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Circuit Description Language and Its Application to
Symbolic Network Analysis

Kazunor! SucanAra,! Yasuniro MaTtsumoTo!t and Ryosuke Konisart

In this paper, an approach to describe electrical circuits as a linguistic form is discussed
and a system which translates a circuit expression from the proposed form to a symbolic
and algebraic manipulation program (SAMP) and analyzes a circuit in a symbolic form is
proposed. In our circuit description form, the circuits to be analyzed are described as an
interconnection of one main circuit and some sub-circuits. And they are treated as a main
routine and sub-routines of ordinal procedural languages, respectively. In each of main
and sub-circuits, names of circuit elements and node numbers are managed by the analyzing
system independently. Because the recursive calling of sub-circuits are allowed, circuits
which have regular structures like ladder-filters can be described efficiently. In our circuit
analyzing system, a circuit described in the proposed linguistic form is translated to a
SAMP and it is analyzed as a symbolic form following a resultant program. In this pa-
per, Mathematica is used as an example of such a SAMP. However, proposed system can
be easily modified according to the SAMP. The manner to describe circuit elements and
analyzing processes in proposed form are explained by using some examples. And two
circuit analyzing examples are also included to illustrate the efficiency of the proposed
method.
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Table 1 Commands.

BIEXOEE x n bz A o3
T 5 #% fE | putX(x,y,sign) HRTIX DO X7y FIORF E U THSER sign 2EL.
put¥b(x,y, str) T FIZYRIFH] Yb OxTyHOBEHKLE LT str #EL.
putVi(x, str) AFHBE~N7 rv Vt OXBHOBERELT str 2L,
putls(x, str) BR~N7 bv s OxBHOBERELT str 2EL.
X F %) # & | copy(dest, src) dest OXFFIBERKIC src DXFEFIAE 2 —F 5.
add(dest, src) dest OIFIHDR/IT stc OXFEIAEEEST 5.
A EFERME | math(pl, p2, ..., pn) %gﬂ g%mﬁ?éﬁ%ﬁ&bfplm P EHRMBEES 9747 7 4 VIT
BB EE Kﬁ?éﬁ%ﬁ&bfplﬂ ZHNMBEEES 0 ST AT 74T
outrf(pL, B2, v PR) | e R R D G X e R A, B S LA ol D DI B
«mﬂﬁatbmﬁxﬁaﬂmmﬁméné
error(pl, p2, ..., pn) | EHERNTTENRBE UIBAK, EEERZOE - kT3 2064 =
ngzt YELUT pLp2,...,pn ZEEMICEEH Uck, BITA V27 25848
file(str) WBRENEDT7 7 4 V&% str TIRENBT r ANZDT 7 A VKEFET 3.
setconst(id) XEEFIES NAME O&RfREs LT id 2HET 5.
asgconst(n) FFES nORTORFHEAKRED outrf GoRTRIC—RMAAT 3. —F outrf p1%
TENB L, RARERY &Y PER3B.
% @O | lenof(str) XFEF str OXFEHREEZ 3.
strtoint(str) SCEF str ABEICERT S.
inttostr(n) BEEF — 2 n OEAZLEMNERT 3.
getc(str, n) XZF) str O nXFEEZRET 3.
® 2 FUBEREUSS—E
Table 2 Pseudo instructions for the pre-processing.
w4 b H ] =
#include file | file DAEAEZ DOBEFRIIBEET 5.
$indepelm EHP O RRFORAELRT VA7 L8 INDEPC # 1 #N&€3. £F0I35, MULEFIKONVTDSL,
Z OBl ar 4% R F OB DEHICE
$depelm YRT LER DEPC % 1€ 5. {TF0 95, findepelm 2B L -7 bDI, TOBUGELEEL
$vsrc ﬁ%%EﬁKOwT,tn%ﬁ<.ﬁﬁﬁm,@%¢®ﬁﬁ%&ﬁ®&%§?v1?A§ﬁV$mC%1$m3
fesre %%%ﬁﬁmcmf,Cnéﬁ<.E%&a@%¢mﬁi§ﬁﬁ@ﬁ%fTVX%AﬁﬁCﬁwc%1%m3
£3 R AEH—E EoTWnd, Thid, 1o0EBEEKARTHS (U
Table 3 System variables. F main EE) &, 0@ LOMIEREEITES
PN S DITEER) POoRRINS. T T main [HE

INDEPC | BP0 (Hfef5l Tz 589 %) #F
OEEKT .

PESBEBEANTIZENENHY UTREFEEFAT S
TENTERBRZG TS, HRESOMZUTRET

DEPC |ffis (BEAAITAESELEY) RFoge 2 CEWTIL. TS > THENCR UEsEE s
=T

BHAETNBHATH, ZOMWMLEEERTH—O

TERMC j@_ﬂgﬂiomﬁ?@ﬁ%ﬁ?. BT R DA SEEEZ OETOH T CEEEERT S C &

MBTEDB., Fi, HHOEBRTRBROSHFHLEZRFL

VSRCC |[EIBRPOMLEEFREORERT.

TEY, BFET7 4 VZEEEEED X D ICHRARNITE

CSRCC | EIEH DML ERFOBRERT .

EEBEOEHEENRCKRRET 5L TES.
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R(t1,12) {s1} E(t1,t2) {s1]
{ {
string str. string str:
#indepelm #indepelm
setconst (s1); #vsrc
putX(t1, INDEPC, PLUS) : setconst (s1) :

putX(t2, INDEPC, MINUS) ;

copy (str, “1/("):

add (str, NAME) ;

add(str,”)");

putYb (INDEPC, INDEPC, str) :
1

B 1 otttk

Fig. 1 The description of a resister.
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BB,
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EEthTHRIAI N ZRENEHET, HARERIRE
1048 %2 > TR1DOX S I CEEIYIRITHE
TiBIhb.

K 1icBW\T, BmEOEL A4 findepelm 2,
COEFVEEEETIHRTTHICLAERLTE
b, a5 ,sRMTREATEE TRANINIRTFO
¥AEFETYRT LEH INDEPC %# 1#n& ¢ 5 08
235, COVATFLER INDEPC 2, #0ZEFOD
AEBKHTOBELBBICHIGE LTS, HES V47
213 EFNHEBEB R THTERITTORTORS
PEAEHROBEEE, COBRLUGSREDIEL. F5
FH PLUS, MINUS i3zh<h +1, —1 £ET.
F7c, t1, 2 RCOEFsEREIND 2 DOHAEES
2FET. $i0 sl IXFFIRERTH D EEIILETF
ExEET 2 HENH FBAREICHN S,

3ETHBNB XD ICEBEBIT S cdicil, 20
[EI ORI A B TERTH X, RFTFIZ
VRIFH Ye BBVRADEEENS b V., BX
UBHRE~N7 v Is S8 REELR . 5084,
putX(tl, INDEPC, PLUS) 44 THTF X o t1
#7 INDEPC %llic +1 23, ¥ - putX(t2, INDEPC,
MINUS) 44T t2 17 INDEPC Flic —1 A SH
3. zhick »T INDEPC OEFEE % bDEHD
BT -2 BRI NTED, £ IKENDEBRO
HEAETHREFRMIT t1 25 2 KANTHNEZE
MNEFINZ. BERic putYb(INDEPC, INDEPC,
str) @49T, TFIxYxF5 Y, ® INDEPC 47

putX(t2, INDEPC, PLUS) ;
putX (t1, INDEPC, MINUS) ;
putVt (INDEPC, NAME) :
put s (INDEPC, "%") ;

)

B 2 ¥MvEERORHER
Fig. 2 The description of an independent
voltage source.
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ICRLTN3EBY, XFFIH (string B) KL%
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83D 5 BT (d) DEHDXEFF — 2 EHETF — 2
ICHIET 5. T TXFENRERRFZF L2 ETIE
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LT3,
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GetV (where, cns) {}
{
int i

if (cns!=0) {
for (i=1.i<=INDEPC:i=i+1) asgconst(i):
for (i=1:i<=DEPC;i=i+1) asgconst (i+255);

}
outrf ("Vb[L[", where, “117);

& 3 HEEERDZHADOLBSIE

Fig. 3 The expression to get a branch voltage.

GetAbsV (where, from, to) {}
{

int i,

for (i=1:i<=INDEPC; i=i+1) asgconst(i);

for (i=1.i<=DEPC:i=i+1) asgconst (i+255):
math("s = | w*);

outrf (“tmpexp = Vb[[”, where, 711 *):

outrf (“Plot [Abs[tmpexpl, fw, ”, from, ”, “, to, ) 1)

B 4 HERORESEERD ZHEOLETHE
Fig. 4 The expression to get frequency characteristics
of a branch voltage.
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Fig. 5 The flow chart of the circuit analysis.
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EEN. CCTHNEER OB O KA £y oY
n, HBBEFUAOAROEREmET S ) 6 —— Rim
& My, My, My, MaZshFhaxa, 00Y) (1000pB) T (200k Q)
nxm, mxn, mxm DKEZEHD, ¥ , 2 2
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Fig. 6 Example 1.
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HHORIKER7 7 A VZETDO X HiCIE 3,
o, E[0](.2,.1){“100"} 138545 1-2 iz

(C-REH : AR ICERSERERF

#include stdelm. h
finclude analysis.h

LtypeCR(t1, t2,n) {}
{

term 1,

if (1) {
R{&n] (t1,.1) {"100%"} ;
CL@nl (. 1,12) {"1000%0"} ;
n=n-1,
LtypeCR_(. 1,12, n) {}:

)} else {
RE@N] (£1,.1) {“100%K"} ;
crenl (. 1,t2) {"1000%p"} :
RLtm] (.1, t2) {"200%k"} ;

)

main(n) {}
{

term 2;

EL01(.2,.1){"100"}:
LtypeCR_(.1,.2.n) {};

control () {}
{
main_(3){}:
GetV_(¥R[tml,0) {};
GetAbsV_(¥R[tm], 0, 100000) {} ;
GetArgV_ (¥R[tm], 0, 100000) {] :
]

7 X6 pEEFDR
Fig. 7 The description of Fig. 6.

(EO*Rtm) / (Rtm + R1 + R2 + R3 + Cl#Rtm¥R1#xs + C1#Rtm#R2%s + C24Rtm*R2xs +
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T35, BB, BEORICE ) 4 4T - THAES
ERELTVEDRECERREBDTHE. 2hdHD
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Bl & AR A SR DTN D, BoNI RO S bk
WHEBLIC D 2 BEAE 8 1KY

ISk CoERBIOES, RURKREET3IRUA
D7 4 V2DOEATDH, main [EEFOIFHERRAERE
T HEGT RN, DK, X1 OEEEERFET
2, DoIHDTHEABTESASLDIEBL, EBOGELRE
LEBIRBTARRBSEb- e EERETEE, T
CTRETIERFHOEESHERTE 3.

4.2 RIFFI2 (BHEREOHREEREOH)

EOPOMARBOHEHR TERET 2B5DH &
LT, B9 (a)iiRENB b7 vy =4 2 BRI
REZ 3. COHEKOBERAEBEIRCE T 2RE
mEEREER(b) &85,

BRI P 5 v Y R 2OEMEKE LTRN
(e NTRINBEMEEE AV, 351K, TO%M
ERhicEET 32 ERFMERE UT CCCS) 1FE
K (d) DSERIBTERETS L L L. CORKD
EIEER7 7 4 VAR 101CRT. T DHA, main [
Bho, 5 vYR2ERT Tr MPAEBESFCHS
N, X5icEOHEEE,S CCCS ZRBELTN S
CCCS HAEBATFUHIN TN S T &R0 5.

COEBTESE vi pOHNE 28 L 2R 5
R0k ks Bk, AR(a)iKid vi oA
HELLTELABEADEY, AR(b)IKE vi &
I Re 205 & LRBADOEARLTOS, TOX
S SELT EETiE, EEHOR
FRECLicznERLEELTHRID

C2+R1%R2ks + CT*RtmR3*s + C2#Rtm#R3xs + C3+Rtm*RI*s + C24R1*R3*s + 5 Db Lz
C3*R1#R3%s + C3*R2¥R3Iks + CT+C2ARtm*RI1*R2*s"2 + C1*C2HRtmkR1*RI*s"2 + 2, BUEE LTHS OD2ER

C1+C3*Rtm*R1%#R3*s "2 + C1*C3*Rtm*kR2¥R3I*s"2 + C2xCIxRtmtR2*R3I*s"2 +

C2%C3*R1*R2*R3*s™2 + C1xC2+C3+RimtR1%R2+R3I*s"3)

8 MITHR
Fig. 8 The result.
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Ve
Q (30V)

(a) F7vYzrz2BRIBIERE
(a) The transistor amplifier.

C?_

o~ Tr

(b)  (a) DIEA AN ME

(b) The equivalent circuit of (a).

B S1 T1 C
Llo——o0
fh cCes
(1009) SZT’ 12
e
(26 Q)
E

(¢) F5vYYR2OEMER (Tr)
(c¢) The equivalent circuit of transistors.

—-1Q
$1 T

8§20 0 T2
(d) ERHEEREOFMER (CCCS)

(d) The equivalent circuit of current controlled

current sources.

B9 Mmird 2
Fig. 9 Example 2.

BMOBE LR

Rot Re2 (6kQ)
Egm (10kQ) % ﬁ
6 100k Q) -

Nov. 1994

#include stdeim. h
#include analysis.h

CCCS (t1, t2, 51, s2) ratio}
{

term 1:

int RPcount:

RipI(st,. ) {"17}:
RPcount=1INDEPC;
RImI(.1,82) ("-17);

) VCCS[0] (t2, t1, RPcount) {ratio) ;

Tr (T8, 7¢. TE) {)
{

term 2:

RIbI (TB,. 1) {71007} :
CCCS[0] (.2,7C,.1,.2) {7997}
Rlel(.2,TE) {"26"}:

} !

main{) {}
term 5,

ELITC2,.1) {"vi");
RO1IC1,.2) {"100%" ;
R[21C.1,.2) {"10%") ;
Tr{11(1,.4,.3) 1)
RIET](.3..2) {"1%"] :
RIF1(.5,.3) {"50%K"} ;
Tr[21(4,.5.21;
RIC1I (. 4,.2) {"10%") ;
, RIC2] (.5, . 2) ["6%K");

control () {}
{

main_0 {}:
Get|_(¥ELi1, 1) (}:
GetiC_(¥ELi]. ¥RIFD {}:

10 X9 oEEKOIER
Fig. 10 The description of Fig. 9.

5. & H b I

AR TREBEFRESHUEFOA4 Y V—F VDL
IIEDFE Y, CThEFHERESEOEBEALLIKC
FHRINZE D0 OHHEBEOHESEK TE TR
FHRAERRE U, AERFRICK 5 LR BHEEIRHE
BOLICEFBBOBHEHBEATI 2T, B
AARITDWTIREET Y 2 7 A SHEICE T 3.

5L, AFETRESEROHERBHISFECH LE
Flicic®d, BFET 4 V2 EBEISE D X 5 ISHRAIRY
REEESE R ORREGERSRE T 5 ERT
B3

ALBFEERENSHARKNESFRO—DT
%% Mathematica 2FIF LT, EEFHIREBICH 25
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(@ ANEE v; £RSELTHBEADER | OBFRR
(a) The resuit of input current iy considering
the input voltage v as a symbolic parameter.

~((656401033000 + 1561719%RF)*vi) /(100000 (59592003000 + 130429+RF))
(b) AHEE v LEH RF £S5 L LTHEANER i1 ORITRHE

(b) The result of input current i{ considering the input

voltage vj and the resister Rp as symbolic parameters.

K 11 [ ERARTRER 2
Fig. 11 Results,

EROEEBTE TS5 v 274 2HREL, EEOD
EBR AR UTc. 2 ORER, ELVBITERES L
e, CZTRELVEROTEFEOE AL ER

L7z,

S8%0d, [BBE OB T BRI ORI E
Ic, A% TEE L ERODBFEL AR LE
EEZAACIBRTIEAISHETAC EBMEINT
(RPN

B AMEEZED I LTEENHERAFEEE L
TR TRRETEEBRBERICER LET. TR

NEERAHET UEREOF A ICERHLET.
18, AMEO—FIL, 5 FEHER FHAE
B4 (RENAZE (A) BREES 05750374) It Xk 3.
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{48 SELI o3& (24 ¥ FXEBL)

AL/ A WN = {circuit&B) circuit®h controlip .
circuitsp = B%E BEA~v S 77 BRIk )7 (a)
control&p = “control” B~V A “{" BBMAK 7}
£ € = BAT .
A s =7 GERFEV] M U [BEFAT )
B AR = IWFREE EREE XAV .
WFREE = ["term” K& "."1 .
EWEE = [ BEREHREES | XFHREHREE )] .
XEFRERES= "string” BUFHEL ~7.”
BRBEREE = "int” BMUFBY " (b)
p&idéy ={x].
X = BT | BEX | ERITFUHELX | RAX | Bx |7
L = ifsx | if-elseX | whileX | forx . (c)
BEX = (FTRBRAEX | XFHRAEX | R EERET) 7
1THIRES = putXX | putYb3X | putVilx | putlis3 .
XFF|BYEX = addX | copyX .
MAEEBEX = math3 | outrf3X | errorxX | fileX | setconstX | asgconst3? .
BIBFUH LY = BT FAE " ([(BET—42XUI)”
T [XFER TRV}
BwERF = HBEHRAE | FERRZIT
HBHAT =77
FERBZF =" FAFEEK 1.
RAFRE = "0" BAF | $iEF .
HAX = KARK "7
AR = PRATLEH | #UF )= =& .
3¢ ="{" xX#Uv "}
if3X = (fHEEEED X .
if-elseX = [ fHEEAED XX "else” 3T .
i fHEERAR =i &R )7
whilex = whilef%3888 3C .
whi | e}EEEER = “while”” (" &#= ")
for3 = forfEmAss X .
foriZsa%R = “for”" (" ’rt)\‘t s“é#i\f TRAX )
putX3z = “putX”” (" =&~ ” ﬁ%iﬁ .
putYbx = “putYb”” (" :‘:t Y XFHT—H2 )
put!sxX = “putls”” (" K )‘C%?IJT a2 "
putVtx = "putVt”” (" &% ~ K%F‘JT 2N
addXX = "add”” (“ 1555!]% OXFR T —4 ) .
copyX = “copy”” (" WREIF " XFEHF—4H )
math3 = "math”” (" NS A—4A{U] )"
filexX ="file"" (" X=EFH 1) .
outrfxx = "outr " (" [NTA—RFV] )"
errorxX = "error”’ (" [IRSA—=R#UV] ")~
asgeonst3XX = "asgeonst”” (" & )" .
setconstX = "setconst”” (" BAF )"
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HATFEY
BHT—2UAY
XFEHF—F BV
R A—FHY

{ #SU?
{3t "7 .
{( XFHTF—5 l ﬁﬂ%?)
[(x=57—4% | %) 7

) BATF

RIEEBOEFNERLZOESHIT~ORA
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“}  XFHT—% | HRETF ) .
“) ( XFFT— 4 ).

E-Ji50 ={nﬁfi“t(&ll)]§ﬁig'z't.
wER =7(" ®HERK )" RER | KX BHRRET X .
MFRET = M=t
= = B | mEEET EHst ) .
B = BF | ZRRET BAF ] .
3R =["-"1 BF "R
S5F = ¥iET—42 | lenofF | strtcintDF | £F4 .
FEREAT = "%/
HnEUEEF = "+"l"-" .
AT LER = “|NDEPC” | "DEPC” | “TERMC” | “"VSRCC” | “CSRCC".
XEHF—4 = HWUTF | XFEH | NAME"| |nttostr6}:!L | gete™E .
i T—4 = BRF | SRFLEH | HKiE |77 iE . (d)
REEH = “PLUS” | “MINUS”
lenof%F = "lenof”” (" XFHT—%2 ).
strtoint4F = “strtoint”™” (" XFHT—42 )7
inttostro+ = “inttostr”” (" =& ")".
getehnF = "getc” (" BWAF .7 X )"
¥4 = { Bifug ] .
BER = "¥" ﬁﬁﬂ? 3F-’§H§5ﬁi$ .
XF5 =" BXF Y
BXE5| = {( FEOXF | SI 1 )]
T 5 = [{ ®&F | %) ](9&%[%&%)
S| $EEEGE =% (WK u e )
R = % (((HEF | #¥)) .
HiE = {%=F] #&F .
o N A AL A A A A
pol = e 1 e 1 e R
I'mll I "nll I lloll I Ilpl/ l Ilql! l Ilrll I IISI/ l ”t” I llull ! I/v// [ /Iwﬂ I //Xll !
1 A B e D R R
KL W N0 [P0 RS T v
WX T
EBNF (/v HR - FTOT75E) ORE L
A 2EE E ok
= EE
| IR
SO RLY
(X1 ZFERIFX
x} CEUEDXDZYIEL
(XIY) FI—Tk, XELLIEY
“XY” IR EXY

(EBZ 6 4= 1 7 26 HEZAH>
(ERk 6 £ 7 B 14 HERR)



