A, =56

ij ij

b) general time point problem.

The subscripts 1 and 2 designate the previous and present

F

1
i-P, K

eV

K

j < NN

-
v

NN

19

time points respectively. A trapezoidal numerical integration formula

"is used.
branch relation:

~const v
1

i2 " 'n

. +<:ons1:i v

il



k., =1, +cons’c:,l v

il

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

tree branches

= - ] i<
so, Aij F, . p cons'ci j< NN

A.=5 j = NN

Dependent Voltage Sources:

a) voltage controlled (controlling branch is a link).
branch relation:
v.-const, *v._ =0
i i m
thus a. =C. =k, =0
i i i
B; =1

4, = const |
i i

both vy and Vi must be expressed in terms of tree voltages, i.e.,

. = F! .
Vi z i-P,K = 'K

tree branches

20
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- 1 o
Vm Z Flm-p,k * K
K
tree branches
= - F . 1<

so, Aij Fj, i-P j, m~P const i j NN

A, = 0,0 j 2 NN

1)

b) current controlled (controlling branch is a tree branch).
branch relation:

v - consti . im =0
thus o =4 =K, =0

3

B, =1

1

C. = const |
i i

We must express v in terms of tree voltages, and im in terms of

link currents, i.e.,

= ! ‘ .
Vi E Fi-p,k 'K

tree branches

link branches

= 1<
so, Aij Fj, ip I NN
A, = . consti j = NN

F .
ij m-P, j-P
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SECTION 1I

Progzam 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

8
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CALL MATSET

compute appropriate A matrix and 1‘5 vector
-1

call MATINV, to obtain A

-1
obtain X from x = é . 1'3

CALL CALCAL

compute tree currents and link voltages from treej

voltages and link currents via Kirchhoff's laws

!

Call desired output routines

have

we gone
far enough
in time

CALL INCREM (which may call PERIOD)
increment independent source values.

CALL PT - compute optimal tree
CALL FCSM - compute associated F matrix if needed
CALL KONST - compute new internal scale (if desired) C

- compute ney branch con‘atants
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SUBROUTINE MATSET

This subroutine computes the A matrix and ,ls vector for
both the initial condition problem and for the general time point
problem. MATSET then ealls MATINV which computes é-l. The
solution is then con\lputed from

!

]
P
~

A

The general operation of this subroutine may be seen

below.

BLOCK DIAGRAM - SUBROUTINE MATSET

Compute appropriate A matrix (corresponding

to intial condition or general time point

problem), and appropriate vector k

+
i

Compute Vi and ;1'2 from

CALL MATINV
Compute é-l

Y
RETURN

~—————
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SUBROUTINE MATINV

This is a standard IBM matrix inversion routine which obtains
é-l via Gaussian elimination, making use of maximal pivoting.
The original matrix A is destroyed in the process, and

A

Q-l is stored in the place of A.

MATINV also computes the determinant of 4 which can be

outputed for diagnostic purposes.



26

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: . > et *
+
\4 V. Ve kv
- S c
controlled controlling
voltage voltage

CANINE model:

P - . °

VG_) ‘\;c I=0 V=KV

controlled controlling
voltage voltage

e

Current Controlled Voltage Source:

Ideal model:

\Y |

(4

-

controlled controlling
voltage current



CANINE model: =

\%

controlled
voltage

VoltaggCo'ntrolled Current Source:

Ideal model: ¢

0

P

27

H
)

i

v

n

o V=kI

controlling
current

Ve =KV

controlled
current

CANINE model:

T

controlled
current

Current Controlled Current Source:

Ideal model:

T
controlled
current

CANINE model: .

T

controlled

current

controlling
voltage

‘o

contr olling
voltage

I"— I=kI

.controlling
current

L

‘ -

N=O I

1]
[

D

controlling
current



Thus we see that in all cases the controlling current is taken
i:o be the current through a zero-valued \;olta.ge source, and the
controlling voltage is taken to be the voli:ﬁage across a zero-valued
current source.

The coupling constants, denoted f)y 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 ? DATA CARD #1
col 41 - 55, - H

col 56 - 60, - NSTEP
col 80, - NCONT

.‘
]
:
|
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Card # 2:
Variables read in, in sequential order
NGRAPH, number of graphical outputs (I)
NALLOUT, control variable for use of ALLOUT subroutine (I)
NALLOUT = 1=>use of ALLOUT is desired
NALLOUT = 0=>use of ALLOUT is not desired
JOUT, number of outputs desired (I). To be used in conjunction
with subroutine READOUT.
SCALE, scale factor (E)
eg. scale factor of 103 sets current unit to milliamps.
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, - JOUT DATA CARD # 2
col 16 - 30, - SCALE

col 40, - NSCALE

)

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
KONBRAN, dependent source controlling branch (I)
LEAYV, nocie 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)

31



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
unitless (see Appendix A)
COND, for inductances, the initial current
for capacitances, the initial voltage
for constant indepéndent sources, the source value (in volts
or amperes). (E)
col 1 - TYPE h
col 2 - 4, - IBRAN
col 5 - SORTYPE
col 6 - CONTYPE
col 7 -9, - KONBRAN DATA CARD FOLLOWED BY
col 11 - 12, - LEAV OTHER RELATED CARDS IF
col 14 - 15, - LENT NCARDS # 0
col 17 - 18, - NCARDS

col 21 - 35, - VALUE
col 36 - 50, - COND

~NT

J

If NCARDS # 0, we need the following card (s), to describe
the corresponding nonconstant independent source.
If SORTYPE =S, ie a sinusoidal source, the signal is assumed

to be of the form

32
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A-sin (w#t - ¢)

one card is required to describe the abov

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 ¢, 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 ¥ (sec-l), (E)
col 21 - 30, signal phase ¢, att = TSTART. (E)
If SORTYPE =T or P, if 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 # 0, 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 # 0, 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 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
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Sample Problem #1:

Butterworth Filter: L. @ L @

R =10°

L = 0.0
R -8

C =2x10

|
v O

NB = 6

The input E is specified to be
\ovl-—- — —

| t csec)
o 2.5 x10™6 Sxlo—¢

Specifications:

— Initial time = 0 (TSTART = 0, 0)

— Final time = 10~% (TEND = 0. 0001)

— Time increment = 2 X 10-6 (H = 0.000002)

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

— Desire current to be in millamps (SCALE = 103 and NSCALE =1)

—Desire the following graphical ouf:puts

Branch 1 voltage
Branch 2 current (NGRAPH = 3)
Branch 6 voltage
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Specify zero intial conditions

1

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:

4

Z
]

»

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

= 5 x
13514

Branch 8 is a voltage controlled current source, controlled by

branch 7

= %
I 3 V7

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)



®t

— 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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Sample Problem # 3:

D. C. Amplifier

s LN
I\ \+. 8 w
8K ==

Transistor Model =y ~
T | 3 200 4—=¢
< PUSENEP'Y.V V.V, P— . ~
l’ I,—» <
< SoL, 3ok
®
E 20

| T, 1
’ Te E
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

Modeling, '' our network becomes

()

2«
-3
7 k{1 ¢

Zov
1




The approximate theoretical gain (neglecting the 30 K across

the controlled current source) can be shown to be:

about a2 quiescentvalue of L, of 1.1 ma.

Specifications:
]1 = A 8in (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 tree and F to be outputed (NCONT = 1)

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

— desire the following graphical outputs

~
Branch l current

Branch 4 current
Branch 12 current

Branch 6 current
J

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

following page.

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

(NGRAPH = 4)

48

The central processor time, for this problem, was 8. 48 seconds.
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TIME
0,
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+9000E+00
QIOOOEOOI
«1100E+01
«1200€+01
«1300E+01
¢1400E+01
«1500E€4+01
«1600E+01
«1700E+01
+«1800€+01
«1900E+01
020005001
«2100E+01
«2200E+0]
«2300E+01
eC400E+01
e2500E+01
+2600E+01
«2T00E+01
+2800E+01
+2900E+01
030005001
«3100E+01
«3200€+01
©3300€+01
¢3400E+01
«3500€+01
«3600E+01
¢3700E+01
+3800€+01
+3900E+01
«4000E+01
¢4100E+01
«4200E4+01
«4300E+01
04400E+Q1
«4500E+01
«4600E+01
«4700€E+01
«4800E+01
«4900E+01

VALUE
~e9002E=~18
«1790E=04
¢3523E-04
«5141€E~04
¢6594E=04
+7833E=-04
«80820E=04
*9521E=-04
09915E-04
«9G88E=-04
«9738E=04
¢9174E~04
e8314E=04
*7185E~04
«5823E=04
04274E=04
«2586E=04
081505'05
'098255‘05
=¢2748E=04
-¢4425E=04
*+5959E=04
=+7301E-04
=e8406E~04
'092405'04
=e9775E=04
~+49G95E=04
=,9891E=04
-e3468E~04
'087395'04
-e7728E=04
‘06467E'04
'04996E'04
=¢3365E-04
=¢1€29E=04
e 1€81E=0S
e 1655E=04
«3€30E~04
+5285E=04
«6719E=04
e 7G637E~04
088985'04
«3S871E=04
09935E'04
+9G78E=04
+9€99E=04
«9106E=04
e8219E=04
«7067E=04
«5€86E=-04
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TIME
Ve

<1000E+00
+2000E+00
«2000E+Q0
«4U000E+00
«SVU0VE+00
+6000E+Q0
«7000E+00
«8000E«00
«S000E+00
«1000E+01
«1100E+01
«1200E4+01
«13C0E+01
«1400E+01
«1500€E+01
.16005001
017005001
+1800E+01
«1900E+01
«2000E+01
«2100E+01
«2200E+01
«2300E+01
«2400E+01
«2500E+01
«2600E+01
027005001
«2800E+01
e2900E«01
«3000E+01
+3100E+01
+3200€+01
033006001
¢3400E+0)
035005001
«3600E+01
¢3700E+01
«3800E+01
«3900E+01
04000E001
«4100€401
QQZOOE*OI
«4300E+01
«4400E+0]
«4500E+01
«4600E«01
«4T00E+01
«4800E+01
«4900E«01

VALUE
«1138E=-02
+1180E=02
«1221€E=02
»1259E-02
«1293E-02
¢1322E=02
«1345E=02
«1362E=02
«1371E=02
«1373E=02
«1367E~02
e1354E-02
«1233€E=-02
«1307E~02
<1275E-02
+1238E=02
«1198E-02
01157E-02
e1114E=02
«1073E=02
+1033E-02
+9971E=03
+9€55E=-03
¢939SE~03
+9199E-03
e9072E=03
+9021E=03
+9045E~03
¢9145E-03
+9317E=03
+985SE=03
*+9852E=03
¢1020E~02
«1058E=-02
¢1099E=02
«1141E=02
011845‘02
e1224E=02
01262E-02
e1296E=02
01326E'02
«1347E=02
+1363E=02
«1372E=02
«1373E-02
e1366k=02
¢1352€-02
¢1331E-02
e12304E=02
«1271E=-02
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Sample Problem # 4:

Compatible voltage source loop

NB = 6

Branch 3 is a current controlled voltage source, controlled

by branch 6

V,=3x*1

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)
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— 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 prbcessor 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 c;f 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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BrarCE
BRAMCE
BRANCE
BRANCH

BrANCE

BRANGH.

BrarnCr

BrANCH

BaNCH

ERANCH
BRANCH

BrRaAMCE

CLRRENT
CLRRENT
CURRENT
CLRRENT
CLRRENT

CLRRENT

VoL TAGE

VCLTAGE
YOLTAGE
VCLTAGE
VCLTAGE

VCLTAGE

-,10000E+01
-.10000E+01
.24136=225
«10000E+01

.10000E+01

L10000E+01

.10000E+01

.20000E+01

L,30000g+01

.20000E+01
J1GQUOE+01

De
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Sample Problem # 5:

Four step RC ladder network;
C) c C C C) C
2 ¥ (3 8
E | R g2 R 25 121 -2 R 9

The input E is specified as follows:

\v

t C(s€<)

o] o\
Specifications:
—— initial time = 0 (TSTART = 0.0)

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

time increment =1 millisecond (H = 0. 00l)

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

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



— desire internal .automatic current scaling (NSCALE # 1)
— zero initial conditions

— desire the following graphical outputs

Branch 1 voltage (NGRAPH = 2)
Branch 5 voltage

The 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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10+30001°
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10=300G6%°
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TIME
U,
«1000E=02
ecVGNE=Q2
«3009E=02
«4V00E=02
«S000E=~02
oE00VE-Q2
.700”&-02
«800JE=92
«GU0VE=02
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«1100E=01
«1200E=01
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¢4200E=01
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«SU00E=0]
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Sample Problem # 6:

Large time constant spread problem - quick response:

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

Specifications:
— initial time = 0 (TSTART = 0. 0)

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

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 # 1)
—zero initié.l conditions
— desire the following graphical outputs

Branch 3 voltage

Branch 4 current (NGRAPH = 4)

Branch 2 current

Branch 5 voltage

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

page.
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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 C3‘when the slow time response is desired.



_‘__._v__,.._._._,.____ ,_._____. _____._.‘..A__.__.__:_._.;_;____.________.
1 _ _ I 1 1 1 1
N I O B e e e U A A D Rt D S B A I
| | | | | | | | | |
: 1 | ]
_________________m________m____________ I ____" _
i i I
______________:__m_a_______m____________ T T T T 17T T
i 1 L i i ! !
T I L A L AL L L ___________:_m___-w____ _~__.____m____ _
l 1
_____________4__7____.___m_.________._____ T T m
l
m
l
]
1
I

|
I
_
]
1
I
i
I
! ! ! _
[l
_m_____________________A.ﬂ______________ T 111 ____m
| 1 : L ]
O O T T L I T Lt O ! I
_ | | | “
_m____________._________________._____ ___q_q___m |
] | 1
_“a__ﬂ_________________________d_______.__T_m-____ I
[l | ! ] ] i
_____d________d_______.__-____________ﬂq_____m____m
1 | ] L i i
_____-m________:______-_________“______ﬂ_ .___mq___m
! l | 1
__u___m___________-_q__m~_4_d________-______1m_____
] | |
_____m_______________________________.__ | L L L
| | :
Tt T T T TV T T T TV T T T T T T T T T VP T T T T T T T T i T T T Tt v P T T 1T & 1T T T 1 T T 1T
_ | | [37]
!
_m___dm.___ LI L _________ ____Q:S_Q_Qn“\____ L T 1V i
| 1 | ) l 1
________________________________Lﬂm_ﬂm_w_._\________ IR L !
SRR L |
[
rryrqrrrrao1rrvridyr11r1rry 1079t rr11rvrvirirvrniie . FtT1r1rvrri i L !
_ ! i | _
]
ﬁmﬂ_________________T_._\_______________________ T T 11T
| | l
4_1________m______~__________________4___ LR ____d_
| " 1
________._\____g._~__~____§_ I T VT T T 111 Tl ] T T T T I TTT1 1 1
_ | T 235 S
1 | |
:_R z2|1£}02]69]89 %_3_3_2_2_1 19 8_%_2 h_on_...m 3._2 zs|is ST_% Lvlovisy

:_nv_uv_—v oY on—wn NMon S¢€) vm_nn“«m_.n_on_ou—a« £T|9T|ST|PT mu_uu—.-u oz|eij8LiLiol

Qo
of




T ImE
0.
. 1000{ -C5
« 2600t -5
« 30000 -5
« 4000l -(5
e SQCCO0 -C53
« £ECCCGE ~C5
« T0COL~GS
s ROCOL -C5
« G0CNE -CS
«10C0OT -C4
« 11COE-14
«12G0L-C4
« 1300¢ -4
e 1400t -C4
«15C0L -4
«1600:-C4
« 1TCOE-C4
« 1800F-C4
« 1900E-C4
« 20001 -C4
«2100F-C4
« 22007 -C4
«2300F-C%
« 26COt -C4
« 2500t -C4
26 COL-C4
« 2700t -CA
«29C0F-C4
«30000-04
«31C0E-C4
«3200f -C4
«3300t-C4
«34CCI~C4
«3500E-C4
36 00f -Cé
« 37008 -4
«38C0f-C4
«3900t-C4
s 4C00T-C4
« 4100t -C4
e 42001-(4
¢ 4300L~Co
«4400%~-(Ca
e 4500 -(Cs
e 46 GO =Co
«4TCOE-Co
«4B00f -C4
e 4900t ~C &
e SCOGT ~( &

VALUY
r).
«90691+-01
« £S5+ 0
e 2261V 40N
« 2759 +00
«31477400
«3500! +00
«3773:+0N
« 39947 +0802
« 41781 +00
«43287+00
«4450%+00
«455C7+0C
« 46327 +00G
«4£699:-+00
« 47547 +00
«4798{ +0C
« 48351 +00
«48657+00
«4890{ +00
«4910! +CO
«49261 +00
«4940f +00
«4951F +00
«4960L+00
<4967 +00
«4973{ +00
«4578E+00
«+49827+00
«4985E+00
«4G88L+CO
«499CF +00
«49927+00
«4993%+00
«4995-+00
« 49967 +00
¢ 4CGHI+00
«4S971 +09
«4998°+00
«49S87+0N
«49981+00
«4999{:+00
«49997+00
«49CaL+((
«4999( +(}
«49997+00
.5000;+00
«S000: +00
« 5000 +0¢
« 5000400
« FGNOT +0OC

BRANCH 3 VOLTAGE

© 0 0000000000000 000000000000 00000000000 0600000000000000060000060 0000000000000 000000000000000000 000000000

ot

¢ & 6 & ¢ 0 o & 0 ¢ 0 & 0 2 0 00 00 P 6 & g 0 9 b 9 00 g O 0 b 0 O 0 0 O 0 % 0 v 0 0 s 8 v 00

+

L

PP T E R R I I I A B I IR R I I R IR



65

+
+

L N N

* * o o

P L I 2 T SRR I IR SR

- 4+ + +

€00 0006000000 80000000 00000000000000000000000000000000000000000000000000c0csscecrcsacesssrsose

iN33dN)

4

HINV =3

£0-.000¢&"
£0-.0C0s°
£0-:000%°
€J-.,0005"°
£0--0005°
£0-21006°
€0-3100s°
€0-.3100%8"°
€0-31006°
£0-3100¢°
£0-32006°
£€2-3200s°
€0-32006°
€0-2e005°
£0-3%006 °
€0-3%00s"
€d-2500¢8°
€J-4§L008°
€0-i8005°
€0-30106°
€0-.210s°
£0-38106°
£0-18106"°
€0-.2¢08°
€0-5L206°
£0-3e€05°
€0-1,0%06°
€0-36%06°
£0-10906°
€0-3%L06°
£0-30605°
€0-30116°
€0-45e16°
£0-36916°
£0-32028°
€0-u9%28°
£0--10¢6°
€0-589¢¢°
€0-J0osHs*
£J-308585°
€0~-32L9s°
€0-i228%°
€0-19029°
€0~-:4223°
£J-130059°
€0-.g€B9"
£0-ilwvelL”
£0-16€LL”
€= 1LheER”
€0-.16d6°
20-.0001°
"N IVA

®2)-10005 °
£)-1006% *
%)=-2008% °
*0-300L%*
$0=2009% *
2,-13005% °
£)-100%%*
$3-:00€% °
$3-20C2% *
$3-10017°
40-2000% °
$2-1006€ °
$J-1008€ *
$)-700L€°
$3-3009¢°
$3-300 3E€ °
£3-100%E *
$0-50N0€E °*
43-13002¢ °
%2-1001¢€ °
%3=-1020¢ *
%)-10%62 °
%3-10082 °
®0-300L2°
%3-10092
$3-300s2 °
#)-100%2 *
$0-100€2 *
y)-10022°
%3-10012°
%3-30002 *
%3-130061 *
»0-30081 *
%)=-300L1°
$3-30091°
$3-30061°
%0-300491°
97-300€1°
»J-10021°
$0-30011°
$5-30091
§0-30006°
$0-20028 °
§0-i0d9L*
$)-30003°
G0-30005°
$3-3000% *
S~ 100 JE *
$)-200.2°
¢7-40301 *
)
Nl L



66

Sample Problem # 7:

Large time constant spread problem.x slow response.
The network is identical to that ef 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., (NSCALE # 1)
—initial voltages are
Vc 3(0) =0.5v
Vc 5(0) =0v
desire the following graphical outputs

Branch 3 voltage A
h

Braflc 4 current > (NGRAPH = 4)

Branch 2 current

Branch 5 voltage

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

page.

The central processor time, for this problem, was 3. 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,

3
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 size to time constant ratio of 108, whereas a ratio
of 0.1 is desirable for accurate integration. With the proper initial

condition, C_ becomes, effectively, a voltage source, and the

3

integration problem does not arise.
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Sample Problem # 8:

Network with zero-valved elements:
2 ® R
® >

R
V=io C= L
(ve)
R2 =1 NN =5
R3 =0 NB =8
R4= 2
05 =0
L6 =0
C7 =1
L8 =1
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

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

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

program.
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VOLTAGE
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CURRENT
CURRENT
CURRENT
CURRENT
CURRENT

CURRENT
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APPENDIX D

CANINE Fortran IV Listing (CDG:64000) |
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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

CANINE(I]
CNTSOR
TEMP
TYPE
SORTYPE»
CONTTEM,
/BLOCK1/
/BLOCK2/
/BLOCK3/
/BLOCK&/
/BLOCKS5/
/BLOCK6/
/BLOCK7/
/BLOCKS8/
/BLOCK9/
/B8LOCK10/
/BLOCK11/
/BLOCK12/
/BK13/ 1S

/BLOCK14/
/BLOCK15/
/BLOCK16/
/BLOCK18/
/BLOCK19/
/8LOCK 20/
/BLOCK21/
/BLOCK22/
/BLOCK24/
/BLOCK25/

78

NPUT s OQUTPUT)

CONTYPE

SORTEM

NNP(200) sNP(200)

IBRAN(200) s LEAV(200) s LENT(200)

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

TEMP(7)sE(200) sGRAD(200) sCONST(200)
IDIMENsALPHASFUNCTsNICOsNITERsHsEPSsNNsNB

V(200+2)9C(20092)

SORTYPE(200) sCONTYPE(200) s KONBRAN(200)
COND(200) s IDELs TSTARTsTENDsNSTEP
SORVAL(59100)sTIMEPT(5»100) sSNSOID(593)9sNNI(5)
CONTTEM(200) » SORTEM(200) s CONDTEM(200) s KONTEM(200)

TEPsOLDVAL(5)sSECVAL(5)sOLDTIME(5)sSECTIME(5) sNNJ(

KP(5)

NITsJOUT s NGRAPHsNALLOUT

GRAF (20095) » JGRAPH(5) s IGRAPH(5) s NPRINT s SCALESNITT
VAROUT (200)

CNTSOR(200)

NCONT s KLOOP s KPP

NST(5)

CK(200)

SCALsNSCALE

X(200)sY{200)92(20052)

DIMENSION HH(20s20)

NDATA=0
NLNEAR=
NIT=0
NPRINT=
NIC=0

0
0

IF (NDATA<EQ.O) GO TO 2

CALL SE
TO=T=TU
PRINT 1
CALL SE
CALL RE
IDEL=NS
NDATA=N
CALL KO
CALL IN
GO TO 9
NIC=NIC
CALL IN

COND (T)

3, TO
COND (TU)
ADIN
TEP=-1
DATA+1
NST

CREM

+1
CREM

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

NK=NB-=N
DO 4 I=

OEL(7)+1
NK sNB

IF (SORTYPE(I)eEQelHC) GO TO 4
C(1s2)=C(192)%SCALE

CONTINU

E

PPPPBPPPIPPIPPIPPIIDPIPIIOIPIPPIDPBPIIIIIPDPIBIDIIPBEPDIIIIIDP>P D

N bt bt s Pt b et ot b et
O VONOVMPULUNFOVOONOWVE WN -

NNNDNVNN
COVMPVLNM

WWWLWWWLWWNINN
VMHPVLVN=O VOO

S LVLVLLWLW
C VDN

PEEPEES D
OOV PLH VN =

U wvouv e
N =0 v

(S RV RS
w & W



10
11

12
C
13

NIT=0

IF (NLNEARCNE«O) GO TO 6

IF (NICeNEel) GO TO 11

CALL PT

IF (KPP<EQs0O) GO TO 7

GO TO 8

SCAL=SCALE

GO TO 11

CALL FCSM

CALL KONST

IF (NICsEQes0) GO TO 11

DO 10 I=NNsNB
C(I+2)=C(192)%SCALE/SCAL
C(I1+1)=C(Is1)%*SCALE/SCAL
CONTINUE

CALL MATSET (HHsNBsNNsNIC)
CALL CALCAL

NIT=NIT+1

IDEL=IDEL+1

IF (IDELeNENSTEP) GO TO 12
NPRINT=NPRINT+1

IF (NGRAPHeGE«1) CALL GRAPH
IF (NALLOUT.GEs1) CALL ALLOUT
IF (JOUT.GEsl) CALL READOUT
IDEL=0

IF (NGRAPHeEQ.201) GO TO 1
IF (NIC=-NITER) 3511

FORMAT (1H1+20Xs*THE CENTRAL PROCESSOR TIME FOR THIS PROBLEM
1E150.59% SECONDS*)
END
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56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
81
82
83
84
85
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SUBROUTINE READIN

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

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
15)
COMMON
COMMON
COMMON
COMMON
ISTEP=0
1JK1=0
1JK2=20
KSOR=0
KCURR=6
READ 19

TYPE
TEMP

SORTYPEsCONTYPE
CONTTEMs SORTEM

TYTEMP
/BLOCK1/
/BLOCK2/
/BLOCK3/
/BLOCK 4/
/BLOCKS5/
/BLOCK6/
/BLOCK7/
/BLOCK9/

NNP(200) sNP(200)

IBRAN(ZOO)9LEAV(200)9LENT(200)

TYPE(200)sVALUE(200)sF(499151) 9NOEL(T)

ITBRAN(200)sLEAVT(200) sLENTT(200)
IOUT(200) sNOUT(200) s ITEST(200)

TEMP(T7)s1TBB(200)sTYTEMP(200)»VALTEM(200)
IDIMEN»ALPHASFUNCT ¢sNICsNITER»HsEPSsNNsNB
SORTYPE(200)sCONTYPE(200) s KONBRAN{200)

/BLOCK10/ COND(200) sIDELsTSTARTsTENDsNSTEP

/BLOCK11/ SORVAL(55100)sTIMEPT(55100)sSNSOID(593)9sNNI(5)
/BLOCK12/ CONTTEM(200)sSORTEM(200) s CONDTEM(200) syKONTEM(200)
/BK13/ ISTEP»OLDVAL(5)sSECVAL(5)sOLDTIME(5)sSECTIME(5) sNNJ(

/BLOCK15/ NIT»JOUT sNGRAPHsNALLOUT
/BLOCK16/ GRAF(200s5) s JGRAPH(5) s IGRAPH(5) sNPRINT»SCALEsNITT

/BLOCK20/ NCONTsKLOOP
/BLOEK24/ SCALsNSCALE

» NNsNBsTSTART»TENDsHsNSTEP sEPSsNCONT

IF (NN+EQsO) STOP
s NGRAPHsNALLOUT » JOUT s SCALEsNITTsNSCALE
PRINT 21s TSTARTSTENDsH

PRINT 22s NNsNBs»SCALEsNSCALE

READ 20

PRINT 2

3s NSTEP

IF (HeEQeOe0O) GO TO 2
NITER=(TEND-TSTART)/H

GO T0 3
NITER=0
0O 9 I=

READ 24» TYPE(I):IBRAN(I)9SORTYPE(I)oCONTYPE(I’oKONBRAN(I,’LEAV(I)

1sNB

1sLENT(I)sNCARDSsVALUE(I)sCONDI(I)
IF (NCARDS+EQe0) GO TO 9
IF (TYPE(1)eEQelHJ) GO TO 4

IF (SORTYPE(1)eEQe1HS+ORe SORTYPE(I)¢EQelHE)
IF (SORTYPE(1)eEQe1HPeOReSORTYPE(I)eEQelHT)

ISTEP=1

IF (SORTYPE(I)eEQelHP¢OReSORTYPE(I)eEQelHT)
IF (SORTYPE(I)eEQelHSeOReSORTYPE(I)4EQelHE)

GO T0 9

STEP+1

KSOR=KSOR+1
NNJ(KSOR) =0
» (SNSOID(KSORsJ)9sJ=193)

READ 25

GO TO 5
GO TO 6

GO TO 8
GO TO 7
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10
11

12

13

14

15

16

17

GO T0 9

KSOR=KSOR+1

NNJ(KSOR) =0

READ 269 NNI(KSOR)

NNN=NNI (KSOR)

READ 27s (SORVAL{KSORsJ)sJ=19sNNN)

READ 27s (TIMEPT(KSOR»sJ)9sJ=1sNNN)

GO TO 9

KCURR=KCURR~-1

NNJ (KCURR) =0

READ 259 (SNSOID(KCURR9J)sJ=1+3)

GO TO 9

KCURR=KCURR-1

NNJ(KCURR) =0

READ 26s NNI(KCURR)

NNN=NNTI (KCURR)

READ 27y (SORVAL(KCURRsJ)»J=19NNN)
READ 27y (TIMEPT(KCURRsJ)9J=1sNNN)
CONTINUE

IF (NGRAPH.EQ.0) GO TO 10

READ 28y ((IGRAPH(I)9sJGRAPH(I))sI=19NGRAPH)
IF (NALLOUT«GE«1eOReNGRAPHeGE.1) GO TO 11
READ 28y ((IOUT(I)sITEST(I))sI=1,J0UT)
PRINT 18

PRINT 29

DO 12 I=1sNB

PRINT 30s IBRAN(I)sTYPE(I) oVALUE(I)sLEAV(I)sLENT(I)+CONDI(I)

CONTINUE

DO 14 I=1sNB ‘

IF (SORTYPE(I)eNEeslH ) GO TO 13
GO TO 14

IF (IJK1eEQeQ) PRINT 31

1JK1=1

A=THVOLTAGE :
IF (TYPE(I)eEQelHJ) A=THCURRENT
PRINT 329 AsIBRAN(1)4SORTYPE(I)
CONTINUE

DO 17 I=1sNB

IF (CONTYPE(I)eNEelH ) GO TO 15
GO TO 17

IF (1JK24EQe0) PRINT 33

1UK2=1

IF (TYPE(I)eEQelHI) GO TO 16
A=THCURRENT

IF (CONTYPE(1)eEQe1HV) A=THVOLTAGE
PRINT 34s AsIBRAN(I)sKONBRAN(I)
GO TO 17

A=THCURRENT

IF (CONTYPE(I)eEQelHV) A=THVOLTAGE
PRINT 35s AsIBRAN(I),KONBRAN(I)
CONTINUE '
IDIMEN=NB-NN+1

KLOOP=0

CALL PT

IF (KLOOP+EQel) GO TO 1
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CALL FCSM
RETURN

FORMAT (1H1+55Xs*THIS IS THE GIVEN NETWORK %)

FORMAT (I59159E15639E15439E15e33159E153915)

FORMAT (3159E15e5915415)

FORMAT (1Hle/777/ 240Xe#* STARTI
ING TIME = %43E15659% END TIME = #,E15e59///3s40Xs#STEP SIZE = #»

2 E15,5)

FORMAT (1HOs///930Xs*NUMBER OF NODES = ¥*,15¢% NUMBER OF BRANCHE
1S = %9159/7//+930X9s%SCALE FACTOR = %#4E15¢59///530X>»

2 #NSCALE = %*,515)
FORMAT (1HOs///»30Xs* NUMBER OF TIME ITERATIONS PER OUTPUT = %#515)
FORMAT (AlsI39A1l9ALl91391X01291Xs1291X91292XsE15e49E15e4)

FORMAT ( 3E1043)

FORMAT ( I5 )

FORMAT ( 8E10e3 )

FORMAT (215)

FORMAT (1HOs///7955Xs*UNITS ARE OHMSs FARADS AND HENRYS *)

FORMAT (1HOs 3Xs*BRANCH NUMBER *92Xs1394Xe¥* IS A *9Aloe¥ OF
1 VALUE #*,E12e59% LEAVING NODE #9139% AND ENTERING NODE *»13»
22X9%* COND = #9E1063)

FORMAT (1H1s//7/730Xs*INDEPENDENT SOURCES%*s/7/)

FORMAT (1HO»10XsATs * SOURCE BRANCH #s13,% IS OF TYPE %*sAl)

FORMAT (1H=9/7/930Xs%*CONTROLLED SOURCES *¢//7/)

FORMAT (1HO»10XsA7s* CONTROLLED VOLTAGE SOURCE#sI3s% IS CONTROLLED -

1 BY BRANCH¥*,15)

FORMAT (1HOs10X»sA7s* CONTROLLED CURRENT SOURCE%sI13s% IS CONTROLLED
1 BY BRANCH#%*,15)

END
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TFVYP11=V(142)
TEVP12=C(T142)
T=%P13=V(I’l)
TEMP14=C(141)
ITRRAN(TII=ITRRAN{.))
LFAVT{I)=LEAVT(J)
LENTT(IY=LENTT ()
TYPF(T)=TYPE(J)
VALUF(I)=VALUE(J)
CONTYPF(I)=CONTYPF ()
SORTYPE(T)=SORTYPE())
COND(1)=COND(J)
KONBRAN(T)=XONRRAN(J)
CONST(I)=CONST(.))

TF (NICLFQeN) GN TN 172
VITe2)=VI(Je2)
Clle2)=C(Js2)
VIIs1)=ViJel)
Clle1)=C(Jsl)
ITRRAN(J)Y=TFMPO1
LFAVT (JY=TFMPO?2
LENTT(J)Y=TFMPO3
TYPF(J)=TFMPNY
VALUF(J)=TFMPQO5
CONTYPE(J)=TFMPNG
SORTYPE(J)=TFMPNY
COND(J)=TEMPNSE
KONSRAN(J)=TFMPNQ
CONST(J)=TEMP1N

IF (NIC,FQeN) GNH TN 14
V(Je?2)=TFMP]11
C{Je2)=TEMP1?
V(Je1)=TFMP13
C(Jel)=TFMP14
CONTINUF

IF (2.0T.KK)Y GO TN 32
PO 25 1=2,4KK
NF=LFNTT (1)

N =.FAVT(T)

NP(1)=1

NMNP (1) =1

M=T-1

MT=nN

KT=1

NN 19 JJJ=1M
J=M41=-91J)

1€ (MTL,FNLJY GO TN 18
IF (LFAVT(J)eFDNE) =N TO 23
IF (LENTT(J)eFQeNF) AN TO 24
CANTINUF

COANTINUF

IF (KTeFNel) GO TN 25
VA=NNP (K T)

vazND (¥ T)

“M=va.]
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21

2?2

24

25

26

27

28]

IF (MaFNeN) GO TO 21
MT=ND (K T=1)

Y T=KT=-1

IF (KAFQe=1) GO TH 27
NF=] FAVT (KR)

~noTN 17

K T=KT-]

GN TN 20

NF=LLFNTT (KR)

GN TN 17

IF (LFNTT(J)eFTQeNI) RO TO 26
NF=LENTT (J)

KT=KT+1]

NP(KTY=U

NAD (v T) =)

MT =)

M=T~1

GN TN 17

IF (LFAVT(J)eFReNL) =0 TD 26
NE=| FAVT ()

YT=KT+]

NP(KT)=.)

NMD(VT)==]

MT=)

M=T]

G TN 17

CONTTNUF

N TN 32

LAF=NOFL (1)

1F (TeLFGLLAF) GN TN 8D
TEMPN]I=TTRRAM(T)
TEMPA2=| FAVT(T)
TFMPN3= FNTT(T)
TEMPN4=TYPF (1)
TEMPOS=VALUF(T)
TEMPNGE=CONTYPF (1)
TFHMONT=GARTYPF (1)
TFMPNAB=CNND( T )Y
TEMPNO=VY NNRRAN(]) ‘
TF (NTCGFNGgN) AN TN On
TOMPYI1I=V({T42)
TEMPI2=r(Te?)
TeMP13=V(Ts1)
TEMP14=C{Ty1)

CONTTMNUF

Nl R=MR =]

TE (MIFJNF,N) M R=NRNAT| (7)) -]
ne 3r\ JM:I,,\” n

JF=JNM+1
TTRRAM( MY =T TRRAN( JF)
LFAVT(IOMY=LFAYT(JF)
LENTT{IN)=LENTT(JF)
TVOF ( UN) =TYPF ( JF)
VALLE (UMY =sVALYNF(J™)
CONTVPFR(JMY=COMNTYOE ([ IF)
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SUBROUTINE FCSM
INTEGER TEMP
INTEGER TYPE
INTEGER TYTEMP
COMMON /BLOCK1/
COMMON /BLOCK3/
COMMON /BLOCK4/
COMMON /BLOCK5/
COMMON /BLOCK6/
COMMON /BLOCK7/

89

NNP(200)sNP{200)

TYPE(200) sVALUE(200)sF(495151) 9NOEL(T7)
ITBRAN(200) sLEAVT(200) sLENTT(200)
IOUT(10)s ITEST(10)sNOUT(10)
TEMP(7)s1TBB(200) s TYTEMP(200)sVALTEM(200)
IDIMENSALPHASFUNCT sNICsNITERsHyEPS9NNsNB

COMMON /BLOCK20/ NCONTsKLOOP
SET MATRIX TO ZERO

KK=NN-1
NLB=NB~-NN+1
DO 1 I=1sNLB
DO 1 J=1sKK
F(Js1)=0e0
CONTINUE

DO 8 I1=NNsNB
NE=LENTT(I)
NL=LEAVTI(I)
10=1-NN+1

NP STORES THE PREVIOUS TREE BRANCH
NNP STORES ITS DIRECTION

NP(1)=1
NNP(1)=1
M=1

KT=1

DO 3 J=MsKK

IF (JeEQeNP(KT)) GO TO 3 :
IF (LEAVT(J)<EQeNE) GO TO 6
IF (LENTT(J)eEQeNE) GO TO 7

CONTINUE
M=NP(KT)+1
KA=NNP (KT)
KB=NP (KT)
F(KBs10)=0e0
KT=KT-1

IF (MeGE.NN) GO
IF (KAesEQel) GO
NE=LENTT (KB)

GO 7O 2
NE=LEAVT(KB)
GO TO 2
F(Js10)=-10
KT=KT+1

TO &4
TO 5

IF (LENTT(J)eEQeNL) GO TO 8

NE=LENTT(J)
NP(KT)=J
NNP(KT)=1
M=1

GO TO 2
F(Js10)=1.0
KT=KT+1

IF (LEAVT(J)eEQeNL) GO TO 8

UOUOOOOUOOOOOOOOOOOOUUOOOOOUOOOUOUUOOOOOOOOOOOOUOOOUOUU
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10

11
12
13
14
15
16
17
18

19
20

NE=LEAVT(J)

NP(KT)Y=J

NNP(KT)=-1

M=1

GO TO 2

CONTINUE

IF (NCONT.EQe0O) GO TO 16
NLB=NB=NN+1

KK=NN-1

NCOUNT=-1

NT=NLB

NPAGE=1

PRINT 179 NPAGE

PRINT 18

PRINT 195 (JsJ=1sNLB)
NT=NT=-25
NCOUNT=NCOUNT+1
NS1=14+25%#NCOUNT
NS2=254+25%NCOUNT

IF (NTeLE«O) GO TO 11
DO 10 I=1,sKK

PRINT 20s Is(F(I9J)9eJ=NS19NS2)
CONTINUE
NPAGE=NPAGE+1

GO TO 9

IF (NT.EQeO0) GO TO 12
GO TO 13

NS3=1

NS4=25

GO 7O 14

NT=NT+25

NS3=NS1

NS4=NS1+NT~-1

CONTINUE

DO 15 1=1,sKK

PRINT 20s Is(F(IsJ)sJ=NS39NS4)
CONTINUE

RETURN

FORMAT (1H1s40Xs*FUNDAMENTAL CUT SET MATRIX #¢5Xs*#PAGE *513)

FORMAT (//7/)

FORMAT (1HO»7X925(2Xs1291X))
FORMAT (1HOs1353X925(2XsF340))
END

90
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63
64
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N

pot

136

n

W
KR

-
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SUARDUTINF KONST

CALCULATTOUN OF CONSTANTS RELATED TO FLFMHOMT VALUFS FOF USE IN BRAN
RFEFLATINDNS AND GRANDTEMT

INTEGRR TP

INTIGFR TYPF

INTFGAFR SORTYPE §CNONTYDF

COMMNN fBLNOCE 3/ TYPU(200) s VAL (200) 9 F (499 151) o NOTL (7))

COMANLL JILICKE/ TP T ) o FE200) s GRAD(200) o CONST (200)

CUMMON Z3LOCATZ INDTHTI g ALPHA o UHCT oNTCoNITHICoHo TIPS 9 NEv g My

COAMMNN /BLOICKB/ VI20042)sC(200,2)

COVIENN ZRLGLCKG/ SORTYDNE(200) o CONTYRE(200) o ¥OMARAN(Z200)

COMMNN /RILOCK 10/ CONN200) o IDTL o THTART 9 TENNGHATEP

COMMAN /31.0C% 117 SORVALIB5910N) s TIVEDT(Ha1N0) o INTOIN(He %) sNNT(D)
COMMAN /37137 15TFPs I DVAL(S) s SETVAL LB s GLDT I (8) 9 SEATITIL5) s NI
5)

CYAIDON /3L DOCK 14/ MPES)

COMMON /BLOCK16/ GRAF(20055) s il AR(5) s IGRARPH(S ) s NPk T CCALToNITT
COAAnN /HLECA24/7 STAL o NOCALE

IF (NICeNFoD) 55 TO 2

N T=195

SECTIHE(T)=TIMOPT(T.2)

TLNTIMO(I)=TIMEPT(1.1)

SFCVALCT)Y=SORVAL T 2)

QLOVALIT) =SORVAL{TI 1)

NP(T)Y=2

CONTINUF

SCAL=LTAL

[ (NSCALF &M el) OGN TN B

N4 T=MN N

IF (TYPF(T)emGelHR) =0 TO 3

G TN 4

IF (Kwe®NeD) SCALT=VALUF{])

K=t

TR (VALYFLI) o LT SCALT ) SCALF=VALUFLIT)

CONTINUF

I8 (YwelDel) GO TO O

ne 135 T=19MN

IF (TYPF(I)eFQelHR) <0 TO 136

G TN 135

IF (Ywel)a0) LCALE=VALIIF(])

=1

I[P (VALNE(TY e GTeoAnlLt ) SCALE =VELUS ()

CONTTHUF

TF (MWefNe) SCALF=].N

TF (QCALF«FQeDe™) "OALE=100

NERINS

TGO12 I=lei

IF (TYPF( [ )o?‘—(v)o]":w) [N T
I (TYPF(1)e e l:lyy &0 7T

T (TYRU (T e DelHmy 7Y TV 8
TV A{TYPFD) o ide iRy "y T 0
TEO(TYRE(T) "R 1) 7D TH 1N
IF (TYPF(1)e™DeltIy) ~™ T0 11
G TN 12

06
o7

MMM m Y i mm oim

ML Imin aa mben T

£ =
=24
= 2%
£ 2¢
£ 27
£ 2o
£ z7
£ 30
F 21
£ 32
053
£ 34
£ 35
E 306
ADD 1
ADD 2
ACD 3
ADD 4
ARD 5
ADD b
ADD 7
ADD ©
ADD
ADDLIO
B 38
T 27
E 40
E 4l
= 4.
E 43
£ 4
E 45
T 46



(4]

11

19
(9]

13

14

15

14

17

[F (NICaMFe0) GO TO 17
V(Ts2)=CONDCL)
COMST(T)=ran

oo TO 172
CONSTOIN=VALDIE(T)

TF (CONTYPF (1) efFQaliT) CONCT(IV=CANCT LY /50ALY

IF (NICeNE2) GO TN 12
VITs2)=CONDCT)

G TD 12
CONST(T)=h/ (2« GRVALST (1) KGCALD)
TF (NIC.NIW0) G0 T7 17
VITe2)=COMI(T)

Gy T 12
CONATOIY VAL (1) /o7 ALF

TE (NICJHELD) G TO 17
VITs2)=CONNL)

6N 1D LY
CONSTOIY =24 0FVALUS (1) / (HESCALT )
TF (MIC.NELQ) AN TH 12
VIIsn)=nan

o0 TN 1?2

CONST(I)=VALIELT)

IF (CONTYPT{1)eFRa11tY) CONTT(1)=CANST (] )*‘-fﬂl.?ff

IF (NICeNFeD) 30 T 12
V(Is2)=00

CONMTIMNUET

NN 19 =NV MR

I (TYPF(1)elFQelH)y =9 TS 13
IE (TYPF{I)YeFalti) &7 T 14
TF (TYPE(I)."Nalilm) o0 TO 15
IF (TYRFF(I)eFQalHR) 7Y TN 16
[F (TYPF(I)eF el N TO 17
I[E (TYPF(1)ei QeltIT) <) T 18
BooOTY 19

TF (MICeMEaN) OO T 17
ClT1e2)=COND{T)ENCALL
CONGT(1)="eN

(?.!”) T 1’.)

CONGT(T ) =VALUE(T)

IF (CONTYRE(T)eTWaltiT) CONSTII)=CONST(T) /SCALT

IF (NIC.MFa0Q) GO TD 19
C(Je21=Ne"

GO TO 19
COMST(I)=2.0%VALUR{T)#5CALF /I
ITF (MICMELN) O TH 19
C(Te21=Na"

GO TH 19

CONST(I)=10/VALUF (T Y RSCALY
IT (NICNF0) 59 T 17
ClTe2¥=CONR( Y #5CALF

GOHOTH 19

COMGTIT) =12 OALT /{2 ixVALTIT(T))
16 (MTCANEGgN) OGN T 1G4

O e =O0MNLYRSCALDT

Givofry Lo

i mm

moem

stynman m M

Mmoo

MTIAMMMAMmMEM MM A MMM MM e M T M MmO T T e e

51
59
60
H1
52
0%
b4

5
65
67
X
67
16
11
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T4
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5
77
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15
o0
61
3z
33
84
5%
86
87
8z
B
30
71
27

I4
75
20
97
924
a7
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18

19

CCONST 1) =VALHE(T)
CIF (CONTYPF(I)eFHe1HV)

1E (NICMTan) O TH 1Y

T C(Te2)=CONDN(TIYRSCALT

CONTINUF

CRFTURN

END

CONCTLY=CONAT (LY #SCALE

mmmmmm M

102
103

L4

105
1116
167
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SUBROUTINE CALCAL

INTEGER CNTSOR

INTEGER TYPE

COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(495151)sNOEL(T)
COMMON /BLOCKS8/ V(200+2)9C(200+2)

COMMON /BLOCK7/ IDIMENsALPHASFUNCTsNICsNITERsHoEPSINNsNB
COMMON /BLOCK19/ CNTSOR(200)

N=NN-1

DO 1 I=1sN

C(1+2)=040

DO 1 J=NNsNB

Cll192)=CUI92)~F(IpJ-NI¥C(Jy2)

CONTINUE

DO 2 I=NNsNB

V(1+2)=0e0

DO 2 J=1sN

VIIs2)=VIIe21+F(JeI=N)*¥V(Js2)

CONTINUE

RETURN

END

et Mt W 4 Tt M ¢ M ¢ M 4 e 2 M £ e Mt B et M i M B M 1}
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SUBROUTINE INCRFM

INTEGER TEMP

INTEGFR TYPE

INTEGER S50RTYPE s CONTYPF

COMMON /BLOCK3/ TYPE(200)sVALIE(200)sF{499151)9NOEL(T)

COMMON /BLOCK6/ TEMP(T)sF(200) sGRAD(200) sCONSGT(200)

COMMON /BLOCKT/ INTMENSALPHASUNCT sNTCoNTTFR s Hs EPSsNNaND
COMMON /BLOCKS/ VI20052)5C(20052)

COMMON /RLNCKS/ SORTYPE(200) s CONTYPF(200) s XONPRAN(200)

COMMON /BLOCK10/ CONN(200) s INFLsTSTARTsTENDSNSTEP

COMMON /BLOCY 11/ SORVAL(55100) s TIMEPT(55100) s SNSOIN(S5s3)9NNT(5)
COMMON /3K13/ ISTEPsNLDVALI(5)sSFCVALI5)sOLDTIMF(5)sSECTIME(5) sNNJI

Ve~ PN+

7

15)
CCMMON
LOGICAL
IF (NIC

DO 1 I=

/BLOCK14/ NP(5)
BOJL
+EQde0) GO TO 3

. BOOL=eTRUE

1sNB

VITs1)=VI(Ie2)

CONTINU
DO 2 1I=
CllIsl)=
CCNTINU
TIME=TS
M=NOFL (
K=0

DO 15 1
J=1

IF (1.G

IF (JeGTeloaANDBOOL)

GO TO 5

F

1sNB
C(ls2)

E
TART+NIC*H
1)+NOEL(T)

=1eM

FeNCEL(1)+41) J=NR=T+NOTL(1)+1
6GC TO &

BOOL=eFALSE

K=5-15T
IF (SOR
K=K+1

IF (SORTYPE(J)eFEQelHF¢OReSORTY
IF (SORTYPE(J)eEQe1HP)
IF (TIMFeLESSECTIMI(K))

IF (NNI
NP (K) =N
NPR=NP(
OLDTIHME

EP
TYPE(J) eFQa 1HC)

GO TO 15

GO TO 12
GO TO 6

(K)eLE«NP(x)) 5O TO 13

P(K)+1
K)
(KY=SECTIMF(K)

SFCTIME(K)=TIMFEPT (¥ sNPR)

OLDVAL(

SECVAL (K)=SORVAL (¥ 9NPR)

IF (I.G

V(Js2)=OLDVAL (K)+(SECVAL(K)=OLDVAL(X) ) #(TIME=OLDPTIME(K) )/ (SECTIME(

1K)=0LDT
GC TO 1

C(J92)=OLDVAL(K)+(SFCVAL(K)—OLWVAL(K))*(TIMF-OLDTIMF(())/(SECTIME(

1K)=0LDT
60 TO 1
wW=SNSO1
T=5NS0I1

IF (SORTYPE(J)eiTdalliR)

K)=SECVAL(K)

CeNOEL(1)+1) GO TO 7

IMEZ(K))
5

ITMEAK))
5
N(Ke2)
D(Ks3)

GO TO 10

PF{J) eFRe1HS) GO TO 8

C‘C‘G\G\G\G\OOG\OC\DC\OG\OOOOOOOC\OOOOC\OOG\OOC\DOOC\'GDOG\G\G\OOG\G\OG\OG\OG\OO



10

11

12

14
15

IF (JeGTaI) GO TO 9
V{Js2)=SNSOID(Ks 1) %EXP (W#T [HME-T)
GO TO 15
ClJ92)=SNSOIDAKs 1) ¥EXP (W TIME-T)
GO TO 15

IF (JeGToI) 50 TO 11

V(Js2) =SNSOID(Ks 1) #SIN(Y*TIME=T)
GO TD 15

ClJs2) =SNSOTD (K1) ¥STN(H#TIME=T)
GO TO 15

CALL PERTOD (K,J)

GO TO 15

L=NNT (K)

IF (JeGTol) GO TO 14
V(J»2)=SORVAL (KsL)

GO TO 15

ClJ»2)=SORVAL (KsL)

CONTINUE

RE TURN

END

96
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SUBROUTINE PERIOD (KsJ)
INTEGER TYPE

97

COMMON /BLOCK3/ TYDE(ZOO)9VALUE(200)9F(49’151)9NOEL(7)
COMMON /BLOCKT/ IDIMFNoALPHAyFUMCT9NIC$NITER,HsEPS,NN9NB

COMMON /BLOCKS/ VI(20042)sC(20052)

COMMON /BLOCK10/ COND(ZOO)9IDELaTSTART9TENDoNSTEP
COMMON /BLOCK11/ SORVAL(5’100)’TIMEPT(59100)9SNSOID(5’3)9NNI(5)
COMMON /BK13/ ISTEP;OLDVAL(5)9SECVAL(5)9OLDT1ME(5)9SECTIME(5)9NNJ(

15)

COMMON /BLOCK14/ NP(5)
NNN=NNT (K)

TIME=TSTARTHNIC*H
T=TIME~-NNJ(K) ¥ (TIMFPT (K yNNN)=TSTART)
I[F (TeLFeSFCTIMF(K)) GO TO 2
NP (K)=NP(K)+1

IF (NP(K)eGT«NNI(K)) GO TO 4
NPR=NP (K
OLDTIME(K)=SECTIMT(K)
SECTIME(K)=TIMEPT(K,NPR)
OLDVAL (K)=SECVAL(¥)

SECVAL (K)=SORVAL (K sNPR)

IF (JeGESNOEL(1)+1) GO TO 2

V(J92)=0LDVAL(K)+(SECVAL(K)-OLDVAL(K))*(T-OLDTIME(K))/(SECTIME(K)*

10LDTIME(K))

GO TO 5

C(Js2)=0LDVAL (K)+(SECVAL (K)=OLPVAL(K)
10LDTIME(XK))

GO Tn 5
NNJIK)=NNJ(K)+1
SECTIME(K)=TIMEPT(K»2)
OLDTIME(K)=TIMEPT(K»s1)
SECVAL(K)=SORVAL (K s2)
OLDVAL (K)=SORVAL(K»1)
NP(K)=2

GO TO0 1

RETURN

END

) ¥ (T=OLDTIME(K) )/ (SECTIME(K) -

IIIIIIIIIIIIIIIIIII‘IIIIIIIIIIIIIIIIII

VO NV WN -



10 .

SUBROUTINE MATSET (AsNBsNNsNIC)

INTEGER CNTSOR

INTEGER TEMP

INTEGER SORTYPEsCONTYPE

INTEGER TYPE

COMMON /BLOCK3/ TYPE(200)sVALUE(200)sF(49+151)9NOEL(T7)
COMMON /BLOCK6/ TEMP(7)sE(200)sGRAD(200)sCONST(200)
COMMON /BLOCKB8/ V(200+2)9C(200+2)

COMMON /BLOCK9/ SORTYPE(200)sCONTYPE(200) sKONBRAN(200)
COMMON /BLOCK10/ COND(200) s IDELsTSTARTsTENDsNSTEP
COMMON /BLOCK19/ CNTSOR(200)

COMMON /BLOCK22/ CK(200)

COMMON /BLOCK25/ X(200)sY(200)5Z2(200s2)
DIMENSION A(NBsNB)

K=NN=-1

DO 4 I=1sK

IF (TYPE(I)eEQelHE) GO TO 1

IF (TYPE(I)eEQelHC) GO TO 2

IF (TYPE(I)eEQelHL) GO TO 3

CK(I)=060

GO TO 4

CK{I)=V(1s2)

GO TO 4

IF (NICeEQeO) CK(I)=COND(I)

IF (NICeNEoO) CK(I)=V(Is1)+CONST(I)*C(1Is1)
GO TO 4

IF (NICsEQeO) CK(I)=040

IF (NICeNEeO) CK(I)==V(Is1)-CONST(I1)*C(1Is1)
CONTINUE

DO 8 I=NNsNB

IF (TYPE(I)eEQelHJ) GO TO 5

IF (TYPE(I)eEQelHC) GO TO 6

IF (TYPE(I)eEQelHL) GO TO 7

CK(1)=0e0

GO TO 8

CK(I)=C(1s2)

GO TO 8

IF (NICeEQe0) CKI(I)=040

IF (NICeNEJO) CK(I)==Cl(Is1)=V(Is1)*CONST(I)
GO TO 8

IF (NIC.EQe0) CK(I)=COND(I)

IF (NICeNEoO) CK(I)=C(Is1)+V(I»1)*CONST(I)
CONTINUE

DO 29 I=1,K

IF (TYPE(I)eEQelHE) GO TO 9

IF (TYPE(I)sEQelHV) GO TO 11

IF (TYPE(I)eEQelHC) GO TO 18

IF (TYPE(I)«EQelHR) GO TO 19

IF (TYPE(I)eEQelHL) GO TO 22

IF (TYPE(I)eEQelHI) GO TO 23

GO TO 29

DO 10 J=1sNB

A(I1+J)=00

IF (14EQeJd) Allsd)=1.0

CONTINUE

U‘m\nuwbl>k~P&~¢~b3>b-buamt»u>mt»uau\nuawlvh:nrun:mrvm:Nvuhuh-Hrahawvahaw
ulvhao~o<n~1O\ne-urvr‘o~oa>q<>\n¢~wcv»uo~o<»~40\n:~urvwao~ocn~40\n:~urv~‘o~oc:4<>\n&t»n)u

(SN
(S0



11

12

13

14

15

16

17
18
19

20

21

22

23

24

25

26

27

28
29

GO

IF (CONTYPE(I)eEQelHV) GO TO 12

TO 29

GO TO 15
M=CNTSOR(1)

DO

13 J=1sK

A(l9J)==F(J9eM=-K)*¥CONST (1)

IF (1eEQeJd) A(IsJ)=1e0+A(1,J)

CONTINUE

DO

14 J=NNsNB

A(1+J)=00
CONTINUE

GO

TO 29

M=CNTSOR (1)

DO

16 J=1sK

A(I1+J1=0.0
IF (1eEQeJ) A(IsJ)=1e0
CONTINUE

DO

17 J=NNsNB

A(19J)=CONST(I)*F(MeJ=K)
CONTINUE
GO TO 29
IF (NICsEQe0) GO TO 9
DO 20 J=1sK
Al1+sJ)=0e0

IF (1eEQeJd) AllsJ)=140
CONTINUE

DO 21 J=NNsNB
A(IsJ)=CONST(I)*F(IsJ=K)
CONTINUE
GO TO 29
IF (NICsEQeO) GO TO 9

GO

IF (CONTYPE(1)eEQse1HI) GO TO 26

TO 19

M=CNTSOR(1)

DO

24 J=19K

Al19J)==CONST(I)*¥F(JsM=K)
CONTINUE

DO 25 J=NNsNB
AlleJ)==F(1sJ=K)
CONTINUE

GO

TO 29

M=CNTSOR(1)

DO

27 J=1sK

A(1+J)=0.0
CONTINUE

DO

AllsJ)==F(1sJ=K)+CONST(1)*F(MyJ=K)

28 J=NN»NB

CONTINUE
CONTINUE

DO
IF
IF
IF
IF
IF

49 I=NNsNB

(TYPE(I)eEQelHJ)
(TYPE(I)eEQelHI)
(TYPE(I)eEQe1lHC)
(TYPE(I)eEQe1lHR)
{TYPE(I)eEQe1HL)

GO
GO
GO
GO
GO

T0
T0
TO
T0
TO

30
32
38
39
42

99



30

31

32

33

34
35

36

37

38
39

40

41
42

43

44

45
46

47

48

49!

IF (TYPE(1)eEQelHV) GO TO 43
GO TO 49

DO 31 J=1sNB

A(1+J)=0e0

IF (1eEQeJd) AllsJ)=1e0
CONTINUE

GO TO 49

IF (CONTYPE(I)eEQe1HI) GO TO 35
M=CNTSOR(1I)

DO 33 J=1sK
A(T9J)==F(JsM~K)*¥CONST(1)
CONTINUE

DO 34 J=NNsNB

A(T1+J)=0.0

IF (1eEQeJ) A(IsJ)=140
CONTINUE

GO TO 49

DO 36 J=1sK

A(1+J)=0e0

CONTINUE

M=CNTSORI(I)

DO 37 J=NNsNB
AlIsJ)=F(MeJ-K)*CONSTI(I])

IF (1eEQed) A(IsJ)=A(I9J)+1e0
CONTINUE

GO TO 49

IF (NICsEQe0) GO TO 30

DO 40 J=1sK
All9J)==F(Js1-K)*CONST(I)
CONTINUE

DO 41 J=NNsNB

A(1+J)=0e0

1F (IoEQoJ) A(I’J)=1.0
CONTINUE

GO TO 49

IF (NIC.EQe0) GO TO 30

GO TO 39

IF (CONTYPE(I)eEQelHI) GO TO 46
M=CNTSORI(T)

DO 44 J=1sK

AlTeJ)=F(JeI=K)=F(JsM=K)*CONSTI(I)

CONTINUE

DO 45 J=NNsNB

A(I+J)=0.0

CONTINUE

GO TO 49

DO 47 J=19K
A(T9sJ)=F(Je1-K)

CONTINUE

M=CNTSOR(I)

DO 48 J=NNsNB
A(19J)=CONST(I)%F (M=KyJI=K)
CONTINUE

CONTINUE :
CALL MATINV (AsNBSsDETERMsXsYsZ)
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DO 50 I=1sK
V(1s2)=0e0
DO 50 J=1sNB

V(Ie2)=V(Is2)+AlTJ)*¥CK(J)'

DO 51 I=NNsNB

C(I1+2)=0e0

DO 51 J=1¢NB
ClI92)=C(I192)+A(I9J)*CK(J)
RETURN :

END
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SUBROUTINE MATINV (AsNsDETERMsPIVOTsIPIVOT s INDEX)
MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS

DIMENSION IPIVOT(N)s PIVOT(N)s INDEX(Ns2)» A(NsN)
EQUIVALENCE (IROWsJROW)s (ICOLUMyJCOLUM) (AMAX s T9SWAP)

INITIALIZATION

DETERM=1.0
DO 2 J=1,N
IPIVOT(J)=0
DO 15 I=1sN

SEARCH FOR PIVOT ELEMENT

AMAX=040

DO 7 J=1»sN

IF (IPIVOT(J)=1) 39743

DO 6 K=1l»sN

IF (IPIVOT(K)—-1) 446419

IF (ABS(AMAX)=ABS(A(JsK))) 59646
IROW=J

ICOLUM=K

AMAX=A(JsK)

CONTINUE

CONTINUE

IF (AMAX) 8+20,8
IPIVOT(ICOLUM)=IPIVOT(ICOLUM)+1

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF (IROW-ICOLUM) 941149
DETERM=-DETERM

DO 10 L=1sN
SWAP=A(IROWsL)
A(IROWsL)=A(ICOLUM,L)
A(ICOLUMsL ) =SWAP
INDEX(I191)=IROW
INDEX(Is2)=1COLUM
PIVOT(I1)=A(ICOLUM, ICOLUM)
DETERM=DETERM#PIVOT(I)

DIVIDE PIVOT ROwW BY PIVOT ELEMENT

A(ICOLUMs ICOLUM) =160

DO 12 L=1sN
A(ICOLUMsL)=A(ICOLUMsL)/PIVOT(I)

REDUCE NON-PIVOT ROWS

DO 15 L1=1sN

IF (L1-ICOLUM) 13415,13
T=A(L1sICOLUM)
A(L1sICOLUM)=0.0
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17
18
19
20

DO 14 L=1sN
ALLL1sL)=A(LLIsL)-A(ICOLUMsL)*T
CONTINUE

INTERCHANGE COLUMNS

DO 18 I=1,sN

L=N+1-~1

IF (INDEX(L»1)-INDEX(Ls2)) 16518516
JROW=INDEX(Ls1)
JCOLUM=TINDEX{(L52)

DO 17 K=1sN
SWAP=A (K s JROW)
A(KsJROW)I=A(K s JCOLUM)
A(K»JCOLUM)=SWAP
CONTINUE

CONTINUE

RETURN

DETERM=0.

RETURN

END
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SUBROUTINE READOUT

INTEGER TEMP

INTEGER SORTYPEsCONTYPE

INTEGER TYPE

COMMON /BLOCK3/
COMMON /BLOCKS5/
COMMON /BLOCK6/
COMMON /BLOCK7/
COMMON /BLOCKS8/
COMMON /BLOCKS/

TYPE(200)sVALUE(200)sF (495151 )9 NOEL(T7)
IOUT(200)sNOUT(200)sITEST(200)
TEMP(7)sE(200) sGRAD(200) sCONST(200)
IDIMENsALPHASFUNCT sNICsNITERsHsEPSsNNsNB
V(200+2)9sC(200+2)

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

COMMON /BLOCK10/ COND(200)sIDELsTSTART»TENDINSTEP
COMMON /BLOCK15/ NITsJOUT sNGRAPHsNALLOUT
COMMON /BLOCK 16/ GRAF(20095) 9 JGRAPH(5) s IGRAPH(5) sNPRINTsSCALESNITT

A8

@ ~NeN

COMMON /BLOCK18/ VAROUT(200)
N=NN-1

DO &4 I=1,JOUT

K=NOUT (1)

IF (NOUT(I)eLTeNN) GO TO 2
IF (ITEST(I)eEQel) GO TO 1
VAROUT(I)=V(Ks2)

GO:'TO 4 :
VAROUT(1)=C(Ks2)/SCALE

GO TO 4

IF (ITEST(I1)«sEQe0Q) GO TO 3
VAROUT(1)=C(Ks2)/SCALE

GO TO 4

VAROUT(I)=V(Ks2)

CONTINUE

TIME=H*NIC+TSTART

IF (NIC.EQs0) PRINT 6

PRINT 7s TIME

DO 5 I=1,J0OUT

A=7THVOLTAGE

IF (ITEST(l1)eEQel) A=THCURRENT
PRINT 8s IOUT(I)sAsVAROUTI(I)
CONTINUE

RETURN

FORMAT (1H1)

FORMAT (///77310Xs*TIME = #4E1545)

FORMAT (1HO»10Xs*BRANCH¥*s1595X9AT910XsE1565)
END
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SUBROUTINE GRAPH

INTEGER TYPE

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
NC 3 I=
K=NST (1

/BLOCK1/
/BLOCK3/
/BLOCK &4/
/BLOCKT/
/BLOCKS8/
/3LNCK10/
/BLOCK1S/
/8LOCK16/
/BLOCK21/
1 sNGRAPH
)

ANP(200)sNP(200)

TYPE(200) s VALUE(200)9F (499151 )eNOEL(T)
ITRRAN(200) sLEAVTA200)Y sLENTT(200)
IDIMFNSALPHASFINCT oNTICsNITERsH9FPS 9NN NRB

VI20N42)eC{20042) )
COND(2CO) s IDFLIsTSTART »TENDINSTEP
NITesJOUT s NGRAPHSNALLOUT

GRAF (20095) s JGRAPH(5) s IGRAPH(5) s NPRINTs SCALESNITT

MNST(5)

IF (JGRAPH(I1)eEQen) 7N TNH 2
GRAF (NPRINTs1)=C(Ks2)/SCALFE

GO TO 3

GRAF(NPRINT I )=V(K2)

CONTINU

£

IF (NPRINTeLTe200eANND¢ (NITFR=MNIC) eGReNSTEP) RETURN

DO 9 I=
PRINT 1
A=THVOL

1 sNGRAPH
1
TAGE

IF (JGRAPH(1)eEQel) A=THCURRFENT
Os IGRAPH(I)HA

PRINT 1
AMAX =GR
AMAX=AR
DO 4 U=
A=GRAF (
A=ARS(A
IF (Ae
CONTINU
DO 5 J=

AF(1s1)
S(AMAX)

2 sNPRINT
Je 1)

)

T« AMAX)Y A
F
1sNPRINT

MAX=A

NP(J)=GRAF(Js1)¥500/AMAX+51 40

CONTINU
DO 6 J=
ANP(J)=
CONTINU
PRINT 1
DO 7 J=
ANP(JU) =
CCNTINU
ANP(51)

DO 8 KK=1sNPRINT

LL=NP (K
IF (LLe
ANP(LL)

£

1,101

1H.

F

2s (ANP(J
1,102

1H

£

=1H,

K)

)sJ=1,101)

GEe51) LL=LL+]

=1H+

TIME=TSTART+NSTEP#KK¥*H=H
3s TIMESGRAF(KKsI)s(ANP(J)sJ=19102)

PRINT 1
ANP(LL)

=1H

CONTINUE
CONTINUE

NGRAPH=
RETURN

FCRMAT
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FORMAT (1lH1)

" FORMAT (lHOs2X,*TIME*)lOXo*VALUE*,éx}101A1)

FORMAT-(1HZsE11-4,2XsE110493X’102A1)

END

mrrrr
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SUBROUTINE ALLOUT

COMMON /BLOCK7/ IDIMENALPHASFUNCTsNICINITERsHsEPS9sNNsNB
COMMON /BLOCKB8/ V(200+2)sC(200+2)

COMMON /B8LOCK10/ COND(200) s IDELsTSTARTsTENDINSTEP

COMMON /BLOCK16/ GRAF(20035) s JGRAPH(5) 9 IGRAPH(5) s NPRINTsSCALESNITT
COMMON /BLOCK18/7 A(200)

DO 1 I=NNsNB

A(T)=C(192)/SCALE

CONTINUE

N=NN-1

TIME=(TSTART+H*NIC)

PRINT 2s TIME

PRINT 39 (V(Is2)sI=1sN)

PRINT 49 (A(I)sI=NNsNB)

RETURN

FORMAT(1HO9/7// 9% TIME = #%3E1545)

FORMAT (1HO » *THESE ARE THE TREE BRANCH VOLTAGES%*s//910(3XsE1245))
FORMAT (1HOs * THESE ARE THE LINK CURRENTS %4//910(3X9E1245))
END
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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

108

cannot exceed three digits, and node numbers cannot exceed two digits.

1. 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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27000 + N2 (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, L'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, independeht 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, 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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