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ABSTRACT

The program in this package implements the Souriau-Frame algorithm and
the frequency interpolation algorithm for finding the symbolic transfer function
H(s) of a linear circuit. The computed transfer function is given by the
coefficients Ho, H,, ..., H,_j, ¢, ¢1, -y ¢n-1 in the explicit representation

Hoa”'l +H18“-2+ ..... +Hn_28 +Hu—l

H(s) =
( ) s® +q°a“—l+ ..... + gn28 + quny

which provides an efficient way for computing the frequency response of a linear
circuit at various frequencies.
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NOEL PACKAGE 2:
COMPUTER GENERATION OF SYMBOLIC TRANSFER FUNCTION

1. Introduction

A linear dynamic circuit can be described by one of the various types of n-port representa-
tions in the frequency domain[1]. Each n-port representation is the preliminary and the fundamen-
tal step for circuit analysis as the circuit is characterized by the combination of the linear n-port
equation and the external port element characteristics, which are either driving sources or output
variables. The n-port representation, obtained by the routines in (1], provides the information on
the circuit behavior at each frequency. However, it may need a lot of sampled frequencies in prac-
tical circuit design in order to accurately predict a wide range of frequency responses of the cir-
cuit, and will take considerable amount of cpu time for computing the n-port representation at all
frequencies. This motivates us to develop the symbolic n-port representation; namely

¥(s) = (H(s ) + D)u(s ) + (c(s ) + s2)/s (1)
for the linear circuit characterized by the explicit state equation[1] :
x =Ax + Bu +s, (2a)
y =Cx+Du+s, (2b)
where
Hge*! + Hjs" 2 ... +H, s +H,_
H(s) = C(s I- A)"'B = —% il 220 T Tact (3)
8% + qo8™t+ ... + Qn28 + Gaoy
a-l "2 28 + ¢,
e(s) = C(s I- A)s, = Cod + ;8 : + + Ch28 + €4 (4)
a” + qos" 7t + ... + gn-28 + Qnot
and H(s) is an m Xm matrix such that each entry of H(s ) is a rational function; namely
’l'-j (a ) — ’lo.,',' s"-! +h 1i5 8 ':.2 + oeens -+ h,‘.g_,',' s + "n-l.a’j (5)
8™ + ggs* ' + ... + @a 28 + gqy

where hy ;; is the ij-th entry of the matrix H, in Eq.(8) for k=0,1,..,n-1. Similarly, ¢(s) is an
m-dimensional vector such that each of its entry is a rational function of s.

Two distinct algorithms are included in the routine for finding the symbolic n-port represen-
tation in Eq.(1); namely, the Souriau-Frame algorithm({2] and the frequency interpolation algo-
rithm(3]. Both algorithms give the same results, except for circuits with widely separated parame-

ters. In this case, the equation parameters span over a wide range of numerical values. This
discrepancy is caused by the machine accuracy ¢ where

l+e=1 ()

In most computers, ¢ == 1.0X107'%. It follows that if w is the number with largest absolute value
in the equation parameters, then any number z such that z€$ = {z | abs(z) < wx107'%} is
numerically indistinguishable from any other y in S.



2. Algorithm

2.1. Souriau-Frame algorithm
Step 1.
Find the linear state equation

x = Ax + Bu + g, (7a)
y=Cx+Du+s, (7b)

for the linear dynamic circuit (see [1]), where x consists all linear capacitor voltages and
linear inductor currents; u consists of the voltages (resp.; currents) of the driving voltage
sources (resp.; driving current sources); y consists of the currents (resp.; voltages) of the
driving voltage sources (resp.; driving current sources).

Step 2.

Follow the formula

1oAY = 1A
- Tos® ! + Ty 2+ ... + Tazs + Taoy ()
0% + gga™t 4 ... + Gag8 + Qs
to find F(s ) == (s I- A)™B, and r(s ) = (s I - A)'s,, where
To=1
go = ~tr (A)

T, = ToA + rol
= —%t" (T,A)

Th = Tk-lA + r,,_ll
% = -%h' (TeA)

Step 3.
Find the transfer function
H(s) = C*F (92)
c(s)=C*r (9b)
such that
y(s) = (H(s ) + D)u(s ) + (c(s ) + s5)/s (10)

2.2. Frequency interpolation algorithm
Step 1.

Same as Step 1 of Section 2.1.
Step 2.

Let F(s ) = (s I- A)™'B, then F(s ) is a rational function matrix



-3-

F(e) = Fos® !+ F1s" 2+ ...+ F,08 +F,,

8% + o8+ oo + @98 + Gay
where g (s ) is the characteristic polynomial

g(s) =det(sI-A)
and F; €R"*™ for i=0,1,...,n-1.

Step 3.
j 2x9
Find F) = (5;1-A)'*Bats; = ¢ "* for i=0,1,...,0-1.
Step 4.
Use discrete Fourier transformation to find
1 n -jﬂ
F, = ZF(t) e "l

n+1,7,

Step 5.
Use discrete Fourier transformation to find

1 i 4t -2
= — e
% n+1 ¢t =0
where

d*) = det(s, I- A)

(11)

(12)

(13)

(14)

(15)



3. User’s Instruction
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 [4] for each class of circuit elements, where "xx...x” is
the filename. All the linear elements and the time-varying sources can be included in
"xx...X.sp¢”; namely

‘R’ : 2-terminal linear resistor

‘C’ : 2-terminal linear capacitor

‘L’ : 2-terminal linear inductor

“V’ : independent voltage source (time-invariant or time-varying)
‘1" : 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

Step 2.
Type the command

symtrf xxX...x

to find the symbolic transfer function with three options :

enter the option number

1 : Souriau-Frame algorithm

2 : Frequency interpolation algorithm

3 : Both

It is recommanded to use option 1 when the circuit has no more than 10 dynamic elements
since it saves the computation time. The accuracy of the Souriau-Frame algorithm, however,

will deteriorate with larger circuit size and should use the frequency interpolation algorithm.
Option 3 for choosing both algorithms provides a comparison on the computed solutions.

Remark :

The symbolic transfer function obtained by symtrf includes the impedance, admittance,
and any possible combination of hybrid representation. Connect a driving voltage source (resp.;
current source) across a port which is to be a voltage-controlled port (resp.; current-controlled
port). In particular, the admittance representation of the linear dynamic n-port can be found by
connecting each port with a driving voltage source.



4. Output Format

In addition to the standard output from the screen, the symbolic transfer function is also

written to the output file "xx...x.trf” with the followipg format :

or

0000 e o 000 o0 ol 38 o ols ol ol o o ol ol ole 3l ale o SPICE INPUT 305 30 ol0 ode ale o e o 30 ol afe oln ols le sle st ofe s o

{ input file listing }

300 ol a2 s ol s 300 2 o ol 205 20 o 60 ol ok 2 ok ok o o0 0 o0 o a0 o e o8 o 0s 2 o o0 2 o0 o o 08 o0 08 508 o 3 08 ol o ks okt ol o o 3 28

USING SOURIAU-FRAME ALGORITHM

USING FREQUENCY INTERPOLATION ALGORITHM

seale ol ol s ol o o o5 0B o ok s ok ol ol SYMBOLIC TRANSFER FUNCTION kb kkk bk

¥(s) = (H(s) + D)*u(s) + (c(s) + s_2)/s
H(s) = h(s)/q(s) , <(s) = g(s)/a(s)

dimension m = ..
L L L 2 1 ] input Variables Bk

{ input variable definitions }
‘.*.‘.A“.‘*‘.“*‘.‘*.‘.‘
##4%2 output variables *****

{ output variable definitions }

#.““‘.“‘....“*‘..‘..‘

LI LI 2T P T TITY S D MATRlx 0o 3o 3 o ale ol 38 o 2 o ok 0
D[i,j] = uoeu.
.t‘ﬁ‘*‘i**.*.*‘."t**‘.“*‘t.&“‘i**
o2l 2l ols o ot o ot 2 ol ot o s_2 VECTOR e ol o 3l o ale o e o ot o oR

8_2(i] = ......

“*‘.*‘t.‘.t..“*“i‘lﬁt.‘*“&*‘I&t*“



e aln ool ol ol ol o ok 2 o ok o o0 ok q(s) a0 afe o o ol ok 2 35 ol o aks o 3 b o0

q(s) =s"n + q[0}*s*(n-1) + ..... + q[n-2]*s + q[n-1]

ordern = ..
q0] = ......
q(1] = ......

q[n-1] = ......

o ais ol ol ol o o o 30 o o 0 o h(s) s ak ook ah ok 1 R o e e

h(s) = h[0]*s"(n-1) + h{1]*s"(n-2) + ..... + h[n-2]*s + h(n-1]

h_jj [0] == cevese

h—ij [1] = o0

h_ij[n"l] = secese
i=1,2,no’m and j=1,2,t..,m

ol ol a3l ol o o ok 3 ol 2 ol ok 8(3) sl e ol ol sl ade ol ot s o 2 3k ok o ot

g(s) = g[0]*s*(n-1) + g[1]*s"(n-2) + ..... + g[n-2}*s + g[n-1]

g[0] = ...
g1 = weueee

8_’[11-1] == eecese
lz-l.'z.no'm

Remark :

q(s) is the characteristic polynomial of the matrix A and each qfi], i==0,1,...,n-1, is a scalar;
h(i], i=0,1,...,n-1, is an m by m matrix, where m is the number of input variables (or output
variables) in the circuit, h j[k] denotes the ij-th entry of of the matrix hik];

¢(s) =g(s)/q(s) is contributed by the constant sources in the circuit, and each gfi] is an
m-dimensional vector.



5. Examples

Ezample 1 : in file "ex1.spc”
A linear RLC 1-port circuit (Fig.1)

Ezample 2 : in file ”ex2.spc”
An LC ladder 2-port circuit (Fig.2)



6. Diagnosis
L. See Section 8.1 of [1].

2. SYMTRF SPICE_FILE
Incorrect command line, the correct one should be

symtrf xx...x

where "xx...x.spc” is the input file.

3. CAN'T OPEN THE INPUT FILE xx...x.spc
Unable to open and read the input file "xx...x.spc”.

4. CAN'T OPEN THE TRANSFER FUNCTION FILE xx...x.trf

Unable to open the output file "xx...x.trf” which is to store the parameters of the symbolic
transfer function.

5. CAPACITOR LOOP OR INDUCTOR CUTSET
There exists a capacitor loop or inductor cutset in the circuit.
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Figure Captions

Fig.1
Fig.2

A linear RLC 1-port. circuit.
An LC ladder 2-port circuit.
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Ezample 1§
iinear RLC i-port circuit

im

2
{sin(3000*¢)
5]

t * % % #
sFge

[ X Y )

O oMo

(] E

.end



Nov 22 10:59 1989 eni.trf Page

AAXXAXKKXANRKNNKKNRNNRY SPICE INPUT S i A s kA XX KA KRN AR XK
% Example 1
k 4

* linear RLC i-port circuit

*

€110 im

R2 1 2 2X

Vz 2 0 (sin(1000=¢)}
£3 2 0 Su

.end

*****tl*****!******'ﬁ*!!!’*t!!*********t**********I’Rt**!****ﬂ

AAXXXXXXCKXNAN SYMBOLIC TRANSEFER FUNCTION SAXNwxtx e xaswwn
yis) = (H(s) + D)¥uls) + (e(s) + s_2)/s
H(s) = his)/iqls) , cts) = gis)/gqtsd

dimension m = 1§

xXxx%xx input variables w¥wxxx
ufll = v[2,0(V

REXN® output varizbles wxiwxx
vii) = 1£2,03(Ve)

REXAXRXXXKKNRAARKK D IMItrin SN XXX NN RN RN N K
DLL,1) = -5.000000&-04

ARKXXNRANKXNRRRY 5 2 voctor NXXNKXKRERKKRAN
s_2I[1) = 0.000000e+00

IR AKX NANXCRN AR KK q(s) KRR HEEKAKXRNANRRN
qisd = sAn + gllI*sAa@®m-1) + ..... + qin-21*s + gln-1l
order n = 2

ql0l = $.000000e-01

qfll = 0.000000e+00

LR R RS SRR TR XX XY RIS) A XX AKX X XA XXX RN NN

his) = hIDI*sA(n-1) + hiiIvsA(n-2) + ..... + hin-2)*s + hin-il

h_11I0] = -2.000000e+05
h_11[13 = -1.000000&+05



Nov 22 10:59 1985 eni.trt Page 2

LA SR EEEEEE BT EEREEE 9(5) LA AR EEREERREEEER T
g(s’ = gl0l*xsAn-1 + glLiIxsA(n-2) + ..... + gin-23%s + gin-1l

g..1E0] = 0.000000e+00
g_1L13 = 0.000000e+00

USING FREQUENCY INTERPOLATION ALGORITHM ...

TxkxwxxEXXXNY SYMBOLIC TRANSFER FUNCTION AXXXEXWANRXNXKRRNY
Y = (His) + Di*uls) + (cls) + s_is
H(s) = hisd/q(s) , eo(s) = gi(sd/qis)

dimension m = ¢

X*xkxx input variables ¥xxwxx
ulll = vi2,0)(V)

*xwx¥x pgutput variables F¥xxx«x
viid = i02,03¢(Vm)

ANKXXKXRNXRNNNRNN D) motrig CXXXXXANRRNKXNR Y
DI1,13 = =5.000000e-04

AXXXXXKAXRXARKNXRN 5 T yootor YAXARKARXXRARKK
s_2011 = 0.000000e+00

AAXAEKXRRRTEKNKN KX KW q(s) AEAAKARARXXNNNRRRNN
qQs) = sAn + QLDI%sA(n-1) + ..... + qin-2i*s + qin-1}

order n = 2
qiD) = $.000000e-0t
qfil = 1.4802%97e-1¢

AAXXXXAXKAKRKRNNKANE R(G) KR AN RARRXKRRNNK NS
h(s) = hI0I*sA(n-1) + hI1I*xsA(n-2) + ..... + hin=23*s + hin-13

h_11I0) = -2.000000e+0%
h_11l13 = -1.000000c+0%

AN XN RNCRY RN N g(s) KRAXAEAEXRRXRRNNKK
g(s? = gllI*sa(n-1) + gLil%sA(ne2) + ... + gin-22*s + gin-11

€_1I0) = 0.000000e+00
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g._1[13 = 0.000000e+00
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X LC ladder circuit

* Example 2

*

Va 1 0 (sin(td>
Ri 12 10

Ct 20

»

02

L]

(cos(t))

™ o
o<
&M m
ey o

WU

90 %

€3

C4 S0 7

L3 ¢ 5 5
.end
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AAXXXKXKKAXXXNXXKRXKNNY SPICE INPUT X A A A X A XXX XA RNNNRRR & &
* Example 2
b §

* LC ladder circuit
*
Vz i
Ri t
Ci 2
Iz 2
%]
Vy
c2
L2
c3
L3
Cq
.end
!**'kt*'R**'k*****tt*!****t*!****!**l*!******tk***!!***!**t*tt

{sinn(t)’

[V
o

cos(t)>

D s Ww g
OCUDDLOWVYNOobMo
N NP

USING SOURIAU-FRAME ALGORITHM .....

AXXXXKXXXANANY SYMBOLIC TRANSFER FUNCTION X AXXAXXANRKR NN
¥(s) = (H(s) + DYxuts) + (o(s) + s5_2)Is

H(s) = his)iqls) , cls) = gisdiqisd
dimension m = 2

XXX xx input variables wwxxx
uli} = vI?,33(Vy)
ul22 = vi1,0)(Va)

*xxx¥ output variables *x¥wx
yi1d = 1£7,33Vyp
yi2) = if1,00(VD

EXKXUXXXKARXKXNK D mabtring KXXEN AKX XN Nk %) K
bl1,1) 0.000000&+00
DL1,23 0.000000e+00
DI2,1) = 0.000000e+00
DI2,2} = -1.000000e-01

]

AAXXXXXXXXXXXNK g 2 yactor SNAMXXXXXRN XK K
£_2111 = 0.000000e+00
s_2£23 = 0.000000e+00

AAXAE KKK XN NNR KK KN q(s) LA AR ESER RS R X X R
Q8> = sAn + QI0I*sA(n-1) + ... + qln-21%s + qln-12
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order n = 7

ql0l = 1.000000e-03
ql1) = 8.571429e-01
Qf2) = 3.571429e-02
QE3) = 1.190476e-D1
ql4l = 2.280952e-02
qlSl = 3.174603¢-03
qlél = 1.984127e-05

****************** h(s) LA R AL BEEEE X EEREREY
h(s} = hIBIxsA(n-1) + hRitI¥sAtn-2> + ..... + hin-2l*s + hin-1}

R_11I03 = -5.000000e-01
h_11il12 = -5.000000e-02

h_11123 = -9.523810e-02
h_11£33 = -9.523810e-03
h_11143 = =2.976190e-03
h_11I53 & -2.976190e-04
h_11[6] = 1.084202e-18
h_1210 = 0.000000e+00
h_12£13 = S.000000e-02
h_t212] = 9.25185%e-20
h_12£3] = 9.523810e-03
h_12143 & -1.6355%6e-19
h_12(5]1 = 2.976190e-04
h_1206] = 3.263621e-20
h_21001 = 2.775558e-17
h_21L11 = S.000000e-02
h_21[2] = 2.973812e-18
h_21£3) = 9.523810&-03
h_21[4) = 3.304235e-20
h_21£5) = 2.976190=—-04
h_21063 = -1.084202e-19
h_22101 = 1.000000e-02
h_2201] = -2.775558e-12
h_2212] = 3.57142%e-03
h_22[2] = -2.973812e~19
h_22[4] = 2.380952e-04
h_2215) = -2.498828e-20
h_22[6) = 1.984127e-06

L2 R B R EEREELEE R TR REY g(g) AEKARHRRRER KKK WK KK
gisd = giDI*sA(n-1) + GLIIVsA(n-2) + ..... + gin-21*s + gin-13

g_1103 = 0.000000e+00
g_1[1] = -1.000000e+00
g_1£2) = 0.000000e+00
g_13) = -1.904762e-01
g_14) = 3.469447e-18
g_1I53 = -5.952381e-03
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g_108) = -6.505213e-19

g_2101 = -2.000000e-01
g_2011 = 5.551115e-17

g_2[2]1 = -7.142857e-02
g_2[3] = %.947623e-18
0_2[4) = -4.761905e-03
g_2[5]) = 4.997656e-19
g_2[6) = -2.968254e-0%

USING FREQUENCY INTERPOLATION ALCORITHM

ooooo

HAXRXARNXANXNNEY SYMBOLIC TRANSFER FUNCTION *AANXXAXEAw vt n
y(8d = (H(5) + DI*u(s) + (o(s) + s5_2)/s5
H(s) = his)igls) , otis) = gls)/qls)

dimension m = 2

*xxxx jnput variables % xwwx
ufll = »7,34Vy)
uf2l = vi1,01(V=n)

Xx%x% output variables wwxxx
yi1l = i£7,2X(vy
vE2) = i[1,D3(V®)

AXHXKXXARRXRKRNKNNN D) matTin N NA AR KRN N KW
DI1,1] = 0.000000e+00
DI:,2) = 0.000000e+00
DI2,1] = 02.000000&+00
DL2,2} = -1.000000e-01

EXKXXXXNXXKXKAKKY 5 2 vector XANXXRAXNKXKN RN
s_2[1) = 0.000000e+00
s_2821 = 0.000000e+00

NEA R AKX XXX N K q(s) HHXRAAXXAKRARNXKNRNNKN
qi{sd = sAn + qIDIvsatn-1) + ... + qin-2l*s + qin-1

ortder n = 7

qf0) = 1.0000002-D1
qli} = 2.571429%e-01
qf2} = 3.57142%e~02
g3l 1.390474e~-01
qf4} = 2.380952¢-03
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ql3) = 3.174603e-03
qlél = 1.984127e-05

8*****!*********** h(5) !*’***********X***
hisd) = hEDIxsatn-1) + hill*sAm-2> 4+ ..... + hin-2)*3 + hin-1l

h_11[0) = -5.000000e-0%
h_11[13 = -5.000000e-02
h_11£23 = -9.523810e-02
R_1113) = -9$.523810e-03
h_11043 = -2.976190e-03
R_11153 = -2.$76190e-04
h_11L6) = -1.287779e~17
h_12{0) = 1.301043e-18
h_12{11 = 5.000000e-02
h_12[23 = -3.46944%7e-18
h_12£32 = 9.523810e-03
h_12[4) = 4.33680%e-19
h_121S] = 2.976190e-04
h_1216) = 7.806256e~18
h_21I03 = 2.914325e~17
h_21[11 = 5.000000e-02
h_21023 = 2.279922e-18
h_2113] = 9.523810e-03
h_21143 = 3.30423%e-20
h_21L5] = 2.976190e-04
h_21{4] = 5.551115e-18
h_22I0] = 1.000000e-02
h_22[1) = -2.25%5141e-18
h_22[2} = 3.571429e-03
h_2203]1 = -2.106450e—19
h_22[4] = 2.3809%52e-04
h_22[5] = 1.72141%e-18
h_22[6) = 1.98412%2-04

LA R SRS REE T R R g(s) LA RSS2SR

g(s> = gllI¥saln-1> + gLlI*sA(n=2) + ..... + gin-21*s + gin-1
g_1L0) = 4.143336e-17
g_1{1) = -1.000000e+00
g_1L2] = 6.92889%4e-17
g_1L31 = -1.909762e-01
g.3f41 = 0.000000e+0D
g_1L3) = -5.952381e-03
g_1[8) = -9.714451e~17
g_2I2] = -2.000000e-01
§_201) = £.27355%e-17
g. 2023 = -7.1428%57%2-02
a_2[2) = 5.947423e-~18
204 = -4.761990%e-03



MNov 21 11:18 1985 ex2.trf Page §

g_2I5) = -1.645872¢e-17
g_206) = -3.968254e-05



APPENDIX
SOURCE CODE LISTINGS
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#include <{stdio.h>
#include "stateq.h®

extern struct INLINE x*branch;:
extern struct B_VECTOR *branch_vector;

/***************************&*********************************i***************/
/% This is the main program of the routine “symtrf" which finds the symbolic */

/% trancsfer function x/
/% y(s) = (H(s) + D)*u(s) + (c(s) + s_2)/s /
/% of a linear dynamic circuit described by the state equation */
/% X’ = A%x + B*u + s_1 */
/% y = C¥x + D*u + s_2 */

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

main{argc,arqu)

int argc:
char xargull;
{

char %*calloc(),1x[1861;

int i,Jj,k;

double ¥i,%B,%t1,%t2,%C,%D,%5] ,#c2, ,%p ,%q, %1, %h, %g %K}
FILE *fp,xgp,*hp;

int n,m,1,0pt;

/% open the input file °xx...x.spc” and the table file "xx...x.thl1" %/
open_spc_tbl{argc,argv,&fp,&gp,&hp);

n=NELEM;

state_eq(fp,gp,&n,&m,&l,&A,&B,&C,&D,&sl,&sZ,&tl,&tzb;

fclose($p);

fclosel{qp);

/% allocate spaces for the parameters of symbolic transfer function */
alloc_p{n,m,&p,&q,&r ,&h,&g,&K);

printf(“enter the option number of the algorithm\n®);
printf(®1 Souriau-Frame algorithm\n");

printf{"2 : Frequency interpolation algorithm\n");
printf(*"3 : Both\n");

scanf("%d" ,&opt);

/% Souriau-Frame algorithm %/

if (opt =1 || opt = 3

{
sprintf(1x, " \n\nUSING 30URIAU-FRAME ALGORITHM eeses\N\R") g
printf{*Xs®,1x);
fprintfchp, s ,1x);

/% find inv(s*I-A)B and inv(s*I-Ad*s_1 %/
s_f_alg(n,m,ﬁ.e,&'-l ,p,q,f');

/% find Cxinv(s*1-A)*B and Cxinvis#]I~Ad*s_1 %/
get_haln,m,C,p,r,h,0);

/% print the symbolic representation %/
print_trf¢hpn,m,D,82,p,9,r,h,00;
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3

3

/% frequency interpolation algorithm =/

if (opt == 2 || opt == 3)

{
sprint£CIx,"\n\nUSING FREQUENCY INTERFOLATION ALGORITHM sesed\N\D®);
printf("\n\n¥s",1x);
fprintf<hp, \n\n%s® s 1%)3

/% choose K=l x/
for (i=8;idnji++)
for (j=8;jsn;j++)
{
if (i==j)
Kli*n+jl=1.0;
else
Kli#n+jl=6.0;
3

/% find inv(s*1-A)*B and inv(s*]l=-Ad%g_§| %/
trsf(n,m,K,A,B,81,p,q,r);

/% +ind C*inv(s*I-4)%B and C*1nv(¢l-ﬁ)*s 1 %/
oet_hg¢n,m,C,p,r,h,q);

/% print the symbolic representation */
print_trf(hp,n,m,D,sZ,p,q,r,h,g);

b

fcloselhp);

/*.‘.**.‘:***'ﬁi‘.***i******?***“***?%*******3******#***‘éi-**‘******é-******** ERXRERRE/

/% Open the input file XXe«osX.5pc” and the table file “xx...x.tbl®. */
/*******§****§§***§***ét*********&********?*************¥******************ﬁi/

open_spc_tbli<argc,argv,fp,ap,hp)
int arge:

char xarqull;

FILE ®#fp,%2qp,%%hp;

{

char fnamel381];
FILE =fopen();

it {arge = 2)
exit_message(“SYMTRF SPICE_FILE");
sprintf{(fname,"%s, tb]“.*++argv)'
i ((xgp=fopen(fname, w")) == NULL)
{
printf(“CAN‘T OPEN THE TABLE FILE 4s\n",fname)
exit();
3
sprintf(fname,"%s,tré" Xarqu);
i+ ((#hp=fopen{fname, 'w“)) == NULL)
{

printf{"CAN’T OPEN THE TRANSFER _FUNCTION FILE 3 ‘s\n" ,fname) ;
exit{);
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2

sprintf(fname.”s.spc”,*arqu);
print_spc(fname,*hp);

if ((#fp=fopenifname,"r")) == NULL)

{
printf("CAN‘T OPEMN THE INPUT FILE Zs\n* ,fname) ;
exit{);
3
3
/**********ﬁ*******i********************************************************/
/% Print the input file "XX...x.5pc" on the screen and the output file */
/% "RX..0x.trfY, */

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

print_spc{fname, hp>
char fnamell;
FILE =hp;
{
char line{811;
FILE =fopeni),*ip;

SPPrIntf(line, " XXX R e R R XX LXRNRBXRXEELE SPICE INPUT #%%3%%X%Xsrses¥¥5Xx%xxxxY
printf{*%s\n”,line’;

fprintf(hp,”%s\n“,line);

if ((ip=fopen(fname,"r®)) == NULL)

{

printf("CAN'T OPEN THE INPUT FILE Zs\n",fnamej ;

exit();
3
while (fgets(iine,88,ip) !'= NULL)
{
printf("¥s”,line);
fprintf(hp,“%s“,line);
if (find_index¢{".end”,line) == 8 }! find_index(® .,END",line) == @)
. break;
3

sprint{(]ine,“§**§*****************ﬁ*ﬁ§**********************************'
printf(®¥s\n\n",line);
4print+£hp,"%s\n\n',line);
fclose(ip);
3

/******ﬁ************§§**§****§*§*****************i**i***********************/

/% Allocate spaces for the parameters of the symbolic transfer function. */
/********i******************!*******i*********§*********§*§****§****§*******/

alloc_p<n,m,p,q,r,h,q,K)
int n,m:
double ﬁ*p,**q,**r,ﬁ*h,*ig,**K;
{
char #calloc();

*p=(doubie *)ca]loc((n+1)*n*m,sizeof(double));
*q={double *>ca110c(n+1.sizeof(double));
*r=(double *)calloc((n+1)*n,si:eof(double));
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#h=(double *)calloc(n*m*m,sizeof(double));
*g=t(double ¥)calloc(n*m,sizeof(double));
*K={double *)calIoc(n*n,sizeof(double));

3

/*********************************************************************§*****/
/% Find the transfer function */
/% H(s) = C*F(s) x/
/% c(s) = Cxr(s) */
/% where */
/% F(e) = inv(sI-A)xB %/
/% r(s) = inv(sl-A)*eg_| */

/?’****¥******3‘49~*4*§********?****%**********************3*****%#***********/

get_hgtn,m,C,p,r,h,q>
int n,m;
double *C,*p,%r,xh,¥q;
<

int i,ix,j,k;

for (ix=0jix<njix++)
" for (i=@;idmyi++)
{

for (j=B;j<m;j++)

{
hlixxm*m+i*m+j]l = 0,083
for (k=0;k<njk++)

hLix*mem+i*m+j)+=Cli*n+k]#plix#n*m+kem+jI;

3

olix¥m+il = 0,0

for (k=@;k<{njk++)
alix*m+il+=Cli*n+kIxrlix®n+k];

3

/***i*ﬁ*****************************§*§*********************i***************/
/% Print the symbolic transfer function to the output file “xx...x.trf" */
/% and the standard output. */
SERERRRRERERERREREERERRERRRELERRERRE R REER LR R R LR R RRRRRREEERRE IR R RRRERE RN/

print_trf(hp,n,m,D,s2,p,q,r,h,q)
FILE #hp;
int n,m;
double *D,*s2,%p,%q,%r,%h,*q;
{
int i,j,k;
char 1x[1086];

/% print the headings */

sprintf(ix,"” “33
printf{"%s\n\n*,1x);

fprint{(hp,'%s\n\n",lx);

Sprintf(ix,"#¥exxxxzxxxxx SYMBOLIC TRANSFER FUNCTION ERELXXXXXXXRXANR) 3
printf{"Xs®,1x);

forintfihp,"s® , 1x);

sprintf(lix,"” ¥(g) = (His) + D)#uls) + (c(e) + 5_2)/s\n");
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printf(*¥s” 1x);

fprintfChp,"¥s®,1x)

sprintf{ix,” His) = h(g)/q(s) , ¢is) = als)/q(sI\n");
printf{"%s®,1x);

fprintfChp,"%s®,1x);

/% print the order of the transter function %/
sprintf(lx,"dimension m = %d\n",m);
printf("%s®,1x)}

fprintfcho, "¥s,1x)

/% print the definitions of the input variables %/
sprintf{lx,"\n\n**#%% input variables EEXXE\D") 3
printf("ds®,1x);
fprintfthp,“%s",1x);
for (i=8;il{m;i++)
{
j=(branch_vector+i+n)->a;
if ({branch+j)->namel8] == ‘yY’)
sprintf{lix, "yl¥d) = v[Zd,ZdJ(xs)\n“,i+1,(branch*j)-)nodel,
(branch+j)->nodez,(branch+j)->name);
else
sprintfi{lx,"ul¥%d] = i[Zd,Zd](Zs)\n“,i+l,(branch+j)->node1,
(branch+j)->nod92,(branch+j)->name);
printf("%s”,1x);
fprintfihp,°%s®,1x);

3

/% print the definitions of the output variables %/
sprintf{1x,"\n\n***%x output variables *%%%¥\n") 3
printf("%s®,1x);
forintfihp, ¥%s®,1x);
for (i=8;ilm;i++)
{
j=(branch-vector+i+n)->a;
it ({branch+j)=>namelB] == ‘V’)
sprintf(ix, "y[%dl = i[Zd.ZdJ(Ls)\n“,i+1,(branch+j)->nodel,
(branch+j)-)nodez,(branch+j)->name);
else
sprintf(ix, y[%d] = v[Zd,ZdJ(Xs)\n“,i+1,(branch+j)-)nodel,
(branch+j)->node2,(branch+j)->name);
printf{"¥s®,1x);
fprintfihp, %s®,1x);
3

/% print the constant matrix D #/
Sprintf{lx, "\n\nxesrerreeenz2x%% D matrix FEXERKRRXAXXXXXND" ) 3
print+{ %" ,1:)
fprintf(hp,"Xs®,1x)
for (i=@;iimji++)
for (j=B:jim;j++)

{

sprint$(1x,"DIX%d."d) = Z.ée\n",i+1,J+1,D[i§m+j]);
printf{"Xs",1x):
forintflhp, e, 1x);
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/% print the source vector s 2 %/

SPRINTF{IX, "\N\N#EXEXE N R XXX X255 s_2 vector EREXRXXXXRXEXEE\DR") ¢
printf(°¥s®,1x);

fprintfchp,"¥%s",1x);

for (i=8;idm;i++)

{ .
sprint+(ix,"c_2{%d] = Z.6e\n”,i+1,82[i));
printf("%s®,1x);
fprintfchp, %s®,1x);

b

/% print the characteristic polynomial q(s) */

SPPRINTF(1X, "\N\N#XEF XX REELRRERREEX Q(S) HAEXXXEXRRXEXEXXXAND") ;
printf("%e® 1x);

fprintfchp,®is ,ix);

sprintf{1x,°q(s) = s*n + qlBl*s“(n-1) + ceese . gln=2)%s + gln~11\n");
printf( is®,1x);

fprintf(hp,"%s“,lx);

sprintf(1x,"\norder n = Ad\n\n®,n);

printf("%s®,1x); _

fprintfchp,“%s®,1x);

for (i=@3idnji++)

{
sprintf(lix,®"qlXd] = A.6e\n”,i,qlily;
printf("%s®,1x);
forintfChp,“%s®,1x);

b

/% print the neminator hi{s) of the transfer function #/
SPrintf(lx, "\n\nekeexsrnexsnensssrs hig) HERBAXXXXXXXFREXEEN") 3
printf{"4s®,1x);
fprintf(hp,®¥s",1x);
sprintf(ix, .
“his) = hlBI%s*(n=1) + h[1)#8°(nN=2) + ,.... + hin=2)%s + hin=11%);

printf("Zs\n\n",1x);
fprintf(hp,’%s\n\n“,lxﬁ;
for C(i=@:;id{m;i++)

for (j=8;j{m;j++)

{
for (k=06ik<njk++)
{
sprintf(lx,*h_udidl%d] = ZobeNn" 141,41k hlksmam+iem+ 1)y
printf("¥%s®,1x);
fprintf(hp,‘%s',lx);
b
printf("\n?);
fprintf{hp,"\n%);
b

/% print the nominator g(s) of the constant source vector %/
SPRINTFOIx, "\ ssrnen e s hnreesexy g{s) ¥eX¥E¥xFR%xexEXXANQ") ;
printf("is® 1x);
forintfihp, "¥sY,1x)
sprintf(lx,
“gle) = qlBl*c"(n=-1) + gli1)=s*(n=2) + ,,,.. + aln=-2]%s + glin-11"1;
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printf("%s\n\n",1x%)}
fprintfChp, "%s\n\n",1x);
for (i=@;idmyi++)
{
for (k=031k<{nik++)
{
sprintf(lix,*q_3dl}%d]l = Z.oe\n",i+1,k,alkam+il);
printf("¥c®,1x);
fprintfchp,®¥s,1x);
3
printf(“\n");
fprintfihp,“\n*);

[
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#include <stdio.h)

/****i******i**ﬁ*****ﬁ*******%*ﬁ********§§§§§§*****§*******§****§§§*é****§**/
/% Find the trace of a matrix. ‘ */
/***ﬁ******************§***************************i************************/

double tracet(n,A)
int n;
double #a;
{
int i
double y=6,0;

for (i=B;idn;i++)
ve=alixn+il,
return(y);
3

/% Find the symbolic exprescsion of the transfer function matrix by using %/
/% Souriau~Frame Algorithm (see pp.378 in Chua and Lin’s boaok). L 74
/***************************************************************************/

s_f_alg(n,m,a,b,s,p,q,r)
int n,m;
double %a,#b,%p,%q,%s,%pr;
{
char *calloc();
int i,j:
double trace();
double #*c, xe;

/% temporary storage */
c={double *)cal1oc(n*n,sizeof(double));
e={(double *)ca!loc(n*n,sizeoi(doub}e));

/7% initialization of the algorithm */
for (i=B;ilnji++)
{
rlil=slil;
for (j=0;j<mij++)
pli#m+ji=blism+j];
for (j=8;jdn;j++)
if (j==i)
cli*n+jl=1.,8;
2

/% Sourizu-Frame algorithm %/
for (i=1;id=nii++)
{
multioly{n,n,n,c,a,e)}
ali-11 = ~i=tracein,e)/i;
&dd_diah(n,e,c,qli=11);
if (i < n)
{
multiply(n,n,m,c,b,p+ti*n*m);
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multiply(n,n,i,c,s,r+i%n);

/% Find b=a+ a*I , */

add_diah{n,a,b,q)
int nj;
double #*a,%b,q;
{
int i

for (i=@;iln%n;i++)
blil=alil:

for (i=@:idnii++)
bli*n+il+=q;

/********&%**********§**ﬁ***************************************************/
/% Find the matrix multiplication ¢ = a*b where a is an n by m matrix, ®/
/% b is an m by k matrix, and ¢ is an n by k matrix. */
/*****************************ﬁ*******&*******************i*****************/

multiply(n,m,k,a,b,c)
int n,m,k;
double *a,#b,%c;
{
int i,j,13

for (i=B;idn;i++)
for (j=8;ji<k;j++)
{
clixk+jl=8.08;
for (1=0;1{m3l++)
c[i*k+j]+=a[i*m+lJ*b[l*k+j];
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#include {stdio.h>
#include “compliex.h®

int *ipvty

symtrf2.c Page 1

COMPLEX ¥aa,*cc,*tt,%z2q,%2,%22,%dd, xqx}

/********************§*********§****************&******************§********/

/% Using the unit circuit interpolation algorithm to find the symbolic

/%
/%
/%

transfer functions F(s) and r(s) such that

F(e)

-1
= {sK-A) =« B and ri{s) = (sK=-A)

-1

/% and the circuit is assumed to be described by the impli

7 *
Vs

equation

Kex’

= A%x + Bxy + g_|

¥ g_1
cit state

%/
*/
*/
*/
®/
*/
*/

/************************************************§*§*§**********************/

trsf(n,m,c,a,b,s1,P,q,r)

int n.m;

double *a,#b,%¢,s101,PL1,ql],r[];

{

int i,j,k,job=0;

doubie cx,pi,atan2();

COMPLEX s3

COMPLEX 2cmp1x() ,%cexp() ,%cmul t(),%ccopy();
double creai(),cimag¢),rcond;

/% allocate spaces for the complex variables %/
cpx_allocin,m,a.b,c);

pi=atan2(1.8,1.08)%4;

/% interpolation of each frequency %/
for (i=8;i{=nji++)

{

cx=2%i%pi/(n+1);
cmpIx(&s,0.0,cx);
cexpl&s ,&s)

/% compute the matrix tt=(sK-4) at the interpolated frequency #/

get_matrix(n,cc,aa,tt,&s):

/% LU decomposition of tt %/
caeco(tt,n,ipvt,&rcond,zq);

/% ¥ind the determinant of tt =/
coedi(tt,n,ipvt,&ddlil,z,10);

/% compute inv(tt)*B and inv(tt)2d »/
for (k=@ik<{=mik++)

{

for (j=03idn3i++)

{

if ¢

else

k==m)
cmplx{&2Tjl,s1051,8.8);

cmplxC&zljl,blj#*m+k] ,0.6);
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2

}

cgesl(tt,n,ipvt,z,job):

for {j=0;j4{njj++)
cmult(&zzlisnsim+id+j*(m+1)+k],&ddlil,&20j3);

}

/% recover the transfer function parameters from each %/
/% interpolated frequency */
for (k=83k<inik++)

for (j=0jj{=mjj++)

{
for (i=@;ic=nji++)
ccopyi&zlil,&zzli*n*®(m+1)+k®¥(m+1)+j3);
dft(n,qx,2);
for (i=@;idnji++)
{
if (j<m)
PlLi*nsm+kam+ jl=creal (&qxin-i-11);
else
rli*n+kl=creal (&qxln-i=11);
3
b

dft{n,qx,dd);
for (i=6;iin;i++)
qlil=creal(&qxln-i=-11);

/% free the spaces for the complex variables which are no %/
/% longer required */
cpx_free();

/********i**§§§****§*§*§***§**§§*********§*§§*******************************/
/% Allocate spaces for complex variables, x/
/*********i*************************§§*********§*§*************************é/

cpx_alloctin,m,a,b,c’
int n,m;
double %a,#b,%c;

{

char #calloc();
int i;
COMPLEX #*cmpix();

ipvt=(int *)callocin,sizeof(int));
20=(COMPLEX *)calloct(n,sizeof(COMPLEX));
z=(COMPLEX #)calloci{n+i,sizeof(COMPLEX)):
dd=(COMPLEX #)calloc(n+!,sizeof(COMPLEX));
ax=(COMPLEX #)calloc{n+!,sizeof{COMPLEX));
22=(COMPLEX ®)callocC(n+1)¥nxim+1) ,cizeof (COMPLEX));
aa={COMPLEX #*)calloc(n#n,sizeof{COMPLEX));
cc={COMPLEX #)cailoc(n#n,sizecf (COMPLEX)):
t1=(COMPLEX #)calloc(n#n,sizecf(COMPLEX));
for (i=@;iin®nji++)
{

cmplx{aa+i,alil,s.0);
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emplx{cc+i,clil,B.0);

3

/****************§§§*§§§***********i****ﬁ*******************i*******§*§*****/
/% Free the spaces occupied by the complex variables which are no linger */
/% prequired. x/

/***********************.‘.***************************************************,’

cpx_Free()
{

cfree(iput);
cfree(zq);
cfree(z);
cfree(dd);
cfreelqx)}
cfree{2z);
cfreelaal;
cfree(ce);
cfree(tt);

/*******ﬁ*********%*********i***********************************************/
/% Compute the matrix c=s*a-b at a given frequency s. *®/
/**************i*****ﬁ*******§*&******ﬁ*&************************i*i*******i/

get_matrix(n,a,b,c,s)

int n;
COMPLEX #%a,%b,%c,#s;
{

int i3

COMPLEX *csub(),#ecmult();

for (i=B;iln*nji++)

{
cmul td{c+i,a+i,s);
csublc+i,c+i,b+i);
3
3
/************§**********************§*******&*******************************/
/% Compute the discrete Fourier transform *®/
/* jk %/
/% y_k = sum a_j*w Jj from 8 to n; for k=0,1,...,n x/
/% where %/
/% w = exp(2%pi*i/{n+1)) and i*i = = x/
/***************&****i*******************i************ﬁ************i********/
dftin,a,y
int ng

COMPLEX #a,%y:

{
int i,j;
double CX,pi.atan2(),creal(),cimagl);
CCMPLEX Wy*cmpix() ,*#cexp(),*cadd();
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pi=4*atan2(l.e,1.e);
for (i=@;id=nji++)

{
cmplx(&alil,0.8,08.0);
for (j=0;j<=njj++)
{
Cx = =2xpixi*j/(n+1);
cmplx(&w,8.0,cx)}
cexp(&w,&w) ;
cmul t{&w,&w,&y[ji1);
cadd(&alil,&alil,éw);
3
cmplx(&w,l.@/(n+1),8.0);
cmul t<&alil,&alil,&w);
}
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