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ABSTRACT

The purpose of the programs in this package is to find the characterizations
of a linear resistive n-port and a linear dynamic m-port, and to formulate the
state equation of a linear dynamic circuit. NOEL will give a generalized implicit
representation

Pv+Qi+s=0

for the linear resistive n-port, and a complez generalized implicit representation at
frequency w = 2xf

P(jw)*v(jw) + Qi w)*i(jw) + 8(jw) =0

for the linear dynamic m-port. Various types of explicit representations
(impedance, admittance, hybrid, transmission, and scattering) can also be
obtained if requested by the user. The linear state equation

x = Ax + Bu + 5, + Tu
y =Cx + Du + s, + Tou
is given in terms of the parameters A, B, C, D, s,, 8,5, T,, and T,.
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NOEL PACKAGE 1:
LINEAR CIRCUIT FORMULATIONS,
N-PORT REPRESENTATIONS AND STATE EQUATIONS

1. Introduction

Consider the circuit consisting of an arbitrary interconnection of the circuit elements within
the class of allowed elements defined in [2]. The circuit is described by an input file ”xx...x.spc”
and follows the rules of the input format language defined in [2]. A linear resistive n-port circuit is
formed by extracting all the nonlinear and/or dynamic and/or time-varying elements from the
circuit, such that it consists of the remaining linear elements or time-invariant independent vol-

tage or current sources as shown in Fig.1. More specifically, the internal part of the linear resistive
n-port is made up of :

(1) time-invariant independent voltage sources

(2) time-invariant independent current sources

(3) 2-terminal linear resistors

(4) 4 types of linear controlled sources (VCVS, CCCS, VCCS, CCVS)
and each of the external ports is connected by one of the following elements :
(1) 2-terminal nonlinear resistor

(2) 2-terminal piecewise-linear resistor

(3) 2-terminal capacitor (linear or nonlinear)

(4) 2-terminal inductor (linear or nonlinear)

(5) time-varying voltage source

(6) time-varying current source

(7) nonlinear controlled source

(8) nonlinear 2-port or 3-terminal resistor

(9) piecewise-linear 2-port or 3-terminal resistor

The port number n is determined by the total number of the above class of circuit elements in the
circuit; namely, nonlinear/dynamic/time-varying elements.

Since all the internal elements, except the independent sources, are linear and memoryless,
the resistive n-port can be characterized by a conductance representation

i=Gv+s (1)
a resistance representation . ;

v=Ri+s . (2)
or a hybrid representation

y=Hx+s (3)

where the constant vector s is contributed by the independent sources. However, the conductance,
resistance, and some particular combination of hybrid representations may not exist in the general
case. For example, the conductance representation does not exist if some of the port voltages form
a loop. The non-existence of the above explicit representations, Eqgs.(1), (2), and (3), will impose
limitations for some circuit analysis algorithms which require an explicit relation among the port
variables. Given this defect of the explicit representations, we are motivated to discuss only the
generalized implicit representation for the linear resistive n-port; namely,

Pv+Qi+s=0 (4)
where PER®**, QER"**® and s€R".
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This representation exists for most circuits except for some very pathologically degenerate
circuits[1], and can be used to obtain any other representation, when it exists. (See Eqs.(7)-(13)
below.)

Combining the frequency-domain characteristics
v (Jw)= jwl*;(jw), ic(jw)=jwC*e(jw) (5)

of the linear inductors or capacitors with the linear resistive n-port equation (4), we can further
expand the resistive n-port to a dynamic m-port, as shown in Fig.2, but with reduced port dimen-
sion m, where n-m totals the number of linear dynamic elements. The dynamic m-port is charac-
terized by an implicit relation, called complez generalized implicit representation

P(jw)* v(jw) + Q(jw)*i(jw) + 8(jw) = 0 (6)
at frequency w = 2xf , where PEC™ X™  QeC™ *X™ | and 8€C™.

Several explicit m-port representations can be easily obtained by taking the matrix inverse
operations; namely,

the impedance representation

v(jw) = Z(jw)*i(jw) + e(jw) (7)
the admittance representation
i(jw) =Y(w)*v(jw) + e(5w) (8)
the hybrid I representation
R . U - .
Va 1 . Hu Hab 15 8g
iy _— Hy, Hy ||ve + 3»4 (9)
the hybrid II representation
Pia._ H,, Hab- Vs 8,
ve | [Hee Ho [|1 * s (10)
the transmission representation
-va . Hac Hab A -sa
O | : PO : PP I A 8 (11)
the scattering representation
¥(5w) = 8(jw)*x(jw) + (5 w) (12)
the generalized representation
€7 w) = G5 w)* (s w) + (s w) (13)

where

HEIHHIH 09

Substituting the time-domain characteristics

di . dv
w(t)=L—, ic(t)=0—C (15)

of the linear inductors or capacitors into Eq.(4), we can easily obtain the linear implicit state

equation
e Ealf]+ (& &0+ 6] - e



and the linear explicit state equation
x =Ax +Bu+s, + T)u (17a)
y = Cx + Du + 8, + Tou (17b)
for a linear dynamic circuit, where
AER® %" , BER"XT  CgR'"*" , DeR’ X , 3,€R" , 8,€R" , T,€R" Xr , T.€R’ Xr

and xER" consists of linear capacitor voltages and linear inductor currents, u€R" consists of the
voltages (resp.; currents) of time-varying voltage sources (resp.; current sources), yER' consists of
the currents (resp.; voltages) of time-varying voltage sources (resp.; current sources). The
matrices T, and T, are zero when there exists no loop of capacitors and time-varying sources, or
cutset of inductors and time-varying current sources.

In addition to the above representations for linear circuits, Eq.(4) is also a preliminary step
for nonlinear circuit formulations :

Combining the characteristics of the elements connected across the external ports with the

generalized implicit equation (4), the equations describing the circuit can be formulated as a non-
linear algebraic equation

fix)=0 (18)
for a resistive circuit, or an implicit differential equation
f(x,:'c,t)=0 (19)

for a dynamic circuit, and can be solved by nonlinear DC analysis[3], nonlinear transient

analysis(4], canonical piecewise-linear DC analysis[5|, and canonical piecewise-linear transient
analysis|[6].



2. Algorithm

2.1. Linear resistive n-port

The algorithm for finding the generalized implicit equation (4) is summarized in the follow-
ing sequential steps. For details of the algorithm, refer to Section 6.6, pp.259-265 of [1].

Step 1.
Find the reduced incidence matrix A.

Step 2.
Choose a tree T by reducing A to

A= [1 D]

Step 3.
Divide the branches into four categories :
(i) port branches in the tree
(i) port branches in the cotree
(iii) nonport branches in the tree
(iv) nonport branches in the cotree

such that the nonport branches are either linear resistive elements or time-invariant
independent sources.

Step 4. :
Find the KCL (Eq.(6.55) in [1]) and KVL (Eq.(6.56) in [1]).

Step 5.
Find the linear characterization (Eq.(6.85) in [1]) for nonport branches.

Step 6.
Combine KCL, KVL, and the characterization of nonport branches into the tableau form

(Eq.(6.66) in [1]).

Step 7.

Substitute the nonport tree currents (resp.; nonport link voltages) in terms of link currents
(resp.; tree voltages) into the tableau equation to yield a simpler form (Eq.(6.67) in [1])

Step 8.

Apply elementary row operations to reduce the simplified tableau equation (Eq.(6.67) in [1])

to the row-echelon form (Eq.(6.69) in [1]); and then extract the constraint matrix equation
Pv +Q1i =0

from the right bottom corner, where v’ (resp.; i ) denotes the voltages (resp.; currents) of
the independent sources and the port elements (nonlinear and/or dynamic and/or time-
varying elements).

Step 9.
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Substitute the independent voltage or current source values into the constraint matrix equa-
tion to yield the generalized implicit equation (4).

2.2. Linear dynamic m-port
.Step 1.

Follow the algorithm of Section 2.1 to find the generalized implicit equation (4) for the
linear resistive n-port.

Step 2.

Find the linear implicit state equation (16) by substituting the linear time-domain relations
Eq.(15) of inductor or capacitor into Eq.(4), where x consists of the linear capacitor voltages
and the linear inductor currents.

Step 3.
" Solve the upper part of Eq.(16) in the frequency domain to get
x(jw) = ~(rp1z + FiP1v - (raiz + jiq)i - (rs, + jis) (20)
where

TPiz + J Py = (J WPy + Q) * Py, (21a)
raip + Jiq = (JwPy + Q) * Qe (21b)
rs, + jis; = (jwPy + Q) ' *s, (21¢)

Step 4.

Substitute Eq.(20) into the bottom part of Eq.(16) to get the complex generalized implicit
equation (6), where

P(jw) = (P + wP2ip12 - QurPig) + 7 (~wPyrpi2 - Quiipyo) (22a)
Q(J' w) = (Qa2 + wPyiq)s - Quirqy2) + j (-wPyrq 2 — Qpiqyo) (22b)
8(j w) ='(8; + WPy is, - Qgrs;) + j (—wPyrs; - Qyisy) (22¢)

Step 5:

Re-arrange the port indices or interchange the port variables, and then perform the matrix

inverse operation to reduce the implicit equation (6) to various types of explicit representa-
tions Eqs.(7)-(13).

2.3. Linear state equation
Step 1.
Follow. Steps 1 and 2 of Section 2.2 to find the implicit state equation (186)."

Step 2. )
Re-arrange Eq.(16) to

" P, Py ||x Qn le [x ] 8,
. ] = 23
-:, [sz Py ] [Y] + [Qzl Qz t s, 0 (23)
such.that w(resp.; y) consists of the input variables (resp.; output variables).

Step 3.



e

Perform the matrix infer_se operaAtidnvt,o reduce Eq».d(i23)_ to the explicit state equation (17).



3. User's Instruction

3.1. Linear resistive n-port
Step 1.
Create a file "xx...x.spc” which describes the circuit to be analyzed and follows the rules of

the input format language defined in [2] for each class of circuit elements, where "xx...x” is
the filename. All the circuit elements given in (2] can be included in "xx...x.spc”; namely,

"R’ : 2-terminal resistor (linear or nonlinear)

“C’ : 2-terminal capacitor (linear or nonlinear)

‘L’ : 2-terminal inductor (linear or nonlinear)

“V’ : independent voltage source (time-invariant or time-varying)
‘I’ : independent current source (time-invariant or time-varying)
‘E’ : linear voltage-controlled voltage source

“F’ : linear current~controlled current source

‘G’ : linear voltage-controlled current source

“H’ : linear current-controlled voltage source

“K’ : nonlinear controlled source

"N’ : 2-port or 3-terminal resistor (linear or nonlinear)

Step 2.
Type the command

nport XxXx...x

for standard output from the screen or

nport XX..X >YY..y

if the output is to be redirected to the file "yy...y”, where "xx...x” is the filename for the
input file *xx...x.spc” which contains the circuit description.

3.2. Linear dynamic m-port

Step 1. )
Same as Step 1 of Section 3.1 except the nonlinear elements (2-terminal or 2-port) are not
included. The linear dynamic m-port characterization for a nonlinear circuit can be done by

replacing each nonlinear element with an independent time-varying source, and both circuits
exhibit the same m-port characterization.

Step 2. (complex generalized implicit equation (6))
Type the command

cnport XX...x

to obtain the complex generalized implicit equation (6). It proceeds interactively with the
following procedures :

enter the frequency

After the frequency f = w/2r is:entered, the complex generalized implicit equation (6) is
printed and a message is shown to ask the user whether to continue :

continue with a new frequency? y/n
If ’y’ then repeat the procedures; else stop.
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Step 3. (complex explicit representations Eqgs.(7)-(13))
Type the command

cnportx XX...Xx

to obtain various types of explicit representations. It proceeds interactively in the following
procedures :

enter the representation type number

o ol s ads 2l ol ol s s s ads ads ads ol aln ads ads ol als als ol o ol ol ads ods ol ol ol ade ol ol ol ol afe ol adn ol ol s ol ol ol ade ol s ale ol ol a ol s o ol 3 o 3k R o
1 : impedance matrix representation

2 : admittance matrix representation

3 : hybrid I matrix representation

4 : hybrid II matrix representation

5 : transmission matrix representation

6 : scattering matrix representation

7 : generalized matrix representation

(A A A2 2 d IR I TP I I IT L IYTE TIPS TE Y2 YT TR TRy 2y
(i) type 1:impedance matrix representation

If °1’, then the impedance matrix representation Eq.(7) at the given frequency is found
and will repeat at other frequencies if the user wishes to continue :

enter the frequency
continue with a new frequency? y/n

(i) type 2 : admittance matrix representation

If ’2°, then the admittance matrix representation Eq.(8) at the given frequency is found
which proceeds similarly as case (i).

(i) types 3,4 : hybrid matrix representation
If '3’ or '4’, then the hybrid matrix representation is found by the following procedures

enter the frequency
is port j (NAME) a v-controlled or i-controlled port? v/i

Enter v’ (resp.; '’) if the voltage (resp.; current) of the j-th port is the input variable
in that port, where NAME is the name of the element connected across port j. After
the v, i controlling information for each port is entered, the explicit hybrid representa-
tion is re-arranged to Eq.(9) for hybrid I representation and Eq.(10) for hybrid II
representation.

(iv) type 5 : transmission matrix representation

enter the frequency

is port j (NAME) an input port? y/n

enter 'y’ if both the voltage and current of the j-th port are the input variables.
(v) type 6 : scattering matrix representation

enter the frequency

enter R_j for port j (NAME)

Enter the reference resistance for the j-th port.
(vi) type 7 : generalized matrix representation



enter the frequency

enter row j of the n by n matrix Re(a)

enter row j of the n by n matrix Im(a)

enter row j of the n by n matrix Re(b)

enter row j of the n by n matrix Im(b)

enter row j of the n by n matrix Re(c)

enter row j of the n by n matrix Im(c)

enter row j of the n by n matrix Re(d)

enter row j of the n by n matrix Im(d)

Enter the coordinate transformation matrices a, b, ¢, and d of Eq.(14).

Step 4.

In addition to the standard output from the screen, both the implicit and the explicit
representations at each given frequency are written to the output file "xx...x.eq”, where
"xx...x.spc” is the input file with the circuit description.

3.3. Linear state equation
Step 1.
Same as Step 1 of Section 3.2.
Step 2. :

Type the command

staeq XX...x
for standard output from the screen or
staeq XX...X >YyY...y

if the output is to be redirected to the file "yy...y”, where "xx...x" is the filename for the
input file "xx...x.spc”.
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4. Output Format
The output format for _
(i)  the generalized implicit equation (4) of the linear resistive n-port

(i) the complex generalized implicit equation (B) of the linear dynamic m-port at a given fre-
quency .

(iii) the explicit representations Eqgs.(7)-(13) of the linear dynamic m-port at a given frequency
(iv) the linear state equation (17)

are given by

(i) the P, Q matrices and the s vector

(ii) the 15( Jw), Q( J w) matrices and 8(y w) vector at the given frequency w

(iii) the e(jw) vector and the Z(jw), Y(;jw), H(jw), T(;w), S(;w), and G(j w) at the given
frequency w

(iv) the matrices A,B,C,D,T,, T, and the vectors s,, s, respectively. Each port is
identified by the node numbers of the port terminals (with the convention that the first node
number denotes the terminal with positive polarity) and the external element connected
across this port. The standard output format for each type is shown below :

4.1. Linear resistive n-port

s e o e ok e e ke o e ke ok ok ok ok ok SPICE m’PUT a3 3 3k o sk ke sk 3k o e e ok ok sk ok ok

{ input file listing }

o 2 2k ok 3k e e ke 2 s ok ok o ok ke o ok sl ok ok ok o sk ke s sk ek ke e sk ok ok ke e ook ok o ko ok ok ok ok o ok dkeak

GENERALIZED IMPLICIT EQUATION OF THE
LINEAR RESISTIVE n-PORT

P +Q*i+s=0

{ port definition }

S ok ok ok ke e o ke ok o ok ok ke ok e ok ok ok ok ok P ma.tl'ix sk a e ok 3k o ke ok 3k ko ok e ok ke ok ok e ok sk ok ok

{Plij] = ... }

a2k 2 o 3 e ok ok ok o ok ok ok ok ok o ok ok ok ok Q mat«l'ix akeake e ok o e 3k ok o o ok ok e ke o ok ok ok e ok ok ok

{ Q] = e }

FEERRRRRRRRRARRRRRRRR ¢ voctor FERERRRRERKERRRRRKEREE
{ sli] =...... }

4.2. Linear dynamic m-port
A. Implicit representation
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ek ok ok ok o kol ok ok ok ok ak ok ok SPICE INPUT ok o o o ok ke o o ok 3k e ok ok ok ok

{input file listing}

e ke ke o 2k ok ok ok sk ke o ke e e o ok ok ok ok s ok ol o o o e ok ok ok e ke sk sk sk ok o o ok ok ok ok ok o ok ok ok

COMPLEX GENERALIZED IMPLICIT EQUATION OF THE
LINEAR DYNAMIC m-PORT

{port definition}

AT FREQUENCY = fif...ff

ke 3k 3K ok 2K ok ok 3k 3 2k 2k ok ok ok 2 2k ok P MATR]X 3k 3 3 3 3k ok ok ok ok 2k e ok oK o o K K
{ Re(Pfi,j]) = ..... Im(Pfi,j]) = ..... }

33k o ke ok e ok ok ok ok o 2 ok 3k ok ok Q MATR]X ke e ok e ke ok ke s ok e o ok ke ok e ok ok

{ Re(Q[i,j]) = ..... Im(Qi,j]) = ..... }

ke 2k e ke ale a3 ke o o e ke ok ke ke ok o s VECTOR 200 2k 2 ke ok ok ok e ok a3 o ke ake ok ake sk
{ Re(sfi]) = ..... Im(sfi]) =.....}

B. Explicit representation

ek s s 3 o ke 2 ok e ok e ek ok 3k ok SPICE INPUT ok kdkok Rk ok ko kkk
{ input file listing }
NP p—-
EXPLICIT LINEAR DYNAMIC m-PORT REPRESENTATION
{ port definition }

AT FREQUENCY = fif. ff

kkkkkkkkkkkkkkkk (G MATR]X Aakokokoak ok ok ok ok ok ok ok ok Kok kK

{ Re(G[i,j]) = ..... Im(G[i,j]) = ..... }

okkkkkkkkRkkRkkkk o 'VECTOR 902k 2 2 o 2 e o o ke o ok ok ok ok ok ok

{ Re(c[i]) = ..... Im(c[i]j =...}

4.3. Linear state equation
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sk o 2k ok s e o ok o ke ok ookok ok ok SPICE INPUT ek 3 ok ok ok ok ok ok ke ok ok e ok ok ok ok

{ input file listing }
e e ke 2 e ke o ok 2 e ok e ek ok ok e ok s ok ok ok ke ok 3k k2 e ke e 3k ok ok o ok 2k ok K ok 3 o ko ok ok ok
ssrsxsss [INEAR STATE EQUATION *s#*ssss

x’'= A*x + B*u + s_1 + T_1*u’
y = C*x + D*u +s5_2 + T_2*v’

*hEEE state variables **x**

{ state variable definitions }
**%*% input variables *****

{ input variable definitions }

*xkk¥ gutput variables *****
{ output variable definitions }

sk e o e o ok ke o o e ok ook ok ek A MATR]X Aotk ok ko ok ok ok ok ok ok ok ok ok ok

{ Alij] = ..... }

ok ke 2 o 2 2 o ok ok ok ok ok ok ok ok ok B MA_TRK S oo o o ok ok o ok o ok e e ok ok ok ok

ek ek ok ok ok e ke ok ok o e ok ok ok ok C MATRH o8¢ 3k 3 3k 3k o) ok sk 2 ok ok 2 ok ok ok 3k ke
{ Cli,j] = ..... }

Sk 2 2k ok ok ok o ok ok o ok ok ok 2k ok D MATR]X sk ol ek ok o o ok ok ok ok ok ok ok

{ Dfij] = ..... }

Beoke ke sk s o ok o o ok ok ok sk ok 3k ok S_J. VECTOR, koo sk ok ok ok

{safi] = .. }

ek 3k ok 3 o ok o o e ok ok ok ok o s 2 VECTOR ek 3 e o ok e o ok ok ok ke ok ok ok ok

{s2fi] = ...}
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a3k ok ke 2 ok ke ke ok o ok ok ok ok o ok TJ MATR]X sl o ok e ke o e o ke ok ok ok ok ok ok

{ T = ... }

ek o o o o ke ke ok ke ok e ook ok ok T_2 MATRIDX #%% %ok sk ok sk deokok ok

(T2l = ... }

Remark :

The port current direction in each of the explicit representations Egs.(7)-(13) follows the
conventional direction; namely, current flows into the n-port, or from the negative node to the
positive node in each port. The direction, however, is opposite in the implicit representations
Egs.(4) and (6); namely, it flows from the positive node to the negative node. The unconventional
direction in the implicit representations provides the convenient compatibility when combining
the characteristic of each external-port element, whose current direction is from the positive node
to the negative node, with the implicit linear n-port equation to formulate Egs.(18) and (19).
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5. Examples

5.1. Linear resistive n-port
Ezample 1 : in file "ex1.spc”
A single transistor type-S negative resistance circuit(7] (Fig.3).

Ezample 2 : in file "ex2.spc”
Schmitt-Trigger circuit (Fig.4).

Ezample 38 : in file "ex3.spc”
A dynamic circuit with a piecewise-linear resistor (Fig.5).

Ezample 4 : in file "ex4.spc”
A single transistor amplifier (Fig.6).

5.2. Linear dynamic m-port
Ezample 5 : in file "ex5.spc”
A linear RLC circuit (Fig.7).

Ezample 6 : in file "ex6.spc”
A linear LC ladder circuit (Fig.8).

5.3. Linear state equation
Ezample 7: in file "ex7.spc”
A linear dynamic circuit with capacitor loop (Fig.9).
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6. Diagnosis

6.1. Linear resistive n-port

1.

10.

11.

12.

13.

NPORT SPICE_FILE
Bad command line, the correct one should be

nport xXx...x

where "xx...x.spc” is the input file.

CAN’T OPEN SPICE_FILE xx...x.spc
The input file "xx...x.spc” does not exist in the current directory.

_EMPTY INPUT FILE

The input file "xx...x.spc” contains no circuit description.

CAN'T ALLOCATE SPACE
Not enough disk space for allocation of variables.

INSUFFICIENT SPACE FOR ELEMENT LINE ARRAY
Number of element lines in the input file exceeds the given upper bound.

INSUFFICIENT SPACE FOR MODEL LINE ARRAY

Number of model/graphic control/declaration lines (lines starting with ’.”) in the input file
exceeds the given upper bound.

MISSING .END IN THE LAST LINE
The input file is not terminated by ”.end” or ".END”.

UNDEFINED ELEMENT TYPE x’
The first character 'x’ of an element name is not in the class of allowed elements defined in

2).

UNDEFINED MODEL ”mm...m”
The model name *mm...m” is not defined in a separate model line
.model mm..m {........ }

MISSING ’'{* IN THE MODEL LINE
The model description in a model line is not included within the brackets "{......}"

ZERO ROW IN THE INCIDENCE MATRIX
The incidence matrix has a zero row due to bad circuit connections.

MISMATCHED CONTROLLED SOURCE
Bad circuit connections for linear controlled sources.

DEGENERATE RESISTIVE N-PORT
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The generalized implicit equation (4) does not exist.

14. WARNING MESSAGE : UNDERFLOW PROBLEM FOR nn...n

A very small number ’'nn...n’ (less than 1E-14) appears in the equation parameters due to
numerical underflow in the intermediate calculations. This number will be reset to zero.

8.2. Linear dynamic m-port
1.  See messages 2-14 of Section 6.1.

2. CNPORT SPICE_FILE

Bad command line for finding the complex generalized implicit equation; the correct one
should be .

cnport xx...x

where ”xx...x.spc” is the input filename.

3. CAN'T OPEN THE OUTPUT EQUATION FILE xx...x.eq
Unable to open the output file "xx...x.eq”.

4. RESISTIVE N-PORT; SHOULD USE "nport xx...x”
Use resistive n-port formulation routine for the resistive circuit.

5. THE COMPLEX IMPLICIT EQUATION DOESN'T EXIST

Can’t find the complex genéralized implicit equation (6) due to inverse operation on the
singular matrix in Eq.(21).

6. CNPORTX SPICE_FILE
Bad command line for finding the explicit dynamic m-port representations Eqs.(7)-(13).

7.  THE IMPEDANCE REPRESENTATION DOESN'T EXIST

8. THE ADMITTANCE REPRESENTATION DOESN'T EXIST
9. THE HYBRID REPRESENTATION DOESN'T EXIST

10. THE TRANSMISSION REPRESENTATION DOESN’'T EXIST
11. THE SCATTERING REPRESENTATION DOESN'T EXIST
12. THE GENERALIZED REPRESENTATION DOESN'T EXIST

Messages 7-12 are due to inverse operation on singular matrices in reducing the implicit
representation to various types of explicit representation.

13. ODD PORT NUMBER

The transmission representation does not exist for a linear n-port, where n is an odd
number.-

8.3. Linear state equation
1.  See messagns 2-14 of Section 6.1.

2. STAEQ SPICE_FILE
' Bad command line for finding the linear state equation.
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ILLEGAL CIRCUIT ELEMENT TYPE IN LINEAR DYNAMIC CIRCUIT
Try to find the linear state equation for a circuit containing nonlinear elements.

WARNING MESSAGE : CAPACITOR LOOP OR INDUCTOR CURRENT

Capacitor loop or inductor cutset exists in the circuit such that T, or T5 will be nonzero in
Eq.(17).
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Figure Captions

Fig.1
Fig.2

Fig.3
Fig.4
Fig.5
Fig.6
Fig.7
Fig.8
Fig.9

A linear resistive n-port formed by extracting all the nonlinear and/or dynamic and/or
time-varying elements from the circuit.

A linear dynamic m-port formed by extracting all the nonlinear and/or time-varying ele-
ments from the circuit.

A single transistor type-S negative resistance circuit.
Schmitt-trigger circuit.

A dynamic circuit with a piecewise-linear resistor.
A single transistor amplifier.

A linear RLC circuit.

A linear LC ladder circuit.

A linear dynamic circuit with a capacitor loop.
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*¥ Example 1

*

* single transistor type-S negative resistance device
*

*

transistor is treated as a 2-port resistor

Nx 2 4 2 5 bpmod

*

* Ebers-Moll model of bipolar transistor

.model bpmod (il=1.8085e-14%exp(38.44%v1)-1,.0e-14xexp(38.46%v2);
$i2=2.08e~14%exp(38.46%v2)~1.08e-14%exp(38.46xv1))

*

R3 2 7 16K

R4 2 4 1K

0 O WU
N AN
[+ s ]
H N X
NN

2
é
8

ving voltage is fixed at é Volt
8 6

® 0
3
“J =

x*x Cx xmMmNY
[

*# include the file with mathematical function declarations
.include *math.h*
.end
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HXXXXNEXXRXRXENE SPICE INPUT 959 3 3 3 36 36 36 36 3 9 9 % % % % 3

* Example |

*

* single transistor type-S negative resistance device

*

* transistor is treated as a 2-port resistor

Nx 2 4 2 5 bpmod

*

* Ebers-Moll model of bipolar transistor

-model bpmod (il=1.08085e-14%exp(38.46%v1)-1.8e-14xexp(38.44%v2);
$12=2.8e-14%exp(38.46%v2)~1,0e~14xexp(38.44%v1))

*

R3 2 7 18K

R4 2 4 1K

S ]
8

?

N AN
o 00

2
é
8

H U X

2
2
driving voltage is fixed at 6 Volt
87846

i
1e 7

w C x kMNP

# include the file with mathematical function declarations
.include "math.h®

.end

FH NI I3 69636 36 96 96 26 96 96 36 96 96 96 96 36 96 96 36 3696 96 36 36 6 96 06 96 36 6 36 90

GENERALIZED IMPLICIT EQUATION OF THE
LINEAR RESISTIVE 2-PORT

P¥yv + Q%1 + s = 0@

Nx(branch 1) is connected across port-1 (between nodes 2 and 4)
vill=vi2,4] if1)=il2,4]

Nx(branch 2) is connected across port-2 (between nodes 2 and 5)
vI2]=y[2,5] if2)=il[2,5]

RERAXXEAE P matrix EEEEEERREE

P(1,1> = P{8) = 4.808e-04
P<1,2) = P[1]) = -3.808e-084
P(2,1) = P[2] = -1,280e+00
P¢2,2) = PI3) = 1.0680e-01
ERXEXNXNXEEX O matrix HEXEEERNREE
Q<1,1) = Q[6] = 0.pBBe+80
Q¢1,2) = Q[1] = ~1.08808e+00
Q<(2,1) = Q[2) = -1.880e+83
Q(2,2) = QI[3] = -1.000e+03
EXRXRRRERE © YECtOr HXXNNENNXEN
s(1) = s8] = -2.4006e-83

s(2) = sl{1] = 1.2006e+060
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Example 2

Schmitt-Trigger Circuit
the transistors are treated as 2-port resistors
2 4 2 3 bpmod
é 4

1
2 é S bpmod

* Z Z ok k x Kk X

Vecc 1 8 18

RI 1 3 1K

R2 3 é 11K

R3 4 8 1K

R4 6 8 8K

RS 1 5 1K

*

% the output nodes , nodes 5 and 8, are connected by an open-circuit resistor
Ré6 5 8 (i=(9,0)(8.5,0))

*

* graphic control lines

»x_name Vin

.y_name Vout :

.title Schmitt Trigger TC

.x_axis 8 18

.y_axis 8 12

*

* driving voltage source

Vin 2 8 ((08,18):+)

%*

* the bipolar transistor is modelled by 2-dimensional canomical pwl function
.model bpmod {(i,i):Pl=(-1,85935e-3,08.245431,-0.262774,1.115e-3,1.8786e-2,
$6.885e-2,08.17668,-1.184e-3,-1.868e-2,-6.817e-2,-0.1749);
$P2=(-8.18389,-8.262804,0.525658,

$-1.104e-3,~1.86e-2,-6.817e-2,-0.17493,

$2.2088e-3,3.721e-2,0.13634,0,3499) ;Bd=(1,6,0,5297,1,0,08.6362,1,08,0.4817,
+1,0,06.7144,0,1,0,5297,8,1,8.4362,0,1,0.4817,0,1,0.7144))

*

.end
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ERXEEXRRENEXKNKNE SPICE ITNPUT 36933 3 2 9 3 3t 36 3 36 36 3¢ 36 3¢ 3¢ %
Example 2

Schmitt-Trigger Circuit

the transistors are treated as 2-port resistors
1242 3 bpmod
246 4695 bpmod

* ZZ %k Kk Kk Xk k

Vec 1 8 18

R1 1 3 1K

R2 3 6 11K

R3 4 8 1K

R4 6 8 8K

RS 1S5 1K

*

# the output nodes , nodes 5 and 8, are connected by an open-circuit resistor
R6 5 8 (i=(0,8)¢(8.5,0)2

*

# graphic control lines
+x_name Vin

.y_name Vout

.title Schmitt Trigger TC
«x_axis 0 10

y_axis 8 12

*

% driving voltage source
Zin 2 0 ((0,18):42

* the bipolar transistor is modelled by 2-dimensional canomical pwl function
.model bpmod {(i,i):Pl=(-1.85935e-3,0.245431,-0.262774,1.115e-3,1.8784e-2,
$6.885e-2,8.17668,-1.184e-3,~1.84e-2,-4.817e-2,-0.1749);
$P2=(-0.18389,-0.242804,0.525458,

$‘1 .1049"3,"1 0869-2,-6081 79"2,-9 ? 17493,

$2.208e-3,3.721e-2,0.13634,0.3499) ;Bd=(1,0,0.5297,1,0,08.6362,1,0,0.4817,
$1,0,8.7144,0,1,8,5297,0,1,8.6362,8,1,0.6817,8,1,0.7144))

*

.end
2696 36 96 3 36 36 96 36 9 36 96 36 96 36 96 36 36 96 6 36 96 96 36 36 36 36 96 36 96 96 36 6 36 36 36 36 36 96 36 36 96 3¢ 96 3¢ 3¢

GENERALIZED IMPLICIT EQUATION OF THE
LINEAR RESISTIVE &-PORT

Pxv + O%i + s = 8

Ni¢branch 1) is connected across port-i (between nodes 2 and 4)

viil=vi2,4] if11=il2,4]
Ni¢branch 2) is connected across port-2 (between nodes 2 and 3)
vi2l=v(2,3] i[2)=i[2,3]

N2(branch 1) is connected across port-3 (between nodes é and 4)
vI31=vlé,4] i[31=ilé6,4]

N2(branch 2) is connected across port-4 (between nodes & and S5)
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viql=v[é,5] 1[{4)=i[é,5]

Vin is connected across port-5 (between nodes 2 and @)
viSI=vi2,0] i[5)=i[2,0]

Ré is connected across port-é (between nodes S and 0)
viél=vI5,08] ilé1=il5,8]

HRXXEERNEE P matrix %685 %%%

P(1,1) = P[8) = 1.008e+00
P(1,2) = P[1] = 8.008e+00
P¢1,3) = P[2) = ~1.606e+00
P(1,4) = P[3]1 = 1.008e+00
P(1,5) = P[4]) = -1.80668e0+00
P(1,6) = P[5) = 1.06608e+00
P(2,1) = P[4) = 0.088e+00
P(2,2) = P[7]1 = 0.000e+00
P(2,3) = PL8) = 0.0008e0+00
P¢2,4) = P[9) = 0.000e+00
P(2,5) = P[18] = 8.060e+08
P(2,6) = P[11] = 6.0888e+80
P(3,1) = P[12) = {.668e+080
P¢3,2) = P[13] = 8.0608e+00
P(3,3) = P[14) = ~1.888e+00
P(3,4) = P[15]1 = 0.0800e+00
P(3,9) = P[14] = -9.0808e+060
P(3,6) = P[17] = 0.008e+00
P(4,1) = P[18]) = -1.888e+88
P(4,2) = P[19] = @.00808e+08
P(4,3) = P[28) = 1.0080e+80
P(4,4) = P[21]) = -1.000e+00
P(4,5) = P[22) = 1.088e+88
P(4,4) = P[23] = 0.080e+00
P(5,1) = P[24] = 1.660e+080
P(5,2) = P[25]1 = 0.000e+00
P(5,3) = P[24]) = 6.888e+00
P(5,4) = P[27] = 0.06008e+80
P(5,5) = P[28] = ~-1.6060e+88
P(5,6) = P[29] = 0.008e+00
P{é,1) = P[38) = ~-1.0008e+00
P(6,2) = PI31] = 1.200e+01
P(é,3) = P[32) = 1.00808e+08
P(é,4) = P[33] = 0.0008e+00
P¢é,5) = P[34]) = -1.10608e+01
P(é6,4) = PI[35] = 0.860e+00
EEEXRERRNEX Q mAtrix HExEEEERR
Q(1,1) = Qle] = 0.000c+00
0(1,2) = G{1) = 6.086e+00
Q¢(1,3) = Q[2] = 0.0008e+00
0¢1,4) = Q[3] = 6.000e+080
.Q¢1,9) = Q[4]) = 8.000e+00
@¢1,6) = Q[S) = 8.0600e+00
Q(2,1) = Q[4] = 1.800e+00
Q¢2,2) = = 1,000e+00

Qrzi
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2¢(2,3) = Q[8] = 6.600c+00
2¢(2,4) = Q[9] = 8.060e+00
Q¢2,9) = Q[18) = 1,0806e+00
0¢2,48) = Q[11] = 0.008e+00
Q¢3,1) = Q{12) = -8.888e+03
0¢(3,2) = Q[13] = 0.006e+00
Q¢3,3> = Q[14) = ~B8.0808c+03
Q¢(3,4) = Q[15] = -8.888e+03
@¢(3,5) = Q{14) = -8.088e403
Q(3,4) = G[17]) = 0.008e+60
Q(4,1) = Q[18] = @.686e+60
Q(4,2) = Q[19) = B8.660e+00
Q¢4,3) = Q(28) = B.008e+60
0<4,4) = Q[21) = -1.006e+03
Q(4,5) = Q[22) = B8.688e+680
0¢4,4) = Q[23] = 1.0066e+03
Q¢(5,1) = Q[24] = 1.0868e+83
@(5,2) = Q[25] = 0.000e+80
0¢(5,3) = Q[24) = 1.868e+83
Q¢(5,4) = Q[27) = @.080e+00
Q¢(5,5) = Q[28) = B8.888e+00
Q(3,46) = Q[29] = B6.000e+00
@¢é,1) = Q[36] = -1.108e+04
0¢6,2) = QI[31] = 8.080e+00
0¢6,3) = Q[32) = @.008e+00
2¢(6,4) = Q[33]) = 0.608e+00
Q¢6,5) = Q[34) = -1,168e+84
Q¢é6,6) = Q[35] = B.000e+B0
EREXEREEEX © VOCLOP HHEEENEN%R
s(1) = s8] = 6.080ec+00
s(2) = sl1) = 0.8808e+00
s(3) = sl[2] = 8.000e+01
s(4) = s3] = ~1.08086e+081
s(3) = s[4] = 0.,068c+20
s(é) = s[5]) = 1.188e+82
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Example 3
dynamic circuit with piecewise-linear resistor

a nonlinear resistor characterized by pwl model

2 2 8 {i=q%y~1,75%fabs(v+1)+1,75*%fabs(v-1))

2
201
26 60.1
122

® O O % S0 %k & ok K K

*¥ sinusoidal input source
Vin 1 8 {sin(t))}
*

# include the file with mathematical declarations
.include "math.h"
.end
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ERRRXXRRNRXNREE SPICE TNPUT 53630263655 3 3696 96 36 36 36 36 6 26 3¢
Example 3
dynamic circuit with piecewise~linear resistor

*
*
*
*
* a nonlinear resistor characterized by pwl model
R2 2 8 {i=4%v-1.75%fabs(v+1)+1.75%fabs(v~1))}
*

Ct 201
Lx 2 8 6.1
R1 122

*

¥ sinusoidal input source

Vin 1 8 {sin(t))

*

# include the file with mathematical declarations
.include "math.h"

.end

696 36 36 96 9 96 36 36 36 96 36 36 36 96 96 36 36 36 6 36 36 96 30 36 96 9 9 96 36 96 36 36 36 16 96 6 6 96 96 36 36 36 3¢ 3¢ %

GENERALIZED IMPLICIT EQUATION OF THE
LINEAR RESISTIVE 4-PORT

Pxy + G%i + s = @

R2 is connected across port-1 (between nodes 2 and 6)
vill=v[2,0] il1)=i[2,68]

Lx is connected across port-2 (between nodes 2 and 6)
vl2]=v[2,0] il2)=i[2,0]

C1 is connected across port-3 (between nodes 2 and 0)
vi3l=v[2,0] i[3)=i[2,01]

Vin is connected across port-4 (between nodes 1 and @)
vi4)=v(1,0] il41=il1,0]

RERERRRXEE P matprix EEREEXEEER

P(1,1) = P[8] = -1.080e+080
P(1,2) = P[1) = 1.0608e+60
P(1,3) = P[2] = 0.000e+80
P¢(1,4) = P[3]) = @6.668e+080
P(2,1) = P[4] = -1.000e+00
P(2,2) = P{3]) = 8.0008e+80
P<2,3) = P[4] = 1.000e+00
P(2,4) = P[7) = 6.800e+00
P(3,1) = P[8] = 0.0080e+00
P(3,2) = P[?] = 8.008e+00
P(3,3) = Pl16] = @6.008e+0€ -
P¢(3,4) = P[11) = 6.,8008e+088
P<4,1) = P[12] = 1.000e+00
P(4,2) = P[13]) = 6.8008e+060
P(4,3) = P[14] = 8.000e+00
P¢(4,4) = P[15] = -1.00808e+08
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EEXXXXXXXXE Q malPrix XEXEXRXERX

@¢1,1) = Q[8] = 6.008e+00
0¢1,2) = Q[1] = B8.808e+00
Q(1,3) = QI[2] = 6.000ec+00
Q(1,4) = Q[3) = 6.080e+08
9(2,1) = Q[4) = 6.000e+00
Q¢2,2) = Q[S) = 6.608e+080
2¢2,3) = Q[4]1 = B.0000+00
Q(2,4) = QI[7) = 0.808c+080
8(3,1) = Q[8) = 1.000e+00
Q¢(3,2) = Q[9?] = 1.866e+00
Q¢(3,3) = Q[16]) = 1.000e+00
Q(3,4) = Q[11) = 1.6080e+00
2¢4,1) = Q[12] = 6.0600e+00
Q¢4,2) = Q[13]) = 0.008e+00
0¢4,3) = Q[14]) = 0.8008e+80
8(4,4) = Q[15]) = -2.00808e+00
AXXEERRERNE S YOCLOP  FIHKE %% ¥N¥%
s(1) = s[8) = 6.6608e+88
s(2) = s[1] = 0.000e+08
s(3) = s[2] = 06.0606e+00
s(4) = s[3] = 0.088e+00
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% Example 4

*

% single transistor amplifier

Nx 1 8 1 3 bpmod

Cl 3 6 16u

R4 1 4 1K

RI 1 2 9K

R2 1 8 K

R3 2 3 1K

Vce 28 S

%

*# sinusoidal input

Vin 4 8 (sin(18608%t))

*

* bipolar transistor model

.model bpmod {il=1,885e-14%exp(38.46%v1)-1.8e-14%exp(38.46%v2);
$i12=2.0e-14%exp(38.46%v2) -] .0e-14%exp(38,44%v]1))
* include "math.h"”

.include "math.h"

.end
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HERRXXEXXXNXNEE SPICE ITINPUT 28538 36 5 3 3 3¢ 36 3 96 3 96 3 36 36 % %

% Example 4

*

* single transistor amplifier

Nx 1 8 1 3 bpmod

Cl 36 16u

R4 1 4 1K

R1 1 2 9K

R2 1 8 1K

R3 2 3 1K

Vec 285

*

*# sinusoidal input

Vin 4 8 {sin(1886%*t))

*

* bipolar transistor mode)

.model bpmod {il=1.885e-14%exp(38.44%v1)~1.8e-14xexp(38.46%v2);
$i2=2.08e-14%exp(38.46%v2)~1.08e~-14%exp(38.46%v1))
# include "math.h"

.include "math.h"

.end

FHFHHHHIN NI I 623036363036 9696 26 36 36 36 96 96 96 36 36 36 36 00 96 36 3 6 3 3¢

GENERALIZED IMPLICIT EQUATION OF THE
LINEAR RESISTIVE 4-PORT

Py + Q%i ¢+ s = @

Nx(branch 1) is connected across port-1 (between nodes 1 and 8)
vi1l=vl1,0] il1)=il1,0]

Nx(branch 2) is connected across port-2 (between nodes 1 and 3)
v[2)=vl1,3] il2)=il1,3]

€l is connected across port-3 (between nodes 3 and 8)
vi31l=v[3,0] i[3)=il3,08]

Vin is connected across port-4 (between nodes 4 and 8)
vi4l=v(4,0] il41=i(4,8]

EERERNXEXE P matrix EXEXEEERRR

P(1,1) = PI8] = -1,080e+08
P(1,2) = P[1] = 8.888e+80
P(1,3) = P[2] = 8.008e+80
P(1,4) = P[3] = 1,080e+06
P(2,1) = P[4] = -1,880e+80
P(2,2) = P[5] = 1.888e+88
P(2,3) = P[] = 1.808e+80
P(2,4) = P[7] = 0.880e+08
P(3,1) = P[8B] = 1.000e+80
P(3,2) = P[9] = -1,088e+66
P(3,3) = P[18] = 0.808e+00
P(3,4) = P[11] = 0,088e+08
PC4,1) = P[12] = -1.111e+08



Mar 7 10:18 19864 Page 2

P(4,2) = P[13) = 6.000e+00
P(4,3) = P[14) = 8.008e+00
P{4,4) = P[15] = 8.00808e+80
EREHEEEEEN Q Mmatrix HEEEEXERER
Q¢1,1) = Qle] = @.688e+88
0¢1,2) = Q1] = 0.808e+80
2(1,3) = Q[2) = 6.000e+00
0¢1,4) = Q[3] = 1.0006e+83
0(2,1) = QI4) = §.,0008e+08
Q¢(2,2) = Q[S] = 0.800e+80
@¢(2,3) = Q[6) = 8.86806e+80
Q<(2,4) = Q[7] = 9.060e+00
Q¢(3,1) = QI[8) = §8,808e+00
Q(3,2) = QI[%] = ~1,.088e+63
0¢(3,3) = Q[18] = 1.080e+83
Q¢(3,4) = Q[11) = 0.060e+00
0<4,1) = Q[12) = ~-1,0088e+03
Q<(4,2) = Q[13]1 = -1,000e+03
@¢(4,3) = Q[14) = 0.008e0+00
@<4,4) = Q[15] = -1.080e+83
RERKRREEEE © YOCLOP HHHNHENNNENE
s(1) = s8] = 6.680e+00
s(2) = g[i) = 0.800e+80
s(3) = s[2) = -5,.808e+00
s(4) = g[3) = 5,554e-01
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* Example 5

*

* Linear RLC f-port circuit
R 1 8 1K

L3 1 2 180

€226 im

Iw 1 8 5m

Vi 1 6 {186%sin(18868%t))
.end
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* Example S

*

% Linear RLC 1-port circuit

R1 1 6 1K

L3 1 2 100

C220 im

Iw il 8 Sm

Vi 1 08 {188xsin(100808%xt))

.end
ERREERAENEENNRXNERKRREENRIIENIRNINIININIIICI NI NI NRIERN

COMPLEX GENERALIZED IMPLICIT EQUATION OF THE
LINEAR DYNAMIC 1-PORT

port 1 is connected by V1 between nodes 1 and 8
viil=vil1,0] il1)=il1,0]

33636 3 3 3 3 36 3 36 36 36 3 36 36 6 26 36 36 3 36 36 36 36 36 3696 6 36 36 36 36 36 36 36 36 36 36 36 3636 96 36 36 36 36 36 36 36 I 36 36 3 36 6 3¢ 36

FREQUENCY = 1.000000e0+00
FEXREERARRBRRXXRAKXXNAE P MATRIX SR ERRERXXXXXRRRERRFRRAR

Re(P[1,1]) = -1.,0008e+80 Im(P[1,1]) = 2.131e+00
EEXRRRRXREXXRBERXRXXREE Q0 MATRIX SR ERXAXREXMEXRIXRARENR

Re(@[1,1]) = -1.0806e+83 Im(Ql1,1]) = 0.068e+00
EEEEEXNRERRARXXXXEXEXEEX S UECTOR 2633636 36 36 9 36 5 96 3 36 3 36 36 36 3 36 36 36 36 % 3

Re(s[1il) = ~5,0800e+808 Im(sl11) = §.000e+00

COMPLEX GENERALIZED IMPLICIT EQUATION OF THE
LINEAR DYNAMIC 1-PORT

port 1 is connected by Vi between nodes § and @
vi1i=vl1,8] il1l=i[1,0]

F 6 96 36 36 96 36 36 36 36 3 96 3 3 96 96 I I I 96 I 3 I 3¢ 3 36 I I I 6 I I I I 36 I 3K 36 36 3 3¢ I I I I3 I 3¢ I I I I Ik 3 3¢ ¢ K

FREQUENCY = 1.,000000e+81
HREERXRERNXEXXRXEEXEREE P MATRIX 20963633 3 36 36 36 36 3696 9 9 36 36 3 9 3 36 36 % %

Re(P[1,1]1) = -1.000e+00 Im(P[1,11) = 1.5%94e-01
HEXEEREEEXEREXXXXXXXEXE O MATRIX 969833 3636 3 36 96 36 9696 3 3¢ 36 3 % 3 36 9 3¢ 3¢ %

Re(@[1,1]) = -1.000e+83 Jm(Ql1,1]) = @.008e+00
EEXRBXAXERRAXXERERERERY 6 VECTOR HEXHAXENREEERNXERERREER

Re(sl1)) = -5.000e+80 Im(s[11) = §.000e0+00




Nov 18 13:52 1985 exé.spc Page 1

* Example 6

*

% Linear LC ladder 2-port circuit
*

Vi
R1
C1
L1
c2
L2
c3
L3
c4
L4
cS
LS
Cé
V2

{ein(t))
18
8.1

.1

.

(%Y

[

DD NVNPOODUDDLDWDN®

1
8
1
e
1
a.
1
8
1
e
{

|
cos(t))

OANNOGCOU DD WWNN - -

L]
2]
2
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EREEREEXXXXXXNXXXNANAE SPICE INPUT 5636363 3 3 3 3 9 3 3 3 36 3 3 5 3 3 36 % 3¢
* Example 6

* .

% Linear LC ladder 2-port circuit
*

Vi
Ri
Ci
L1
C2
L2
C3
L3
C4
L4
cs
LS
Cé
V2
.end

626 3696 36 6 36 36 36 36 36 96 96 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 96 36 36 3 36 36 36 36 36 6 36 36 36 96 6 36 36 3 36 %6 3 3

{sin(t))

NN N NDDWWNN - -
CONDODUODDLOWDEND

|
cos(t))

COMPLEX GENERALIZED IMPLICIT EQUATION OF THE
LINEAR DYNAMIC 2-PORT

port 1 is connected by V1 between nodes { and @
vill=v[1,0] il1)=il1,8]

port 2 is connected by V2 between nodes 7 and @
vi2]l=v[7,0] if23)=i[7,08]

3 36 36 36 3 36 3 3 3 36 3 36 3¢ I 36 3 6 96 3 It 3K I I 3 I I 36 6 I I I I I I I I I I 36 IE I I 36 I I K I 96 I I I I I I I I % ¢

FREQUENCY = 1.000000e+080

EREEREREERRREEXRXRERERE P MATRIX  SEREXXRERXXRREEXEXEEERE
Re(P[1,1]) = 0.8600+080 Im(P[1,1]) = 8.008e+00
Re(P[1,2]) i1.668e+080 Im(P[1,2)) = 0.000e+00
Re(P[2,1]) = -1.080e+00 Im(P[2,1]) = 0.000e+00
Re(P[2,2]) = 0.888e+088 Im(P[2,2]) = 0.0000+00
FXEEREEXEERERRERXNEXEEE O MATRIX  SHEXERFXXRERERTERENXEER
Re<@[1,1)) 8.060e+00 Im(Q[1,1)) = 3,483e-81
Re¢Q[1,21) 0.000e0+060 Im(Q{1,2]) = -3.0869e+00
Re(Q[2,1)) ~1.608e+01 Im(@[2,1)) = 3.04%e+00
Re(Q[2,2]) 3.553e-15 Im¢(Q[2,2]) = -3.683e-01
RERERXEXXRXNREXXXAXXRERE S UECTOR 909636 366 36 96 36 36 3 96 36 96 36 36 96 36 36 96 36 3¢ 36 %
Re(s[1]) = 0,000e0+00 *im¢sl1]) = 0.000e+00
Re(s[2]) = 0.088et80 Im(s[2]) = 0,.068e+00
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COMPLEX GENERALIZED IMPLICIT EQUATION OF THE
LINEAR DYNAMIC 2-PORT

port 1 is connected by V1 between nodes 1 and @
vitl=viy,0] il1l=il1,0]

port 2 is connected by V2 between nodes 7 and @
vi2l=v(7,0] il2)=i(7,0]

FR NI I I 633 I I 69696 96 96 96 36 36 06 36 36 3636 6 36 36 96 96 36 36 36 96 96 36 96 3 36 36 %

FREQUENCY = 1.8008080e+83

ERXREREAXRXEEEXXRHEREXE P MATRIN 36963636 3 3 36 36 96 36 36 36 96 3 3 36 36 36 36 3 3 % %
Re(Pl{1,11) 8.008e+080 Im(P[1,1]) = 0.000e+00
Re(P[1,2)) 1.008e+00 Im(P[1,2)) = 6.080e+088
Re(P[2,1]) -1.800e+00 Im(P[2,1]) = 9.008e+00
Re(PL[2,2)) 8.068e+80 Im(P[2,2])) = 0.008e+08

WK ENNNNRNNNNENEE O MATRIX 96963 3 36 5 3 3 36 36 36 36 36 36 36 36 36 36 36 36 36 3¢ 3%
Re(Ql1,1)) 0.088e0+00 Im¢Ql1,1)) = -5.178e-26
Re¢@l1,2)) 8.600c+00 Im(Q[1,2]) = -1.592e-03
Re(Q[2,1)) -1.686e+01 Im(Q[2,1]) = 1.592e-03
Re(Q[2,2])) 0.600e0+00 Im(Q[2,2]) = -2.444e-20
EEEREEXRRRXKEXXNXXXRNXEE & UECTOR 96363636 36 36 36 36 36 3 36 3¢ 36 36 3 36 36 36 36 3 3 % %
Re(sl11]) = 0.680e+00 Im(s{i1d) = 0.000e+08
Re(s[21) 6.80606e+08 Im(s[2]) = 0.008e+00

tnn

nt

COMPLEX GENERALIZED IMPLICIT EQUATION OF THE
LINEAR DYNAMIC 2-PORT

port 1 is connected by V1 between nodes 1 and @
vl1l=vl},8] ifil=ir1,0]

port 2 is connected by V2 between nodes 7 and 8
vl2)=vl?7,8) if2l=ir7,8]

369636 36 36 36 36 36 36 38 36 36 36 36 36 3 3 36 36 36 36 36 3 3 36 I I 36 I I I I I 3636 36 36 9 I I I 96 I 3¢ I I I 3¢ 36 3 9 3 96 3 96 %6 % %

FREQUENCY = 1.000006e-83

ARRRRREEXEXKEXNEXXREREE P MATRINX 38363636 36 36 5 5 36 36 3 96 36 36 36 36 3 3 % 3 % % %
Re(PL[1,1]) 0.000e+80 Im(P[1,1)) = 0.0008e+00
Re(PI[1,21) 1.80000+060 Im(P[1,2]) = 6.60800+08
Re(PL[2,1]) -1,000e+00 Im(P[2,1]) = 0.008e+80
Re(P[2,2]) = 0.088e+80 Im(P[2,2]) = 6.808e+080
HHRWENNNWNNFEREREXXXEXEREE  Q MATRIX 29036969636 36 3 36 36 36 36 36 36 36 36 36 36 36 36 36 36 %
Re(8I1,1)) 6.080e4080 Im(Q{1,1)) = -2.653e+82
Re(QL1,21) 8.000e+080 Im(Q[1,2]) = -2,652e+82
Re(G[2,1)) ~1.608e4081 Im(QL2,1]) = 2.452e+82
Re(Q[2,21) 3.553e-195 Im(QL2,2]) = 2.653e+082
EEEERERERRXXXXXXXXXERAR S VECTOR 95955 9 3 3 36 3 3% 3 3 5 3 3 3 3 3 3 9 3 3 3¢
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Re(si1l)
Re{s[21)

6.0eee+80
8.8068e+808

Im(sl1])
Im(s[21)

8.888e+00
g.e08e+00
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KEEREERERREBENHNNAEXRERE SPICE INPUT #9983 36 36 565636 36 36 96 96 36 96 90 96 6 3636 6 3¢
* Example S

*

* Linear RLC 1-port circuit

R1 1 8 1K

L3 1 2 188

C226 1m

Iw 18 5m

Vi 1 8 (188%sin(1088xt))

.end

3696 3 96 96 96 36 36 36 3696 36 96 96 9636 36 36 36 96 36 36 36 36 98 96 6 36 96 96 36 96 96 36 96 36 96 36 36 96 96 96 96 36 36 36 36 96 36 36 36 36 3636 36 3¢ 3¢

EXPLICIT LINEAR DYNAMIC 1-PORT
IMPEDANCE MATRIX REPRESENTATION

port 1 is connected by V1 between nodes 1 and @
vi1l=vi1,08] if1l=if0,11]

363636 36 3 96 96 36 96 36 36 36 36 96 96 36 3 36 36 36 96 36 3 36 36 96 36 ¢ 36 96 96 36 36 96 966 36 I 96 36 36 36 96 36 36 96 9 96 96 36 6 36 36 I X XX K

FREQUENCY = 1.000000e+08
EEXREXRREXXRERRRLERARRNE 7 MATRIX XERRERXRRXEEXRERRRERREXRHE

Re(Z[1,1]) = 1.884e+02 Im(2[1,1)) = 3.845e+82

REEREERERERXRXXREXXAXREE C UECTOR 269333636 36 3 36 36 36 36 36 36 36 96 36 36 36 6 36 36 36 36 %
Re¢cl[1]) = -9.8208e-081 Im(cl1]) = -1,923e+080

EXPLICIT LINEAR DYNAMIC 1-PORT
IMPEDANCE MATRIX REPRESENTATION

port 1 is connected by V1 between nodes ! and @
vill=v[1,8] if1)=ile,1]

96 36 36 3636 36 36 36 36 98 96 36 36 36 36 36 36 36 36 6 36 3 36 36 36 3t 36 36 3 3 3 36 36 36 36 3 3 6 I 96 I I I I 36 36 36 3 I I 3¢ 3¢ 3 I I 3¢ 3¢ ¢

FREQUENCY = |.080000e+81
EREERENREARNRHRRNENIRNER 2 MATRIX S35 3653603653096 5 96963696 3636 36 336 % 2 2 ¢

Re(2[1,11) = 9.752e+82 1Im(201,11) = 1,.554e+82

RRXERXXEXEREXRXERXXERREE € “JECTOR 363 33 3 3 % 3 3 36 3 3 3 3 9 36 36 3 3 3 % % % 3% %
Re(cl1]) = -4.874e+00 Im(cl1l) = -7,786e-01
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EXPLICIT LINEAR DYNAMIC 1-PORT
IMPEDANCE MATRIX REPRESENTATION

port 1 is connected by V1 between nodes i1 and 8
vii1l=vii,0] if13=i[0,1]

96963606 36 6 36 36 36 96 36 36 38 96 9636 3 6 36 36 36 3696 36 36 36 96 36 3t 6 36 36 96 36 36 36 36 96 36 96 3 96 36 36 I 96 96 36 36 36 36 3 I 6 36 36 3¢ 3¢ ¢

FREGQUENCY = 1,0000808e-01
HRREREHNNERENERNEEERNEEE 7 MATRIX 9363336 3636 3 3 9 3 3 36 36 36 3 3 3 3 3 36 36 36 36 %

ReC2[1,1]) = 7.0083e+82 Im(2[1,1]) = -4,581e+082

HEEAKRREEXERXERXENEXENEE C UECTOR 22363 3 3 9 36 36 3 9 96 36 3 3 3 6 3 % % % % % 3 %
Re¢cl[1]) = -3.582e+00 Im(cl11) = 2.291e+00
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HEEXRRXEEEREEEXENNEENRNE SPICE INPUT 359696369696 36 3636 2696 36 26 36 96 96 96 36 6 36 36 3¢
* Example &
*

% Linear LC ladder 2-port circuit
*
Vi
R1
C1
L]
c2
L2
c3
L3
c4
L4
C5
LS
Cé
V2
.end
EEEEBBNENEERERMNIEERRRNEHRRRNERERRNNRRRRRNNRRRERRRRNRRERERR

{sin(t))
10
8.1

.1

Tt

it b

1
cos(t))

NNOROUUADDWWNN = -
OO NOPOPUOITHDWOEN®

1
8
1
e
1
8.
1
8
1
e
(

EXPLICIT LINEAR DYNAMIC 2-PORT
SCATTERING MATRIX REPRESENTATION

port 1 is connected by V1 between nodes 1! and @
viil=v1,08] il1)=il8,1]

port 2 is connected by V2 between nodes 7 and 8
v[2)=v(7,0] i[2)=i[0,7]

696 36 36 36 36 36 36 36 36 36 3 36 36 36 36 3 3 36 Ik 36 36 36 36 3¢ 3¢ 3% 36 3 I I 36 I I 9 I I 3 3 I I 3¢ 36 I I IE I I I I I I I K XN

FREQUENCY = 1.060000806e+00
EXEXBRRRREERRRREXRXEXREE S MATRIX HHEEXRERKEEKE XN RHEXXRXER

Re(S[1,11) = 8.314e-81 Im(S{1,1)) = -4,692e-82
Re(S[1,2]) = -1.858e-82 Im(S[1,2])) = 1.641e-02
Re(S[2,1]) = -1.858e-82 Im(S[2,1]) = 1.441e-02
Re(S(2,2)) = -8.264e-81 Im(S[2,2)) = -5.594e-01

RERREFEEREEREFXFEEFREEE C VECTOR 9963396 3 3 36 36 36 36 36 3 36 3% 3 I 3 3 3 9 3 36 3 %
Re(cl[11) 8.888e¢00 Im(cl1)) 8.860e+00
Re(cl[2]) 0.800e+00 Im¢c[2)) 8.000e+00
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* Example 7
*

# a linear RLC circuit with capacitor loop
*

Vin 1 8 {sin(t)}

R1 1 2 1K

Cl 20 Im

C220 2m

L1 20 8.1

.end
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EREREREEXNEREXXXKXXXXXAE SPICE INPUT 9633 3 3 3 36 36 3 3 3 36 36 3 3 3 36 36 36 9 % %
* Example 7

* .

%¥ a linear RLC circuit with capacitor loop

*

Vin 1 8 {sin(t))

R1 1 2 1K

Cl1 26 im

C2 28 2m

L1 20 6.1

.end

6363363 9636 9636 36 36 36 3636 96 96 96 36 36 36 96 36 6 36 36 96 36 6 36 36 6 96 36 6 96 36 96 96 36 96 36 36 36 36 36 96 36 6 36 36 96 36 96 36 96 36 % %

WARNING MESSAGE : CAPACITOR LOOP OR INDUCTOR CUTSET
REXEXXXXRXXXXNXXXXE LINEAR STATE EQUATION 233352 H 682K % EEXR%R

X/ = A%x ¢+ Bxu + s_1 + T_1xy’
Yy = C¥x + D¥u + s_2 ¢ T_2%y’

*%xx%% ctate variables *xxxx
x[11=v[2,81(C2)
x[2]1=i[2,03¢L1)

*****.input variables **xxx
ulll=vl1,81CVin)

xxxx% output variables *xxxx
yf1J=il1,03¢Vin)

REXEXEREEXXREERAXXNXEEEREXE A MATRIX 2693333 36 36 3 5 3 3 3 9 3 3 3 3 3% 3 9 % %

Al1,1] = -3,333e-01
Al1,2] = -3.333e+62
Al2,1] = 1.0008e+81
Al2,2] = B.680e+08

EEEERERREAXXREEXXEXXXXXXXENRE B MATRIX 33636365 3 3 9 9 3 3 36 3 3 3 9 36 3 3 9 3 % %
Bl1,1] = 3.333e-81

BI2,1) = 6.800e+08

EEEEXRNRERNUEEXXRXRREREXEER C MATRID 383365 3 5 3 3 3 5 36 36 3 3 3 3 36 3% 3 3 % 3 %
Cli,1]1 = 1.0060e-03

Cl1,2] = 0.6808e+00

FHHERENBRNENNNXEEREERREEEEE D MATRINX 3333 3 3 36 36 36 3 3 36 36 36 36 36 36 36 36 36 36 36 3%
DI[1,1] = -1.0800e-083

EERXEREXRRREXXRRHRRRRERRE 5 ] UECTOR 33 3 3 3 3 3 % 3 % 3% 3 % 3 3 3 3 3 % % % %
s_1[1] = 0.808e+80

s_1[2] = 6.0008e+080 .

3636 36 3 36 36 36 96 36 6 I 36 3 I 3 I 3 36 I I 3 % % % % 5_2 VECTOR %93 3 3 3 3 3 3 3 3 3 3 36 3 3 3 3% 3 3 % %
s_2[1] = 8.006e+00

96 36 36 26 36 36 36 2 2 36 36 36 36 6 9 3 3 I 6 % 3 3 3% % ¥ T_l MATRIX %% 3 3 3 36 3 3 3 3 3 3 3 3 % % 3% 3 3 % % %
T_1[1,1]) = 0.000e+00

T_1(2,1) = 8.886e+80

EEEXRRREREARBERXRXXXXRARE T_2 MATRIX XAXXXERXAXARXRXREEERRRR
T_2[{1,1] = 0.800e+00



APPENDIX : SOURCE CODE LISTINGS

1. Linear resistive n-port
nport.c, nportl.c, nport2.c, nport3.c, aclib.c

2. Linear dynamic m-port

2.1. Implicit representation
cnport.c, cnportl.c, cnport2.c

2.2. Explicit representation
porteq.c, porteql.c, porteq2.c

3. Linear state equation

staeq.c, staeql.c, staeq2.c
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H#define NODE 5@
struct INLINE
{
char namel9%1
int port;
int nodel,node2,node3,noded,node5,nodeé,node?,node8;
char ¥relation;
33
struct B_VECTOR
{
int a,b;
33
typedef char *STRING;
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#include <{stdio.h?
#include “"nport.h"

mainargc,argv)

int argcy
char xargvll;
{

char linel20];

char ¥model[381];

struct INLINE branch[?78];

struct B_VECTOR branch_vector[7061;
double *P,*Q,#%s;

int i,j,n,mn,n1,n2;

FILE =fp,*fopen();

/% open the input file "xx...x.spc® */
if Cargc!=2)

exit_message("NPORT SPICE_FILE®);
sprintf(line,"Ys.spc”,*++arqv);
1¥ ((fp=fopen(line,”r®))==NULL)

{
print+{"CAN’T OPEN SPICE_FILE X“s\n®,line);
exit{lr;
2
printf( sxxxxxxxxxxxkxx SPICE INPUT #%xxxxxxxxxxxxx#xa\n\n");
n=78;
mn=36;

n_port{fp,model,branch,branch_vector ,&P,&Q,&s,&n,&mn);
fclose(+p);
Prantf( R rr e R RN AR AR RRRRRRRERUARNERERXEXXREXXRXXRXHA\D\D") }
printf("GENERALIZED IMPLICIT EQUATION OF THE\n®);
printf(*® LINEAR RESISTIVE %d-PORT\n\n",n);
printf("\t\tPxv + Q%i + s = @\n\n");
for (i=8;iln;i++)
{
J=(branch_vector+i)=-)a;
if ((branch+j)=->porti>1)
{
sprintf(line,"”s(branch %d)",(branch+j)->name,
(branch_vector+i)->b);
switch((branch_vector+i)->b)

{
case 1 3 {
ni=(branch+j)->nodel;
n2=(branch+j)->node2;
break;
3
case 2 ¢
ni=(branch+j)->node3;
n2=(branch+j)->noded;
break;
3
case 3 1 (

ni=(branch+j)->nodeS5;
n2=(branch+j)->nodeé;
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break;
)
case 4 : {
ni=(branch+j)->node?;
n2=(branch+j)->node8;
break;
)
3
)
else
{
ni=<(branch+j)->nodel;
n2=(branch+j)->node2;
sprintf(line,"’s" ,(branch+j)->name);
)

printf("%s is connected across port-%d (between nodes %d and %d)\n",
line,i+1,n1,n2);
printf(*"\tvlZdl=vl¥d,ZdI\til%d)=i{%d,%dI\n\n",i+],n1,n2,i+1,n1,n2);
)
printf("\nxxxxexxxxs P matrix %xxxxxxxxs\n");
for (i=B;id{nji++)
for (j=B;j{n;j++) '
printf(°P(Xd,%d) = PL4d] = Z.3e\n",i+1,j+1,i%n+j ,Plixn+jl);
printf( \nxxexxxxxxxr O matrix *xxxxxxxx¥\n®);
for (i=B;i<{n;i++)
for (j=B8;j<{n;j++)
printf(*Q{4d,%d) = QL4d) = %.3e\n",i+]1,j+1,i*n+j,QLi%*n+jl);
printf("\n®xxxexx%%k s yector *xxxExxxxs\n");
for (i=8;idnji++)
printf(®s(/d) = sl%d] = %.3e\n",i+1,i,slil);
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#include (stdio.h?
#include “nport.h"

STRING #st; /% array of input lines L 74
int In; /7% # of input lines (excluding the %/

/% last line ".end") x/
int mbran=0; /% total number of branches ®/
int ¥D_ab,*D_ay,*D_zb,*D_2zy; /% fundamental cutset matrices (see #/

/% £Eq.€6.55) in Chua and Lin’s book) */
double *F_iy,*F_vy ,#F_iz ,#F_vz; /% element behavior equation for all %/
/% linear elements (see EQ.(6.63) in #/
/% Chua and Lin’s book) x/

JEEREREREREREREEXRREREERRERERERXRRRERENERENERRRNREXNSELRNRRRREEREEREEXRRRRRRR/

/% Formulate the generalized implicit equation */
/* P¥y + Q%i + s = 0@ */
/% for a linear resistive n-port. */

JERERE KR RIKINEN KNI I 9636 9363636 36 36 36 3 36 36 3696 JEI6 3696 36 96 36 I 36 36 36 36 2 XN KX/

n_por t(fp,moda,branch,branch_vector,P,Q,s,n,mn)

FILE *4p; /% pointer to the spice file ®/
char ¥*modall; /% array of model/title/comment lines %/
struct INLINE branchll; /% element information structure */
struct B_VECTOR branch_vector[l; /% branch index structure : */
/% the (branch_vectorlil->b)-th branch %/
/% of the (branch_vectorlil->a)-th */
/% element is connected across the */
/% i-th port of the linear n-port x/
double %*P,*xQ,%%g; /% parameters of hybrid equation : ®/
/% Pxv + OQ%i + s = @ */
int #*nj; /% port number of the linear n-port x/
int *mn; /7% § of the model/title/comment lines %/
{
char %*calloc();
STRING =%bst; /% array of element lines */
int bn,xn; /% # of element lines ®/

bst= (STRING %) calloc(#*n,sizeof(STRING));
Xn = ¥#mn;
bn = #n;

/% read the circuit from input file »/
read_ckt(fp,bst,moda,branch,&bn,mn);

if (#p<bn)

exit_message("INSUFFICIENT SPACE FOR INPUT LINE ARRAY");
if (xn{*mn)

exit_message(" INSUFFICIENT SPACE FOR MODEL LINE ARRAY");

/% formulate the n-port equation %/
get_n_port(branch,branch_vector,P,Q,s,n,bn);
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/************§**************************************************************/

/% Read the input file "xx...x.spc* and separate each input line into *®/
/% the element line (stored in the array bst) or the model/graphic control */
/% /deciaration line (stored in the array moda). */

/***!********************************ﬁ**************************************/

read_ckt(fp,bst,moda,branch,bn,mn)

FILE %4p;

char #bstll;

char #*modall;

struct INLINE branchll;

int *bn;

int *mn;

{
/% read the input file and store each input line in the array st %/
In=read_file(fp,(*bn)+(*mn));

/% separate input lines into element lines and %/
/% model/graphic control/declaration lines ®/
branch_model(bst,moda,bn,mn);

/% identify the name, nodes, and relation of each *®/
/% element and store them in the structure "branch" x/
store_branch(bst,*bn,branch);

/% replace the model name by a real model description %/
model_name(branch,moda,*bn,*mn) ;

3

SRR R R AR R R RN R AR R R R R RSN IR R A AR AR RRER RN RN EARERN R AR AR RE RN R RER/
/% Get the generalized implicit equation L 74
/% Pv + Qi + s =0 */
/% for the linear resistive n-port whose citcuit topology and element *®/
/% characteristics are stored in the structure arrays "branchl)® which is #/
/% found by calling read_ckt(). */

SEEEEEEEEEREREEEEERREREEHEEEHIERRXRKIRNENIRRERRNNIERHNEREERERXXRNREREXRENRNRRR/

get_n_port{(branch,branch_vector,P,Q,s,n,bn)
struct INLINE branchll;

struct B_VECTOR branch_vectorl(l;

double **P ,%xQ,%%g5;

int *n,bn;

{
int *A; /% incidence matrix */
int *node_vector; /% array of each node_number 74
int node_number; /% total # of nodes in the circuit %/
int branch_number; /% total # of branches in the circuit %/
int tp; /% #§ of port branches in the tree *®/
int tn; /% # of non-port branches in the tree #/
int cp; /* #§ of port branches in the cotree ®/
int cn; /% # of non-port branches in the cotreex/
int mx; /% row # of constraint matrix ®/
int px; /% column # of constraint matrix */
double #F; /% linear matrix characterization of */

/% all linear elements */
double fabs();
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3

EEEEEEE R R R AR R R RRE RN R RN RERRRNNNREREE RN RN RN R RN EXXRXRARRARRRRRRRR/
/% Reset small parameter values of P, Q, and s {( due to numerical underflowx/

/% allocates spacecs for the incidence matrix and */
/% the node vector with roughly estimated sizes */
pre_alloc(&A,&node_vector);

/7% find the incidence matrix A */
incidence_matrix(branch,&A,branch_vector,&node_vector,&node_number,
&branch_number ,bn);

/% Extract the nonlinear elements to form a linear n-port %/
tree_port(branch,A,branch_vector,branch_number,
node_number ,&tp ,&tn ,&cp,&cn);

/% construct the branch_relation matrix for linear elements %/
1_tree(branch,branch_vector,branch_number,node_number,tp,tn,cp,cn);
1_cotree(branch,branch_vector,branch_number ,node_number,tp,tn,cp,cn);

/% construct the tableau matrix F %/
F_matrix(&F,tp,tn,cp,cn);

/% perform row operation on F for hybrid matrix equation %/
F_reduce(F,P,Q,branch_vector,tp,tn,cp,cn &mx ,&px);

/% remove the independent dc sources %/
rm_source(branch,P,@,s,branch_vector ,&mx,&px);

*n=mx } /% #§ of nonlinear elements %/
/% reset small parameter values to zero ¥/
underflow(*n,*P,%Q,%s);

/% in the intermediate computations ) to zero.

/HH BRI 3636 396 336 96 96 36 96 36 36 96 96 36 36 9638 96 36 36 36 96 36 36 36 36 36 36 36 36 36 36 36 96 36 96 36 36 36 9636 36 36 36 96 36 96 36 36 36 I 26 I 6 I 6 36 3 M X XXX,/

underflowtn,P,Q,s)

int nj

double *P,%Q,%s;

/% the ij-th entry of the matrices (i) P (ii) Q@ is expressed as */

/%
/%

{

Pli*n+j] */
QLi*n+j] %/

int i,);

for (i=@3idnji+d)

{
if (fabs(slil)>(1.8E-12 && s[i}'=0.0)
{
printf("WARNING MESSAGE : UNDERFLOW PROBLEM FOR");
printf(" sl’d}=/.3e\n",i,slil);
s[i]=8,0;
)

for (j=0;j<n;j++)
{
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if (fabs(Pli*n+j1)<1,8E-12 && PLi*n+j1!=0.86)

{
printf("WARNING MESSAGE : UNDERFLOW PROBLEM FOR®);
printf(" P[%d]=%.3e\n",i%n+j,Pli*n+j1);
Pli%n+j1=0,8;

)

if (fabs(QLi*n+jl)<1.B8E-12 &% Qlixn+j)!=0.0)

{
printf("WARNING MESSAGE : UNDERFLOW PROBLEM FOR®)j
printf(® Q[XdI=¥.3e\n",i*n+j,@li*n+jl);
Gli*n+j1=0,.08;

)

b

/R EEE R R E R R R R RN RRE R R R R RN R R R RN E R R R R RN A AR RERRRERRREE AR RRRERERRRRRXRRRRR/
/% Replace the model_name xxx..x in the element_relation field with the ®/
/% real description (yyyy...yy} defined in the model line */

Ve : model xXxX..X {Yyyy...yyd *®/
EREFERRERERERNERREHNNKINHIRHERNERRERRERNFE NN R KRN NNNINNNRHRRLREEXARRERRER/

model_name(branch,moda,bn,mn)
struct INLINE branchl]);
char #modall;
int bn,mn;
{
int i,J,k;
char s[5661,sx[18],%calloc();

for (i=B3i<bnji++)
{
strcpy(s,(branch+i)->relation);

/% element_relation is defined by a model_name */
if (s[B)!='{’ && (s[81<’0’ il s[0]>’'9’) && s[B)!='~’ && s[B)!="+")
{ .

=83

/% search for the model_name definition in the input lines */
while ¢(j<mn)

{
if (find_index(" .model” ,modaljl)==8)
{
find_word(modaljl,sx,2);
if (find_index(s,sx)==8 && find_index(sx,s)==8) break;
else j++4;
}
else j++;
3
if (j>=mn) /% can‘t find the model definition %/
{
printf(*MODEL “s 1S5 NOT AVAILABLEN\n®,s);
exit();
)

else /% defined in the j-th model line %/
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{
if ((k=find_index("*{" ,modaljl}))>8) !
{ /% replace the model_name by its definition %/
strcpy(s,modaljl);
strdel(s,8,k);
(branch+i)->relation=calloc(strien(s)+i,sizeof(char));
strcpy((branch+i)->relation,s);
)
else
{
printf("MISSING “{’ IN THE MODEL LINEN\n");
printf("%s\n" ,modaljl);
exit();
2
3
3
)
}
JEEEEEEEEEEEREERE R R R R AR E R R AR R RER AR RRRRRAERRRRRRARAAARRRRRERRR AR ARRREE RN/
/% parse each element line and store the element information on the *®/
/% structure "branch” with the following subfields : (i) element name *®/
/% (ii) node number (iii) element relation (iv) port number ( 1 for 1-port */
/% or 2-terminal element; 2 for 2-port element ). L 74

SEEEREREEERREREREREERRERERERRERRERRERREREEEERRRRRERREREARXRERRERERRRERRRERRR/

store_branch(bst,bn,branch)
char ¥bstll;
int bn;
struct INLINE branchl);
{
int i;
char px{881,ch,*calloc();

for (i=@8;i<{bn;i++,branch++)

{

find_word(bstlil,branch->name,1); /% branch name #*/
find_word(bstlil,px,2);
branch->nodel=atoi(px)}; /% 1st node L 74
find_word(bstlil,px,3);
branch->nodeZ2=atoi(px); /% 2nd node */
ch=branch->namel0]; /% element type */
switch (ch)
{

case ‘R’

case ‘L’ 3

case ‘C’

case ‘Y’

case ‘1’ : one_port(bstlil,branch); break;

case ‘E’ -

case ‘F’ :

case ‘G’

case ‘H’ : 1in_2_port(bstlil,branch); break;

case ‘K’ :

case ‘N’ : multi_port(bstlil,branch); break;
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default : (
printf(°UNDEFINED ELEMENT TYPE ‘Ze’\n",ch);
exit();
3
}

mbran+=branch->port;
2

/*************i*******!******************!*****l****************************/

/% Get the branch information for the linear 1-port (2-terminal) elements. */
i L L T LT e

one_port{line,p)
char %line;
struct INLINE #*p;

{
char px[801,%clloc();
find_word(line,px,4); /% element relation %/
if ((p->relation=calloc(strien{px)+i,sizeof(char))I==NULL)
exit_message(“CAN’T ALLOCATE SPACE");
strecpy(p->relation,px);
p-Jport=1; /% port # =1 %/
)

/***********!***************************************************************/

/% Get the branch information for the linear 2-port elements. */
SRR R R A AR AR AR R R R R R R KRR R KRR R R RN AR AR RN E AR AR R RS E AR AR ERRERRRERA SRR/

lin_2_port(line,p)
char *line;j
struct INLINE *p;

{
char px[88],%calloc();
find_word(line,px,4);
p-Jnode3=atoi(px); - /% 3rd node %/
find_word(line,px,95);
p->noded=atoi(px); /% 4th node %/
find_word(line,px,4);
if ((p-drelation=calloc(strien(px)+i,sizeof(char)))==NULL)
exit_message("CAN’T ALLOCATE SPACE");
strcpy(p-d>relation,px);
p->port=2; /% port # =2 %/
)

/AR AR RN R R RN LR RA RN LR RN R R R R R RRE R RN ERAFRRRRERERRRRERREXRRRRRRERR/

/% Get the branch information for the nonlinear multi-port elements. *®/
JEREEERERERRNNIRNII NN NN RUNERENNN RN R XRNK/

multi_port(line,p)
char *line;
struct INLINE #p;
{
char px[861,py(808],%*callocq();
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find_word(line,px,4);

p->node3=atoi{px)} /% 3rd node ®/
find_word(line,px,5);
p-ricded=atoi(px); /% 4th node */

find_word(line,px,6);
if (%px==/(7 1] #px>’9’ | #px<‘8’)

{
/% nonlinear 2-port %/
find_word(line,py,8);
if ((p->relation=calloc(strien(py)+1,sizeof{char)))==NULL)
exit_message("CAN’T ALLOCATE SPACE");
strcpy(p->relation,py);
p-Jport=2; /% port # =2 %/
)
else
{ /% port H )= 3 %/
p->nodeS=atoi(px); /% 5th node ¥/
find_word(line,px,7);
p->nodeé=atoi(px)}; /% éth node */
find_word(line,px,8);
if Cxpx==/{’ || *px)»’9’ || #*px<’8%)
{
/% nonlinear 3-port »/
find_word{(line,py,8);
p-drelation=calloc(strlen(py)+i,sizeof{char));
strcpy(p->relation,py); .
p->port=3; /% port # = 3 %/
)
else
{ /% port # >= 4 %/
p->node7=atoi(px); /% 7th node */
find_word(line,px,?);
p-)>nodeB8=atoi(px); /% 8th node */
find_word(line,py,18);
p->relation=calloc(strien(py)+l,sizeof{char));
strcpy(p-Jrelation,py);
p->port=4; - /% port =4 %/
)
3

)

/EEEEEEREE AR EEERRRRFRERRARRRRRARRRREARRNRRRRERERRRRRRRRERBRAREERERRREERRRRRR/
/% read the spice file and store each input line in the array "st®. */
SEEEEEEREAEEEERRERERR R RN ERRN AR EANNARRR RN F AR EREEERRERREXRRRERRERRRR/

read_file(fp,n)

FILE #*4p;
int n;
{

int j,k,t;
char linel81]),%p,%calloc();

1=0; :
st=(STRING #)callocin,sizeof(STRING));
while (fgets(line,88,fp) =NULL)
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)

JEEEEEEEREEREERNEEREEEEREERRRENEERRHRERERRRNREREE R RRRRENERRNRREEEEXERRNRNRR/
/% partition each input line in the spice file to the class of (i) element %/

{
if (linelBl=="%") /% comment line %/
continue;
/% get rid of unnecessary spaces in the tail of the input line x»/
J=strlen(line);
while (--j>=8)
if (lineljl!=’ / && linelj)!=’\t’ && lineljl'=’\n’)
break;
lTine[j+1)="\0"}
/% append the line starting with ‘$’ to the previous line %/
if (linelB)=="%")
{
strdel(line,8,1);
if ((p=calloc(strlen(line)+k+l,sizeof(char)))==NULL)
exit_message(“CAN’T ALLOCATE SPACE");
strcpy(p,stli--11);
strcat(p,line);
free(sti1));
stl1l=p;
)
else
4
if ((stlll=calloc(strien(linel+i,sizeof{char)))==NULL !! 1)>n)
exit_message("INSUFFICIENT SPACE FOR INPUT LINE ARRAY");
strcpy(stlil,line);
b
k=strlen(sti11);
if (find_index(".end",stl11)==8 || find_index(".END",stl11)==0)
break; /% last line is reached %/
1443
3
if (1==8)

exit_message("EMPTY INPUT FILE®);

if (find_index(".end",st[131)!=8 && find_index(".END",stl1])!=8)

exit_message("MISSING .END IN THE LAST LINE®);

return(l); /% 1 = total # of input lines in the spice #/
/% file (excluding the comment lines and */
/% the last line ".end") *®/

/% lines (ii) model/graphic control/comment/declaration lines.

JEEEEERRERERRNERRIERFEIII NN NNEH KRNI NNRIIHIIEN NI FENFNN RN N%N/

branch_model(bst,moda,bp,mp>
char #bstl[1,*modall;

int %bp,%*mp; ’

s

A

int i;

~char xp,%calloc();
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¥mp=6 3
for (i=8;illInji+)
{
if((p=calloc(strien(stlil)+1,sizeof(char)))==NULL)
exit_message("CAN’T ALLOCATE SPACE");
strcpy(p,stlil);
if (stlillol=",")
modafl (¥mpl++4]=p;
else bstl(*bp)++1=p;

3

/***********************************************ﬂ**************************/

/% Preliminary allocation for the incidence matrix A and the node vector. #/
AEREEERERINNRIAN A NEINRNN NN IR HHHIHNHIRERINRENRRWRENRENE/

pre_alloc(A,node_vector)

int xxA,x**node_vector;

{
calloci(NODE*mbran,A,"A®);
calloci(NODE,node_vector,"node_vector");
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#include <stdio.h>
#include “nport.h*

/% see variable definitions in file “nportl.c" */

extern int ¥D_ay,*D_ab,*D_zb,*D_zy;
extern int mbran;

L Ty Y Y T TTTTTrTrIIIIIYIY,
/% Find the incidence matrix A and choose a tree by reducing A to the ®/
/% row-echelon form. x/
SERERREEEEREEREEEERERERE R SRR R R RN RIRNBERERREELEE RN AR KRR RERRERRRRAREREER AR/

fncidence_matrix(branch,A,branch_vector,node_oector,node_number,
branch_number ,bn)

struct INLINE branchll;
struct B_VECTOR branch_vectorl];
int **A,x%pnode_vector,*node_number,%branch_number,bn;

{
int i,j;
struct B_VECTOR %pv;

. ¥branch_number=8;
#*node_number=0;
pv=branch_vector;
for (i=0;i<bnji++,branch++)

{
/% +ind incidence matrix A and node_vector */
assign_node(branch,*A,*node_vector,node_number ,branch_number) ;
if (NODE<#*node_number)
{
printf("NODE NUMBER > “d\n®",NODE);
exit();
/% f£ind the branch_vector which stores the index */
/% for each branch within the spice file */
for (j=1jj<{=branch->port;j++)
{
pv=->a=i} /% the branch is in the i-th element %/
/% line of the spice file x/
pv=>b=j; /% the branch is in the j-th port of %/
/% the element %/
putt;
)
)

/% re-allocate spaces for A and node_vector %/
new_alloc(A,node_vector,*branch_number,*node_number) ;

pv=branch_vector;

/% reduce A to the row-echelon form and choose a tree #/
r_echlon(¥*A,pv,*node_number ,*branch_number)
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SEEEERRREEREEERE AR RRREERE R RRNRNNRIN RN K NENNERNTNERRRRR RN AR AR RRRNRR/
/% Reduce A to the row-echelon form. */
SEEEAEREEERREERERREHRERRERNEARREREEERRNENNNNRRNENRERAELRNENEEXRRRREAEREERRERE/

r_echlon{A,pv,node,bran)

int *A; /% the incidence matrix with ij-th entry expressed as %/
/% Ali*bran+j] */
/% where bran is the total # of branches ®/

struct B_VECTOR x*pv;
int node,bran;

{
int ¢,i,3,k,m;

for (i=B3;i{{(node-1)ji++)

{
/% choose a nonzero pivot */
if (Ali*bran+il==8)

£
for (k=ijk{{(node-1);kt+)
if (Alk*bran+il!=8) break;
if (k==(node-1))
{
/% no other nonzero element in the same column %/
/% find a nonzero element in the same row */
for (j=i+lij<bran && Alixbran+jl==8;j++);
if (j>=bran)
exit_message(“ZERC ROW IN THE INCIDENCE MATRIX");
/% column interchange #/
for (m=8;m<{(node-1);;m++)
switch_i(&Alm*bran+il,&AIm*brantjl)
switch_i(&((pv+i)=-2a),&({pvtjd=dal))d;
switch_i(&({pv+i)~->b) ,&((pvtj)=>b));
)
else
/% row interchange %/
for (m=ijm<{bran;im++)
switch_i(&AL[i*bran+m] ,&Alk%bran+ml);
3

/% choose a positive pivot */
if (Ali*bran+il==-1)
for (m=i;m<{bran;m++)
Alix*bran+m] = ~1¥Ali*bran+ml;

/% elementary row operations */
for (k=8;k<{(node-1);k++)

if ((k'=i) && (Alk*bran+il!=8))
{

c=Alk*bran+il;
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for (m=i;m<bran;m++)
Alkxbran+ml=Alk*bran+ml-c#A[ixbran+m);

3
)
b
/*******!**********************!************i*********!*********************/
/% Assign 1 or -1 to the incidence matrix for an element and fill the */
/% corresponding nodes to node_vector. *®/

/***************************************************************************/

assign_node(pb,A,node_vector,nocde,bran)

struct INLINE xpb;

int *ﬁ,*node_oector,*node,*bran;

{
/% process the Ist branch */
s_node(A,node_vec tor,pb->nodel ,pb->node2,node,bran);

/% when port # > 1, process the 2nd branch %/
if (pb-Jport>1)
s_node{(A,node_vector,pb-)>node3,pb->noded,node,bran)

/% when port # > 2, process the 3rd branch #/
if (pb->port>2)
s_node(A,node_vec tor,pb->nodeS,pb->nodeé,node,bran);

/% when port # > 3, process the 4th branch #/
if (pb->port>3d)
s_node(A,node_vector,pb->node?,pb-Ynode8,node,bran);
} L}

/**************************************************************************/

/% Assign 1 or -1 to the incidence matrix A for a branch connected across */
/% two nodes with -node number pnode and nnode. */
JERREEFRFEREFREERERERRERREREERERHREREHRRRIRHREHNFHNEHNEHNRERERRRRHHRRRERRRRN/

s_node(A,node_vector,pnode,nnode,nn,bn)

int *A; /% incidence matrix, the ij-th entry is expressed */
/% as Ali*mbran+j) *®/

int *node_vector,pnode,nnode,*nn,%bn;

{

int k,nx[2),i;

nx[8l=pnode;

nxl1l=nnode;

for (i=B8;i{2;i++)

{
/% search node_vector to determine whether the present node %/
/% has been processed and stored in node_vector *®/
for (k=@3k{*nn;k++)

if (node_vector[kl==nx[il)) break;

/% a new node %/
if (k==#¥nn)
{
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node_vector{*nnl)=nx[il;

(Xnn)++; /% increment the node # */
)
Alk*mbran+(%bn)l=(i==0)7? {:-1; /% §i11 1 or -1 to A #/
)
(¥bn)++; /% increment the branch # %/

)

/*****i**********!******!****!*************!**!*****************************/

/% Re-allocate spaces for A and node_vector for a more exact and compact %/
/% allocation when total # of nodes and branches are found. */
JEEERERREEREEREREEEREXRRERRNRREERRNRRREEFHIRERERHENIRNERRRRRREERRRXRRRHRERER/

new_alloc(A,node_vector,bran,node)

int *x%A; /% pointer to the incidence matrix, the ij-th entry is #/
/% (¥)Ali*mbran+j] ( before new allocation ) ®/
/% (%)Ali*bran+jl ( after new allocation ) */
/% where bran is the total # of branches *®/

int **node_vector,bran,node;

{

int *new,i,j;

/% re-allocate space for A ¥/
calloci(node*bran,&new,"new");
for {i=8;i<{node;jit+)
for (j=B;j<branjj++)
newli*bran+jl=(*A)[i*mbran+jl;
cfree(*A);
*A=new;

/% re-alliocate space for node_vector %/

calloci(node,&new,"new");

for (i=Bjilnodej;it+)
newlil=(*node_vector)[il;

cfree(*node_vector);

#node_vec tor=new;

3

i i i et i it ittt Ty Ty T Y T E T T T T T T T P DT p ey
/% Partition each branch into (i) port branch in the tree ( # = tp ) */
/% (ii) nonport branch in the cotree ¢( # = tn ) (iii) port branch in the %/
/% cotree ( # = cp ) (iv) nonport branch in the cotree ( # = cn ), *®/

/*****i*******************************************************i*************/

tree_port(branch,A,branch_vector,bran,node,
tp,tn,cp,cn)

struct INLINE branchl]l;

struct B_VECTOR branch_vectorl];

int *A,node,bran,*tp,%*tn,%cp,%cn;

{
int %t

calloci(mbran,&t,"t*);
/% partition branches into port and nonport branches */
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3

sep_port(branch,branch_vector,t,bran);

/% partition the tree branches */
tree_sep(A,branch_vector,t,node,bnan,tp);

#tn=node-1-%tp; /% # of nonport branches in the tree #*/

/% partition the cotree branches #/
link_sep(A,branch_vector,t,node,bran,cp);

¥cn=bran-%tp-*tn-*cp; /% § of nonport branches in the cotree */

/% find the fundamental cutset matrix %/
d_matrix(A,*tp,%cp,*tn,%cn,bran,node);

/******!*****************************************************************i**/

/%
/%
/%
/%
/%
/¥
/%
VL ]
/*
/%
VL

Find the matrices (i) D_ab ¢ii) D_ay (iii) D_zb (iv) D_zy in the *x/
fundamental cutset matrix Eq.¢4.55) in Chua and Lin’s book */
/ \ *®/
i l_aa 8_az D_ay D_ab | x/
] ' */
i 8_za 1_zz D_zy D_zb ! */
\ / *®/
where a = port branches in the tree */
b = port branches in the cotree */
Z = nonport branches in the tree */
¥ = nonport branches in the cotree */

/*********i**i*****i***!**************i******************i**i************i**/

/¥
/%
/%
/¥
/%
/¥
/%
/%

the ij-th entry in the matrices (i) A (ii) D_ab (iii) D_ay (iv) D_zb */

(v) D_zy is expressed as *5
*
(i) alix*brantjl %/
(ii) D_ablixcp+j] */
(iii) D_ayli*cntj] *x/
(iv) D_zblixcptjl */
(v) D_zylixcn+jl 74

d_matrix(A,tp,cp,tn,cn,bran,node)
int *A;
int tg,cp,tn,cn,node;

{

int i,j;

calloci(tp*cp,&D_ab,"D_ab");
calloci(tp*cn,&D_ay,"D_ay");
calloci(tn*cn,&D_2y,"D_zy");
calloci(tn¥*cp,&D_2b,"D_2b")}

for (i=0;id{tpii++)
{
for (j=0;j<lcpjit+)
D_ablixcp+jl=Ali*bran+j+node-1];
for (j=0;j{cn;j++)
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D_aylix*cn+jl=Alixbran+j+node-1+cpl;

3
for (i=8;il{tn;it+)
{
for (j=B;j<cpij++) '
D_zbli*cp+jl=Al(i+tp)xbran+j+node-11;
for (j=B8;j<cnj;j++)
D_zylixcn+jl=Al(i+tp)*bran+j+node-1+cpl;
}
2
/*************i!***!****************************************i***************/
/% Partition link branches into (i) port branches (ii) nonport branches */
/% and re-arrange them such that the first cp branches in the cotree are %/
/% port branches. */

/***************************************************************************/

link_sep(A,branch_vector,t,node,bran,cp)
int ¥A,node,bran,t[],%cp;
struct B_VECTOR branch_vector(];

{
int i,j,k;
struct B_VECTOR #pv;
pv=branch_vector;
*cp:ﬁ;
/% if the i-th branch in the cotree is a nonport branch, *®/
/% then interchange with a port branch with a larger index %/
for (i=node-1;i<branji++)
{ .
if (tlil==86)
{
k=bran-1;
while (tlkl==0 && i<k)
k==
if (ick)
{ .
for (j=B;j<{(node-1);j++)
switch_i(&Alj*bran+il &ALl j*bran+kl);
switch_i(&((pv+i)=)a),&((putk)-da));
switch_i(&((pv+id=>b) ,&((pyv+k)->b));
tlkl=6; .
tlil=1;
(¥cpl++;
b
3
else (¥cpl++;
)
b
/*********ii****i************************************************!!***i***§*/
/% Partition tree branches into (i) port branches (ii) nonport branches */
/% and re-arrange them such that the first tp branches in the tree are */

/% the port branches and the others are the nonport branches. */
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/***************************************************************************/

tree_sep(A,branch_vector,t,node,bran, tp)
int *A,node,bran,tl],*tp;
struct B_VECTOR branch_vectorl[];

{
int i,j,k;
struct B_VECTOR xpv;
pv=branch_vector;
*tp=0;
for (i=@;i{(node-1);i++)
{
/% if the i-th branch in the tree is a nonport branch, */
/% then interchange with a port branch with larger index %/
if (tlil)==8)
{
k=node-2;
while (t[k])==8 && k>i)
k==
if (ki)
{
switch_i(&((pv+i)-da),&((pyvi+k)-da));
switch_i(&((pv+i)=->b) ,&({pv+k)->b))};
for (j=(node-1);j<branjj++)
switch_i(&ALi*bran+j],&Alk*bran+jl);
tikl=8;
tlil=t;
(Xtpl++;
)
}
else (xtp)++;
3
)

R T L Lt T TTTTTTTITTrTTITTIYY,
/% partition each branch to classes of (i) port branches (non_R, C, L, V %/
/7% and 1 ) (ii) nonport branches (lin_R, E, F, G, H). *®/
SEEEEREEERREERRERERRMIRRERRRERNNHNNNIRNNEEERREEREHERN NN EREEXREREEERANLR/

sep_por t{branch,branch_vector,t,bran)
struct INLINE branchll;
struct B_VECTOR branch_vectorl];

int t01; /% i-th branch is a port (resp.; nonport) branch */
/% if tlil=1 (resp.; tlil=0) *®/
int bran;
{
int i,j;

struct B_VECTOR #*pv;
char ch,cg;

pv=branch_vector;
for (i=@;ilbranji++,pu+t+)
{
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J=pv-raj /% branch index in the element lines ¥/
ch=branch{jl.namel8]; /% element type #/
co=branch(jl.relation{8); /% characteristic type : linear or #/
/% nonlinear *x/

tlil=1;
switch(ch)
{

case ‘E’

case ‘F’ @

case ‘6’

case ‘H’ : tlil=0; break;

case ‘R’ : if (cg'=’(’) tlil=0; break;

default s tlil=1; break;
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#include {stdio.h>
#include "nport.h”

/% see variable definitions in the file "nportl.c® %/

extern int *D_ab,*D_ay,*D_zb,*D_zy;
extern double *F_iz *F_vy,*F_iy,*F_vz;

/***************************************************************************/

/% Find the linear characterization for the linear elements in the tree.
RERERRRERRREERREERRRRRENHRRIE RN R RN ERRNRR N EREEREERERERLERERREERRRRRER R/

1_tree¢branch,branch_vector,bran,node, tp,tn,cp,cn)

struct INLINE branchll;

struct B_VECTOR branch_vectorl];

int bran,node,tp,tn,cp,cn;

{

struct INLINE #bv;
struct B_VECTOR %pv3

int i,j,k;

char #*d,ch,%calloc();
double x,stof();

/% allocate spaces for the matrices (i) F_iz (ii) F_vz %/
/% (iii) F_iy (iv) F_vy whose ij-th entry is expressed as */
/% F_izlixtn+j] */
/* F_vzli*tn+j] ®/
/% F_iyli%cn+j] x/
/% F_vyli*cn+j] */
/¥ ®/

callocd({tn+cn)*tn,&F_iz,°F_iz")};
callocd({tn+cn)*tn,&F_vz,"F_vz");
callocd({tn+cn)*cn &F_ iy,"F_iy®);
callocd({(tn+cn)*cn ,&F_vy,"F_vy");
bv=branch;

pv=branch_vector;

for (i=tpjid(node-1);i++)

{

J=(pvtid=daj;

ch=(bv+j)->namel8];

*®/

/% the branch is in the j-th element line %/

/% element type #/

if ((d=calloc(strlen((bv+jl-drelationd+l,sizeof(char)))==NULL)
exit_message(“CAN’T ALLOCATE SPACE");
strepy(d,(bv+j)-d>relation);

x=stof(d);
switch(ch)

{

case

case

IRI

IEI

/% 1
F_iz
F_vz

/% value for the linear characteristic */

inear resistor %/
[{i-tp)*tn+i-tpl = x;
[(i-tp)xtn+i-tp) = ;

break;

/% linear voltage-controlled voltage source %/

if

else
{

(pv+id=>b!=1) /% controlled branch #/
F_iz2[(i-tp)*tn+i-tpl=1;
/% controlling branch %/
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F_vz[(i-tp)*tn+i-tpl = -1
k=search(i,j,branch_vector,bran);
if (k{(node-1)) F_vzl(i-tp)*tn+k-tpl=x;
else F_vy[{i-tp)*cn+k-cp-node+1l=x;

}

break}

L

case ‘F/ ¢+ { /% linear current-controlled current source */
) if ({(pv+i)->b!=1) /% controlled branch %/

F_vzlCi-tp)*tn+i-tpl=1;

else /% controlling branch */

{
F_iz[¢i-tp)*tn+ti-tpl = -1;
k=search(i,j,branch_vector,bran);
if (k<{(node-1)) F_iz[(i-tp)*tn+k-tpl=x;
else F_iyL(i-tp)*cntk-cp-node+ll=x;

)

break;

" N

case ‘6’ : /% voltage-controlled current source */

if ((pv+id->b!=1) /% controlled branch #/
F_iz[Ci-tp)*tn+i-tpl=1;

else /% controlling branch %/

{
F_izl¢i-tp)%tnti-tp) = -1}
k=search(i,j,branch_vector,bran);
if (k<{(node-1)) F_vzI[(i-tp)*tn+k-tpl=x;
else F_vy[(i-tp)*cn+k-node-cp+ll=x;

3

break;

“

case ‘H’ : { /% current-controlled voltage source %/

if ((pv+id=>b!=1) /% controlled branch %/
F_vzl(i-tp)*tn+i-tpl=1;

else /% controlling branch %/

{
F_vzIl(i-tp)*tnti-tp) = -1}
k=search(i,Jj,branch_vector,bran);
if (k<{(node-1)) F_izl[(i-tp)*tntk-tpl=x;
else F_iy[(i-tp)*cn+k-node-cp+1l=x;

)

break;

3
cfree(d);

)

/EEE R R R R R R R E R R R R R AR R ERE R RS RN ANRRARARER R ARXNERRRERERR R R XXX RR/

/% Find the linear characterization of the linear elements in the cotree. ¥/
S EERE R EREEE R R AR R R R R AR AR R R LA SRR R AR R AR AR AR AR LR R IR AR R REARRERRR/

1_cotreet{branch,branch_vector ,bran,node,tp,tn,cp,cn)
struct INLINE branch();

struct B_VECTOR branch_vectorl];

int bran,node,tp,tn,cp,cn;
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int 1,J,k;

struct INLINE #bv;
struct B_VECTOR ¥pv;
char %*d,ch;
double x,stof();

bv=branch;
pv=branch_vector;
for (i=node+cp-1j;i<branji++)

{

j=(pv+id-da;

ch=(bv+j)->namelB];

nport3.c Page 3

/% j-th element line %/
/% element type %/

if ((d=calloc(strien((bv+j)->relation)+l,sizeocf(char)))==NULL)
exit_message(“CAN’T ALLOCATE SPACE");
strcpy(d,(bv+j)->relation);

x=stof(d);
switch(ch)
{

case ‘R’

case ‘E’

case ‘F’ : {

case ‘6’

LV

“

/% value for the linear characteristic */

/% linear resistor %/
F_iy[(i-tp-cp)*%cn+i-tp-cp-tnl=x;
F_vyl[(i-tp-cp)*cn+i-tp-cp-tnl = -1;
break;

/% linear voltage-controlled voltage source */
if ({(pv+i)=->b!=1) /% controlled branch */
F_iy[(i-tp-cp)*cn+i-tp-cp-tnl=1;
else /% controlling branch */
{
F_vyl(i-tp-cp)¥cn+i-tp-cp-tnl = -1;
k=search(i,j,branch_vector,bran);
if (k>)=(node-1))
F_vyl(i-tp-cp)*cn+k-tp-cp-tnl=x;
else F_vzl(i-tp-cp)*tn+k-tpl=x;
}
break;

/% linear currrent-controlled current source */
if ((pv+i)->bi=1) /% controlled branch %/
F_vyl¢i-tp-cp)*cn+i-tp-cp-tnl=i;
else /% controlling branch */
{
F_iyl(i-tp-cp)*cn+i-tp-cp-tnl = -1;
k=search(i,j,branch_vector,bran);
if (k>=(node-1))
F_iy[(i-tp-cp)*cntk-tp-cp-tnl=x;
else F_iz[(i-tp-cp)*tn+k-tpl=x;
)
break;

/% linear voltage-controlled current source %/
if ((pv+id=db!=1) /% controlled branch */
F_iy[(i-tp-cp)*cn+i-tp-cp-tnl=1;
else /% controlling branch #/
<
F_iyICi-tp-cp)*cn+i-tp-cp-tnl = -1;
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k=search(i,j,branch_vector,bran);
if (k>=(node-1))
F_url(i-tp-cp)*cn+k-tp-cp-tnl=x;
else F_vz[(i-tp-cp)*tn+k-tpl=x;
) .
break;

)
case ‘H’” ¢+ { /% linear current-controlled voltage source #/

if ((pv+i)->b!=1) /% controlled branch ¥/
F_vyl(i-tp-cp)*cn+i-tp-cp-tnl=1;

else /% controlling branch #/

{
F_vy[(i-tp-cpl)*cn+i-tp-cp-tnl) = -1}
=gearch(i,j,branch_vector,bran);
if (k>=(node-1))

F_iyl¢i-tp-cp)*cn+k-tp-cp-tnl=x;

else F_iz[(i-tp-cp)*tn+k-tpl=x;

)

break;

)
free(d);

3

JEREEEAEERAE R AR R AR AR R ERRREARR R R AR R X RRE TR TR EEREERRRRRSRRRRERRR LR RRERRR/
/% Search the other branch (k-th branch) of the linear controlled source %/
/% which, together with the i-th branch, is in the j-th element line. x/
SRR EEERRREE AR R LR R R R LR AR R RRRRE LR LR EER SRR RRERAAERRREEXRR RN EERERRRR R/

int
search(i,j,branch_vector,bran)
int i,Jj,bran;

struct B_VECTOR branch_vector[l;

{
int k3

for (k=8;k<bran;k++)

if ((branch_vector+k)-la==j && k!=i)

break;

if (k)bran)

exit_message(°"MISMATCH CONTROLLED SOURCE");
else

returndck);

3

JEERERERKF IR T KK 69963636 96 36 36 6 36 96 36 36 36 36 96 36 36 36 36 36 96 36 36 36 96 36 36 3 36 36 9 3 36 36 96 36 36 36 36 3696 96 36 36 36 96 % % %/
/% Find the linear characterization matrix F for all the linear elements. ¥/
/% (see Chua and Lin’s book EQ.¢(6.67) in p.262) x/
JERERERERRERERERERRRRERRRRRRRRRNSERINRNNINNBNENNNRRER R R RN X XXX EEERARERFRRRERRRS

F_matrix{F,tp,tn,cp,cn)
double ¥*xF}

int tp,tn,cp,cn;

{
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int 1,m;

/% allocate space for F which is anm by | matrix %/
m=tp+cp+tn+cn;

1=mttp+cp;

callocd{m*],F,"F");

/% find the top block of F #/
F_top(tn+cn,1,tp,cp,cn,*F);

/% $¢ind the middle block of F %/
F_middle(tn+cn,l,tp,cp,cn,*F);

/% tind the bottom block of F %/
F_bottom(tntcn,l,tp,cp,tn,cn,*F);
)

/*************************************************************i*************/

/% Find the top block of F. (see Chua and Lin’s book Eq.€(6.67) p.262) %/
SRR AR R RN RN RN RE R R RN AR RRE AR R AN A AR R IR R RARRRERERAAEARRRERRER/

/% the ij-th entry in the matrices (i) F (ii) D_ay (iii) D_ab is expressed #/

/% as _ */
/% (i) FLi*1+j] *®/
/7% (ii) D_aylixcn+jl *®/
/% (iii) D_ablixcp+jl */

F_top(n,1,tp,cp,cn,F)
int n,1,tp,cp,cn;}
double #*F;

{
int i,j;
for (i=@;i{tpsit+)
{
for (j=B;j<cn;j++)
FLi*1+j1=D_ayli*cn+jl;
Fli®l+i+nl=1;
for (j=n+ip+cp;il(n+tp+2xcp)jj+4)
FLi*1+j1=D_abli*cp+j-n-tp-cpl;
)
3

/****************!**************§*********************i*********************/

/% Find the middle bolck of F. (see chua and Lin’s book EqQ.(6.67) p.242) */
ZEEEREERREERRR IR IR AR ISR N AR IIRIR AR RN R R R AR EE AR RN RARRR RN R RN/

/% the ij-th entry of the matrices (i) F (ii) D_zb (iii) D_ab is expressed #/

/% as %/
/% (1) FLi®1+j]1 */
/% (ii) D_zbli%*cp+,] */
/7% (iii) D_abli%*cp+j] x/

F_middlet(n,1,tp,cp,cn,F)
int n,1,tp,cp,cn;
double *F;
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3

int i,

for (i=tp;i{(tp+cplji++)

{
for (j=cn;jinjj++) .
Flix1+4j] = =D_zbl(j~cn)xcp+i-tp); /# -transpose(D_zb) %/
FLi®l+i+nl=1;
for (j=n+tp+2%cp;i<(n+2%(tp+cp))jj++)
Fli*1+j] = -D_abl(j-(n+tp+2%cp))*#cp+i-tpl; /* -transpose(D_ab) %/
} .

/***i**!**i*************************************************i***************/

/% Find the bottom block of F. (see Chua and Lin’s book Eq.¢(6.68) p.262)

*®/

/**********************************************!****************************/

/%
/%
/%
/%
/%
/%
/%
Vg ;
/%
/%
/%

the ij-th entry of the matrices (i) F ¢(ii) D_zy (iii) D_ay (iv) D_zb
(v) F_iz (vi) F_iy (vii) F_vz (viii) F_vy is expressed as

(i) FLi®1+j)

(iid D_zylixcn+j]
(iii) D_ayli%cn+j)
(iv) D_zbli*cp+j]
(v) F_izlixtn+j]
(vi) F_iyli%xcn+jl
(vii) F_vzli%tn+j)
(viii) F_vylixcn+jl

F_bottom(n,1,tp,cp,tn,cn,F)
int n,1,tp,cp,tn,cn;
double *F;

{

int 1,5,k;
double c¢;

for (i=(tp+cp)jil(tptcpen)ji++)

{
for (j=B8;j<cnjj++)
{
c=8;
for (k=6;k<{tnjk++)
c=c+F_iz[(i-tp-cp)*tn+kI*D_zylk*cn+jl;
Flixl+j)=F_iy[(i-tp-cp)*cn+jl-c;
2
for (j=cnjjd{n;j¢++)
{
c=083;
for (k=08;k<{cnjk++)
c=c+F_vy[(i-tp-cp)%¥cn+kI%D_zy[(j-cn)*cn+k];
FLi®1+j)=F_vz[(i-tp-cp)*tn+j-cnl+c;
3
for (j=njjdin+tp)jj++)
{

c=0;
for (k=8;3k<{cn;k++)

*®/
*/
*/
L 74
®/
®/
®/
®/
*/
*®/
*/
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c=c+F_vylCi-tp-cp)*cn+kl*xD_ayl[(j-n)¥cn+kl;
FLi®1+j+2%cp+tpl=c;

3
for (j=n+tpjjin+ttptcp;i++)
{
c=06;
for (k=83k{tn;k++)
c=c+F_iz[Ci-tp-cp)*tn+k1*D_zblk*cp+j-n-tpl;
FLi®1+j+cpl = -1%C;
3
)
)
SEREEEEEERRREEEERRERE A AR LR RRRAERREERREEERRRXERRREREREARRRRRRELAARRNERR/
/% Reduce F to yield the constraint matrix equation for the linear *®/
/% elements, (see Chua and Lin’s book, Eq.(4.49) p.262) */

’**************************************************************************/

F_reduce(F,P,Q,bv,tp,tn,cp,cn,mx,px)
double *F,%xP,¥xQ;

int tp,tn,cp,cn,*mx,¥px;

%truct B_VECTOR bvl1];

int i=0,j=6,n;

#mx=tp+cp+tn+cn;
n=tn+cn+2%{tp+cp);
r_ech_F(&i,&j,mx,n,tn,cn,F);
callocd((tp+cp)*(tp+cp),P,"P");
callocd((tp+cp)*(tp+cp),q,"Q%);
P_and_@¢i,j,n,mx,tp,cp,F,*P,%Q);
*Mx = *¥mx-i}
¥px=tptcp;
if (C#mx)!=(%px))
exit_message("DEGENERATE CIRCUIT')'
for (i=tpjidtptcpjits) -
{
(bv+i)-la=(bv+i+tn)=-daj;
(bv+i)=>b=(bu+i+tn)->b;
2
cfree(F);
)

SRR EEREEEREEEERRRR TR RERRER AR REEERRRRARRRA AR EERREEEXRRRRRRERREXERRRENR/
/% Reduce F to the row-echelon form as Eq.€4.69) in Chua and Lin’s book *®/
/% and return the indices ii and jj which are the row and column indices x/

/% f$or the (8,8) entry of the constraint matrix in the reduced F in *®/
/% EqQ.(8.69). */

/***************************************************************************/

/% the ij-th entry of the matrix is expressed as */
/% . ®/
/% Fli®n+j] ®/

r_ech_F¢ii,jj,mx,n,tn,cn,F)
lnt *11,*jj ,*"lx ,D,tl’l ,Cn;
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double *F;
{
int i,j,k,1;
double c;
i = ¥iij;
J = %¥jj3
while ((i<*mx) && (j<(cn+tn)))
{
if (Fli*n+jl==08)
{
/% if 2ero pivot, then choose a nonzero one from %/
/% the same column by row interchange ®/
k=i+1;
while (k<{*mx && Flk#n+jl==8)
ket
if (k<{*mx)
for (1=j51<n;1+4)
switch_d{(&F[i*n+1],&FL[k*n+1]);
b
it (FLi*n+jl!=0)
{

/% elementary row operation %/
for (k=03k<{*mxik++)
if (Ck!=i) && (FLkx*n+j)'=0))

{
c=Flk¥*n+j);
for (1=j31njl+4)
Fik%n+1)=Flk#n+1]-FLi*n+1)xc/FLixn+j);
) .
it4;
J++;
) else j++;
}
®#ii=i;
*ji=j;
3
JEEREERERRRAREERRHENREEHERERREEII NI NIHNIHER RN NI RN KR AR NIRRT NX R HRHRR/
/% Find the constraint matrix equation for the linear n-port */
/% Pxv + Qxi =.06 %/
/7% ( the right-bottom corner in Eq.(4.69)) *®/

EEEEREEERERREE R R R AR AR R R R R R R R R R R RS RR AR RRRRRR AR RN ER RS RRRXERRRRRRRRERS

/% the ij-th entry in the matrices (i) F (ii) P (iii) @ is expressed as */

/% */
/% (1) FLi®1+4j] ’ */
/% (i) Plix(tp+cpr+jl x/
/% (iii)  QLixCtp+cp)+jl %/

P_and_QC¢i,;j,1,mx,tp,cp,F,P,Q)
int i,j’]’*tnx,tp,cp;
double *F,*P,xQ;
{
int ix,jx;
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)

for (ix=ijix<¥mxjix++)

{

for (jx=j;ix<(j+tp)jjx++)

{
QLCix=i)%(tptcp)+ix=jl=FLix*14jx];
PLCix-i)®(tp+cpl+jx-jl=Flix*1+jx+tp+2%cpl;
3
for (jx=(j+tp)jix<(j+tp+cp)ix++)
{
PlCix=i)%(tptcpd+ix-jl=Flix*14jx];
QICix=-1)*(tp+cpl+jx—jl=FLix*T1+jx+cpl;
)

AR AR AR R AR RN E R RN RN RN R RN R R R IR ER AR IR IR RN R SR RERRRARRER RN REERRR/
/% Remove the independent voltage and current sources from the constrained */
/% matrix equation Pxv + Qxi = @

by substituting the source values into the equation to yield a new
/% equation (called generalized hybrid equation) :

/%

/%
VL

P'#%v ¢+ Q% + s” = @

with smaller dimension. (differ by the # of independent sources)
JEEREEEERREREEEREERER AT RRRRRRERRREFERE AR EREREREREREERRRRRERRRRREERRERERRRR/

rm_source(branch,PP,Q@,ss,bv,mx,px)
struct INLINE branchll;

double *%PP,*x0QQ,%%ss;

struct B_VECTOR bvil;

int *mx,%px;

{

int i=8,j,m;

double #P,%Q,%s}
double x,stof();

char ch,*d,*calloc();

P

Q
s

m

nu

*PP;
*Q0Q;
*#553
*mx §

callocd(m,&s,"s");
while (i{%*px)

{

j=(bvti)-la;

if ((d=calloc(strlen{(branchtj)->relation)+1,sizeof(char)))==NULL)
exit_message("CAN’T ALLOCATE SPACE®);

strcpy(d,(branch+j)->relation);

ch=(branch+j)->namel0];

if (((ch=='V’) || (ch=="17)) && (d[B]!="(’))

{ v
/% time-invarient independent voltage or current source %/
x=stof(d); /% source value */

/% choose a nonzero element in the column as a pivot #/
nonzero_pivot(ch,i,mx,px,m,P,Q,5);

*/
*/
®/
*/
x/
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3

/******************{*******************************************i************/

/% 1f the top entry of the column corresponding to the independent source */
/% variable is zero, then perform row interchange to yield a nonzero entry %/

3

/% re-allocate spacs for P, @, and s for a more compact allocation #*/

/% reduce the P or Q@ matrix such that there is only one */

/% nonzero element in the column which corresponds to

/% the variable of the independent source

reduce(ch,i,mx,px,m,P,Q0,5);

/% re-arrange P, @, and s for a more compact ¥/

/% constrained equation

re_arrange(ch,i,mx,px,m,bv,x,P,Q,s8);

(¥mx)—-3
(%px)=~-3
)
else i++;
free(d);

new_P_@_s(m,mx,P,Q8,s,PP,QQ,55);

/% in the top position of that column.

/*********!*******************************************i***********!*********/

nonzero_pivot(ch,i,mx,px,m,P,Q,s)

char ch;

int i,%mx,%px,m;
double *P,xQ,%s;

/% the ij-th entry in the matrices (i) P (ii) @ is expressed as */

/%
/%
/*

{

(i)
(ii)

int k,1;
double fabs();

if CCQUB#*m+il==8 &% ch=="V’) ! (PIO*m+il==8 && ch=='1"))

{

k=13
if ¢
else

if ¢
{

Pli¥m+j]
Qlixm+j]

cth=='{’)

while (fabs(Q[k#m+il)<=1.8e-14 && k{¥mx) k++;

while (fabs(Plk¥m+il)<{=1.8e-14 && k{*mx) k++;

k<{¥mx)

for (1=8;1<%px;jl++)
{
switch_d(&PL[B%m+1] ,&P[k¥*m+1])
switch_d(&Q[e*m+1],&Q0k*m+1])
3
switch_d(s,s+k);

*/
*/
*/
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3

AR AR R EF R REEERRREERERRE RN R RN RN AR RN A RAA AR R IR AR RN AR RNR AR A RRRRAEERRR/
/% Reduce the column-vector of P or Q@ which corresponds to the independent */
/% source variable such that each entry except the top one in that column %/
/% is zero. */
SRR R R R AR RN R R RN R RN AR AR AR R R RN RN RN AR ERRRRRRRREERRRARRRRE KRR/

/% the ij-th entry in the matrices (i) P ¢(ii) @ is expressed as */
/7% (i) PLixm+j] %/
/% (ii) QLi*m+j] ®/

reduce(ch,i,mx,px,m,P,Q,s)
char ch;
int i,%mx,%px,m;
double *P,%Q,%s;
{
int k,1;
double c,cl}

if ((QIB*m+i)!=8 && ch=="V’) || (PIBxm+i)'=0 && ch=='1’))
{
/% reduce the column of P (resp.; @) if current */
/% (resp.; voltage) source */
if (ch=='V’) c1=Q[B¥m+i);
else ci=Pl[@x*m+il;
for (k=1;k(*mx;k++)
if ((QLk*m+i)!'=8 && ch=="V’) || (PLk*m+il!=8 && ch=="1"))
{
if (ch=="V’) c=Qlk¥m+il}
else c=Plk¥*m+il;
for (1=8;1<xpx;i++)
{
Qlk*m+11=Q[k*m+1)-c*Q[B8*m+11/c1;
PLk*m+1]=PLk*m+1]-c*P[B¥m+11/c;
b
s{kl=slkl-c*#s[81/cl;

)

AEREREEERERNER R R R AR AR R R R RN RRRRERNENNNRNERHENRHRRR AR A RERREERRRRER RN RN 2%/
/% Get rid of the independent source variable in the constrained equation #*/

/% and yield the generalized hybrid equation with a more compact dimension #/
JERRRREAEREERERERREEERRERERRRERERREREERRERRRERERRBREREEEERRRRERREREXERRRX R RN/

7% the ij-th entry in the matrices (i) P (ii) Q is expressed as */
/7% (i) PLi¥m+j] x/
/% (ii) QLi*m+j] . x/

re_arrange(ch,i,mx,px,m,bv,x,P,Q,s)
char ch;

int i,%mx,%px,m;
struct B_VECTOR bv[1;



Nov 23 18:26 1985 nport3.c Page 12

double x,%P,xQ,%s;

{
int k,1;
for (k=8;k{(*mx)={jk++)
{
if (ch=="Y’)
slkl=slk+1]1+x¥P[(k+1)¥m+i);
else
slkl=s[k+1)+x%QL(k+1)*m+i];
for (1=031<iz1+4)
{
Plk*m+11=Pl(k+1)*m+1];
QLk*m+11=0LCk+1)*m+1];
3
for C1=ij1<{C%px)~1;14+)
{
Plk*m+11=Pl(k+1)xm+141];
QLk*m+1)=GL(k+1)*m+141];
) .
3
for (1=1;14{(%px)=1;5144)
{
(bv+1)=>a=(bv+1+1)-)a;
(bv+1)=->b=(bv+141)~->b;
3
3
i T e  rrrrrrrrrIITTYy,
/% Re-allocate spaces for the hybrid parameters P, @, and s which need */
/% less space than originally allocated. ) */

/f**************************************************************************/

/% the ij-th entry in the matrices (i) P (ii) @ is expressed as */

/% (1) PLi®{¥mx)+j] x/
/% (ii) GlixCxmx)+j] %/
new_P_@_s{m,mx,P,Q,s,PP,QQ,ss)

int m,*mx;

double *P,%Q,%s,*%PP %xQQ,%*%s5}

{

double #*Px,%Qx;

/% re-allocate s »/

rallocd{&s,*mx,m);
*¥55=g}

/% re-allocate P and @ %/
callocdf (¥mx)*(*mx) ,&Px,"Px");
callocd((¥mx)*(¥mx) ,&0x,"Ax")
for (j=B;j<(xmx);i++)
for (k=8;k<{(xmx) k++)
{
/% move data of P and Q@ to the new allocated area */
PxEj%(¥mx)+k)=P[jam+k];
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Ox[j*C(xmx)+kI=0Lj*m+k];
)
cfree(xPP);
cfree(xQ8);
*PP=Px;
*Q0=0x 3
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#include {(stdio.h)

/*****i*********************************************************************/

/% Convert a real number expression terminated by a unit character to a */
/% real number with double precision. */
e L T T T T LT T T T TIvrnvsvpvppuppppuppy

double stof(s)

char #s; /% input string expression %/
{
char %d; /% number field expression %/
char ch; /% unit character %/

char %¥calloc();
double x,atof();

d=calloc(strlen(s)+1,sizeof(char));

ch = #(s+strlen(s)-1); /% extract the last character %/
if (ch<’8’ it ch)’®’) /% if it is a unit character */
{ .
strepy(d,s);
strdel(d,strlen(s)-1,1); /% extract the number field %/
x=atof(d);
switch(ch)
{
case ‘K’ : x=x%1e3; break; /% Kilo %/
case ‘M’ : x=x#*leé; break /% Mega */
case ‘G’ : x=x¥le?; break; /% Giga #*/
case ‘T’ : x=x%*lel2; break; /% Tera %/
case ‘m’ : x=x#le-3; break; /¥ milli =/
case ‘u’ : x=x*¥le-é; break; /% micro %/
case ‘n’ : x=x¥le-9; break; /% naro %/
case ‘p’ : x=x*le-12; break; /% pico ¥/
case ‘f’ : x=x%¥ie-15; break; /% femptl »/
default : ¢
printf("UNDEFINED UNIT CHARACTER Yc\n",ch);
exit();
)
break;

3
3
else x=atof(s);
return(x);
3

/***********!!*************************i***************!******************ii/

/% Bive the sign of a real number x; 1 if x>=6 and -1 if x=8. ®/
i Iy e T N T T T s T IrIITY,

sgnix)
double x;
{
1f (x>=0) return(1);

else return(-1);
3}

/******************************i***********************i!*********i*******li/
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/% Sygitch two real number. *®/
SEEEREREREEREEEREREEEEE RN NERRERIINERENINNNANERNERRENRERRHXRRERF XX RERR/

zvitch_dia,b)
Jouble *a,*b;

P % T

double c;

c = *aj ‘
*a = *b;

*b = ¢

SERERRERRERRRERERERRRRRRRRRERRRNRRRERRRRRRNRRRE RN RRRRERRRRERERERRERREXRR/

/% Switch two integer number. x/
SE AR AEEERERREERERERERRRERR IR RRR IR RE NN RR R RN RN R R RRRRERRRRRRRRE/

switch_i¢a,b)
int %xa,*b;

{
int ¢;
c = *aj
%3 = #bj
*b = ¢;

SR ERRERERERE RN R R RRAERRNEERRERHNEE RN EEEREREERRRARE R AR RRREERRARERRA RN/
/% Find the i-th word w from the string s. */
SRR AR EREERRRRRERRARRERERRRE R REREERERE AR R R R R RRRERRRNERRRER R/

int k=1,m=0,n=0,j;
char #ps;

J=strien(s)+1;

ps=s; /% starting position in the input string s */
while (%*s==’ / && m++{j) /% delete leading blanks in s */
s+t
if im<J)
{
while (k<i && n++{j)
{
/% search the starting position for the i-th word */
if (#s==’ / && #*(s+1)!=’ ')
kt+;
S++3
)
while (%s!=" 7 && %g!='\t’ && *s!='\8’" && n{J)
#utt = RGH+; /% copy the i-th word to w */
*w.:l\\el ;

2
if (md=§ {1 nd=j)
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printf(“FAIL TO FIND A WORD IN %s\n",ps);
exit();

)

AR R RN NN NN R RN R RN AR NNRN RN RN N HRRR/
/% Find the position of the string t within the string s; -1 is returned #/
/% if t is not found within s. x/
JEEEEERRENEEEEREEXEERRRRNREREERERNEEEERHIRERRRHANERE LA R RRRRRRNRRRERERRRRRRNR/

find_index(t,s)
char %*s,%t;
{

int i,Jj,k;

for (i=B;s[il!=’\0";i++)
{
for (j=i,k=0;t[k)!="\8" && sljl==tlk]);j++, ,k++);
if (tLkl=="\0")
return(i);
)
return(-1);
3

/**ﬁ;*****************************iiﬁ************i**************************/
/% . Delete n characters from the ni-th position of string s. *®/
SERE AR R RRERRERE R AR R SRR R RE LR R EERRLERRR R AN RR SRR RN AR X RRARRRRERR XXX/

strdel(s,nl,n)

char #%s3
int ni,n;
{

int i,j,k=0;

J=strlen(s)+1}

for (i=@ik<{=j,slitni+nd!='\07’ jke¢, i+s)
sli+nll=sli+ni+nl;

if (k>j)

{
printf("ERROR IN STRDEL IN STRING\n®);
printf(*Zs\n",s)};
exit();

}

else sli+nil="’\8";

)

SEEERE R R R RER AR R R I RN ERREREREERRERRRRARRRERRREARRRERR AR RXRNARRRREREERREARRER/

/% Get rid of unnecessary spaces in the string. *®/
SEE R R REE R R R AR NE R AN R R RN RN RN R RN ERRER A RN AERREE R IR R RN RARRERRRRR/

sqeez(s)

char #xs;

{
char ¥*sx,%tx,%t,%¥calloc(); -
int i=8,k;
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SX=6}
k=strlen(s)
t=calloc(k+1,sizecf(int));
tx=t;
while (¥sx !'= ’\8’ && i++<k)
{
if (¥sx != 7 7 && #sx != ‘\t’ && *sx '= “\n’)
¥tx+t = ¥gxt+;
else sx++¢;
)
®tx='\0";
if (12K
exit_message("ERROR IN SQEEZ*®);
else
strepy(s,t);
3

/*********i*****************************************************************/

/% Print a message and exit. ®/
e i Y I T Tt rrrrrrrrrrrrrerry

exit_messaget(message)

char ¥messaqe;

{
printf("Zs\n" ,message);
exit();

/*********i*****************************************i***********************/

/% allocate space for integer, x/
AR R R R RR R R R RN RN R RN R AN EIRF R AR RN AN AR RN RR R R RF AR RERRERNERRARRRRNR/

calloci(n,pt,s)

int n,*%pt;

char ¥g;

{
char %*calloc();
int *p;

P =(int *) calloc(n,sizeof(int));
if (p == NULL)

{
printf("CAN’'T ALLOCATE SPACE FOR %s\n",s);
exit();

)

else
#pt = pj

/**i*iii*!**********************i**!******!i**********!*************!****i**/

. /% Allocate space for double. *®/
/*!***************i****)****!*********!*i**l*****?**************************/

callocdin,pt,s)
int nj
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double #xpt;
char #*s;
{

char %calloc();
double ¥p;

p = (double *) calloc(n,sizeof(double));
if ( p = NULL )

{
printf("CAN‘T ALLOCATE SPACE FOR “s\n",s);
exit();

else
¥pt = p;

)

/***************************************************************************/

/% Re-allocate oldsize of integers to a new area with newsize spaces. *®/
JEEREREAREE AR AR REEE AR AR RRRRE R RN NN R R RN RARRRNRREREARERRRNRAARERRRERRRAERNE/

ralloci(ip,newsize,oldsize)
int *xip,newsize,oldsize;
{

char %calloc();

int i,size,*pt;

/% allocate a new space */

pt = *ip;

if ((xip= (int %) calloc(newsize,sizeof(int)))==NULL)
exit_message("CAN’T RE_ALLOCATE");

if (newsize{oldsize)
size=newsize;
else
size=oldsize;

/% move the data to the new area %/
for (i=8;icsizeji++)
(%ipd[il=ptlil;

cfree(pt);
3

/*************i****************************************************l********/

/* Re-allocate oldsize of doubles to a new area with newsize spaces. */
/EEEEEEREREEAEERERTRERRRREERREREERREEE XA R RN A AR AERERA AR RERAFNRREEERHR/

rallocd(dp,newsize,oldsize)
int newsize,oldsize;
double #¥#*dp;
{ .

char %*calloc();

int i,size;

double #pt;

/% allocate the a new space */
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3

pt = *dp; !
if ((xdp= (double ¥) calloc(newsize,sizeof(double’))==NULL) '
exit_message(“CAN'T RE_ALLOCATE");

if (newsize{oldsize) size=newsize;
else size=oldsize;

/7% move the data to the new area */
for (i=Bji{(sizeji++)
(xdp)lid=ptlil);

cfree(pt);

JEEE R E AR RE AR R RN R AR RN R R R R RANNNER N R R AR R AR EREARRRRXRRRRERRRERE R/

/% Transform a double precision number to its ASCII code. *®/
SRR R R R R R RN RN R R R R RN NN R RN AR AR AN R AR RS R R R R AR RN RRAA SRR R RAERFERRRARRRRR/

f_to_ax(x,d)
double x;
char dl1;

{

int i;
char el261,e1[8],e2[101;
double fabs();

sprintf(e,"%.5e",fabs(x)); /% e = ASCI] code of ix! */
strncpy(el,e,?); /% el = number field of e ¥/
eil71="\0";

/% delete unnhecessary ‘8’ in el */
for (i=4;i>83i~-)

{
if Cellil==’8" 1| ellil==".’) ellil="\8"}
eise break;
)
strcpy(e2,e+7); /% e2 = exponent of e #/

/% delete unnecessary ‘0’ in e2 %/

i=0;

while (i++44{2 && e2[2]=='0"') ’
strdel(e2,2,1);

if (strlen(e2)==2) e2[0]1="\8";

if (e2[1]l=="4’) strdel(e2,1,1)}

/% concate el (number) with e2 (exponent) %/
if (x4{8)

sprintf(d,"-%s/s",el,e2)}
else

sprintf(d,"“s’s" ,e¢- ,02);
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typedef struct INLINE

{
char namel9];
int port;
int nodel ,node2,node3,noded ,node5,nodeé,node?,node8;
char *relation;
) STI;
typedef struct B_VECTOR
{
int a,b;
3 STJ;
typedef struct CXPORT
{
int np;
double *cpr,%cpi,%cqr,*cqi,%csr,%csi}
]
typedef struct PORTDEF
{

char elementl[9];
int type;
int nodel,node2;
char %*relation;
} PD;
typedef char %STRING;
#define NODE 56
Hdefine NELEM 76
f#idefine NMODEL 30
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#include <{stdio.h>
#include "cnport.h®
#include “"complex.h®

T T e I I I PTTRTTTTTT ST ITTIT LRI 21T T T T T LT T I svvpupupnpupupurpvpupegvguprpuguppopopopuy’

/%
/%
/%
/¥
/%
/%
/%
/%
/%
V4

This is the main program of the routine "cnport” which finds the complex */

generalized implicit equation ®/
Pljw)*y + Q(jw)*i + s(jw) = 0 *®/
for a linear dynamic m-port, which is obtained by extracting all the L 74

nonlinear elements and time-varying independent sources from the circuit %/
such that the remaining elements within the m-port are composed of eitherx/

linear resistive or dynamic elements, and time-invariant independent x/
sources. It consists of three files : “cnport.c”, cnporti.c”, "cnport2.c°*/
and the library routines “nport.lib®, "staeq.lib”, “complex.lib”®, */
and *clnpack.lib". */

JREREREREEREREERREEERRRERERRREREERRRXERERERRREREERRERRRREERRREEERERX RN XERER/

main{argc,arqv)
int argc;
char xarqgvlil;

{

3

struct CXPORT cport;
struct PORTDEF xpdefl;
FILE #fp,*hp,*fopen();
double freq;

/% open the input spice file "xx...x.spc" and the output equation %/
/% file "xx...x.eq" *®/
open_spc_eqfargc,argv,&fp,&hp);

/% find the complex implicit linear dynamic n-port equation #/
cn_port(fp,hp,freq,&cport,&kpdefl);

fclose($p);
fclose(hp);

SRR R R EERRA B R R R AR R LR L XL RN AR R RN KRR ERRRRERN AR ELREEXRERERXRERRAR/

/%
/%

print the complex n-port equation on the screen and the output file *®/
"XX...X.2q", where "xx...x.spc" is the input file. */

JREEEREEEREEFEEEREERRREXRERERRRRRRRRNRERERERRRERERERXEEXRXENEAREERAREREERERERR/

output_resul tChp,freq,cport,pdefl)

FILE #hp; /% output file pointer %/
double freq; /% {frequency ¥/
struct CXPORT cport; /% complex n-port parameters %/

struct PORTDEF x*pdefi; /% port definitions %/

{

int i,j,nl,n2;
char 1x[100]1,1y[100];

/% print the headlines #/

B L L R L E e Bttt bttty ")
fprintfChp, "\n\n%s\n\n",1x);

printfC"\n\n¥s\n\n",1x);

sprintf(1y,"COMPLEX GENERALIZED IMPLICIT EQUATION OF THE\n");
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sprintf(1x,"%s\tLINEAR DYNAMIC /d-PORT\n\n sly,cport.np);
printf(®"%s",1x);
fprintfchp, %s®,1x);

/% print the port definitions %/
for (i=8ji<cport.npji++)
{
ni=(pdefl+i)->nodel;
n2=(pdefl+i)->node2;
sprintf(ix,"port %d is connected by %s between nodes %d and Z%d\n®,
i+l,(pdefi+id)-delement,n1,n2);
printf(*%s®,1x);
fprintfchp,"%s®,1x);
sprintf(ix,"\tvl¥%dl= v[/d WJAdINtiLXd)=il%d,ZdINn\n*,i+1,ni,n2,i+1,nl,n2);
printf(®¥s”,1x);
fprintfchp,*%s®,1x);
}
SPRINtF (o, " HRRR RN RRERARERIEERRAEERERRRRERRRRRRRERR LR RRRRRRRRRRARRRER") 5
printf{"\nX%s\n\n",1x);
fprintf<hp, "Zs\n\n",1x);

/% print the complex generalized implicit equation */
printf("FREQUENCY = X.ée\n",freq);
fprintf(hp,"FREQUENCY = %.ée\n",freq);
SPPRINtFCIX P HEFERERRERERREEXXXXEEER P MATRIX  HXXXXXXXHERRXXEXREXEXREXEND") 3
printf{"/s",1x)};
fprintfchp, %s”,1x);
for (i=B8;i<{cport.npji+t)
for (j=B;j{cport.np;j++)

{
sprintf(1x,"Re(P[%d,”d])) = ¥%.3e Im(P[Ad,%d]) = X.3e\n",i+1,j+1,
cport.cprli*cport.np+jl,i+l,j+1,cport.cpili*cport.np+jl);
printf("/s®,1x);
fprintfchp,*%s®,1x);
3

SPrintf(lx, "Rmaen e nanannn ek nein®n® Q MATRIX SXERXXAXRXEXXAXNXREXXXNNDN") ;
printf("Zs®,1x); ‘
fprintfchp,*%s”,1x);
for (i=Bj;i{cport.npji++)

for (j=0;j<{cport.npjj++)

{
sprintf(1x,"Re(Ql%d,%d])) = %.3e Im(QL%d,%4d]) = X.3e\n",i+],j+1,
cport.cqrli*cport.np+jl,i+l,j+i,cport.cqili*cport.np+jl);
printf("%s",1x);
fprintfchp,"%s”,1x);
)
SPrintf(lx, "HXRERXXRXXAXXXEXXXAAXNE § UECTOR  #MHHXAAREXNEXXERXXXXANN") 3
printf("%s®,1x);

fprintfChp,"%s" ,1x)}
for (i=B8;i{cport.np;i++)
{
sprintf(1x,"Re(sl%d]) = 7%.3e Im(s{%d1) = %.3e\n",
i+l,cport.csrlil,i+l,cport.csilil);
printf("%s®,1x);
fprintfC(hp,"%s®,1x);
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Sprintfllx, mmmommmcr e e e "3
print£("\nZs\n\n",1x);
fprintf<hp, *\n¥s\n\n®,1x);

)

AR R R AR AN R AR AR AR AR R R A ARE R AR R AR RN RN RN R AR EARRRRRRARRR/

/% Open the input spice file and the table file. x/
SRR E R R R R AR R RN RN R RN AR AR NN AR AR A AR AN RS EA R R AR RN RNRRAARRRRRRRERERRR/

open_spc_eqfargc,argv,fp,hp)
int arqcy
char #*argvll;
FILE %%fp,*xhp;
{
char fnamel381];
FILE *fopen();

if Cargc !'= 2)
exit_message("CNPORT SPICE_FILE");
sprintf{fname,"/s.eq" ,#++arqgv);
if ((*¥hp=fopen(fname,”w")>) == NULL)
{
printf(“CAN’T OPEN THE OUTPUT EQUATION FILE Xs\n",fname);
exit();
3
sprintf(fname,"%s.spc”®,%argv);
print_spc{(fname,*hp);
if ((%fp=Ffopen(fname,"r")) == NULL)
{
printf(“CAN’T OPEN THE INPUT SPICE FILE %s\n",fname);
exit();

)

SRR EE R R R R AR AR RS AR ER R R RN ERRE AR R IR EEREEREERERRRFRERERARERERRRR/

/% Print each line of the input spice file to the output file "xx...x.eq". #/
SRR R R AR R R RN R R RN RN R RN R R RN SRR R AR AR RRR R AR F R R IR ARRERXRRRERNERR/

print_spc(fname,hp)

char fnamel]; /% output file filename "xx...x.eq" %/
FILE #*hp; /% output file pointer %/
{

FILE *gp,*fopen();
char 1inel811];

sprintf(line, " #*exanxxanxxannnninsx SPICE INPUT XEEXXARXXXXXXRXREXXXX\N") ]
printf("/s",line);

fprintfchp,"“s",line);

if ({(gp=fopen(fname,”"r")) == NULL)

{

printf("CAN’T OPEN THE INPUT SPICE FILE “s\n",fname);

exit();
3
while (fgets(line,88,q9p) != NULL)
{

fprintfihp,"“s®,line);
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print+("¥s®,line);
if (find_index(".end",line) == @ {! find_index(".END",line) == @)
breaks;
)
fclose(gp);
SPrANtf(1ine, " #Erresiih kit ERERRRRRERRRXERRRRRAA AR AR EREIND) }
fprintflhp,*"%s",line);
printf("%s®,1ine);
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#include {stdio.h)

#include "cnport.h"
#include “complex, h*

int maj; /% number of dynamic elements in the circuit %/
int na; /% # of dynamic elements + # of input sources */

/% parameters of the implicit linear resistive na-port egquation %/
/% P*v + Q%i + s = @ ®/
double *P,*Q,#s; :

/% parameters of the implicit state equation . 74
/% P_11%x’ + p_12%v + q_11%x + q_12%i + 5_1 = @ */
/% p_21%x’ + p_22%y + q_21%x + q_22%i + 5_ 2= @ ®/

double #*p_11,%p_12,%p_21 y%¥p_22,%q_11,%q_12,%q_ 21 y%¥q_22,%s_1,%s_2;

double #rp_12,%ip_12; /% rp_12 + j*ip_12 = inv(jw¥p_114q_11)%p_12
double #*rq_12,%iq_12; /% rq_12 + j*iq_12 = inv{jwxp_11+q_11)%q_12
double *rc_1,%ic_1; /% rc_1 + j*ic_1 = inv(jw*p_ll+q_ll)*c_l

/% parameters of the complex implicit dynamic (na-ma)-port equation
/% (cprejxcpid®v + (cqr+j*cqid*i + (csr+j¥csi) = @
double xcpr,*cpi,*cqr,%cqi,*csr,%csi}

COMPLEX =xa; /7% a = jw¥p_11+4q_11 »/

COMPLEX w; /% w = 2%pi*f, where f is frequency ¥/
COMPLEX *cp_12; /% cp_12 = rp_12 + jxip_12 %/

COMPLEX *cq_12; /% cq_12 = rq_12 + j*iq_12 */

COMPLEX *c_1; /% c_1 re_1 ¢+ j®ic_1 %/

/% structure for the external port element */
/% (pdef+jl->element : element name of the element */
/¥ connected across the j-th port */

/% (pdef+j)->nodel
/% (pdef+j)->node2

positive node of the j-th port */
negative node of the j-th port %/

/% (pdef+jd->relation: element characteristic */
/% (pdef+j)->type element type; 1 (resp.; 2) for */
/% current (resp.; voltage) source #/

struct PORTDEF ¥*pdef;

*/
*®/
®/

*®/
*/

/*************************************************************************/

/% Fxnd the complex generalized implicit equation

/% PCjw)®u(jw) + QCjw)*i(jw) + s(jw) = 8
/% for a linear dynamic m-port, where

/% P(jw) = cport.cpr + j¥xcport.cpi

/% @(jw) = cport.cqr + j%cport.cqi

/% s{(jw) = cport.csr + j¥cport.csi

/% and m = cport.np

*/
%/
*/
*/
*/
*/
*/

/*************************************!**!********************************/

cn_port(fp,hp,freq,cport,pdefl)
FILE #*4p,*hp;

double freq;

struct CXPORT #%cport;

struct PORTDEF %xpdefi;

{
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char chl2],%calloc();
int i,J,k;
FILE =gp,*fopen();

/% get the implicit state equation »/
na=NELEM;
ap=fopen{“"table.tbl®,"w");
imp_eqt<fp,gp,&ma,&na &P ,&0Q,%s5);
if (ma == @)
exit_message("RESISTIVE N-PORT; SHOULD USE nport \"xx...x\""};
fcloselqgp); ’

/% read the external port element information */
/% from the table file “"table.tbl" */
ap=fopen("table.tbl","r");

pdef=(PD #*)calloc(na-ma,sizeof(PD));

read_tbl (na-ma,pdef,gp);

fclose(qgp);

/% re-arrange the implicit resistive n-port equation %/
re_order{pdef);

/% dynamic allocation for the equation parameters x/
alloc_14);

#pdefl=pdef;

/% find the dynamic n-port equation for each frequency */
chi@l="v";

while (chIlBl == “y’)}

{

printf{"\nenter the frequency\n");
scanf("4A14" ,&freq);

/% repeat the computations for each frequency */
repeat_f(freq,.cport);

/% print the parameters of the dynamic n-port equation %/
output_resultchp, freq,*cport,pdef);

printf{"\ncontinue with & new frequency? y/n\n");
scanf(*ZAis",ch);

)

S REREEERERERREERERRRERRRREFRRRRERREREERREELERREXR AR EEFEERRRREERERLRRERRRERRS
/% This routine is within a do loop in cn_port() for repeating the */
/% computations of finding the complex generalized implicit equation */
/S * PCjw)*u(jw) + ACjwI*i(jw) + si{jw) = 8 . 4
/% for a linear dynamic m-port at each given frequency w=2%pi*f, . %/

SERERERRERENEREHERNRE R R RIRIERHRRHRERIR RN IR X XN R HER RN EXHENLNXRRR/

repeat_f(freq,cport)
double freq;

struct CXPORT #*cport;
{
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/% find w=2%pix*freq */
get_wifreq);

/% find the complex matrix aljwi=jw*p_11+q_11 %/
get_mx();

/% find inv{ald*¥p_12, inv(a)*q_12, and inv(alxs_1 %/
if (find_inv{) == -1)
exit_message("THE COMPLEX IMPLICIT EQUATION DOESN’T EXIST");

/% compute the parameters of the complex n-port equation %/
cpx_porti);

/% organize the n-port equation parameters into */
/% the structure cport */
cport->np=na-ma;

cport->cpr=cpr;

cport->cpi=cpi;

cport=>cqr=cqr;

cport->cqi=cqi;

cport->csr=csr;

cport-J>csi=csi;

3

SEERREEEREERERE L LSRR R R LR EREEERREREEEERRERRRRERERREERRSRERERAREEERERREEEREERR,
/% Allocate spaces for the parameters of implicit state equation and */
/% the complex generalized implicit linear dynamic n-port equation. 174

SERBEEREERRREREREREEEEREREREREREERELERRERLRRERREEELEXRERERREREREELEXERRCEEXXR/

&lloc_1¢)
{
int 1,j;
char #*calloc();

/% allocate spaces for the impliciit state equation %/
p_l1=(double *)calloc(ma*ma,sizeof{double));
p_12=(double #*)calloc{{(na-ma)*ma,sizeof{double));
p_21=(double *)calloc{{na-ma)*ma,sizeof(doublel);
p_22=(double #*)calloc{{(na-ma)*(na-ma),sizeof(double));
q_l1=(double *)calloc{ma*ma,sizecf(double));
q_12=(double *)calloc{((na-ma)#*ma,sizeof(doubie));
q_2i=(double #*)calloc((na-ma)*ma,sizeof{(doublel);
q_22=(double *)calloc({na-ma)*(na-ma),sizeof(double));
s_l=(double *)calloc(ma,sizeof(doublel);

s_2=(double %*)calloc(na-ma,sizeof(double));

/% partition the implicit state equation as

/* / N\ / N/ NN /N %/
/% tp_11 p_ 120 1 x7 | 1g_11 q_12} | x | is_11 */
/% H 11 R 1) HE I i=9 */
/% ip_21 p_ 221 i v | iq_21 gq_221 | i} is_21 */
/% \ /7 N\ /N /N / N / */
“for (i=Bji{maji++)

{

for (j=083jimajj++)
{
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p_l1li*ma+jl=Pli%na+jl;
q_11{i*ma+jl=0[i*na+jl;

b

for (j=B3j<(na-ma)jjt+)

{ .
p_12li*(pa-ma)+jI=Pli*na+j+mal;
g_l12[i*(na-mad+jl=Qli*na+j+mal;

3

s_1[li)=clil;

)
for (i=0ji{na-maji++)
{

for (j=B3jima;i++)

{
p_21li*ma+jl=Pl(i+ma)*na+jl;
q_21[i*ma+jl=Ql¢i+ma)*na+j];

}

for (j=B8;j<{na-majj++)

{
p_22li*{na-ma)+jI=PL(i+ma)*na+j+mal;
q_22[i*{pa-ma)+jl=Q[ (i+ma)*na+j+mal;

)

s 2lil=sli+maly
3

/% allocate spaces for the parameters of the complex n-port equation %/
cpr=(double *)calloc((na-ma)#*(na-ma),sizeof{double));

cpi={double *)calloc({na-ma)*{na-ma),sizeof(double));

cqr=(double *)calloc{(na-ma)*(na-ma),sizeof{doubie));

cqi=(double *)calloc({(na-ma)*(na-ma),sizeof(double));

csr=(double *)calloc(na-ma,sizeof(double));

csi=(double *¥)calloc{na-ma,sizeof(double));

/% allocate space for the complex a */
a=(COMPLEX *)calloc(ma*ma,sizeof(COMPLEX));

/% allocate spaces for rp_12, ip_12, rq_12, iq_12, rc_1, and ic_1 */
rp_l2=(double #*)calloc((na-ma)*ma,sizeof{double));

ip_l2=(double *)calloc{({(na-ma)#*ma,sizeof(double));

rq_12=(double *)calloc{(na-ma)*ma,sizeof(double));

iq_l12=(double #*)calloc((na-ma)*ma,sizeof(double));

rc_Ii=(double *)calloc(ma,sizeof(double));

ic_1=(double #*)calloc{ma,sizeof{double));

)

SEERELERFREREREEEERRERERLERRRERERRRRRERERRRR LR RERERAREAXRERRRERREERFXRERER/

/% Compute the matrix a = jw*p_11 + q_11 for a given frequency w. x/
SEERREREAREEERRRREEREERREREEEERERRSERERREEERRRRRRRRRRERRRRERRREERRRRERERERR/

get_mx{)
{
char %calloc();
int i .
COMPLEX #*cp_11,%cq_11,*cmplx¢),%xcadd(),*cmul t{);

cp_11=(COMPLEX #*)calloc{ma*ma,sizeof(COMPLEX));
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cq_11=C{COMPLEX %¥)calloc(ma*ma,sizeof(COMPLEX));
for (i=B;i<{ma*maji++)

{
cmplxCcp_11+4i,p_11[i],0.8);
cmplxCcq_11+1,q_11[i11,0.8);
cmul t{a+i,cp_11+i,&w);
cadd(a+i,a+i,cq_11+i);

)

cfree(cp_11);
cfree(cq_11);
3

FEEERRREEREER R R R R R RERE RS REREERERE LR RRRE R TR AR RERR RN SRR RRRRRRRRRERER R/
<% Compute the angular frequency w = 2x%pi*f, */
SEERRRREERRRERERRE RN E LR R ARSI ERERE LRI AR R ERR R R AR R RARE RN ERRE R RN AR EERREE R %%/

get_w(freq)
double freq;

{

double atan2¢),pi;

COMPLEX #*cmpix();

pi=atan2(1.6,1.08)%4;

freg=2%pix*freq:

cmplx(&w,0.0,freq);
3
JEREEARRRAREE R R AR R E R AR R AR RN E SRR AR RRRRERR RN RE RN R NRRER KRR RREREN R/
/% Find the complex matrices */
S cp_12 = prp_12 + j*ip_12 = inv(jwp_11+q_11)%p_12 *®/
/% . €q_12 = rq_12 + j*iq_12 = inv{jw*p_11+q_11)%q_12 %/
/% c_1 =rc_1 + j*ic_1 = inv{jw*p_11+q_11)%s_1 *x/

/****************‘-******************************************** EXXAREXRXRERR/

find_inv()
{
char *calloc();
int #ipvt;
double rcond;
COMPLEX *zq,*cmpix();
int i,j;
double creal(),cimag();

/% temperatory allocation for matrix computations */
ipvt=(int *)calloci(ma,sizeof{int));
cp_12=(COMPLEX ¥)calloc{(ma*(na-ma),sizeof(COMPLEX));
cq_12=(COMPLEX *)calloc{ma*(na-ma),sizeof(COMPLEX));
c_1=(COMPLEX #*)calloc(ma,sizeof(COMPLEX));
" 2q=(COMPLEX *)calloc(ma,sizeof(COMPLEX));

/% LU decomposition of adjw) #/
cgecofa,ma,ipvt,&rcond,zg)}

i (rcond < 1.8e~-12)
return{-1);
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/% find inv(a(jw)d*cp_12, inv(adjw))*cq_12, invialjw))*c_1 */

/% and store them in cp_12, cq_12, and c_1 respectively */
/% the ji-th entries of cp_12, cq_12 are cp_12[i*ma+j] and */
/% cq_12[i*ma+j] respectively x/
for {i=@;i<{(na-ma);i++) '
{
for (j=B3j<{majj++)
{
cmplx{cp_I2+i¥ma+j,p_12[j*(na-ma)+i),8.0);
cmplx{cq_12+i¥*ma+j,q_12[j*(na-ma)+il,0.08);
3

cgesifa,ma,ipvt,cp_12+i*ma,8);
cgesl{a,ma,ipvt,cq_12+i*ma,0);
3
for (j=B;j<majj++)
cmplx{c_1+j,s_10j1,6.08);
cgesl(a,ma,ipvt,c_1,8);

/% cp_12 = rp_12 + j®ip_12 ' */
/% €q_12 = rq_12 + j*iq_12 */
/% ¢ 1 = re_1 + jwic_| . */
/% the ij-th entries of rp_12, ip_12, rq_12, iq_12 */
/7% are rp_12[i*(na-maj+jl, ip_12[i*(na-mad+jl, */

/% rq_120i*(na-ma>+jl, and iq_12[i*(na-ma)+j] respectively */
for (i=B;i{ma;i++)
for (j=0;j<{(na-mal);j++)

{

rp_l2li*(na-ma)+jl=creal(cp_12+j¥ma+i);
ip_l2li*(na-ma)+jl=cimag(cp_12+j*ma+i);
rq_l2[i*(na-ma)+jl=creal{cq_12+j*ma+i);
ig_12[i*(na-ma)+jl=cimag{cq_12+j¥ma+i);

}

for (j=0;j<majj++)

{ .
rc_1lj)=crealfc_1+j);
ic_1ljl=cimaglc_1+j);

3

cfreeipvt);
cfree(zq);
cfree{cp_12);
cfree(cq_12);
cfree{c_1);

}

FEEEREREEERRERRRHREARREEREE R RRRRRE R RN ERRRHRRRERRERRRRRHAELRR A XX RERRRR RN/
/% Read the port definition in the table file “xx...x.tb1"; the j-th port %/

/% is described by the line */
/% uljl=vin1,n21(Vname) : {f(t)) */
/% (resp.; uljl=iln1,n2)(Iname) : {f(t)3 ) %/
/% when a voltage source “"VUname" (resp.; current source "Iname®) is */
/% connected across two nodes ni, n2 of the j-th port, and is characterized*/
/% by a time function f(t). The port information is organized into a */
/% structure "pdef® with the subfields : */
/% (pdef+j)->type = | iff a current source is connected */

e across the j-th port */
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/®
/%
/%
/%

(pdef+j)->nl = positive node of the j-th port
(pdef+j)->n2 = negative node of the j-th port
(pdef+j)->element = voltage or current source name
(pdef+j)-d>relation = source characteristic

*/
x/
*/
*/

/***************************************************************************/

read_tb1(k,pdef,gp)
int k:

struct PORTDEF xpdef¥;
FILE *gp;

{

int i=8,ki;
char *calloc(),ell3088],1inel360];

while (fgets(line,88,gp) '= NULL)
{
if (linel@] == “y”>
{
strdel(line,8,5); /% delete the preceding “uljl=* %/

/% read the positive node ni */
ki=¢ind_index{"[",line);
strdel{line,8,ki1+1);
ki=find_index(",",line);
strcpy(el,line);
strdelf{el,ki,strlen(el)-ki);
(pdef+i)->nodel=atoilel);

/% read the negative node n2 */
strdel{line,8,k1+1);
ki=find_index("1",line);
‘strepy(el,line);
strdel(el,kl,strlen(el)-kl);
(pdef+id~>node2=atoilel);

/% read the excitation source name across the port */
kl=find_index("(I",1ine);
if (k1>8>
(pdef+id->type=1;
else
{
ki=find_index("(V°,1ine);
(pdef+i)->type=2;
}
strdel(line,8,ki+1);
strcpy(el,line);
ki=find_index("):",el);
strdel(el,ki,strlen{el)-k1);
strcpy((pde#+ti)-delement,el);

/% read the source characteristic »/
strdel(line,8,k1+42);

kl=find_index("}",1ine);
(pdef+id->relation=calloc(strlen{line),sizeof(char));
strcpy((pdef+id->relation,line);
strdel((pdef+i)->relation,ki+i,strien(line)-k1=-1);



Nov 23 11:16 1985 cnporti.c Page 8

1443
}
b .
if (i !'= k)
exit_message(°MISMATCHED PORT NUMBER IN THE TABLE FILE");

3

i T Y T T L L L L Lt LT L T rpnnpupvpuppu gy
/% Re-arrange the implicit state equation */
7 7N\ 7N\ */
/% box4d ix */
% P} 1 + Q%! | +s=29 %/
/* HE A Py */
/% N/ N/ */
/% to */
/% /N / N\ */
/¥ Pox Pox */
/% P i+ 9%l i +ts=24 */
S *® t v I S *J/
Ve N\ / AN / */
/% where the j-th component of y is the voltage (resp.; current) of the */
/% input current source (resp.; voltage source) and each component of u is %/
/% complement to that of y. . */

SEREEEERRRREREEEREE R AR R EEERRR AR ERRAERRRARRAR SRR RR AR RREE AR R REXRRRRRRR

re_order{pdef)
struct PORTDEF #*pdef:
{

int i,j;

for (j=majjinajj++)
it ((pdef+j-ma)->type '= 1) /% connected by a voltage source %/
for (i=B3ilnaji++)
switch_d(P+i*na+j,Q+i*na+j);
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#include <{stdio.h>

.#include "cnport.h"”
#include "complex.h®

/% the following variables are defined in the file "cnporti.c* */

extern int ma,na;

extern double %P, %R, %53

extern double #*p_11,%p_12,%p_21,%p_22,%q_11,%q_12,%q_21,%q_22,%s_1,%s5_2;
extern double *rp_12,%ip_12,%*rq_12,%iq_12,%rc_1,*%ic_1;

extern double %*cpr,*cpi,%cqr,%*cqi,*csr,%*csi}

extern COMPLEX *a,w;

extern COMPLEX %*cp_12,%cq_12,%c_1;

SEEERERRRERREREEEFREEREREEERERXRNREREERERRENNNERRRRRERERRREXXEREEEXEXERNEREX/

/% Perform the matrix multiplication */
S cc = aa ¥ bb */
/% where aa, bb, cc are mm by nn, nn by kk, and mm by kk matrices */
/% respectively. %/

SREREEERERRREREEEEEREELRRRERREEEREREEREEEERRERERRRERNEERRERRERRXEXRERFREXRXR/

mult_mx{cc,aa,bb,mm,nn,kk)
int mm,nn,kk;
double #%cc,*aa,*bb;

{
int i,j,k;
for (i=8;i{immii++)
for (j=83j<kk;j++)
{
cclixkk+jl=0.0;
for (k=8;k<{nnik++)
cclixkk+jl+=aali*nn+kI*bblk*kk+j1;
) )
}

JREREREEERERRCERERERERRRRRRREE IR ERE R R R AR EERRRRARRRFRE AR AR RR AR AR/
/% Find the product aa = v * bb, where aa and bb are {-dimensional arrays#*/
/% with dimension mm, and v is a real scalar. %/
SERREREERREREEREEEEER RN RNREEERENREEEEEEEREEEREEREEREERREREREREEENR/

prod_mx(aa,bb,v,mm)
int mm;
double ®aa,*bb,v;
{
int i

for (i=B;i<mmji++)
aalil=v*bblil;

3
/EEEERRERRRREREREAREEEEERRERAERRERRRINRERNRIREAREREERARR AR RRRRXXRRN RN RNRNE/
" /% Find the addition (resp. subtraction) of two i1-dimensional arrays */
/% cc = aa + bb (resp.; cc = aa - bb) when ix=1 (resp.; ix=-1), where */
/% aa, bb, and cc have the same dimension mm. */

/*************************************************************************/
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add_mx(cc,aa,bb,mm,ix)

int mm,ix;
double #*aa,x*bb,%cc;
{

int i3

if (ix=1)

for (i=@;i<mm;i++)
cclil=aalil+bblil;
else
for (i=@;i<mmsi++)
cclil=aalil-bblil;

3

JEEERERRERRREERR RN R R RRRARH R RERERRRREERRRRERERERRBERE LR LR ERRRRRRRRRREERRRERRS
/% Substitute */
/% x(jw) = =(rp_12%v+rq_12%i+rc_1)-j*(ip_12%y+iq_12%i+ic_1) */
/% into _ */
/* p_21%x’ + p_22%v + q_21%x + q_22%i + s 2 =0 */
/% and find the complex n-port equation %/
/% [C(p_22+w*p_21%ip_12-q_21%¥rp_12)+j%(-wxp_21%rp_12-q_21%ip_12)1*%v(jw) %/
/% + [(q_22+wxp_21%iq_12-q_21%rq_12)+j%(-wxp_21%rq_12-q_21%iq_12)1*i(jw) =/
% + [(s_2+wxp_21%ic_1-q_21%rc_1)+j*(-w*p_21%rc_l1-q_21%ic_1)] = @ */

SREEEREREEEREREERRERRERRERRRLRERRRRRLRLERRRXLXRRXRRRRRRERRRERRERRRERRRERRRRRER/

cpx_ports)
{
char *¥calloc();
int i,i,ks
double #*templ,*temp2,rw,cimag();

k=na-ma;

rw=cimag(&w) ;

templ=(double *¥)calloc(k*k,sizeof(double));
temp2={(double #*)calloci{k*k,sizeof{double));

/% tind Reflcpl=p_22+w*p_21%ip_12-q_21%rp_12 %/
mul t_mx{templ,p_21,ip_12,k,ma,k);
prod_mx{templ,templ ,rw,k*k);
add_mx<¢ templ,p_22, templ,k*k,1);
mult_mx{temp2,q_21,rp_12,k,ma,k);
add_mx<(cpr,templ,temp2,k*k,~1);

/% find ImCcpl=-w*p_21%rp_12-q_21%ip_12 »/
mutt_mx(templ,p_21,rp_12,k,ma,k);
prod_mx(templ,templ,~1.8%rw, k*k);
mult_mx{temp2,q_21,ip_12,k,ma,k)}
add_mx{cpi,templ,temp2,k*k,-1);

/% find Re(cq)=q_22+w¥p_21%iq_12-q_21%rq_12 */
mult_mx{templ,p_21,iq_12,k,ma,k);
prod_mx{templ,templ,rw,k*k);
add_mx(templ,q_22,temp1,k*k,1);
mult_mx{temp2,q_21,rq_12,k,ma,k);
add_mx(cqr,templ,temp2,k*k,~-1);
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/% find Im(cql=-wxp_21%rq_12-q_21%iq_12 %/
mult_mx(tempt,p_21,rq_12,k,ma,k);
prod_mx{templ,templ,-1.8%rw,k*k);
mult_mx{temp2,q_21,iq_12,k,ma,k);
add_mx(cqi,templ,temp2,k*k,~1);

/% find Re{cs)=w¥p_21%ic_1-q_21%rc_l+s_2 */
mult_mxd{templ,p_21,ic_1,k,ma,1);
prod_mx(templ,templ,rw,k);
add_mx(templ,templ,s_2,k,1);
mult_mx{temp2,q_21,rc_1,k,ma,1);
add_mx{csr,templ, temp2,k,-1);

/% find Im(cs)=-wxp_21%rc_1-q_21%ic_{| */
mult_mx(templ,p_21,rc_1,k,ma, 1)}
prod_mx{templ,templ,-1.8%rw,k);
muylt_mx(temp2,q_21,ic_1,k,ma,1);
add_mx(csi,templ,temp2,k,-1);

cfree(templ);
cfree(temp2);
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typedef struct INLINE

{
char namef9];
int port;
int nodel,node2,node3,noded,node5,nodeé,node?,node8;
char ¥*relation;
} S8T1;
typedef struct B_VECTOR
{
int a,b;
3 STJ;
typedef struct CXPORT
{
int np;
double *cpr,¥cpi,*cqr,*cqi,*csr,%*csi;
3
typedef struct PORTDEF
{

char element[9];
int type;
int nodel,node2;
char #relation;
} PD;
typedef char %STRING;
#detine NODE 50
fidefine NELEM 70
#idefine NMODEL 30
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#include {stdio.h>
#include “"cnport.h”

#include "complex.h®

/********i*******************************************************************i/

/% This is the main program of the routine “cnportx” which finds various
/% types of the explicit representations of a linear dynamic m-port : (1)
/% impedance (2) admittance (3) hybrid I and 11 {4) transmission {3)

/% scattering (4) generalized, matrix representations

/% v{jw) = mat_rep(jwd*x(jw) + s_rep{jw)
/% 1t consists of three files : °"porteq.c”, “"porteql.c”, “"porteq2.c” and
/% the library routines "nport.lib", "staeq.lib", "cnporti.iib",

/% "complex.lib", and "clnpack.lib”,

*/
*/
*/
*/
*/
*/
*x/
*/

JEEREREREEREREEREEREEEEREEEREREREREEEREERREEEHNRERERENENEXHRREEEEEEXREE XXX % X%/

main{argc,argv)

int argc;
char *arqull;
{

struct CXPORT cport;
struct PORTDEF #*pdef#;
int i,j;

FILE #fp,*hp,*fopen();
double freq;

/% open the input file and the output file »/
open_spc_eqfarac,argy,&fp,&hp);

/% find the explicit n-port representation */
cn_porti(fp,hp,freq,kcport,&pdef);

fclose(fp);
3

SERRREERERRERERREHELERRREEREEERERERREEERR LR LR RERERREEREERREERRERRRRRRXRRR/

/% Open the input file "xx...x.spc” and the output file "xx...x.eq". */
SEEEREEREREEEREREERENREERRRRRRRRRERERRERERRRERE RN RN RN RERERRRXREERRRERRXNE)

open_spc_egtargc,argv,fp,hp)
int argc}
char *argvil;
FILE *xfp,**hp;
{
char fnamel[381;
FILE *fopen();

/% bad command line %/
if (argc !'= 2)
exit_message("CNPORTX SPICE_FILE®);

/% open the output file "xx...x.eq" %/
sprintf{fname,"/s.eq" ,%¥++arqu);

if ((xhp=fopen(fname,"w")) == NULL)

{

printf("CAN’T OPEN THE OUTPUT EQUATION FILE %s\n",fname);
exit();
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3

/% print the input lines of "XX...x.8pc" to the output file %/
sprintf(fname,'%s.spc',*argu);
print_spc(fname,*hp);

/% open the input file “XX.uuxX.5pC" %/
if ((*{p=fopen(fname,“r“)) == NULL)
{

Printf("CAN’T OPEN THE SPICE FILE Zs\n',fname);

)

exit();
/****************************************************************************/
/% Copy each line of the input file "XX...X.5pc" to the output file */
/% "xx,..x.8q", %/

/****************************************************************************/

print_spc(fname,hp)
char fnamell;

FILE *hp;

{

FILE *gp,*fopen();
char linel811];

SPRINtf(line, " #xsxaxxastnex s ¥ ¥ xaxxnx SPJCE INPUT sxxxxxxsxxssxsasessssn®)
printf("%s”,line);

fprintf(hp,"%s",line);

gp=fopen(fname,“r");

while (fgets(line,ae,gp) '= NULL)

{

fprintf(hp,“Zs",line);

printf(“%s",line);

if (find_index(”.end",line)==9 !! find_index(“ .END®,line)==6)

break;

b
fclose(gp);
sprintf(]ine,"*********************************************************\n“);
printf("%s",?ine);
fprintf(hp,”%s',]ine);
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#include {stdioc.h>
#include "cnport.h®
#inciude "/usr/include/local/complex.h”

/% parameters of the explicit n-port representation #/
/% y = mat_rep¥x + s_rep */
COMPLEX #*mat_rep,%*s_rep;

/% parameters of the implicit n-port representation */
/* ax¥*y = bx#x + cs ®/
COMPLEX #%ax,%*bx; '

/% controlling parameters for interactive input; neglect */
/% the interactive questions when nonzero and using the %/
/% previous inputs */
int readx=@,readh=8;

int m; /% port dimension */

/% parameters of implicit dynamic n-port equation */
/% (prej*pid) ¥(jw) + (qr+ji%qid*1(jw) + cs = 8 %/
double %*pr,%pi,*qr,*qi;

/% parameters of the coordinate transformation %/
/% v = (ar+j*aid*y + (br+j*bi)*x */
/% i = (crej¥cid*y + (dr+jedi)*x *x/
double xar,%*ai,*br,*bi,%cr,%ci,*dr,*di;

/% parameters of the implicit equation */
/% (axr+j*axid*y = (bxr+j*bxid*x + s %/
double *axr,*axi,*bxr,*bxi}

/% chx[jl[@)="v’ (resp.; “i’) iff the j-th port is v-controlled */
/* chy[j][a]= LN BN BN BE BN DY BN BN BN BN BN BN BN BN BN BN BN BN AN */
char chx[18102],chy[18)[2];

SEEEREEEEEEERR LR R R LR REEERRRRERERE RN RN RRRRRRERELRRRERRRRERXREARRRERER/

/% Reduce the implicit dynamic m-port equation ®/
/¥ Pliw)®u(jw) + q{jw)*i(jw) + s({jw) = B x/
/% to the explicit representation */
/% y{iw) = mat_rep(jwi*x{jw) + s_rep{jw) */

/**************************************************************************/

gen_port(hp,k,freq,cport,pdef)
FILE *hp;
int k3
double freq;
struct CXPORT cport; -
struct PORTDEF %*pdeft;
{
char *calloc();
int i

m=cport.np;
switch(k)
{



Mar 14 87:24 1986 porteql.c Page 2

case 1 : impedance(cport,pdef); break;

case 2 : admittance(cport,pdef); break;

case 3 :

case 4 : hybrid(k,cport,pdef); break;

case 5 : transmission{(cport,pdef); break;

case 6 : scattering(cport,pdef); break;

case 7 : generalized(cport,pdef); break;

default : exit_message(“UNDEFINED TYPE OF REPRESENTATION®);

break;
3

/7% write the explicit representation to the output file “xx...x.eq” #/
list_mat_sthp,k,freq,cport.np,pdef);

3
JEEEERRRERERREAERREERERRERERERERRRRERNERRERRREAEREREERRLRRRERRREREXRRERERRRR/
/% Input the type of port equation from the user: x/
/* 1 : impedance matrix representation * —~
/% 2 : admittance matrix representation ®/
/% 3 ¢ hybrid 1 matrix representation */
/% 4 : hybrid Il matrix representation ®/
/% 9 : transmission matrix representation */
/¥ 6 : scattering matrix representation */
/¥ 7 : generalized matrix representation x/
SEEEERREERRERERRREERRREEEREREREREEEFRRRRERERRRRREERERRRHRERELERERRREER R X RN/
get_opt(k)

int =k;

{

printf("\nenter the equation type number\n");
PRAntFCONDRERRERRRRERERRERXRRREXRREXERXRERXXRRXRRRR€ND") §

printf(*1 : impedance matrix representation\n®);

printf("2 : admittance matrix representation\n®);

printf(*3 : hybrid I matrix representation\n®);

printf("4 : hybrid Il matrix representation\n®);

printf(°5 : transmission matrix representation\n");

printf(®é : scattering matrix representation\n®);

printf(*7 : generalized matrix representation\n®);

PRARF (Y RERRERRERERERREXEREXERRRRRERLRRRLRXERXXXXENDN") §

scan$<"%d" ,k);
3}
JEEEEREERERRERRRRRRRRRREERREERRRELRERRRRREEERRHEEXRERRREERRE XXX RERRRRXRRRNR/
/% Find the complex m-port representation */
/% ax*¥y(jw) = bx*i(jw) + s{jw) *®/
/% and the impedance matrix presentation : */
/% vijw) = Z(iwI*idjw) + cljw) ®/
/% where - ®/
/% 2 = inv{ax)#*bx */
/% ¢ = inv(ax)#*s *®/

VAZIIIITITI I 22222222 T T *****.************i************************/

impedance{cport,pdef)
struct CXPORT cport;
struct PORTDEF #pdef;
{
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int i,j;
double creal(),cimag();

/% find ax and bx */
for (j=B;j<m;j++)
for (i=B;i{m;i++)
{
cmpixCax+i*m+j,-1.8%cport.cprli*m+jl,-1.0%cport.cpilism+jl);
cmpIx(bx+i*m+j,-1.8%cport.cqrli*m+jl,-1.0%cport.cqili*m+jl);
3

/% find the inverse operations inv{ax)*bx and inv(ax)#%s */
if (get_inv(m,cport) == -1)
exit_message("THE IMPEDANCE REPRESENTATION DOESN’T EXIST");

3

JEREEREEEERRREEEEREERE R R RN EERRRNE AR RRR LR R RRRRRLRRRXXRRRRRNRRRRELRERRNRRR/
/% Find the complex m-port representation *®/
/% ax¥i{jw) = bx*v(jw) + s(jw) : */
/% and the admittance matrix representation *x/
/% i0jw) = Y®u(jw) + c(jw) */
/% uwhere . *®/
/% Y = inv{ax)*bx */
/% c = inv(ax)%s %/

EEREEREEEREREREREREREREER R REER R ERREFERRRRRERFRERRRRRRERRRRRRRXERNXRR/

admi ttance(cport,pdef)
struct CXPORT cport;
struct PORTDEF *pdef;

{
int i,j;
/% find ax and bx %/
for (j=@;j<mjj++)
for (i=@;idmji++)
{
cmplx(ax+i*¥m+j,cport.cqrlii*m+jl,cport.cqili*m+jl);
cmpix(bx+i*m+j,cport.cprli*m+jl,cport.cpili*m+¢jl);
2
/% ¢ind the inverse operations inv(ax)*bx and inv(ax)*s */
if (get_invim,cport) = -1)
exit_message("THE ADMITTANCE REPRESENTATION DOESN‘T EXIST");
}
JEEEERERRRRERRREXRRERERERRREEEFERXFRRRNRNINININII 09009630 9696 96 9 96 3696 96 36 96 96 36 36 36 36 36 96 36 6 36 3/
/% Find the complex m-port representation ®/
/% ax*¥y(jw) = bx¥x{jw) + s(jw) %/
/% and the hybrid matrix representation */
/% y(jw) = HGGw) *x(jw) + c(jw) t 74
/% where ®/
/% H = inv{ax)#*bx */
/% € = inv{ax)#s %/

SEEEEEEREEERERREREEEREERERERRLRRERRLEERERERRRERRERRRERRRERXERRLEEXRRERRRRR%R/

hybrid(k,cport,pdef)
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struct CXPORT cport;
struct PORTDEF *pdef;

{
char chv=’'vy’,chi="i"}
int i,j;
for (j=B3;j<m;j++)
{
/% interactive input for hybrid combination %/
if (readx <( m)
{
printf("is port %d (%s) a v-controlled or i-controlled port? v/i\n*,
j+1,(pdef+j)-delement);
scanf("Z1s" ,chx[jl);
readx++;
)
/% find ax and bx for each combination %/ -
if (chx[jllel=="i)
for (i=Bji{mji++)
{
cmplx{bx+i*m+j,-1.0%cport.cqrli*m+jl,-1.8%cport.cqili*xm+jl);
cmplx(ax+i*m+j,~1.0%cport.cprii*m+jl,-1.0%cport.cpili®m+jl);
3
if (chx[jllBl=="v’)
for (i=B3idmji++)
{
cmplx(ax+ixm+j,cport.cqrli*m+jl,cport.cqilixm+jl);
cmpix(bx+i¥m+j,cport.cprli*m+jl,cport.cpili*m+jl);
)
2
/% find the inverse operations inv(ax)*bx and inv(ax)%*s %/
if (get_invim,cport) == -1)
exit_message("THE HYBRID REPRESENTATION DOESN’T EXIST");
if (k==3) /% hybrid 1 representation */
hyb_1<(pdef,chv,chi);
else /% hybrid 11 representation #/
hyb_1(pdef,chi,chv);
3

JEERERRRRRRERERREEEERERRRRRNEERERNARREERRRERERRRRRNEREERRRRRRRALERERRRRRERRNR/
/% Re-arrange the port indices such that the hybrid representation exhibits %/

/% the block form *x/
/% / N/ \/ N/ \ ®/
/% t v_a i t Haa Hab i | i_a i ! s _a i */
/% : =1 1] R : */
/% it i_b ! { Hba Hbb ! | v b! i s b! */
/* \ / N\ / N\ / N\ / */
/% for type 1 hybrid representation; or */
/% / N/ \/ N/ \ */
/¥ i i_a ! { Haa Hab | | v_a i ! s_a | */
/% i =1 1%] I : */
/% i v_b i { Hba Hbb ! | i_b! i s b! */
/% \ /7 N\ /\ /7 N\ / */



Mar 14 87:24 1986 porteql.c Page 5

/% for type Il hybrid representation. */
JEREEEEEERERREEEEEFRRRRREEEERRREEERREREERRRRRRERRERRRRREEREXRRRRRRRRXRERRRRRR/

hyb_1(pdef,chv,chi)
struct PORTDEF #*pdef;
char chv,chiy /% chv=="v’ and chi==’i’ iff type I rep. %/
{
int i,J,k;
COMPLEX temp}
char temchi[i661];

/% copy the old information %/
for (j=B3i<mjj++)
strepydchyljl,chx[j1);

for (j=B3j<mjj++)
{
if (chy[jl[8) == chv)
{
k=J3

/% looking for i-port (resp.; v-port) if hybrid I (resp.; 11) %/
while (k++<m)
if (chy[kl[8] == chi)
/% the k-th port is an i-port (resp.; v-port) */
/% in hybrid I (resp.; ID) *®/
{
/% interchange the j-th and the k- th columns of mat_rep ¥/
for (i=0;i{m;i++t)

{
ccopy(&temp,mat_reptixm+j);
ccopy(mat_rep+i*m+j,mat_rep+ixm+k);
ccopy(mat_rep+ixm+k,&temp);

}

/% interchange the j~th and the k-th rows of mat_rep */
for (i=Bj;idmji++)

{
ccopy(&temp,mat_rep+j¥m+i);
ccopy{mat_rep+j*m+i,mat_rep+k¥mn+i);
ccopyi(mat_reptk¥m+i,&temp);

)

/% interchange the j-th and the k-th components of s_rep */
ccopy(&temp,s_reptj);
ccopy(s_reptj,s_reptk);
ccopy(s_rep+k,&temp);

chylkl[8l=chv;

if¥ (readh =8)

{
/% interchange the port definitions %/
switch_i(&((pdef+j)->nodel) ,&((pdeftk)->nodel));
switch_i(&{((pdef+j)->node2) ,&{(pdeftk)- )nodeZ)),
strcpy(temch,(pdef+jl->element);
strcpy((pdef+jd)-delement,(pdef+k)->element);
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strcpy((pdef+k)-delement,temch);
readh=1;

}
)
b
3
3
EEEERRRERERERE R R IR RE R IR ERRERRKERRERRRRRREERERRRRERERRRRRERERRREERRRERRR/
/% Find the transmission matrix representation *®/
/% yliw) = Tw) #x(jw) + c{jw) x/

/EEEREREEREREEEERREREERERREERRRERRREEREREEERERREREXRREREREEEREXRNEERRRNRRRR/

transmission{(cport,pdef)
struct CXPORT cport;
struct PORTDEF #pde+;

{
int i
/% define the coordinate matrices a, b, ¢, and d #*/
if (readx == @)
{
t_abcd(pde+t);
readx=1;
3
/% find ax and bx for the implicit representation %/
/% axEX{jw) = bx*¥Y{(jw) + s(jw) *®/
get_ax_bx{cport);
for (i=0;i{m¥m;i++)
{
cmplx{ax+i,axrli),axilil);
cmplx(bx+i,bxrfil,bxil[il);
3
/% find the inverse operations inv{(ax)#*bx and inv(ax)*s %/
if (get_invim,cport) = -1) )
exit_message("THE TRANSMISSION REPRESENTATION DOESN‘T EXIST");
3 .

JEEREERRERRRRERRELRRERERRRRREEERERRRERERRRERREEAERRRRRRRXEERRRRRRRREXRRRRRR/
/% Define the coordinate transformation matrices a, b, ¢, and d for the %/
/% transmission matrix representation. .74
JEEEREREEREEEREREEEERERNRERREEERNRRRERRRRNREEERRRRRREREERRRRRRXEERRRREREERNR/

t_abcd(pdef)
struct PORTDEF #*pdef;
{

int i,j,m2;

char chl21;

if (m¥2 '= 8)
exit_message("0DD PORT NUMBER");
m2=m/2;
for (i=B;i{m;i++)
{
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printf("is port %d (¥s) an input port? y/n\n",i+l,(pdef+id-delement);
scanf("Zis®,ch);
if (chl8) == “pn’)

{
arli*m+il=1.08;
bri(i+m2)*m+il=1.0;
crii*mim2+il = -1.0;
dri¢i+m2)*m+i+m2] = 1.0;
3
else
{
arl(i+m2)*m+il=1.0;
brli*m+il=1.0;
crlCi+m2)*m+i+m2] = -1.0}
drli*m+i+m2] = 1.0;
}
2
2
')
JEREAEERERRERRERRRERRERRRRERRRRRNERRRNERHERRERIAREARNAAERERRRARRERXRRRRRNRR/
/% Find the scattering matrix representation */
/% yCiw) = SCiwr*x(jw) + c(jw) %/

/ F BB 336363636 36 36 36 36 96 36 3 6 36 36 36 36 36 36 36 96 36 36 96 36 36 36 36 36 36 36 36 36 3¢ 36 36 36 36 36 3 36 36 36 36 36 36 36 96 96 3 36 6 36 36 I I 36 36 36 96 36 36 36 3 36 9 X KK/

scattering(cport,pdef)
struct CXPORT cport;
struct PORTDEF #*pde#;

{
int i
/% define the coordinate matrices a, b, ¢, and d %/
if (readx = 8)
{
s_abcd(pdef);
readx=1;
3
/% find ax and bx for the implicit scattering representation %/
/% ax*¥Y(jw) = bx#X(jw) + s(jw) */
get_ax_bx(cport);
for (i=@;id{m¥mj;i++)
{
cmplx{ax+i axrlil,axilil);
cmplx(bx+i,bxrlil ,bxilil);
3
/% inverse operations for inv(ax)*bx and inv(ax)%s */
if (get_invim,cport) == -1)
exit_message("THE SCATTERING REPRESENTATION DOESN’T EXIST");
2

JEERRERERREEEEERRRRERERERRRRRERRRERRRRRRLRELRERREREFERREREEERERERRERRRRERNR/
/% Define the coordinate transformation matrices a, b, ¢, and d for the #/
/% scattering matrix representation. */
SEEEEREEEREEERREEEEEEEEREERREERRRREERRERREEEERRRRRRRXAR XXX R ERRERER XX XRNREENRE/
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s_abcd(pdef)
struct PORTDEF #*pdef;

{

)

int i3
double rx,sqrt();

for (i=B;idm;i++)

{

printf("enter R_%d for the %d-th port (¥s)\n*,
i+l,i+l,(pdef+i)~delement);

scanf("41+4° ,&rx);

rx=sqrti{rxl;

arli*m+il=rx;

brli*m+il=rx;

crlii*m+il= -1.8/rx;

drli¥m+il=1.8/rx;

FEEREEREEREEEEEERERERRRARRREERRRNERRRRRREERERERRERERRRRRERRERRRRRRRRRAXRERR/
/% Find the explicit generalized representation

/% y(iw) = BCjwixx(jw) + cdjw)
/% where

/% vijw) = axy(jw) + bxx({jw)
/* i(jw) = cxy(jw) + d*x(jw)

*®/
®/
®/
*/
*®/

S EREEREEERREEERAEREREEREEARRE AR R RREEEXRRRRRRERRRRRRNRXRNEARFEARXRRRXARNN/

generalized(cport,pdes)
struct CXPORT cport;
struct PORTDEF *pdef;

{

3

int i,J;

/% read the coordinate matrices a, b, c, and d */
if (readx ==8)
read_abcd();

/% find ax and bx for the implicit representation %/
/% ax*¥Y(jw) = bx*¥X(jw) + s(jw) */
get_ax_bx{(cport);
for (i=@;i{m*m;i++)
{
cmplx{ax+i,axrlil,axilil);
cmplx{bx+i,bxr[i],bxilil);
3

/% inverse operations for inv(ax)*bx and inv(ax)xs */

if (get_invim,cport) == -1)

exit_message("THE GENERALIZED REPRESENTATION DOESN‘T EXIST");

A EEHKK KWK KK I 6963636363 3696 36 36 96 3636 96 96 96 96 9636 36 36 3 3636 3 96 36 3 36 36 96 96 36 36 36 36 36 3 36 36 96 96 3606 36 6 96 6 96 36 6 6 6 M ¥ X%/
/% Substitute the coordinate relation

/%
V4 ]

v(jw) = a¥y(jw) + b*x{(jw)
ijw) = cxy(jw) + dex(jw)

/% into the implicit linear dynamic n-port equation

*/
®/
*/
*/
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/% (prejxpidav(jw) + (qr+j%qid*i(jw) + (srt+j%si(jw)) = 6 L 74
/% and get the new implicit equation */
/¥ ax*y(jw) = bx*x{jw) + s(jw) x/

/**************************************************************************/

get_ax_bx{cport)

struct CXPORT cport;

{
int i,j3
char *calloc();
double *temp!,*temp2;

‘templ=(double *)calloc{(m#*m,sizeof{double));
temp2=(double *)calloc(m¥*m,sizeof(double));
pr=cport.cpr;
pi=cport.cpi;
qr=cport.cqr;
gi=cport.cqi;

/% find Re(bx)=prxbr+qi*di-pi*bi-qr*dr %/
mult_mx{tempi,pr,br,m,m,m);
mult_mx(temp2,qi,di,m,m,m);
add_mx{temp!,templ,temp2,m¥m,1);
mult_mx(temp2,pi,bi,m,m,m);

add_mx{temp!, templ,temp2,m¥m,~1);
mult_mx{temp2,qr,dr,m,m,m);
add_mx{bxr,tempt,temp2,m*m,-1);

/% find Im(bx)=prxbi+pi¥br-qr*di-qi*xdr */
mult_mx{tempi,pr,bi,m,m,m);
mult_mx(temp2,pi,br,m,m,m);

add_mx<{templ, tempi,temp2,m¥m,1);
mult_mx{temp2,qr,di ,m,m,m);
add_mx{templ,templ,temp2,m¥m,~1);

mul t_mx{temp2,qi,dr,m,m,m);
add_mx{(bxi,templ,temp2,m*m,-1);

/% find Re(ax)=-prx*art+pixaitqr¥cr-qi%ci */
mult_mx{(templ,pi,ai,m,m,m);
mult_mx{temp2,pr,ar,m,m,m);
add_mx{tempi,templ,temp2,m¥m,-1);
mult_mx<{temp2,qr,cr ,m,m,m);
add_mx{templ,templ,temp2,m*m,1);
mult_mx(temp2,qi,ci,m,m,m);
add_mx<axr,templ,temp2,m*m,-1);

/% find Im{ax)=-pi*ar-pr*ai+qr¥citqi%*cr %/
mult_mx(templ,qi,cr,m,m,md;
mult_mx{temp2,qr,ci,m,m,m);
add_mx(temp1,templ,temp2,m*m,1);

mul t_mx{temp2,pr,ai,m,m,m);
add_mx(templ,templ,temp2,m¥m,~1);
mult_mx{(temp2,pi,ar,m,m,m);
add_mx{axi,templ,temp2,m¥m,-1);

cfree(templ);
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cfree(temp2);
)

JEREREEEERERREEREREEERR AR EREEERRERRRRRRRRERELENENENERRRRERERXRRRRERERERARRR/
/% Read the coordinate matrices a, b, c, d for the new variables y and x #/

/% such that */
/% v = (ar + j*aid*y + (br + jxbi)#*x */
/% i = (cr + jcid®y ¢ (dr + jxdi)#*x */

/EERRRREREHERERREEENLERNERRERREXEEENRERNERERRERRRENFERN RN NHRNREERRR®X/

read_abcd()
{
int i,

for (i=0;ii{m;i++)
{
printf("enter row %d of the %d by %d matrix Rea)\n",i+1,m,m);
for (j=0;j<{m;j++)
scanf("Z1F" ;artix*m+j); ~
printf(“enter row %d of the %d by “d matrix Im(ad)\n®,i+1,m,m);
for (j=0;j<mjj++)
scanf("A1f° ,ai+i¥m+j);
printf(“enter row %d of the %d by Zd matrix Re(b)\n®",i+1,m,m);
for (j=03j{m;j++)
scanf("/A14" ;br+ixm+j);
printf(“enter row %d of the “d by %d matrix Im{(b)\n",i+!i,m,m);
for (j=0;3;j<m;j++)
scanf("Z1£" ,bi+i¥m+j);
printf("enter row %d of the “%d by %d matrix Re(c)\n",i+1,m,m);
for (j=@;j<m;j++)
scanf("Z14" ;cr+ixm+jd; -
printf("enter row %d of the %d by “d matrix Im(c)\n",i¢+i,m,m);
for (j=0;i<mjj++)
scanf("ZA1f" ,citi*m+j);
printf(“enter row %d of the “d by %d matrix Re{(d)\n",i+i,m,m);
for (j=B;j<{m3j++)
scanf(Z14" ,dr+i*m+j);
printf(“enter row %d of the “d by %d matrix Im(d)\n",i+i,m,m);
for (j=B;j<m;j++)
scanf("Z1f" ;di+ixm+j);
)
readx=1;
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#include {stdio.h>
#inciude "cnport.h”
#include "/usr/include/local/complex.h”

/% see the declarations in the file "porteql.c® */
extern COMPLEX ¥*ax,*bx,*mat_rep,*s_rep;

extern double #*pr,%pi,%qr,%qi; .
extern double %ar,*ai,%br,%bi,%cr,%ci,*dr,*di;
extern double *axr,*axi,*bxr,%bxi;

int ®ipvt; /% pivoting vector in LU decomposition #/
COMPLEX #2q; /% working vector for matrix operation %/

/**************************************************************************/

/% Dynamic allocation for the parametérs used in various representation. #*/
JEEREEEEERREELERRERERREEREEER R RN R AR R RREERRERRRRERRRERERNREERRRRRERFRRRRRRNR/

alloc_3(m)
int m;
{
char *calloc();

ax=(COMPLEX #*)calloc(m*m,sizeof{COMPLEX));
bx=(COMPLEX #*)calloc(m¥*m,sizeof(COMPLEX));
ipvt=(int *)calloci(m,sizeof(int));
zq=(COMPLEX #*)calloc{m,sizeof(COMPLEX));
mat_rep=(COMPLEX *)calloc{(m¥*m,sizeof(COMPLEX));
s_rep=(COMPLEX #)calloc({m,sizeof(COMPLEX));
pr=(double *)calloc(m*m,sizeof(double));
pi=(double ¥)calloc(m#*m,sizeof(double));
qr=(double *)calloc{(m#*m,sizeof(double));
qi=(double %*)calloc(m#*m,sizeof(double));
ar=(double *)calloc(m*m,sizeof(double));
ai=(double *)calloc{m*m,sizeof(double));
br=(double #*)calloc(m*m,sizeof(double));
bi=(double *)calloc(m*m,sizeof(double));
cr=(double ¥)calloc(m*m,sizeof(double));
ci=(double *¥)calloc{m¥*m,sizeof(double));
dr=(double ¥)calloc(m*m,sizeof{(double));
di=(double *)calloc(m#*m,sizeof(double));
axr=(double #*)calloc(m*m,sizeof{double));
axi=(double *)calloc{m*m,sizeof(double));
bxr=(double *)calloc{m#*m,sizeof(double));
bxi=(double #*)calloc{m*m,sizeof(double));

) [}

/EREREERRRAERRRERRERERE XX REREREERRERRRRRRNNRERERERNNNE NN KX EEE RN R R RRR/
/% Find the inverse operations ) */
/% mat_rep = inv(ax)#*bx ®/
/% s_rep = inv(ax)*cs */

/******************i******************************************************i/

get_invim,cport)
struct CXPORT cport;
{

int i,j;
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char *calloc();

double rcond;

double creal(),cimag();
COMPLEX #cz;

cz=(COMPLEX #*)calloc(m,sizeof(COMPLEX));

/% LU decomposition on ax %/
cgecolax,m,ipvt,&rcond,zq);

if (rcond ¢ 1.0e-12)
return(-1);
for (i=@;idm;i++)

{
for (j=0;j{m;j++)
ccopy(cz+j,bx+j*m+i);
cgesl(ax,m,ipvt,cz,8);
for (j=0;j<m;j++)
ccopy(mat_rep+j*m+i,cz+j);
b

for (j=B8;j<m;j++)
cmplx(s_reptj,cport.csrljl,cport.csiljl);

cgesiCax,m,ipvt,s_rep,08);

cfree(cz);

3

EEEREERRRRRENINRI SRR RIN RN REREF SRR RA R EREHRHRAEHRERRERRERRARRRR)
/% Print various types of representation */
Vg y(jw) = mat_rep(jw)*x(jw) + s_rep(jw) */
/% on the standard output and the output file IXXeaeX.0Q" . */

/***************************************************************************/

list_mat_s(hp,k,freq,dim,pdef)
FILE #hp;
int k,dim;
double freq;
struct PORTDEF #*pdef;
{
char ch; .
int i,j,n1,n2;
char 1x[1601,1y0501,12[50];
sprintf(ix, " ———c——emcccccccaao

printf(*\n\nX%s\n\n",1x);
fprintfChp, "\n\n%s\n\n",1x);

switch(k)
{
case 1 : '
sprintf(ly," IMPEDANCE MATRIX");
ch=’2’; break;
: 3
case 2 : { )
sprintf(ly,"ADMITTANCE MATRIX");
ch=’Y’; break;
b

case 3 : {
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sprintf(ly,"HYBRID 1 MATRIX®);

ch=’H’; break;
3}
case 4 : ¢
sprintf(ly,“"HYBRID I1 MATRIX");
ch="H’; break;
)
case 5 : {
sprintf(ly,"TRANSMISSION MATRIX");
ch='T; break;
)
case 6 : )
sprintf(ly,“SCATTERING MATRIX");
ch=’8} break;
3
case 7 : {
sprintf(ly,"GENERALIZED MATRIX");
ch='G"; break;
3 o

3

/% print the headings #*/

sprintf(1z,"EXPLICIT LINEAR DYNAMIC %d-PORT\n",dim)
sprintf(ix,"%sXs REPRESENTATION\n\n®,12,1y);
printf("%s®,1x);

fprintfChp,"%s®,1x);

/% print the port definitions */
for (i=B;i{dim;i++)
{
ni=(pdef+i)->nodel;
n2=(pdef+i)->node2;
sprintf(lx,"port %d is connected by “s between nodes “d and %d\n",
i+l ,(pdef+i)-delement,nl,n2);
printf("%s",1x);
fprintfchp,"Ys® ,1x)3;
sprintf(ix,"\tvlZAdl=vl¥d,Zd]I\ti[4d]l=il%d,4dI\n\n"*,i+1,n1,n2,i+1,n2,n1);
printf(“Zs",1x);
fprintfChp,"%s”,1x)3
3
SPrintf(lx, " HERRRRRREXXRRRRARRFEXRERRXRNRARXRRRRRRHARRREXRXXXRRRRXXARXXXNN") 3
printf("Zs\n",1x);
fprintf(hp,"“s\n",1x);

/% print the explicit representation at the given frequency #/
sprintf(1x,"FREQUENCY = %.ée\n",freq);
printf("Zs",1x);
fprintfchp,®%s”,1x%);
SPrAintFClX, "HEEXRXRXEXXRXXREXXXXXXERE /C MATRIX HEXXREXXRXXXRXRAXXXXRXREANN"
ch);
printf("%s®,1x);
fprintf(hp,"7%s”,1x);
for (i=B;id{dimji++)
for (j=0;i{dim;j++)
{
sprintf(ix,"Re(%cl%d,%4d]) = %.3e\tIm(%c[%d,”%d]) = %.3e\n",
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chyi+l,j+l,creal{mat_rep+ixdim+j),
ch,i+l,j+1,cimagimat_rep+i*dim+j));
printf("%s",1x);
fprintfChp,"%s®,1x);
)
printf(*"\n");
fprintf<hp,"\n");
SPrintf(lx, "#xxexxxxrnxixnexnxxxxnsx c VECTOR EERXXXXARXRXXXAXXXARXXXXAND") ;
printf("%s",1x);
fprintfChp,"%s,1x);
for (i=B;i<dimji++)

{ .
sprintf(ix,"ReCcl’d]) = X%.3e\tIm(cl%d]) = %.3e\n",i+1,creal({s_rep+i),
_ itl,cimag(s_rep+i));
printf(“%s®,1x);
fprintf(hp,"%s”,1x);
3
sprintf(ix,"” - - ~===" >

printf("\nXs\n\n",1x);
fprintfChp, "\nZs\n\n",1x);
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typedef struct INLINE
{
char namel9];
int port;
int nodel,node2,node3;noded4,node5,nodeé,node?,node8;
char #¥*relation;
} 8Tl
typedef struct B_VECTOR
{
int a,b;
Y STJ; '
typedef char *STRING;
#define NODE 5@
fidefine NELEM 78
#define NMODEL 30
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#include <stdio.h>
#include “stateq.h*

extern struct INLINE #*branch;
extern struct B_VECTOR #*branch_vector;

JREEERREREERERRRERERHEERRRRE RN ERERREERNERNNEERREERREERENRRRERERRERERHHRREH R %R/
/% This is the main program of the routine "staeq” which finds the linear #/

/% state equation %/
/¥ = A%x + Bxu + s_1 + T_ 1%y’ */
/% )"'C*x+D*u+524T2*u */
/% for a linear dynamic circuit, where the constant vectors s_1, s_2 are ®/
/% contributed by tame-znuarlant independent sources, and T_1, T_ 2 are due */
/% to the loop of capacitors and input voltage sources, or cutset of *®/
/% inductors and input current sources. It consists of three files : x/
/% "staeq.c”, "staeql.c”, “staeq2.c” and the library routines “nport.lib" *®/
/% "linpack.lib". */

/****************************************************************************P

main{argc,arqv)

int argc;
char *argvil;
{

int i,j,k;

double *A,*B,%*t1,%t2,%C,%D,%s1,%s2,%P,%Q,%s;
FILE *fp,%gp,*hp,%fopen();

int n,m,1;

/% open the input file %/
open_spc_tbl(argc,argv,&fp,&qp);

/% find the state equation %/

n=NELEM;

state_eq(fp,gp,&n,&m,&1,&7 ,&B,&C,&D,&51 ,&52,&t1 ,&t2);
fclose(fp);

fclose(gp);

/% print the state equation %/
print_eqim,n); /% print the headings and the variable definitions */
PrANtFCY SEERERERREXRXREXXXXERERRRE A MATRIX HHXEHEXREREEREREHHREXEN\] " )3
for (i=B8;i<n;i++)
for (j=0;i<nj;j++)
printf("AL%d,%d] = %.3e\n",i+1,j+1,Ali*n+j1);
PRintf( " SRERRRRRRAXXRERXRRREREEREE B MATRIX XXX XXERXXRXERRXXREXRX\ DY )
for (i=B;idnjit+)
for (j-O,j(m,J++)
printf("BlX%d,%d] = %.3e\n",i+1,j+1,Bli*m+jl);
printf(® ************************** c MATRIX REREXEREXREXEXRRERREANND") ;
for (i=@;ilm;i++)
for (J—B,a(n,3*+)
printf("CL%d,%d] = %.3e\n" ,1+1,J+1 Cli*n+jl);
printf(" ************************** D MATRIX RREHEREXRREXERRIEXXREXIND") ;
for (i=B;id{m;i+e)
for (J—O,J<m J+4)
printf(°DI¥%d,%d] = %.3e\n",i+1,j+1,Dli*m+jl1)}
printf(” ************************* s_1 vECTDR FREEEEEXEXRRELREXREEXENN") 3
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for (i=0;idnjit+)
printf(®s_1[%d]l = %.3e\n",i+1,51[i);
PRANtFCO%XeXRaeRRteRXRXXR¥XXXX1%% §_2 VECTOR #¥XXXXXXRXXXEXRXXXXRXNNDY)
for (i=8;iim;i++)
printf("s_2[%d] = X%.3e\n",i+1,s2[i));
PrIntf(T®rsseelRenneReinenasnanrn T_| MATRIX HEEXEXXXERRXXXXXXEXAXIDY) 3
for (i=0;3idn;i++)
for (j=B;3;j<m;j++)
printf(*T_1[4d,Ad] = %Z.3e\n",i+1,j+1,t1lixm+jl);
PrAntf (P ®eearianuannnnenennnsnnss T_2 MATRIX ¥EXE%EXXXXXXXXEXXXXXXX\D") ;
for (i=B;id{m;i++)
for (j=08;j<m3j++)
printf(°T_2[4d,%d] = Z%.3e\n",i+1,j+1,t2[ixm+jl);

3

JEREEEERERRREEREREREE AR ERRR AR R R RR R LR EERRERAREREXR XA R LRAA R RN ERERERRRERR/

/% Open the input file "xx...x.spc and the table file "xx...x.tbi", *
AEEEEEREREERREREEREE R R R R RS LR EERRRERRRRRNE AR RREERRREERRREEERRLRE XXX RRRRERE XN/

open_spc_tbl{argc,argv,fp,qp)
int argcy

char *argvll;

FILE *xfp,%xgp;

{

FILE *fopen();

char fnamel361];

/% bad command line */

if ¢argc !'= 2)
exit_message("STAER SPICE_FILE®);

/% open the spice file »/

sprintf(fname,"Ys.spc” ,*¥++argv)};

print_spc{fname); /% print each line of the input file »*/

if ((xfp=fopen{fname,”r")) == NULL)

{
printf("CAN‘T OPEN THE SPICE FILE “s\n",fname);
exit();

3

/7% open the table file %/

sprintf(fpame,"%s.tbl",*arqv);

if ((xgp=fopen(fname,“w")) == NULL)

{
printf("CAN’T OPEN THE TABLE FILE Xs\n",fname);
exit();

2
b

ZRFEERFN KKK I3 9636936 3636 36 9636 36 9636 96 36 36 96 9636 36 9636 9696 3 96 363 96 36 96 96 36 36 6 9636 9696 3 36 36 9696 3 36 36 96 36 96 36 XXX X KX/

/¥ Print the headings of the linear state equation. */
JEEEEEREEE R R R R AR AR AR R LR EREER LRSS RR R AR A AR RERARRRRAARRRR RS ERRERXAEERRRERRRRERL/

print_eq{m,n)
int m,n;
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int i,j3;

Printf("exxexxxxxnxxnxxsxxxr LINEAR STATE EQUATION *¥XX¥X%EXX¥XXEXXXXXIND")}
PrIntfC \n\t\tx’ = A%x + B¥u + 5_1 + T_1%u’ \n"):
printf("\t\ty = Cx¥x + D*¥u + s_2 + T_2%u’ \n\n®);
printf(“®xxxxx state variables #*x#¥\p");
for (i=0;idn;ji+s)
{
J=(branch_vector+i)-la;
if ((branch+j)->namel8] == ‘C’)
printf(*x[%dl=vl%d,%d1(%s)\n",i+1,(branch+j)->nodetl,
(branch+j)->node2,{branch+j)->name) ;
else
printf("x{/dl=il%d,%Ad)(%s)\n",i+]1,(branch+j)->nodel,
(branch+j)->node2,(branch+j)->name);
H
printf("\nx*xx% input variables *xxxx\n®);
for Ci=njidn+m;i++)
{
J=(branch_vector+i)-a;
if ((branch+j)->namel8] == ‘V’)
printf( ul%dl=vl%d,%d]I(%s)\n",i-n+1,(branch+j)->nodel,
(branch+j)->node2,(branch+j)=->name);
else
printf( ul%dl=il%d,%di{%s)\n",i-n+1,(branch+j)->nodel,
(branch+j)->node2,(branch+j)->name) ;
2
printf("\n*xxx* output variables *xxx¥\n");
for (i=njil{n+mji++)
{
J=(branch_vector+i)-)a; :
if ((branch+j)->namel8] == ‘V’)
printf("ylX%dl=il%d,Ad1(%s)\n",i-n+1,(branch+j)->nodel,
(branch+j)->node2,{branch+j)->name);
else
printf("yl[%dl=vlid,%dl(%s)\n",i-n+1,(branch+j)->nodel,
(branch+j)->node2,(branch+j)~>name);
3
printf(*"\n");
printf( —ccmm e ——-- ==\n");

3

/****************************************************************************/

/% Copy each line of the input file "xx...x.spc". */
JEERRERRREREHENEEREEER TN EEERHNERNIRRHERHNNE RN H NN HNNRENIEERNARNHE RN/

print_spc(fname)

char fpamell;-

{
FILE *gp,*fopen();
char linel811;

Printf("sxxxsaxiiaxnaansnnnxxxnns SPICE INPUT XX®®ixxxxdxusaiiasxxxs\n®) ;
gp=fopen(fname,"r®);
while (fgets(line,88,gp) != NULL)
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{
printf("%s",line);
if (find_index(".end",line)==0 {! find_index(" ,END*,line)==8)
break;
3
fclose{gp)}

Printf( et Rt RN R AR R RRXRREARRRRRREEXRRXERRRRER R XXX XXX XXX XXE\DR\D ) H



Nov 23 12:33 1985 staeql.c Page 1

#include {stdio.h?
#include “stateq.h"

struct INLINE #*branch;

struct B_VECTOR *branch_vector;
char %*model[NMODEL];

double *d;

JEEREEREERRERERRRERRRREREEREEERRRERHERRREERRE RN REFRRRRR KRR RRREXERRRNENRRNNRX XX/

/% Find the state equation . */
/% X/ = A%x + B*u + 5_1 + T_ixu’ */
/% y = C*x + Dxu + 5_2 + T_2%u’ */
/% for a linear dynamic circuit. */

/%336 336 36 3 3 36 36 3 36 36 36 36 36 96 36 36 36 36 36 36 I6 36 36 36 36 36 36 96 36 6 36 96 36 36 36 36 9636 36 I6 36 96 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 6 36 36 6 96 36 36 36 36 3¢ 3¢ % %/

state_eq(fp,hp,ni,mi,ri1,A,B,C,D,51,52,t1,%t2)

FILE *fp; /% ipput file pointer %/

FILE %hp; /% pointer of table file %/

int *nl,*ml,%r1; /% A is nixnl; B is nixml; C is rixnl; D is rixrl %/
double *%A,%xxB,%xC, %¥xD,*%c] ,%%s2 #%t] ¥%xt2;

{

char *calloc();

FILE #%*gp;

double *P,*Q,%*s;

int m,n;

gp=NULL;

n = ¥nlj

imp_eql(fp,qp ,&m,&n ,&P,&Q,&5);

state(&m,&n,A,B,C,D,P,0,5,81,82,t1,t2);

cfree(d);

get_tablechp,m,n);

cfree(P);

cfree(@);

cfree(s);

*ni=m;

*mi=n-m;

#ri=n-m;
?
/*********;*****************************************************************/
/7% Find the implicit equation *®/
/% Pxw + Q%2 + s =0 */
/% where z consists of */
/¥ 1. capacitor voltage */
/% 2. inductor current *®/
/% 3. voltage of input voltage source */
/# 4. current of input current source %/
/% and w consists of */
/% 1. capacitor current */
/% 2. inductor voltage x/
/% 3. current of input voltage source *®/
/% 4. voltage of input current source - *®/

/X RE R KR I I 396 3633636 I 369696 36 3636 96 6 96 36 36 36 6 36 96 36 36 36 36 96 96 6 36 96 36 36 96 36 96 36 3 36 I6 96 36 96 36 96 3 I 96 3 3 X X K%/

imp_eqi(fp,hp,m,n,P,Q,s)
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FILE #*fp,*hp;
int *m,%*n;
double *x*P,%x*Q,%%s;

{

char %calloc();

int mn,i,j;

*m=0;

mn=NMODEL ;

branch=(ST] %*)calloc(*n,sizeof(STI));

branch_vector=(STJ *)calloc(*n,sizeof(STJ));

n_port{fp,model,branch,branch_vector,P,Q,5,n,&mn);

d=(double #*)calloc(*n,sizeof(double));

decode(%n,m,*P,*Q,%s);

if Chp!=NULL)

get_table(hp,*m,*n);

3
S EEERREERREEEREEEREERERE R AR RRRRRRRRRRRRFEERREREXRRRRRRRRRERERRRRRRRERRXRARR/
/% Find the implicit state equation *®/
/% / N\ / N\ */
/% P¥! x/i + Q0% x | + s =20 *®/
/% Py Tu L 74
/% N/ N/ */
/*® *®/
/% where x consists of */
/% 1. capacitor voltage . *®/
/% : 2. inductor current */
/% and u (resp.§ ¥) consists of */
/% 1. voltage (resp.; current) of input voltage source *®/
/% 2. current (resp.j voltage) of input current source */

JEEREEEERAEERRRREEERERRSRERERERERXEERERRREREREREEXRRERRELRRXENREXREXRXXRRRNR/

imp_eq{fp,hp,m,n,P,Q,8)
FILE *fp,*hp;

int *m,*n;

double *xP,*xQ,%xs;

{
int i,Jj;
imp_eqi(fp,hp,m,n,P,Q,5);
/% multiply the capacitance or inductance %/
for (i=B;i{#*nji++)
for (j=B;j{*¥m;j++)
(P)Li%(*n)+j]) *= dljl;
2

JEEERERRREERERRRERREEERFERREERREREERRE SRR RRRRRRERRRAEXERRRARRRRREXRRARRERRRR/

/% process each element across the linear resistive n-port. *®/
JEEREEEERREREREEREERRRAAFRRERNERRRRRRRIERRNRRRRERRRREEERRRRXRHERRREXRRRRE A%/

decode(n,m,P,Q,s)
int n,*m;
double %P ,%0Q,%s;
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{
char ch;
int i,J,k;
double stof();
for (i=Bji{n;i++)
{
J=(branch_vector+id-la; /% element index */
ch=(branch+j)->namel01; /% element type %/
if (ch=="V’ |} ch=="1’) /% input source %/
arrange{&ch,i,&j,n,P,Q,s);
switch(ch)
{
case .’L’ : (
/% inductance */
dl(*m)++]=stof({(branch+j)->relation);
break;
)
case ‘C’ : (
/% capacitance #/
di(*m)++]=stof((branch+j)->relation);
for (k=0;k<{njk++)
switch_d(&PLk¥*n+i] ,&QLk*n+il);
break;
b
case ‘V’ : (
for (k=8;3k<{n;k++)
switch_d(&Plk*n+i) ,&Q[k*n+il);
break;
3
case ‘1’ : break;
default : {
printf("]JLLEGAL CIRCUIT ELEMENT TYPE Zc\n",ch);
exit();
break;
b
}
3
}

VA2 ITIT SIS ITIR IS 22T L2222 SISV

/% List each state variable and input-output source in the table file. */
JEEEEEERREREREEEEEEERRRRRRREREERRRRREERRRREREERRERRRSRERERERRRRRRXXERRRRERN R/

get_table(gp,m,n)
FILE *gp;
int m,n;
{
char linel[58];
int i,j3

for (i=B;i<{nji++)

¢ .
J=(branch_vector+i)-aj
if (idm)
{
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3

if ((branch+j)->namel[@]==C’)
sprintf(line,"x[/Adl=vl%d,4Ad1(%s)\n",i,{(branch+j)=->nodel,
(branch+j)->node2,(branch+j)->name);
else sprintf(line,"xI[¥%dl=il%d,%d1(%s)\n",i,(branch+j)~->nodel,
(branch+j)->node2,(branch+j)->name);

)
else
{
if ((branch+j)->namel8l=="V’)
sprintf(line, "vlAdl=vi%d,ZAd]1(¥%s) ¥%s\n",i-m,(branch+j)->nodel,
(branch+j)->node2,(branch+j)->name,(branch+jl)->relation);
else
sprintf(line, "ulXdl=il%d,4Ad1(/s) :%s\n"®,i-m,(branch+j)->nodel,
(branch+j)->node2,(branch+j)->name,(branch+j)->relation);
)

fputs(line,gp);

anl

JEERREEEEERRREEREEEE AR R ERAER R R RN R R R R R RERRRRRERESRRRRRREXRRERAREARERRRRRRRR/
/% Re-arrange the row vectors such that the input-output ports are in the #/
/% bottom position of the n-port equation. */
SEEREEEEREEEERREEERRREEEREREEREEEERRERERESERRRERLSAEXERARRRERERRRERERXRERRRR/

arrange(c,i,m,n,P,Q,s)
int i,*m,n;

char #*c;

double *P,*Q,%s;

{

3

int 1,k,J;
char chj

for (1=i+1;1<n;144)

{

j=(branch_vector+l)->a;
ch=¢{(branch+j)->namel];
if (ch==’C’ 1! ch=="L")
{
*c=ch;
*m=j 3
switch_i(&((branch_vector+1)->a) ,&({branch_vector+id->a));
switch_i(&((branch_vector+1)->b),&((branch_vector+i)->b));
for (k=B3k<{njk++)
{
switch_d(&Plk*n+il,&PLk*n+11);
switch_d(&Qlk*n+1],&0[k*n+1]);
3
break;

R RERERERREREREEEERR R R SRR XN RRRRERRRRERRLREERERERRBRRFRRRRRRBEREEXRARERRRRRRR/
/% Get the state equation. */
SEEERREEEEERERERRREREERRRERE AR LRREREEREREERRRREERALRREEEEREREERRREEX AR RRRRRE R/
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state(m2,n2,4,8,C,D,P,08,5,51,52,t1,t2)
int *m2,%n2;
double *xA,%xB,%xC,%xD,*P,%Q,s[],%%s] %%s2 ,%%t],%#%t2;

{

char %*calloc();
int i,j,m,n,*ipvt,job=0;
double rcond,*z2q,%*f,%aa,fabs({),*bl;

m = ¥n2;

n = ¥n2;

v_alloc(n,&ipvt,&2q,&f,&aa,P);
sgeco(aa,n,ipvt,&rcond,zq);

bi=(double #)calloc(n*{n-m),sizeof{double));

if (fabs{(rcond)<1.8E-10)
{
printf("WARNING MESSAGE : CAPACITOR LOOP OR INDUCTOR CUTSET\n");
/% capacitor loop or inductor cutset %/
loop_cs(P,Q,b1,s,d,&m,&n); /% get the independent variables %/
for (i=B3;il{nji++)
for (j=03j<{n;j++)
aali*n+jl=Pli*n+jl;
sgeco(aa,n,ipvt,&rcond,zq);
for (j=03;j<m;j++)
dljl=1.8;
3

*A=(double *)calloc(m¥m,sizeof(double));
*B=(double *)calloc(m*{n-m),sizeof(double));
*C=(double #*)calloc(m*(n-m),sizeof{double));
*D=(double *)calloc({(n-m)*(n-m),sizeof(double));
*sl=(double *)calloc(m,sizeof(double));
*¥s2=(double *)calloc(n-m,sizeof(double));
*ti=(double *)calloc(m*(n-m),sizeof(double));
*#t2=(double *)calloc((n-m)*{(n-m),sizeof(double));

/% get A, B, C, D, s1, s2, t1, and t2 »/
for (i=B8;ilnji++)
{
for (j=B3i<{n;j++)
flJj]l = -Q[j*n+il;
sgesl{aa,n,ipvt,f,job);
if ¢(id<m)
{
for (j=0;j<{m;j++)
(*¥A)[j*m+il=f[jl/dlj];
for (j=B8;j<{n-m;j++)
(C)[j*m+il=FfI[m+jl;
)
else
{
for (j=B;j{m;j++)
(¥B)[j*¥{n-m)+i-ml=FL[jl/d[j];
for (j=0;j<{n-mjj++)
(¥D)Lj*(n-m)+i-ml=f[m+jl;
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b
sgesl(aa,n,ipvt,s,job);
for (i=B3idinji++)

{
if (i<m)
(%s1)[i) = -slil/dlil;
else
(%s2)[i-m) = -slil;
H
for (j=83;j<(n-m)jj++)
{
for (i=B;i{nji++)
flil = -bili*(n-m)+jl;
sgesl(aa,n,ipvt,f,job);
for (i=Bjidnji++)
{
if (id<m)
(¥t1)[ix(n-m)+jl=Flil;
else
(22 [Ci-m)*¥(n-m)+j)=F[i];
3
)
*M2=m;
*n2=n;

v_free(ipvt,zq,f,aa);
}

SEEERREREERRERREREEEREERRREREEERRRAERRRRAERRRRRREARRRRRERRAERREXXRRERRRR XXX/
v_alioc(n,ipvt,zq,f,aa,P)
int n,**xipvt;
double %*%zq,%%f, %*aa,*P;
{
char #*calloc();
int i3

#ipvt=(int *)calloc(n,sizeof(int));
#zq=(double #)calloc(n,sizeof{(double));
*f=(double *)calloc(n,sizeof(double));
*aa=(double #*)calloc(n#¥n,sizeof(double));
for (i=B3i{n*nji++)
(*¥aa)[il=Pl[il;
}

SEEEREEREER R R RN EE R R R R R R R ERRR R AR RREERRRRRE AR RRRRNERREEAERRRNERRRREXXXE XA/
v_*¥ree(ipvt,zq,f,aa)
int ®*ipvt;
doublie %*z2q,%f,%*aa;
{
cfreelipvt);
cfree(zq);
cfree(f)
cfreefaal;
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#iinclude {stdio.h>
#include “stateq.h®

SERREREREREREREERRRRRERERERREREREERERREERRRRERREERXARNEXREREXR RN RERRERRRNRR/
EEERREEREERERREREEEREREERERERRRERERERRREEERREREERRRRRERRRRREXR XX XRERRRXRER/
JEERERRRRERRRRER AR REEERRR LA RRRE R ARSI RRRRERRRRERRERRRRRRRRRRER AR REERRRNRER/
/EEEERRERREREREERERERERNHIRINHNRIEREERRERNEH NN HR R EERI R RN EEEREFRRHNX%%/

extern struct INLINE #*branch;
extern struct B_VECTOR *branch_vector;
extern char *modell];

EEEEREREERRREEEERRRER R RS EEERRERRREEREREARRRRRRRARRERRRERRRAERRARRREXRRRRSR/

/% Reduce the P matrix to row-elchelon form. */
S EEEREEREREEERRRARNEREERERRRRRERRERXRERERERRRENRRRSEERRER RN ERREERRERRREERRE/

elchelon(n,ii,P,Q,s)
int *n,%ii;
double *P,*Q,#%s;
{
int i=6,1= -1,j,k;
double c3

while (++1<{*n)

{
if (PLi*(*n)+1]==0.0)
{ /% select a nonzero pivot */
for (j=i+1;PLj%(*n)+1]1==0.8 && j{*n;j++);
if (j<{*n)
{
switch_d(&slil,&sljl);
for (k=0;k<{*njk++)
{
switch_d(&PLi*(%n)+k) ,&PL[j*(%n)+k1);
switch_d(&BLi*(*n)+k] ,&QL j*(*n)+k]);
3
2
}
if (PLi*(*n)+11!=08,08)
{
for (j=i+1;j<{*n;j++)
if (P[j*(*n)+1]'=0.0)
{
c=PLj%(%n)+11/Pli*(*n)+1];
for C(k=13k<{*njk++)
PLi*(xn)+k]-=c*P[i*(*n)+k];
for (k=B;k<{*njk++)
QLi%(*n)+kI-=c*QLi*(*%n)+k];
sljl-=c*slil;
3
ite;
3
}
*¥ii=i;
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SRR RN RN AR AR RN EFERRRNRRRRRAEERRR AR AR XA RRRRERRRERXXEEXRR KRR R/
/% Choose independent variables from capacitor voltages which form a loop ¥/
/% or inductor currents which form a cutset. */
SEEERRREREERRREREE LR RTEERREREERRRERREERRRRERRRERNRRRE R XN EXXREERNRERRRE/

loop_cs(P,8,bl,s,d,m,n)
int ¥m,%*n;
double *P,%Q,%s,%bl,%*d;

{
char #calloc();
int 1,%1x;
/% reduce the P matrix to the row echelon form %/
elchelon{n,&i,P,Q,s)}
I1x=Cint *)calloc((*n)-i+1,sizeof(int));
Ix[(*¥n)=i] = -1
/% get the linear relationship for capacitor voltages (resp.; inductor %/
/% currrents) within a capacitor loop (resp.; inductor cutset) *®/
red_Q@<m,n,i,Ix,q,s); '
/% replace the rudundent capacitor voltages (resp.; inductor currents) */
/% by other variables */
comp_PQ<{m,n,i,1x,P,0Q,s,d,bl); '
/% kick out the redundent variables and get a more compact equation %/
new_PQ<{m,n,i,1x,P,Q);
3
JEEEEEERREERRRRRRRREEREERERRERSRRRRRF AR AR R AR XA AR RR R AR AR R RERNRARRARXERRRRRRRR/
/% get the linear equation for capacitor voltages in a loop or inductor *®/
/% currents in a cutset */

/******************************************ﬁ********************************/

red_Q@<{m,n,i,1x,Q,s)
int *m,%n,i,1x[];
double *Q,%*s;
{
int j,k,1,11;
double c,fabs();

for (j=ijj{%n;j++)
{
/% select the largest coefficient in the linear equation %/
c=86.0;
for (11=6;11<{*m;11++)
if (fabs(QLj*(*n)+111)>c)
¢ v
c=fabs(QL[ j*(*n)+11]);
Ix[j-il=11;
3

/% a linear equation on voltage source and current source variables */
if (fabs(QLj*(*n)+1x[j-il]1)<1.8E-18)
{

printf("VOLTAGE_SOURCE LOOP OR CURRENT_SOURCE CUT_SET\n");
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exit();
3

/% get the row_echelon form for the linear equations involving */
/% capacitor loop voltages or inductor cutset currents *®/
for (k=8;k<{¥njk++)

if (k!=1x[j-id)

QIi%(%n)+kI=QLi*(*n)+k1/QLj*(*n)+1x[j-i1);

slil=sljl/QLj%(*n)+Ix[j-i1];
QLy*(%nd+1x[j-i11=1.8}
for (1=i31<*n;1+4)

if (1= && QLI*(*n)+1x[j-i11!'=0.08)

{
c=QL1%(*¥n)+1x{j-131;
for (k=0;k<{*nsk++)
{
if (k==1x[j-i1)
QL1%(*n)+k1=0.0;
else
QLi*(xn)+k)-=c*QLj%(%n)+k];
)
3

3
for (j=B;j{*n-i;j++)
for (k=jjk<{*n-ijk++)
if (IxLid>1xCkd)
switch_iC(&Ix[j1,&1xIkl);
2

JREEEEEERERRERRRRERNEEE RN RH R AR RNRNRREERREHERERRERRRRRR R A RARRRRARRRRRRRRR/
/% Replace the redundant variables. */
JEREREEREERRERRRERREERRRERLERRERRRREEHRARERRRRRERRE R R RAARAXRRERRERRRRRRRRR/

comp_PQ(m,n,i,ix,P,Q,s5,d,bl)
int *m,*n,i,I1x[];
double *P,%Q,%s,%d,%*bl;
{
int j,k,13

for (j=B3j<isj++)
for (k=0;k<{xmjk++)
PLj%(%n)+kI=PLj*(*n)+k1*dlkl;
for (j=B8;j<{*¥n-i;j++)
for (1=0;1<iji+4)
4
s[1)-=sli+jI*QL1%(*n)+1x[jl]1;
for (k=0;k<{*¥njk++)
if k!=1x[jd)
QL1%(*n)+k)-=QL1*#(*n)+1xLjII%QLCi+jI*(xn)+k];
for (k=@Bjk<{xmjk++)
if (k!=1x[j])
PLI1#(*n)+k]-=PL1%(#n)+1x[jII*QLC(i+j)%(%n)+k];
for (k=B3k<{*n-*m;ik++) :
bil1#(*n-%¥m)+k]1~-=PL1%(*¥n)+1x[jII*QL(i+j)*(*n)+k+*m];
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JERERREEREREERNEEERLREXREEHENRRRRRIRRIRERRIERENRXERXNREREERERERERRERNERNERNR/

/% Get new P and Q@ matrices by deleting redundant variables.

®/

JEEREEXEREERERRNEEERREELX R ERRRENRAEXRREARREXER XXX AERHEEXRERERRRNREERRNR/

new_PQ<{m,n,i,1x,P,Q)
int *m,*n,i,%1x;
double *P,*Q;

{

char %*calloc();
int jyk,dx,kx,13
double *px,*qx;

px={double *)calloc(i#*i,sizeof(double));
qx=(double *)calloc(i*i,sizeof(double));
1 = #n - i3
ix=0;
for (j=B3j<ijj++)

for (k=B;k<{*n;k++)

{
for (kx=8;kx{(*¥n)-ijkx++)
if (k=1x[kx1)
break;
if (kx==(%np-i))
{
pxLixI=PLj*(%n)+k];
qxIjx++1=QLj*(*n)+k];
3
3
Jj=8;
k=8;
while (j<*n)
{
if (j==1x[kl)
¢ .
k++;
for (ix=j3ix{(%n-1)3ix++)
{
(branch_vector+jx)->a=(branch_vector+jx+1)=)a;
(branch_vector+jx)=>b=(branch_vector+jx+1)->b;
3
for (jx=k;ix<l3ix++)
1x[jx)—-;
(¥m) ==}
(#¥n)=--3
)
else
J++;
}
for (jx=8;ix{{%n)%(xn)jix++)
{
Plix)=px[jx1;
QLixI=qx[jx1;
3

cfree(px);
cfreel(qx);
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