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I . I n t r o d u c t i o n 
A q u e s t i o n - a n s w e r i n g sys tem is a compos i te of 

subsys tems o f l anguage a n a l y s i s , i n f e r e n c e and 
l anguage g e n e r a t i o n . I n t h e i n f e r e n c e sys tem, a 
u s e f u l and f l e x i b l e s t r u c t u r e i s needed f o r t h e 
r e p r e s e n t a t i o n o f know ledge . There a re two ways 
o f r e p r e s e n t i n g knowledge i n c o m p u t e r s : t h e a s s e r ­
t i o n o f f a c t s and t heo rems . A m i c r o - a c t o r , w h i c h 
possesses some o f t h e a t t r i b u t e s o f a c t o r s 
(C. H e w i t t 1 9 7 3 ) , i s i n t r o d u c e d t o c o n s t r u c t a 
knowledge r e p r e s e n t a t i o n s t r u c t u r e . Knowledge i s 
p r o c e d u r a l l y embedded i n m i c r o - a c t o r s s o i t i s 
easy t o r e p r e s e n t theorems a n d , s i n c e each m i c r o 
- a c t o r has a s t a c k f o r d a t a , i t i s a l s o p o s s i b l e 
f o r v a r i o u s k i n d s o f f a c t s t o b e s t o r e d . 

A c t o r i s i ndeed u n i v e r s a l a n d , a l t h o u g h comp­
l i c a t e d , I s c o m p a t i b l e w i t h a l l p rogramming l a n ­
guages and h a r d w a r e . However, i t i s n o t s o easy 
t o r e a l i z e p r e c i s e l y such a c o m p l i c a t e d s y s t e m . 
For examp le , a p s e u d o - i m p l e m e n t a t i o n o f c o - r o u t i n e 
p r o c e s s i n g o r p a r a l l e l p r o c e s s i n g w i l l r educe t h e 
e f f i c i e n c y o f t h e s y s t e m . We, t h e r e f o r e , i n t r o ­
duce a m i c r o - a c t o r based on t h e concept o f a c t o r , 
and use i t a s t h e knowledge base . M i c r o - a c t o r 
r e t a i n s t h e ma in c h a r a c t e r i s t i c s o f a c t o r . U s i n g 
a LISP sys tem on a p a r a l l e l p r o c e s s o r , a m i c r o 
- a c t o r sys tem w i l l b e e a s i l y imp lemen ted . 

I I . A c t i o n o f M i c r o - A c t o r s 
I n a m i c r o - a c t o r s y s t e m , t h e r e i s n o d i s t i n c ­

t i o n be tween p r o c e d u r e s and d a t a . The sys tem i s 
a c o l l e c t i o n o f i ndependen t o b j e c t s ( m i c r o - a c t o r s ) 
w h i c h a c t a s e i t h e r p r o c e d u r e s o r d a t a . The 
a c t i o n o f a m i c r o - a c t o r i s d e f i n e d i n te rms o f 
o n l y one k i n d o f a c t i o n : s e n d i n g messages t o t h e 
o t h e r m i c r o - a c t o r s . 

When a m i c r o - a c t o r r e c e i v e s a message, i t 
becomes a c t i v e , and t r i e s t o p l a y i t s r o l e . I t 

sends messages to other micro-ac tors i f necessary, 
and wai ts f o r t h e i r r e p l i e s . When i t s ac t i on is 
f i n i s h e d , i t responds to the requester ( the micro 
-ac to r sending the message). In F ig . 1, sending 
a message is i l l u s t r a t e d w i t h " ', and 
rece iv ing an answer w i t h An answer is 
a lso a message in a wider sense. For example, a 
micro-actor which acts as datum re tu rns the answer 
to the quest ion. A micro-ac tor which acts as a 
procedure performs i t s own func t i on f o r the r e ­
quested message and sends messages to other micro-
actors request ing data or asking them to perform 
a par t of the f u n c t i o n . In t h i s way, the job is 
ca r r i ed out through the sequence of message 
sending. 

Adoption of only one k ind of communication 
(message sending) between micro-actors has the 
f o l l ow ing advantages: 
(1) Only one k ind of behavior (message sending) 

is the basic u n i t o f c o n t r o l in the system. 
Invoking a f u n c t i o n , r e f e r r i n g to the value of 
a v a r i a b l e , and other behavior are a l l cons i ­
dered to be spec ia l cases of t h i s behavior . 

(2) Micro-actors can d i r e c t l y communicate w i t h 
other micro-actors there is no need to have 
any spec ia l channel f o r communication. 

(3) Sending messages has no s i d e - e f f e c t s . Because 
a micro-ac tor can converse w i t h the severa l 
mic ro-ac tors s imul taneously, a high degree of 
p a r a l l e l processing i s poss ib le . 

I T I . S t ruc ture o f Micro-Actor 
As shown in F i g . 1, a micro-ac tor is rep re ­

sented as a box whose top is f i l l e d w i t h i t s name. 
A micro-ac tor is composed of three p a r t s : 

(1) Contro l p a r t : This determines the ac t i on of 
the micro-ac tor by matching the sent message w i t h 
the pat terns of s c r i p t (see below). The con t ro l 

par t a lso checks whether the 
r esu l t o f the ac t ion s a t i s ­
f i e s the request, and i f so, 
r e p l i e s to the requester . 
Otherwise, i t w i l l decide t o 
take another a c t i o n . The 
con t ro l par t i s considered 
to be the union of the ' i n ­
ten t ions ' and 'moni tors ' of 
Hew i t t ' s ac to rs . I t i s p ro ­
grammed in LISP, and is 
common to a l l m ic ro -ac to rs . 

(2) S c r i p t : This expresses 
theorems. A micro-ac tor 
stores several pa i r s composed 
of the pa t te rn of the r e c e i ­
vable message and the cor res­
ponding a c t i o n . Usua l ly , the 
content o f the s c r i p t is 
stored when the micro-ac tor 
is const ruc ted, and more i n f ­
ormation can be added at any 
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t i m e . I t i s w r i t t e n i n LISP and t h e r e s t r i c t e d 
Japanese . 

(3 ) A c q u a i n t a n c e : T h i s p a r t i s a memory space . 
A m i c r o - a c t o r s t o r e s f a c t s o r d a t a , f o r examp le , 
t h e p a r t i c u l a r v a l u e s , a t t r i b u t e s o r o t h e r i n f o r ­
m a t i o n w h i c h s h o u l d be remembered, and w h i c h e x p r ­
ess t h e a s s e r t i o n . Fo r examp le , a v e r b m i c r o - a c t o r 
s t o r e s t h e r e c o r d o f i t s a c t i o n s and some noun 
m i c r o - a c t o r h o l d s i t s p a r t i c u l a r v a l u e . 

The advan tages o f u s i n g m i c r o - a c t o r s t o 
r e p r e s e n t knowledge a r e a s f o l l o w s : 
(1 ) Knowledge i s p r o c e d u r a l l y embedded i n m i c r o 

- a c t o r s , s o t h a t : 
(a ) I t can b e used when and o n l y when i t i s needed . 
(b ) I t can b e s p e c i f i e d a t v a r i o u s l e v e l s o f 

d e t a i l . Tha t i s , i t can b e s p e c i f i e d i n a s 
much o r a s l i t t l e d e t a i l a s i s d e s i r e d . 

(2 ) I n t h e case where new knowledge i s t o be added 
t o t h e s y s t e m , even i f some s p e c i a l mechanisms 
a r e needed f o r d e a l i n g w i t h i t , t h e who le sys tem 
need n o t b e changed. I t i s o n l y n e c e s s a r y t o 
embed t h e mechanisms in a new m i c r o - a c t o r , or 
t o i n c r e a s e t h e o t h e r m i c r o - a c t o r s w h i c h 
r e a l i z e them. 

(3 ) A m i c r o - a c t o r can be f r e e l y changed under t h e 
r e s t r i c t i o n t h a t t h e messages s e n t o r r e c e i v e d 
b y t h e new m i c r o - a c t o r s h o u l d b e c o n s i s t e n t w i t h 
t h o s e o f t h e o l d o n e , o r s h o u l d subsume them. 

(4 ) The a c t i o n o f each m i c r o - a c t o r i s i ndependen t 
o f t h e o t h e r s e x c e p t i n t h e case o f message 
s e n d i n g , and t h e r e i s n o g l o b a l s t a t e o f a l l 
t h e m i c r o - a c t o r s i n t h e u n i v e r s e , s o i t i s easy 
t o debug t h e m i c r o - a c t o r s . F u r t h e r m o r e , j u s t i ­
f i c a t i o n o f each m i c r o - a c t o r may l e a d t o j u s t i ­
f i c a t i o n o f t h e who le s y s t e m . 

I V . Message and Sentence Number 
A message i s o f t he f o r m o f " N L " , where L i s 

a s i m p l e s e n t e n c e and N is a s e n t e n c e number. The 
sen tence number i n d i c a t e s an o r d e r o f t h e message, 
and can a l s o be used as a marke r to d i s t i n g u i s h 
t h e r e s u l t o f a m i c r o - a c t o r ' s a c t i o n f rom t h e 
o t h e r s . For e x a m p l e , t h e m i c r o - a c t o r AMARI ( r e m a i -

" ' X ' i s 4 . " , m i c r o 
r e c e i v e d t h e message 

n d e r ) s t o r e s t h e r e s u l t o f d i v i s i o n t o y i e l d t h e 
p a i r c o n s i s t i n g o f t h e r e s u l t and t h e sen tence 
number. The m i c r o - a c t o r can r e t r i e v e a l l t he 
r e m a i n d e r s by means o f t h e sen tence number. So i t 
can r e p l y abou t t h e r e m a i n d e r s o f a l l d i v i s i o n s . 
F i g . 2 shows an example of a d i a g r a m of message 
f l o w . The f o l l o w i n g a r e i n i t i a l c o n d i t i o n s o f 
t h e d i a g r a m : 
(1 ) There e x i s t e d f i v e m i c r o - a c t o r s ; WARU ( d i v i d e ) , 

DEARU ( b e ) , AMARI ( r e m a i n d e r ) , SHOH ( q u o t i e n t ) , 
and TEIGISURU ( d e f i n e ) . 

(2 ) When t h e sys tem r e c e i v e d 
- a c t o r X was made. Then X 
"%1 Your v a l u e i s 4 . " t o have t h e v a l u e (%1 4 ) . 

(3 ) " D i v i d e X by 3 . " was e x e c u t e d . WARU ( d i v i d e ) 
computed 4 + 3 , t h e n s e n t (%2 1 ) t o b o t h SHOH 
( q u o t i e n t ) and AMARI ( r e m a i n d e r ) . 

(4 ) WARIKIRERU ( d i v i s i b l e ) was made by TEIGISURU 
( d e f i n e ) w h i c h r e c e i v e d "%2 ' I s ?S d i v i s e b l e by 
? T . f i s d e f i n e d a s ' D i v i d e S b y T . ' f I s t h e 
r e m a i n d e r 0 ? ' . " 

I n F i g . 2 , WARIKIRERU ( d i v i s i b l e ) sends t h e 
messages to b o t h WARU ( d i v i d e ) and DEARU (be) 
r e f e r r i n g t o i t s s c r i p t , when i t r e c e i v e s " I s X 
d i v i s i b l e b y 2 ? " . WARU ( d i v i d e ) computes 4 * 2 , 
and AMARI ( r e m a i n d e r ) and SHOH ( q u o t i e n t ) s t o r e 
(%3 0) and (%3 2) r e s p e c t i v e l y . AMARI ( r e m a i n d e r ) 
has two v a l u e s b u t i t r e t u r n s t h e c o r r e c t answer t o 
DEARU (be) a c c o r d i n g to t h e s e n t e n c e number. 
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