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ABSTRACT 

We have d e v e l o p e d r e p r e s e n t a t i o n s and 
a n a l y s i s methods f o r e l e c t r i c a l c i r c u i t s i n a 
d e d u c t i v e sys tem c a l l e d DUCK.** C i r c u i t s a re 
r e p r e s e n t e d a s c o n j u n c t i o n s o f l o g i c a l p r e d i c a t e s . 
C i r c u i t a n a l y s i s i s done a s a n i t e r a t i o n o f p r o o f s 
w h i c h d e t e r m i n e the b a s i c s t r u c t u r e s i n t h e 
c i r c u i t . E l e c t r i c a l c o n s t r a i n t s f o r t h e c i r c u i t 
a re p roduced f r o m t h e r e s u l t s o f t h e p r o o f s . The 
c o n s t r a i n t s a re t h e n s o l v e d u s i n g p r o p a g a t i o n 
methods . 

1 INTRODUCTION 

When a n e x p e r t f i r s t l o o k s a t a c i r c u i t 
s c h e m a t i c , h e t r i e s t o p a r t i t i o n t h e c i r c u i t i n t o 
f a m i l i a r s u b - c i r c u i t s w i t h known g o a l s . H e t h e n 
t r i e s t o p u r s u e t h e c a u s a l i t y o f e l e c t r i c a l e v e n t s 
t h r o u g h t h o s e s u b - c i r c u i t s t o d e t e r m i n e i f and how 
i t a c h i e v e s t h e o v e r a l l g o a l o f t h e c i r c u i t . T h i s 
i s based o n h i s a s s u m p t i o n t h a t eve ry e l e c t r o n i c 
c i r c u i t i s d e s i g n e d a s a g o a l o r i e n t e d c o m p o s i t i o n 
o f b a s i c c i r c u i t s w i t h known g o a l s . Even i n t h e 
a n a l y s i s o f a n e l e c t r i c a l c i r c u i t w i t h a n unknown 
g o a l , a l t h o u g h we c o u l d p e r f o r m a f o r m a l n u m e r i c a l 
a n a l y s i s o f t h e f u l l c i r c u i t e q u a t i o n s , w e t r y t o 
d i s c o v e r s p e c i f i c s u b - s t r u c t u r e s , such a s s e r i e s 
o r p a r a l l e l c i r c u i t s , i n o r d e r t o r e w r i t e t h e 
c i r c u i t i n t o a s i m p l e r o n e . In many cases we can 
a n a l y z e c i r c u i t s w i t h o u t f o r m a l n u m e r i c a l a n a l y s i s . 

Us ing a d e d u c t i v e s y s t e m , we have imp lemented 
t h e p r o c e s s w h i c h d e t e r m i n e s t h e s e s p e c i f i c 
s t r u c t u r e s i n a c i r c u i t . C i r c u i t e l e m e n t s and 
d e v i c e s a r e r e p r e s e n t e d a s l o g i c a l p r e d i c a t e s 
w h i c h have e lemen t names and c o n n e c t i n g nodes as 
t e r m s . A c i r c u i t i s r e p r e s e n t e d as a c o n j u n c t i o n 
o f p r o p o s i t i o n s w h i c h r e p r e s e n t each e l e c t r i c a l 
e l emen t o r d e v i c e . The p r o c e s s o f d e t e r m i n i n g a 
s p e c i f i c s t r u c t u r e i n t h e o b j e c t c i r c u i t i s 
r e a l i z e d as a p r o o f o f a p r e d i c a t e bound by 
e x i s t e n t i a l q u a n t i f i e r s r e p r e s e n t i n g t h e e x i s t e n c e 
o f t h e s p e c i f i c s t r u c t u r e . S i n c e t h e t r a n s 
f o r m a t i o n o f a c i r c u i t i n t o a n e q u i v a l e n t one 
i n v o l v e s c h a n g i n g t h e ax ioms w h i c h r e p r e s e n t t h e 

* p r e s e n t a d d r e s s 
* * DUCK is a s e t o f LISP r o u t i n e s w h i c h imp lemen t 

a r e l a t i o n a l d a t a b a s e s i m i l a r t o t h o s e f o u n d 
in A I l anguage such as PLANNER and P r o l o g . [ 8 ] 

ob ject c i r c u i t , i t is executed as a meta procedure 
outs ide of the deduct ive system. I f a s p e c i f i c 
s t ruc tu re i s found in the ob jec t c i r c u i t , l o c a l 
e l e c t r i c a l cons t ra in t s fo r the spec i f i c s t ruc tu re 
are t rans la ted i n t o g loba l cons t ra in t s on the 
ob jec t c i r c u i t using the r esu l t s of the p roo f . 
The cons t ra in t s are solved by means of propagat ion 
methods. [12] 

II REPRESENTATION OF CIRCUITS 

A. Predicates for elements and c i r c u i t s 

The c i r c u i t CA12 of Figure 1 is represented 
as fo l lows (1) in the DUCK system. [8] The 
p ropos i t i on "(TERMINAL Tl #1)" s ta tes tha t Tl is a 
te rmina l at node # 1 . The p ropos i t i on "(RESISTOR Rl 
#1 #2)" s ta tes Rl is a r e s i s t o r connecting node #1 
and node #2. The node order is important for 
elements or devices which have p o l a r i t y , such as 
d iodes. So we def ine the pred icate "DIODE" such 
tha t "(DIODE Dl #2 #3)" s ta tes Dl is a diode w i th 
the cathode connected to node #2 and the anode to 
node #3. Now we can a lso def ine the pred ica te 
"TRANSISTOR" l i k e "DIODE". "CA12" is a pred ica te 
w i thout arguments. "(CA12)" as a p r o p o s i t i o n a l 
constant s ta tes tha t there is a c i r c u i t c a l l e d 
CA12. " - > " is the forward chaining symbol. I t 
means l o g i c a l i m p l i c a t i o n , but p rocedura l l y , i t 
means t ha t when " (CA12)" is added to the database 
of axioms, then "(TERMINAL Tl #1 ) " , "(TERMINAL T2 
#2 ) " , . . . , "(DIODE Dl #2 #3)" are to be asserted 
(added to the database) immediately. [ 8 ] , [9] 
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B . Ru les f o r n o n - p o l a r e l emen ts III FINDING A SPECIFIC STRUCTURE IN A CIRCUIT 

C. P r e d i c a t e s f o r a b s t r a c t e l e m e n t s 

We can def ine pred icates for abst rac t 
elements from atomic formulae represent ing c i r c u i t 
elements and devices using l o g i c a l connectives and 
q u a n t i f i e r s . These pred icates correspond to the 
conceptual h ierarchy of c i r c u i t elements and 
devices. F i r s t we w i l l def ine the pred ica te "Z-
ELEMENT", so tha t we can c a l l r e s i s t o r s , capac i 
t o r s , and inductors impedance elements (3 ) . The 
backward chain ing symbol " < - " is used ins ted of 
the forward chain ing symbol. I t a lso means l o g i c a l 
i m p l i c a t i o n , but d i f f e r s proceduraly from forward 
cha in ing . The ru le (3) is appl ied when the system 
t r i e s to prove "(Z-ELEMENT Dl #2 #3)" correspond
ing to the quest ion "Does there e x i s t Dl an imped
ance element connecting node #2 and #3?". In order 
to prove the p r o p o s i t i o n , the system t r i e s to 
prove e i t he r "(RESISTOR Dl #2 #3)" or "(CAPACITOR 
Dl #2 #3)" or "(INDUCTOR Dl #2 #3 ) " . We can a lso 
def ine predicates such as "ACTIVE-ELEMENT", "LINE
AR-ELEMENT", . . . , "ANY-ELEMENT" so that we can 
refer to these classes of elements and dev ices. 

D. Predicates for c i r c u i t i d e n t i f i c a t i o n 

In order to decide which kind of ana lys is can 
apply to the ob ject c i r c u i t , several pred icates 
fo r c i r c u i t i d e n t i f i c a t i o n are de f i ned . They iden
t i f y the g loba l p roper t ies o f the ob jec t c i r c u i t . 
By proving the p ropos i t i on "(EXIST(X #A)(TERMINAL 
X #A) ) " , we can decide whether the ob jec t c i r c u i t 
is an open c i r c u i t w i th terminals which are con
nected to other c i r c u i t s or no t . So we can def ine 
the pred icate "OPEN-CIRCUIT" as fo l lows (4 ) . 

"IMPEDANCE-CIRCUIT" ( s e c t i o n IV ) is def ined 
to prove tha t a l l the elements in the c i r c u i t 
are impedance elements. Predicates such as "TWO-
TERMINAL-CIRCUIT" which count the number of t e r m i 
nals are def ined using the b u i l t - i n predicate 
"TOTAL" (sect ion I I I ) . 

A . R e p r e s e n t a t i o n o f a s p e c i f i c s t r u c t u r e 

L e t u s c o n s i d e r t h e s l i g h t l y more c o m p l i c a t e d 
c i r c u i t CA39 i n F i g u r e 2 . I n o r d e r t o show t h e 
e x i s t e n c e o f a s e r i e s c i r c u i t , w e a t t e m p t t o p r o v e 
t h e f o l l o w i n g f o r m u l a : 

(EXIST(X Y #A #B #C)(AND(RESISTOR X #A #B) 
(RESISTOR Y #B #C) ) ) — ( 5 ) 

When " (CA39)" is a s s e r t e d , p r o p o s i t i o n (5) 
becomes t r u e , because we can s u b s t i t u t e c o n s t a n t s 
(R l R2 #1 #2 #3) i n t o v a r i a b l e s (X Y #A #B #C) r e 
s p e c t i v e l y , c o r r e s p o n d i n g t o t h e a c t u a l e x i s t e n c e 
o f a s e r i e s c i r c u i t i n CA39. But we can a l s o s u b 
s t i t u t e c o n s t a n t s (R l Rl #1 #2 #1) or (R l R3 #2 #1 
#3) t o t h e v a r i a b l e s w h i c h d o n o t c o r r e s p o n d t o 
s e r i e s c i r c u i t s . I n o r d e r t o r e j e c t t h e fo rmer 
i n c o r r e c t s u b s t i t u t i o n , t he p r e d i c a t e "(NOT(= #A 
#C) " i s added t o ( 5 ) . 

R e j e c t i o n o f t h e l a t t e r i n c o r r e c t s u b s t i t u 
t i o n i s r a t h e r d i f f i c u l t . A s e r i e s c i r c u i t demands 
t h a t t h e c e n t r a l node "#B" i n (5) s h o u l d no t be 
c o n n e c t e d t o e l emen ts o t h e r t h a n t h o s e i n t h e 
f o r m u l a . I n o r d e r t o r e p r e s e n t t h i s c o n s t r a i n t t h e 
p r e d i c a t e s "DEGREE" and "CONNECTED" a r e i n t r o d u c e d . 

F i g u r e 2 : C i r c u i t CA39 F i g u r e 3 : R-SERIES 

B. Rules for node degree 

We w i l l use the backward chain ing ru le "CON
NECTED" to enumerate the te rm ina ls , impedance 
elements and diodes X connected to node #A. 

The pred icate "DEGREE" has two arguments. It 
becomes t rue if the f i r s t one is a node and the 
second one is i t s degree in the object c i r c u i t 
represented in the database of axioms. "LEGREE" is 
def ined as fo l l ows using "CONNECTED" and "TOTAL". 

(RULE CT-STRUCTURE-DEGREE 
(DEGREE ?#A ?#DEG) <-

(TOTAL ?#DEG 1(CONNECTED ?X ?#A))) - (7 ) 

"TOTAL" is a spec ia l b u i l t - i n pred ica te which 
s ta tes tha t the f i r s t term is a sum of the second 
term according to a l l known instances of the t h i r d 
term. Now we can def ine the pred ica te "R-SERIES" 
which s ta tes the existence of a s e r i e s - r e s i s t o r 
c i r c u i t i n the ob jec t c i r c u i t as f o l l o w s . 

(RULE CT-IDENTIFIER-OPEN-CIRCUIT 
(OPEN-CIRCUIT) <- (TERMINAL ?X ?#A)) "(4) 
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C i r c u i t s t r u c t u r e s f o r A C - a n a l y s i s 

We can d e f i n e p r e d i c a t e s f o r a schema t i c AC-
a n a l y s i s u s i n g s e r i e s , p a r a l l e l , s t a r , and d e l t a 
c i r c u i t t r a n s f o r m a t i o n s . The p r e d i c a t e "Z-SERIES" 
f o r a s e r i e s c i r c u i t o f impedance e l e m e n t s i s 
d e f i n e d by r e p l a c i n g "RESISTOR" w i t h "Z-ELEMENT" 
i n ( 8 ) . Us ing the p r e d i c a t e "Z-ELEMENT", p r e d i 
c a t e s "Z-PARALLEL", "Z-STAR", and "Z-DELTA" a r e 
a l s o d e f i n e d . 

IV META PROCEDURES FOR THE DEDUCTIVE SYSTEM 

A . P r o c e d u r a l l y d e f i n e d p r e d i c a t e s 

There a re some c i r c u i t p r e d i c a t e s w h i c h can 
n o t be a d e q u a t e l y r e p r e s e n t e d by t h e methods d i s 
cussed s o f a r . One such c l a s s i s t h e p r o c e d u r a l l y 
d e f i n e d c i r c u i t s such a s "SERIES-PARALLEL-CIRCUIT" 
o r "MULTIPLE-RECTIFIER-CIRCUIT" w h i c h r e f e r t o an 
i n f i n i t e , r e c u r s i v e s e t o f c i r c u i t s . Ano the r c l a s s 
i s composed o f e l e c t r o n i c c i r c u i t s w i t h s p e c i f i c 
g o a l s , such a s "FM-RECEIVER". I n t h e d e f i n i t i o n o f 
a p r e d i c a t e , t h e way i n w h i c h a n F M - r e c e i v e r c i r 
c u i t i s c o n s t r u c t e d f r o m s u b - c i r c u i t s ( i . e . RF-
a m p l i f i e r , . . . , d i s c r i m i n a t o r ) t o a c h i e v e t h e 
f i n a l g o a l o f t h e c i r c u i t must b e i n c l u d e d . The 
f o r m e r p r e d i c a t e s w i l l b e d e v e l o p e d i n t h e f o l l o w 
i n g p a r a g r a p h s , b u t t h e l a t t e r p r e d i c a t e s have n o t 
y e t been d e v e l o p e d . 

The p r o c e d u r e t o d e t e r m i n e whe ther a c i r c u i t 
i s a s e r i e s - p a r a l l e l c i r c u i t o f impedance e lemen ts 
o r n o t i s a s f o l l o w s . F i r s t t h e c i r c u i t i s i d e n 
t i f i e d as a two t e r m i n a l c i r c u i t and an impedance 
c i r c u i t . Then t h e c i r c u i t i s r e w r i t t e n i t e r a t i v e l y 
i n t o s i m p l e r e q u i v a l e n t f o rms each t i m e a s e r i e s 
o r a p a r a l l e l c i r c u i t i s f o u n d i n i t . I f t h e c i r 
c u i t can u l t i m a t e l y b e r e w r i t t e n i n t o a s i n g l e 
e l e m e n t , t h e n we have shown t h a t t h e o r i g i n a l one 

was a s e r i e s - p a r a l l e l c i r c u i t . The f i r s t and l a s t 
s t e p s a re r e a l i z e d u s i n g t h e p r e d i c a t e s "TWO-
TERMINAL-CIRCUIT", "IMPEDANCE-CIRCUIT" and "HAS-
ONE-ELEMENT" i n s e c t i o n H I . But the m i d d l e s t e p 
i s no t so easy to imp lement i n a d e d u c t i v e sys tem, 
because r e w r i t i n g a c i r c u i t i n t o a n e q u i v a l e n t 
one means chang ing the s e t o f ax ioms r e p r e s e n t i n g 
t h e c i r c u i t . T h i s can be done by i n t r o d u c i n g a 
s t a t e te rm i n t o each p r e d i c a t e , [ 1 0 ] But i t i s 
e a s i e r t o c o n s i d e r the p r o c e d u r e i n a t o t a l sys tem 
c o n s i s t i n g o f t he d e d u c t i v e system and a meta 
p r o c e d u r e . 

B . R e w r i t i n g a c i r c u i t 

I n o r d e r t o c o n t r o l t h e d e d u c t i v e sys tem p r o 
c e d u r a l l y , s e v e r a l mechanisms a r e p r o v i d e d f o r 
c a l l i n g DUCK f r o m L ISP . I f (9) i s e v a l u a t e d i n 
L ISP, t h e p r o p o s i t i o n " (CA39) " is added to t h e 
DUCK d a t a b a s e . Then by t he f o r w a r d c h a i n i n g r u l e 
o f CIRCUIT-LIBRARY-CA39, "(TERMINAL T l # 1 ) " , . . . , 
"(RESISTOR R3 #1 # 3 ) " a r e added i n t o t h e d a t a b a s e . 
Then by t h e f o r w a r d c h a i n i n g r u l e o f RESISTOR-
IMAGE, "(RESISTOR Rl #2 # 1 ) " , . . . , "(RESISTOR R3 
#3 # 1 ) " a r e a l s o added . 

(ADD ' (CA39) ) ( 9 ) 

Under t h i s c o n d i t i o n l e t u s c o n s i d e r a p r o c e 
du re "R-SERIES-TRANSFORM" w h i c h f i n d s a s e r i e s -
r e s i s t o r c i r c u i t and t h e n r e w r i t e s t h a t p a r t o f 
t h e c i r c u i t i n t o a n e q u i v a l e n t e l e m e n t . A t f i r s t , 
c o r r e s p o n d i n g t o a p r o o f o f t h e p r o p o s i t i o n 
" (EXIST (X Y #A #B #C) (R-SERIES X Y #A #B # C ) ) " , 
t h e f o l l o w i n g (10) i s e v a l u a t e d i n L I S P . I f 
s e r i e s c i r c u i t s a r e f o u n d , i t r e t u r n s a s t r e a m o f 
i n s t a n c e s f o r t h e v a r i a b l e s (X Y #A #B # C ) . 

(FETCH ' (R-SERIES ?X ?Y ?#A ?#B ?#C)) ■(10) 

I n o r d e r t o r e w r i t e a s e r i e s p a r t , we have 
t o remove t h e s e t o f ax ioms c o r r e s p o n d i n g t o t h e 
s e r i e s c i r c u i t . I f t h e f i r s t i n s t a n c e i s (R l R 2 
#1 #2 # 3 ) , (11) and (12) a r e e v a l u a t e d . 

(ERASE '(RESISTOR Rl #1 #2 ) ) 
(ERASE '(RESISTOR R2 #2 #3) ) 

(11) 
(12) 

When (11) i s e v a l u a t e d , n o t o n l y "(RESISTOR 
R l # 1 # 2 ) " b u t a l s o i t s deduced image "(RESISTOR 
Rl #2 # 1 ) " is e rased f r o m t h e da tabase by a d a t a 
dependency mechanism. [5 ] 

(ERASE '(RESISTOR Rl #2 #1) ) (13) 

I f (13) i s e v a l u a t e d i n s t e d o f (11) when t h e 
f i r s t i n s t a n c e i s ( R2 R l #3 #2 # 1 ) , t h e n " ( R E 
SISTOR R l # 2 # 1 ) " w i l l b e e r a s e d b u t i t s o r i g i n a l 
"(RESISTOR Rl #1 # 2 ) " can n o t be e r a s e d . As we 
want t o e r as e t h e o r i g i n a l when t h e image i s 
e r a s e d , we can s e t up "IF-ERASED-DEMON" in DUCK as 
a f o r w a r d c h a i n i n g f r o m t h e e r a s u r e . The r u l e i s 
w r i t t e n a s f o l l o w s ( 1 4 ) . A c c o r d i n g t o t h e r u l e , 
"(RESISTOR R l #1 # 2 ) " i s t o be e r a s e d by ( 1 3 ) . 

(LISPRULE R-IMAGE-DELETE 
(RESISTOR ?X ?#B ?#A) -> 

(IF-ERASED '(RESISTOR ?X ?#B ?#A) 
(ERASE '(RESISTOR ?X ?#A ?#B) ) ) ) — ( 1 4 ) 

The p r o p o s i t i o n r e p r e s e n t i n g a n e q u i v a l e n t 
r e s i s t o r i s t o b e added a s f o l l o w s . 

(ADD '(RESISTOR ERl #1 #3 ) ) ■(15) 
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As we can def ine mu l t i p l e databases of axiom 
sets ( data pools ) in DUCK, the o r i g i n a l c i r c u i t 
and a l l the r ew r i t t en c i r c u i t s for working are 
stored in separate data pools (see DUCK manual). 
The va r i ab le "OBJ-CT" in (16) and (17) is the name 
of the data pool which contains the c i r c u i t being 
processing. The LISP func t ion "PROVE" corresponds 
to "FETCH" in a data poo l . The LISP func t ions 
"Z-SERIES-TRANSFORM" and "Z-PARALLEL-TRANSFORM" 
re tu rn the name of the new data pool which 
contains the r e w r i t t e n c i r c u i t , i f they succeed in 
t ransforming the c i r c u i t , otherwise NIL. F i n a l l y 
we have def ined the predicate "Z-SERIES-PARALLEL-
CIRCUIT" by c a l l i n g the LISP func t ion " (Z-SP-
CIRCUIT 'P00L1)" from DUCK. 

The e l e c t r i c a l cons t ra in t s on the ob jec t 
c i r c u i t are produced as a side e f f e c t of "Z-
SERIES-TRANSFORM" and "Z-PARALLEL-TRANSFORM". 

We can def ine a more convenient pred icate "Z-
SERIES-PARALLEL-STAR-DELTA-ANALYTICAL-CIRCUIT" fo r 
ac tua l AC-analysis adding "(Z-STAR-TRANSFORM OBJ-
CT)" and "(Z-DELTA-TRANSFORM OBJ-CT)" to (17). It 
can analyze most two- termina l impedance c i r c u i t s 
which e l e c t r i c a l engineers meet d a i l y . 

The f i r s t l i n e shows, at f i r s t the p ropos i 
t i o n "(Z-SERIES ?X ?Y ?#A ?#B ?#C)" was s a t i s f i e d 
by the bindings in the fo l l ow ing assoc ia t ion l i s t . 
"(NX EZ l ) " shows that the new name "EZl" was 
assigned to the equivalent element NX. 

The fo l l ow ing e l e c t r i c a l cons t ra in ts (19) are 
provided for a series-impedance c i r c u i t . "X" and 
"Y" represent impedances of elements X and Y 
respec t i ve l y . "NX" represents the equivalent im
pedance of a ser ies c i r c u i t . "#A", "#B", and "#C" 
represent e l e c t r i c a l p o t e n t i a l s of node #A, #B, 
and #C (see Figure 4 ) . The symbols represent ing 
elements in the cons t ra in ts mean t he i r impedances. 
The symbols represent ing nodes mean the i r e lec
t r i c a l p o t e n t i a l s . "C+", " C - " , "C* " , and " C / / " 
are def ined as a r i themat ic operators on complex 
numbers. 

V SCHEMATIC CIRCUIT ANALYSIS 

I f we a s s e r t " (CA55)" in F i g u r e 8 as t h e 
o b j e c t c i r c u i t , when w e t r y t o p r o v e the p r o p o s i 
t i o n " ( Z-SERIES-PARALLEL-STAR-DELTA-ANALYTICAL-
C I R C U I T ) " , t h e LISP f u n c t i o n "Z-SPYD-CIRCUIT" 
a s s o c i a t e d w i t h t h e p r o p o s i t i o n i s e v a l u a t e d . 

The LISP func t ion "PROPAGATE" solves these 
c o n s t r a i n t s . Here "C+" is analogus to "SETQ" in 
LISP. A t each c o n s t r a i n t , i f a l l the var iab les in 
the r i g h t hand side become de f ined , i t is eva lu 
ated and the l e f t hand va r iab le is assigned tha t 
value and the cons t ra in t is then removed from the 
l i s t . This procedure i s i t e r a t e d u n t i l the r i g h t 
hand sides cease to f i r e . Suppose each element of 
CA55 has fo l l ow ing value (21). Uni ts are ohm, 
f a rad , and henry r espec t i ve l y . If 10 (vo l t ) 60 
(hertz) AC vol tage is appl ied between te rmina l Tl 
and T2, p o t e n t i a l s of node #1 and #2 are set as 
(22), and impedance of each element at 60 (hertz) 
is a lso computed and set as (23) . 
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VI CONCLUSION 

We have d e v e l o p e d a r e p r e s e n t a t i o n f o r e l e c 
t r i c a l c i r c u i t s u s i n g c o n j u n c t i o n s o f p r e d i c a t e s , 
and r e a l i z e d t h e p r o c e d u r e o f d e t e r m i n i n g c i r c u i t 
s t r u c t u r e s as p r o o f s . AC and m u l t i p l e - r e c t i f i e r 
a n a l y s i s were done t o c o n f i r m t h e e f f e c t i v e n e s s 
o f t h i s me thod . The s t r u c t u r e s t o b e f ound i n t h e 
a n a l y s i s were r a t h e r s i m p l e o n e s , and t h e o b j e c t 
c i r c u i t s were r e s t r i c t e d t o i t e r a t i o n s o f t hose 
s t r u c t u r e s . 

We p l a n to d e v e l o p t h i s method to a n a l y z e 
more c o m p l i c a t e d e l e c t r o n i c c i r c u i t s w i t h s p e c i f i c 
g o a l s . For t h o s e c i r c u i t s w e have t o i n t r o d u c e 
many p r e d i c a t e s r e f e r r i n g t o c i r c u i t g o a l s and 
d e v i c e - e l e m e n t g o a l s such as "RF-AMPLIFY", "FRE
QUENCY-CONVERT", "RF-BYPASS", "DC-BLOCK". The r e p 
r e s e n t a t i o n o f a g o a l s t r u c t u r e f o r t h e c i r c u i t i s 
a s i m p o r t a n t a s t h e r e p r e s e n t a t i o n o f t h e c i r c u i t 
i t s e l f . P r e d i c a t e s d e f i n i n g e l e c t r i c a l p o t e n t i a l s 
and c u r r e n t s and t h e i r changes w i l l a l s o b e 
i n t r o d u c e d , e . g . "CURRENT", "SIGNAL", "FLOW", 
"INCREASE", "DECREASE". P r e d i c a t e s such as "OPEN", 
"SHORT", "SATURATE", "CUTOFF" w i l l be i n t r o d u c e d 
t o r e p r e s e n t t h e e l e c t r i c a l s t a t e s o f c i r c u i t s and 
d e v i c e s . Us ing t h o s e p r e d i c a t e s , c a u s a l i t y o f 
e l e c t r i c a l e v e n t s i n t h e c i r c u i t can b e r e p r e 
s e n t e d . T h i s i n t u r n p e r m i t s t h e d e f i n i t i o n o f 
f u n c t i o n a l p r e d i c a t e s w h i c h can b e used t o c l a s 
s i f y c i r c u i t s o n t h e b a s i s o f t h e i r b e h a v i o r . 

The p r o c e s s f o r d e t e r m i n i n g s t r u c t u r e s i n a 
c i r c u i t must b e i m p r o v e d . The app roach i l l u s 
t r a t e d i n t h i s paper i s a p p l i c a b l e o n l y t o s i m p l e 
c i r c u i t s , f o r t h e t i m e r e q u i r e d t o i d e n t i f y a 
c i r c u i t i n c r e a s e s c o m b i n a t o r i a l l y w i t h t h e number 
o f componen ts . T o hand le more complex c i r c u i t s , 
t h e sys tem must r e s t r i c t t h e s e a r c h space i n a n 
i n t e l l i g e n t manner . For e x a m p l e , i f i t i s known 
t h a t t h e g o a l o f t h e o b j e c t c i r c u i t i s " r e c e i v e 
FM b r o a d c a s t " , t h e n we have many h i n t s to h e l p in 
d e t e r m i n i n g t h e s t r u c t u r e . I f a l o u d speaker i s 
f o u n d i n t h e c i r c u i t , t h e sys tem can use t h e 
e x p e c t a t i o n t h a t t h e a d j a c e n t c i r c u i t must b e a 
power a m p l i f i e r . These e x p e c t a t i o n s w i l l n o t o n l y 
d e c i d e w h i c h s t r u c t u r e s h o u l d b e l o o k e d f o r n e x t , 
b u t w i l l a l s o dec rease t h e s e a r c h space f o r t h a t 
s t r u c t u r e i n t h e c i r c u i t . The p r o o f "(COMPLEMEN
TARY-POWER-AMPLIFIER ?X ?Y ?#A ? # B . . . ) " is s l o w e r 

t h a n p r o o f o f t h e "(COMPLEMENTARY-POWER-AMPLIFIER 
Q8 Q9 ?#A ? # B . . . ) " as t h e number of t r a n s i s t o r s 
i n t h e c i r c u i t i n c r e a s e s . For t h i s pu rpose w e may 
i n t r o d u c e p r e d i c a t e s such as "ADJACENT-ELEMENT", 
"NEAREST-TRANSISTOR". We a r e now d e v e l o p i n g 
v a r i o u s p r e d i c a t e s f o r t h e q u a l i t a t i v e a n a l y s i s 
o f e l e c t r o n i c c i r c u i t s . 
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