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Linguistic Descriptions Suitable for the Symbolic Circuit
Analysis of Digital Circuits

KAZUNORI SUGAHARA,! KELJT HAYASHIBARA'Y
and RYosUKE KONISHIt

In this paper, a linguistic description of digital circuits suitable for the symbolic circuit
analysis and a processing system for it are proposed. By the proposed method, it is possi-
ble to describe a digital circuit as a linguistic form and the whole circuit is dealt as a main
routine of the ordinal procedural languages and sub-circuits as sub routines. Nodes in the sub-
circuits can be managed automatically by the analyzing system without users’ management.
The proposed descriptions are also effective for time domain simulations of adaptive signal
processing circuits because the system is designed to manage multiplier coefficients of each
circuit independently. Effective descriptions are also possible for the circuits which have the
regular structure because the conditional branch instructions and the repeat instructions and
the recursive calls of sub routines are prepared. The compiler-interpreter method is adopted
for the basic construction of the proposed system, and yacc/lex is used to develop the system.
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Flow chart of the proposed system.
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1:circuit()

{

: setten=2;

: int i=1;

: string s[10];

strcpy(s, strcat("a", itoa(i)));
multi(1,2,s);

:}

analysis()

-
O WOO~N®UHWN
-~

11: index s;

12: s=transf(1,2);
13: show(s){

14: type:expression;
15: }

16:}

H2 120FEHEH,ORLEBORE
Fig.2 Linguistic description of a circuit which contains
only one multiplier.

F1 ARSIhHEI—F
Table 1 Generated intermediate code.

line | intermediate code | subcodel | subcode2
0 OP_CIRCUIT 0 0
1 OP_SETTEN 2 0
2 OP_INT 8 0
3 OP_PSHN 1 0
4 OP_POP 8 1
5 OP_STRING 10 10
6 OP_PSHS 12 1
7 OP_PSHS 14 0
8 OP_PSHI 16 0
9 OP_STROPE 0 3
10 OP_STROPE 0 2
11 OP_STROPE 0 -1
16 OP_END 0 0
17 OP_ANALYSIS 20 0
18 OP.INDEX 29 0
28 OP_END 0 0

F2 HERINCESEHER ()
Table 2 Generated intermediate code.

47 | name | type data
1 i Int_Var 1
2 s String_Array
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Fig.3 Strings spool area.
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Fig.4 Operation of the stack area.
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Table 3 Command.
WAOWEE | &F LI
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BEEMT B,
delay(t1,t2) ADHEA 1, HOEEIt2 THEEERERT.
adder(t1,t2,t3) ATIEEA L, 62, HOHAN 3 THOMBERERT.
sub(t1,t2,t3) AIHEA L, t2, HAWEI 3 THLRBERERT.
sin(t1,t2), cos(t1,t2) I EA ], MOFHEN 2 THAERD L VERUETRERERT.
inverse(t1,t2) EHEHEA 2 CADEEL t1 OFERDNTLIETERT.
cemulti(t1,t2,£3,5tr,a/1) AABEA 11, HAEED 2, BB TS str THEUERFBLRT. H
{fnum} t3 & BRI str DRIRAT 247, a/r 12 &) adjust, replace 17 7.
sep(t1,t2) WEe oML CADEEE 1, MOHAZ 2107 5.
sigmulti(t1,t2,t3) AT EA 1, t2, HAEE 3 OBFRLOREHREERT.
RIS timesim(timel,time2) %% timesim_option % ZRMIC AN, K timel 25 time2 |20V THRMFIRTD
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term t or t[num)] WAt 323 tnum]) xEST 5. G5 SNHisldY A7 A0EHTY 5.
index id R ANBZERIdEEET 5.
AL var = stmt MBI E X stmt DA EARZ E K var KHAAT 5.
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(b) Unknown sub-circuit.
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(c) LMS sub-circuit.
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(e) funcl sub (f) func2 sub circuit

circuit.

5 @ (LMS #E 50 mk)
Fig.5 Example.

TET term BOEF t TRENTWA. K5 IR
L72 & 9122 @ Unknown 37 EIHE X 2 2O Trans
HoyEE»L %Y, 1747825 2047 TLOKTA
BMRLXICEVEERENRTWS, 1817H T Trans
OB ORE IR T IR & ) K

1:circuit()
2:9{
3: setten=4;
4: float fnum[3]={1.0, 2.0, 3.0};
5: Unknown(1,2,fnum);
6: LMS(1,3,4);
7: sub(2,3,4);
8:}
9:Unknown(term in,term out
,float fnumi[])
10:4{
11: term t[6];
12: string s[10];
13: int i;
14: sep(in,t[0]);
15: sep(t[5],o0ut);
16: multi(t[0],t[1],"b0"){fnumi[0]};
17: for(i=1; i<=2; i++){
18: strcat(strcpy(s, "b"), itoa(i));
19: Trans(t[2%i-2],t[2*i-1],t[2*i]
,t[2%i+1] ,s,fnumi[i]);
20: }
21:}
22:Trans(term ini,term in2,term outl
,term out2,string si[],float f)
23:{
24: term t;
25: delay(ini,outl);
26: multi(outl,t,s1){f};
27: adder(in2,t,out2);
28:}
29:LMS{term in,term out,term error)
30:4{
31: term t[7];
32: string s[10] = "a0";
33: int n;
34: sep(t[6],out);
35: funci(in,t[0],t[1],t[4],s);
36: for(n=1; n<=2; n++){
37: strcpy(s,strcat("a",itoa(n)));
38: func2(t[n],t[n+3],t[0],t[n+1]

,t[n+4],8);
39: }
40: multi(error,t[0],"myu"){0.01};
41:}

42:funci(term in,term error,term outil
,term out2,string si[])

43:4{

44: term t;

45: sep(in,outl);

46: sigmulti(in,error,t);

47: ccmulti(in,out2,t,s1,a){0.1};

48:}

49:func2(term ini,term in2,term error
,term outl,term out2,string si[])

50:9{

51: term t1,t2;

52: delay(ini,tl);

53: funci(tl,error,outl,t2,sl1);

54: adder(in2,t2,out2);

55:}

e REHEZICLZE1 O (EHERES)
Fig.6 Linguistic description of Fig.1 by using proposed
method.
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56:analysis()

57:{

58: index t1,t2;

59: t1 = transf(1,2);
60: tf_resulti(tl);
61: tf_result2(tl);
62:

63: sensitiv(tl);

64:

65: amplitude_res(tl);
66:

67: t2 = Ims_ts1();
68: lms_result1(t2);
69: Ims_result2(t2);

71: t2 = lms_ts2(Q);
72: Ims_result1(t2);
73:}
74:tf_resulti(index t)

{
76: show(t){
77: type : expression;
78: symbol : "bO","b1","b2";
79: }
80:}
81:tf_result2(index t)

{
83: show(t){
84: type : expression;
85: symbol : "bl";
86: numerical : '"bO","b2";
87: }
88:}
89:sensitiv(index t)

91: index s1, s2, s3, s4;
92: s1 = amplitude(t);

93: s2 = dif(s1l, "b2");

94: substitution(s3, "b2");
95: s4 = s2x(s3/sl);

96: sensi_result(s4);

97:}

98:sensi_result(index t)

{
100: show(t){
101: type : expression;
102: };

B7 REFFECLHELORB (BHPEH)
Fig.7 Linguistic description of Fig.1 by using proposed
method.
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104:amplitude_res(index t)
105:{

106: index ti;

107: t = amp_res(t);

108: show(t1){

109: axislabel : "w'", "|H|";
110: }

111:}

112:1ms_ts1()

113:{

114: index t1;

115: t1 = timesim(0,700){
116: signalin(1,"Random([]");
117: probe(4);

118: }

119: return(tl);

120:}

121:1ms_ts2()

122:4{

123: index t1;

124: t1 = timesim(0,700){
126: signalin(1,"Random[]");
126: round_fix(8,5);

127: probe(4);

128: }

129: return(ti);

130:}

131:1ms_resulti(index t)

132:{

133: show(t){

134: h_axis : 0, 700;

1356: v_axis : 0.0, 5.0;

136: axislabel : "t", "|node4l|";
137: }

138:}

139:1ms_result2(index t)

140:{

141: show(t){

142: h_axis : 500, 600;

143: v_axis : 0.0, 1.0;

144: axislabel : "t", "|node4|";
145: }

146:}

H8 REHFECLDE 1 OB (BHPWEHE)
Fig.8 Linguistic description of Fig.1 by using proposed
method.
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1: b2 b1
2:{b0 + -- + --}
3: 2 z
4: z
5: 3 bl
6:{1. + -— + --}
7: 2 4
8: z
9: b2 (b2 + bl Cos[w]
+ b0 Cos[2 w])
10:{~m-—mmmmmm e e }
11: 2 2 2

12: DO + bl + b2 + 2 bl (b0 + b2)
Cosfw] + 2 b0 b2 Cos[2 w]

o MR
Fig.9 Results.
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Fig.10 Example2.
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Fig.11 Example3.

{noaes |

520 540 560 580 600t
12 @64 (10110 500-600 HOILKER)
Fig.12 Exampled.
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Fig.13 Example5.
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