454

O00oOo0ooOoo 160 60 A0O2001 00O

Technical Papers /

Oo0O0oooobesGhoooooooon

A Logic Grammar Called Extended DCSG and Its Application to

Circuit Understanding

gd od oooooo

Takushi Tanaka

Dept. of Computer Science and Engineering, Fukuoka Institute of Technology

tanaka@fit.ac.jp, http://www.fit.ac.jp/ tanaka/

keywords: logic programming, circuit grammar, understanding circuits, knowledge representation, generating

sentences

Summary

First, we develop a type of logic grammar called Extended DCSG. This logic grammar not only
defines the syntactic structures of free-word-order languages but also defines relationships between syntactic
structures and their meanings. Next, we view electronic circuits as a free-word-order language, and write an
Extended DCSG grammar for this language. Relationships between circuit structures and their functions
are defined as grammar rules. The Extended DCSG grammar rules are converted into a logic program
that parses electronic circuits and derives their functions and behaviors as meanings. These functions and
behaviors are finally translated into natural language for explanation.
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tj(common_mode_gain(X),[X,00000]).
tj(current_gain(X),[X,00000)).
tj(voltage_gain(X),[X,00000])).

tj(input_impedance(X),[X,0000000000]).
tj(output_impedance(X),[X,0000000000)).

load_impedance(X),[X,0000000000)).
dif ference(X Y),[X,0,Y,00)).
pj(high(X),[X,0,00]).
pillow(X),[X,0,00]),
pilamplify(X,Y),[X,0,Y,00000]).

pi(

pi(

t(
t5(

control(X,Y),[X,0,Y,00000)).
mput(X,Y),[X,0,Y,000000)).
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pjloutput(X,Y),[X,0,Y,00000]).
pj(supress(X,Y),[X,0,Y,00000]).
pj(double(X,Y),[X,0,Y,0 20000)).
pj(cause(C,E),[C,0,E,000000])).
pj(enable(X,Y),[X,0,Y,000000)).
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Oo000opooooooooogo besGuooood
0000D0O000oood PrologOOOOOooOoQ
0000000O000DO0O0OOO0OOoOoOOo (20000
0000000 XO00OO0OO edd2000000000
0000 YOoooooooooooooooooooo
gooogod

0000000000 (21)DooooOoobDoOooo
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gogboboobooboooboobbobobooobo
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O [Tanaka 93]0

00YOO0OD1030000000000000 (200
00)000000O00000D0O000 (boboooo
0)00000000000000000000000
gbooboobobooboboboboobooboooo

? — ed42(Circuit),
ss(X, Circuit, [ ],[1,Y). (20)

X = opAmp(opAmp(
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sdAmp(ecup(ql,q2),
al(pdtr(g8),q7),
sink(vreg(dtr(g4),rl
pnpCE(q9
sink(vreg(dtr(q4),r1),¢5)),
npnEF (¢6,72)),
3,4,9,2,1) (21)

),43)),

Y = [input(opAmyp(...),voltage(3,4)),
output(opAmp(...),voltage(9,1)),
cause(voltage(3,4),voltage(9,1)),
enable(sdAmp(...),

amplify(opAmp(...),dif ferential inputs)),
enable(pnpCE(...),

high(voltage_gain(opAmp(...)))),
enable(npnEF(...),

low(output_impedance(opAmp(...)))),
input(npnEF(...),voltage(8,1)),
output(npnEF (...),voltage(9,1)),
cause(voltage(8,1),voltage(9,1)),
high(input impedance(npnEF(...))),

(),

low(output_impedance(npnEF
equ(voltage_gain(npnEF(...)),1),
cause(voltage(9,1), current(9,72)),
cause(current(9,r2),voltage(9,1)),
state(q6, active),
gt(voltage(2,9),vst),
equ(voltage(8,9),vbe),
gt(current(8,¢6),0),
gt(current(2,¢6),0),
cause(voltage(8,9), current(8,46)),

] (22)
6. 0000000000
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tj0(dtr(Q),]Q,00D000000]).
tj0(ecup(@Q1,Q2),[Q1,0,Q2,000000000)).
tjO(vreg(D,R),[D,0,R,000000000000]).
tjo(sink(VR,Q),[VR,0,Q,000000000)).
tj0(al(D,Q),[D,0,Q,000000000000)).
tj0(sdAmp(EC,AL,CS),
[EC,0,AL;)D’,CS,000000000]).
tj0(pnpCE(Q,CS),
[@,0,cs,00000000000]).
O EF(Q, R),
[Q,0,R,00000000000D0)).
tj0(opAmp(DA,CE,EF),
[DA,0,CE;0’,EF,
doooooooooooooal).
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000000000000 al(dtr(g8),q7) 00q8 00
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tjil(vreg(dtr(Q)),-),[Q,0000000DOOO)).
tjl(sink(-,Q),[Q,00000000)).
tj1(al(,Q),[Q,000000O00DO]).
1 (sdAmp(ecup(Q1,Q2), ),
[Q1,0,Q2,000000000)).
tj1(pnpCE(Q,.),[Q,00000000]).
tjl(npnEF(Q,-),[Q,000000000]).
tj1(opAmp(sd Amp(ecup(Q1,Q2), ), ),
[Q1,0,Q2,00000000000000]).



O00ooOoOoo besGoooooooooo

cobooooooocooboooOooOoooobooon
uobboooboocooooooooocoobooooonon
0000000O00O0o0OoUoOOOUOOUOOoUD (Do
00000)0000000000000000000
goooooooooooboooboOoooboooooDo
goboOooooooooooobooooboooooDo
ubobObooobooooooooooooobooOooonon
ooboboooboooooboooobooooboobooDnon
ooboocoooOooooOoooOoOoooOoobooOooonn
gobooobooooooooobooooboooooDo
gobooooon

G612 OO0O0OO0O0OOO

00000000 (22)00000000OODOoOD
gogboooobooboobobooboobobooobo
oooo0 pp000Db0O0O0ODbObO0O0ObObObOooooog
oo0¢ooOD0o00O000ooooooooooDooon
ooooooDooO ¢ OoCoo0o0oooooooooon
goboooOoOoooocOo0pjOOO0OO0OOOOOOn
0000000000000 O0O0OOooDOoOoooo(@m)
gbobobooboboboobobobobobooobo
gogoobooboooo.o

000 (22)000000000000O 3000000
goooboooboobbooobboooboooobo
goobooboboooobooboobooboboooo
oooobobobobobooobooboooooo.o
goobooboooooooboobooboboboooo
gogboboobooboobobooboobbooobo
gboboboobooobgobooobooboobbooboo

gob0o0obObO0o0bO0o0obOooooboOo yyloboooo

O 0000000000 00DOO000DO0O000OO00O0
uboboobooooOoooooOooooooobooOooonon
gooooo

gooooooOobooooooo3g40o0ooooo
ooo.

ocoooooooooooooos9nlooooooo
oo.

OO0 30400000009010000000000.

gobooboobobuoobboboboobbooobo
goboooooboooo.
gobooboobobuooboooboobobooobo
goobobobooo.
ooooooooooboobooboboboboooo
goobobobooooooooo.
oooo0oooooooo8gliooooooooog.
oo00o0o0ooooooooYyylooooooooo.

oo0osOl10O0bOobOob9C0l1obooooooooD.

coooooooocoobooooboooooon.
coooooooocoobooooboooooon.

463

ocoooooooooooooo1oooo.
cooo9olooooooo900Ox200000000
oo.
ooo90o0or2000000090100000000
oo.
Og6O00D0000DDO.
oo0O209000000000000000000.
ooo8oYooooooooooooooooooo
a.
ooog8bbOgsO0OOOoOOOODO.
ooO0o200¢600000O0000DO.
ooos8o9oooooD 8OO eenonooOon
goo.
ooo0O8O00qeO0O0CCODODO 2009600000
goooo.
coooooooboooobooooboooooo.
oooooooobobo 9ooooebbO0OODObOOOn
0.
ooobooooobooosol1oooogoooog.
Og90O000 60000000 S8O1IO000000O0O
oo.
coooooooboooobooooboooooo.
oooooooobooooobobooooobooooo.
ooooooooooooboooo.
oooboooooboo g8 ghonobooooDog.
Ogh0ODOooonDO.

7. 0O O 0O O

Ooo0ooDbCSGoOoOOoOooooooooooog
boboooboooooooooobooooobooOooonon
uboboooooooooooooboOoocOooobooOooonon
goboooooooooooooboooooOoooDo
gobooooooooooooobooooboooooDo
00000000000 ooOo bCSGoUoooooo
gobooooboooooboogooooooon

OO0 DCSGUOOUOOOOOUOOoOOoOoooooo
gopbooooooooooooobooooooOoooDo
obooooOooooooooobooOoOoobooOooonon
OoooooOoOooOOoOOO0O0OO0O0O0O0OO0OO DCSG OO
uobooooocoooooooooooobooOooonon
oobooooooooooooobooOobocOooobooOooonon
gopoooo

coboooooooooboocoooooobooon
gopboooboooooooooobooooobooOoooDo
goooooooboboDboDbDoOooDDbObobobobooo
gobooobooooooooobooooooooDo
gobooobooooooooooboooooooooDo
uobboooboooooooooooooobooOooonon
uobboooboooooooooooooobooOooonon



464

000000000O00O0O0oDOooOoD [Dooo 99
(3,40))0
SPICE[Tuinenga 83| D0 000000000 DOOO
gobooboboobbobbooboooboooobooo
gobooobooobobuobbooboobbooooboo
goboooobboobobooobbooobooooboo
gboooooooboobooboboboooooogooo
gooooboooooboooboboobboooooboobo
gbooboooooboobooboboboooooogooo
gobobooobooobboobbuooobboooobo
gobooboobbobboobooobooboo
goboobboooboobooboobooboboooboo
gopboobooobobuobboobooooboooboo
gbooooooboobooboboboooooogooo
oboooo
goobobooooboobooboobobooooo
gobooboobobuobboobooobooboo
oo00O0oooooDCSGUOOoOOOOOooOooon
00000000000 [Tanaka 96000 DCSG OO
oboooooooboobooboboboooooogooo
oboboooobooooooobooobooooon
goboooboboooboooboboooboooo
goboobooobobuobboobooobooobooo
gopboooboobobuobbooboooboooboo
gopbooobooobobuobboobooobooboo
gopboobooobobuobobooboooobooboo
gbooooooboobobobobooooooooo
gbooooooboobooboooboooooogooo
obooooooo
gogbooobobuooboooboobbooboon
gopboobooobobuobboobooooboooboo
gopboooboobobooobooboboooboo
O cpUDOSOOOOOOOOOOOODOOOOOOO
gooooboooooboooboboobooobooobo
000000000O0DOO0OO0O00O0000D0O Linux
goboobooobbuobbooboooboobooo
goboobooobobuobbooboooboobooo
goooooo

0000 —OoSOooooooooooag
goooooooon
0S — Linux; BSD; WinMe; Win2kO
00 —O00000oooooocPUO
00000 oO0OoooLANOOOO
oooooooocpboooodo
FDOoOOoOooo

—0 0O o O

O00oOo0ooOoo 160 60 A0O2001 00O

O 0

0O0D0O0O000 Minerva, Bin-Prolog, GNU-Prolog
0000000000 0DCSG-Converter0 OO OO0
O IF-Computer O O Oskar Bartenstein 0 00 00O O
O000GNU-PrologOD 000000000 OOOOO
0000000000000 00oo0o0o0oooooooo
000000 (00 COD 08680418) 00O DO

So o o oo

[IC 76] 101 Analog IC Designs, Interdesign Inc., Sunnyvale,
CA (1976).

[Matsumoto 83] Matsumoto, Y.,et al.: A Bottom-Up Parser
Embedded in Prolog, New Generation Computing, Vol.1,
No.2, pp.145-158 (1983).

[00 81 UDO0OO0O0OD:000000,0000 (1981).

[Pereira 80] Pereira, F. and Warren, D.: Definite Clause
Grammars for Language Analysis, Artificial Intell., Vol. 13,
pp. 231-278 (1980).

D000 99 0000 (UO0): 000000 -0D00o0o0— O
ooooooo (1999).

(0000 87 0O0OO0OO:0000000000O0 DCSGOoOO,
00o00ooooo, Vol.2g, No.10, pp. 1013-1020 (1987).
[Tanaka 91] Tanaka, T.: Definite Clause Set Grammars: A
Formalism for Problem Solving, J. Logic Programming,

Vol. 10, No. 1, pp. 1-17 (1991).

[Tanaka 93] Tanaka, T.: Parsing Circuit Topology in A Logic
Grammar, IEEE-Trans. Knowledge and Data Eng., Vol. 5,
No. 2, pp. 225-239 (1993).

[Tanaka 96] Tanaka, T.. DCSG: A Logic Grammar for
Knowledge Representation of Hierarchically Organized Ob-
jects, in Tanaka,T., Ohsuga,S., Ali,M.(eds.) Industrial and
Engineering Applications of Artificial Intelligence and Ez-
pert Systems, Gordon and Breach Pub., pp.35-42 (1996).

[Tanaka 99] Tanaka, T. and Bartenstein, O.: DCSG-
Converters in Yacc/Lex and Prolog, Proc. 12th Interna-
tional Conference on Applications of Prolog, pp. 44-49
(1999).

[Tuinenga 88] Tuinenga, P.W.: SPICE — A Guide to Circuit
Simulation € Analysis Using PSpice, Prentice-Hall (1988).

gogoobooboooon

20000 120 180 OO

o0 0moooo

1967 0000000000 0D000O0019720000
0000000O000o0000O00O0Oo197700000
000000000000000 198800000000
000 (000D00)01982-830 YaleOODOODOO
000000D000000001995-96 0 ISAIDDOO
00000000000b00o0o00o0O0ooOooOoOooonDo
AAAIDIEEE-CSOISAIDAIUEO 0000

=
37
L4



