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A b s t r a c t 

An incomp le te taxonomy is proposed f o r t h e know­
ledge o f a c t i o n s a computer must have i f i t i s t o 
unders tand s t o r i e s about peop le p e r f o r m i n g these 
a c t i o n s . The c l a s s i f i c a t i o n i s a long two d imen­
s i o n s , Force - why a person shou ld f o l l o w the r u l e , 
and Form - what the r u l e l ooks l i k e . Four k i nds 
o f f o r c e a re d i s t i n g u i s h e d , S t r i c t , S o c i a l , Sug­
g e s t e d , and R e g u l a t o r y , w h i l e s i x forms are d i s ­
t i n g u i s h e d , S u b a c t i o n s , S u b s t a t e s , Side C o n d i t i o n s , 
Methods, Time O r d e r i n g s , and Do-Whi les . For the 
most p a r t i t seems t h a t any f o r c e t ype may combine 
w i t h any form t ype in p r o d u c i n g a r u l e . One 
example , how to use an u m b r e l l a , is examined in 
d e t a i l a l t hough f a c t s about many human a c t i v i t i e s , 
f rom p l a y i n g b r i d g e t o washing o n e ' s h a i r , a re 
used as examples. 

I I n t r o d u c t i o n 

I t i s commonly a c c e p t e d t h a t a c o m p u t e r w h i c h 
a n s w e r s q u e s t i o n s a b o u t a n a t u r a l l a n g u a g e t e x t 
must have r o u g h l y a human r e a d e r ' s k n o w l e d g e o f 
t h e s u b j e c t m a t t e r . R e s t r i c t i n g o u r s e l v e s t o 
s i m p l e s t o r i e s ( 1 i k e c h i l d r e n ' s s t o r i e s ) t h e know­
l e d g e needed i s t h a t "common s e n s e " k n o w l e d g e 
w h i c h a l l members o f a p a r t i c u l a r c u l t u r e s h a r e . 
S i n c e , b y a l l i n d i c a t i o n s e v e n t h i s k n o w l e d g e i s 
q u i t e e x t e n s i v e , i t w i l l h a v e t o b e w e l l o r g a n i z e d 
and c l a s s i f i e d b e f o r e a c o m p u t e r w i l l b e a b l e t o 
make much use o f i t . I n t h i s p a p e r I w i l l b e c o n ­
c e r n e d w i t h c l a s s i f y i n g t h e k i n d s o f f a c t s w e have 
a b o u t a c t i o n s . Some t y p i c a l f a c t s o f t h e s o r t I 
w i l l b e c o n c e r n e d w i t h a r e : 

( F l ) I n g i v i n g a p r e s e n t t h e g i v e r s h o u l d g i v e 
s o m e t h i n g t h e r e c e i v e r w o u l d l i k e t o g e t . 

(F2) When p a i n t i n g some o b j e c t i t i s a good i d e a 
t o p u t p a p e r o n t h e f l o o r u n d e r t h e o b j e c t 
s o a s n o t t o g e t p a i n t o n t h e f l o o r . 

Some f a c t s w h i c h w o u l d n o t b e i n c l u d e d i n t h i s 
s t u d y , a s t h e y a r e i n t u i t i v e l y n o t a b o u t a c t i o n s , 
a r e : 

(F3) The E a r t h has one moon. 

(F4) Few p e o p l e l i k e modern m u s i c . 

F u r t h e r m o r e , t h i s s t u d y w i l l b e r e s t r i c t e d t o 
f a c t s l i k e ( F 1 ) - ( F 2 ) w h i c h t e l l u s s o m e t h i n g a b o u t 
how t o p e r f o r m a n a c t i o n , a s o p p o s e d t o f a c t s l i k e : 

<F5) Many p e o p l e b r e a k t h e i r l e g s w h i l e s k i i n g . 

(F6) A t p l a y i n g c h e s s , nobody i s much b e t t e r t h a n 
Bobby F i s h e r . 

I n t u i t i v e l y i t seems t o m e t h a t t h e "how t o 
d o i t " t y p e f a c t s f o r m a n a t u r a l s u b c l a s s o f know­
l e d g e , s o t h a t b y r e s t r i c t i n g t h e s t u d y t o them I 
w i l l n o t b e h o p e l e s s l y d i s t o r t i n g t h e r e s u l t s . 
N a t u r a l l y i t w o u l d b e p r e f e r a b l e t o have some f i r m 
e v i d e n c e o n t h i s p o i n t , b u t s h o r t o f a l r e a d y 

h a v i n g a b e t t e r t a x o n o m y , i t i s h a r d t o i m a g i n e 
w h a t t h e e v i d e n c e c o u l d b e . S i n c e one h a s t o 
s t a r t s o m e p l a c e , one s t a r t s b y b a c k i n g o n e ' s i n ­
t u i t i o n s . 

I I What S h o u l d t h e Taxonomy Look L i k e ? 

T o say t h a t a p a r t i c u l a r f a c t i s " a b o u t " some 
a c t i o n i s , a t t h e v e r y l e a s t , t o say t h a t t h e f a c t 
s t a t e s some r e l a t i o n b e t w e e n t h e a c t i o n a n d some­
t h i n g e l s e w h i c h m i g h t b e a n o t h e r a c t i o n , o r p e r ­
haps some s t a t e , What I w o u l d l i k e t o f i n d t h e n 
i s a l i s t o f r e l a t i o n s s u c h t h a t f o r any a c t i o n 
a l l t h e "how t o d o i t " f a c t s a b o u t i t w i l l f a l l 
u n d e r one o r t h e o t h e r o f t h e r e l a t i o n s i n t h e 
l i s t . F u r t h e r m o r e I want t h e r e l a t i o n s t o b e " i n ­
t e r e s t i n g " i n t h e sense t h a t k n o w i n g t h e r e l a t i o n -
t y p e o f a f a c t w i l l g i v e a l a n g u a g e c o m p r e h e n s i o n 
p r o g r a m i n f o r m a t i o n a b o u t w h a t can b e i n f e r r e d 
f r o m t h e f a c t , and p e r h a p s e v e n unde r what c i r c u m ­
s t a n c e s i t s h o u l d b e used t o make a n i n f e r e n c e . 

T o make a l l t h i s c o n c r e t e , c o n s i d e r t h e c o n ­
c e p t s " p r e - r e q u i s i t e " and " r e s u l t " . I t s h o u l d b e 
c l e a r t h a t " p r e - r e q u i s i t e " and " r e s u l t " q u a l i f y a s 
r e l a t i o n - t y p e s a s d e f i n e d i n t h e l a s t p a r a g r a p h . 
A f t e r a l l , when one says t h a t a n a c t i o n A has a 
r e s u l t s t a t e S , one means t h a t a f t e r A i s p e r f o r m e d 
S w i l l h o l d . S o r e s u l t i s a r e l a t i o n b e t w e e n A 
and s o m e t h i n g e l s e , i n t h i s case t h e s t a t e S . A l s o 
b o t h r e l a t i o n s a r e " i n t e r e s t i n g " s i n c e t o some 
d e g r e e t h e y c h a r a c t e r i z e i n f e r e n c e s w h i c h can b e 
d rawn f r o m t h e f a c t s . I n t h e c a s e o f p r e - r e q u i ­
s i t e ( h e n c e f o r t h a b b r e v i a t e d a s " p r " ) w e have i n ­
f e r e n c e r u l e s l i k e : 

(R l ) I f s t a t e S i s a p r o f a c t i o n A , t h e n S must 
h o l d j u s t p r i o r t o A ' s b e i n g d o n e . 

(R2) I f a n i m a t e b e i n g P d e s i r e s a c t i o n A , a n d S 
i s a p r o f A , t h e n t h a t d e s i r e w o u l d c o n ­
s t i t u t e a r e a s o n why P m i g h t d e s i r e S t o h o l d . 

N a t u r a l l y , i n a n a c t u a l l a n g u a g e c o m p r e h e n s i o n 
s y s t e m (R l ) and (R2) w o u l d b e e x p r e s s e d i n a n 
a p p r o p r i a t e f o r m a l i s m . However , t h e p o i n t s I w i s h 
t o make i n t h i s p a p e r a r e h o p e f u l l y i n d e p e n d e n t o f 
p a r t i c u l a r f o r m a l i s m s , s o I w i l l use i n f o r m a l 
n a t u r a l l a n g u a g e e x p r e s s i o n s , b o t h i n t h e s t a t e ­
ment o f f a c t s , and i n i n f e r e n c e s w h i c h w e m i g h t 
d raw f r o m t h e m . 

O f c o u r s e , p r t y p e f a c t s and r e s u l t f a c t s 
h a r d l y e x h a u s t t h e k i n d s o f f a c t s w e have a b o u t 
a c t i o n s , b u t w i t h one o r two e x c e p t i o n s nobody h a s 
b o t h e r e d t o e x t e n d t h e l i s t . And w h i l e t h i s 
p a p e r w i l l n o t p r o d u c e a c o m p l e t e l i s t , i t w i l l 
e xpand t h e l i s t q u i t e a b i t . 

I l l J u s t i f y i n g a P u t a t i v e F a c t 

I d e a l l y , a p a p e r o f t h i s s o r t s h o u l d p r o c e e d 
a l o n g t h e f o l l o w i n g l i n e s : f i r s t p r o d u c e a p u t a -
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t i v e p i e c e o f common sense k n o w l e d g e , t h e n show 
t h a t l a n g u a g e u s e r s i n a p a r t i c u l a r c u l t u r e { m i d ­
d l e c l a s s A m e r i c a n i n t h i s p a p e r ) i n d e e d have t h i s 
p i e c e o f k n o w l e d g e , and f i n a l l y show how i t f i t s , 
o r f a i l s t o f i t , i n t h e taxonomy a s d e v e l o p e d s o 
f a r , and i f t h e l a t t e r , e x t e n d t h e t axonomy s o i t 
does f i t . I n t h i s p a p e r , h o w e v e r , I w i l l n o t show 
t h a t t h e p u t a t i v e p i e c e s o f common sense k n o w l e d g e 
a r e i n d e e d r e a l , b u t I w i l l r a t h e r r e l y o n t h e 
r e a d e r ' s i n t u i t i o n s . T o show what s u c h j u s t i f i ­
c a t i o n w o u l d l o o k l i k e , l e t m e g i v e a n a b b r e v i a t e d 
v e r s i o n f o r t h e f i r s t examp le i n t h e p a p e r , r e p e a ­
t e d h e r e a s ( F 7 ) . 

(F7) I n g i v i n g a p r e s e n t t h e g i v e r s h o u l d g i v e 
s o m e t h i n g t h e r e c e i v e r w o u l d l i k e t o g e t . 

I n g e n e r a l t h e j u s t i f i c a t i o n goes i n t w o p a r t s . 
F i r s t w e show t h a t s o m e t h i n g l i k e (F7) i s n e e d e d . 
C o n s i d e r : 

F r e d was t h i n k i n g o f g e t t i n g a k i t e t o g i v e 
t o Bob f o r h i s b i r t h d a y . Then F r e d l e a r n e d 
t h a t Bob had a k i t e and d i d n o t w a n t a n o t h e r . 

I f w e we re t o ask w h e t h e r F r e d w i l l s t i l l buy a 
k i t e , t h e answer w o u l d b e s o m e t h i n g l i k e " P r o ­
b a b l y n o t " . I f a s k e d w h y , t h e r e s p o n s e w o u l d b e 
"Because Bob does n o t wan t a k i t e " . I f we assume 
a f a c t l i k e (F7) t h e s e r e s p o n s e s a r e easy t o 
a c c o u n t f o r . I n d e e d t h e r e seems t o b e n o o t h e r 
o p t i o n t h a n t o assume s o m e t h i n g o n t h e o r d e r o f 
( F 7 ) . Bu t need t h e f a c t b e <F7) i t s e l f ? T h a t i s , 

p e r h a p s t h e r e a r e more b a s i c f a c t s w h i c h c o m b i n e 
t o p r o d u c e ( F 7 ) , and what p e o p l e know a r e t h e s e 
more b a s i c f a c t s r a t h e r t h a n ( F 7 ) . Show ing t h a t 
t h i s i s n o t t h e case i s t h e second p a r t o f ( F 7 ) ' s 
j u s t i f i c a t i o n and i t i s i n g e n e r a l q u i t e d i f f i c u l t . 
A l l one can u s u a l l y d o i s t o examine a few p o s s ­
i b l e a l t e r n a t i v e s , show t h e m f a l s e , and t h e n p u t 
t h e b u r d e n o f p r o o f o n anyone who o b j e c t s t o t h e 
p u t a t i v e f a c t . So , f o r e x a m p l e , w e can see t h a t 
(F7) i s a f a c t a b o u t p r e s e n t g i v i n g , r a t h e r t h a n 

one a b o u t g i v i n g i n g e n e r a l , s i n c e i t w o u l d n o t b e 
t r u e f o r a p o l i c e m a n ' s g i v i n g somebody a p a r k i n g 
t i c k e t . 1 c o u l d g o f u r t h e r and show t h a t (F7) 
c a n n o t even b e g e n e r a l i z e d t o g i v i n g " u s e f u l " 
t h i n g s ( u n l i k e p a r k i n g t i c k e t s ) , b u t w i l l n o t d o 
so h e r e . (See ( C h a r n i a k 74) f o r a d e e p e r a n a l y s i s 
o f t h i s p a r t i c u l a r f a c t . ) 

I V S t r i c t v e r s u s N o n - s t r i c t P r e - r e q u i s i t e s 

G i v e n t h e n t h a t (F7) i s p a r t o f o u r k n o w l e d g e 
r e p e r t o i r e , a n d r e c o g n i z i n g t h a t i t t e l l s u s some­
t h i n g a b o u t how t o g o a b o u t g i v i n g a p r e s e n t , where 
s h o u l d i t g o i n o u r taxonomy? W h i l e i t i s c l e a r l y 
n o t a p r o f p r e s e n t g i v i n g , i t s h a r e s many p r o ­
p e r t i e s o f p r ' s . T o see t h i s , l e t u s r e c a s t (F7) 
i n t h e f o r m o f a p r . 

<F8) R e c e i v e r l i k i n g p r e s e n t i s a p r ? o f g i v i n g 
a p r e s e n t . 

F i r s t , a s (F8) i n d i c a t e s , (F7) d e s c r i b e s a r e l a t i o n 
b e t w e e n t h e a c t i o n o i p r e s e n t g i v i n g and a p a r t i ­
c u l a r s t a t e , namely " r e c e i v e r w a n t i n g t h e p r e s e n t " . 
S e c o n d , (F8) o b e y s r u l e (R2) w h i c h i s a r u l e a b o u t 
p r ' s . T h a t i s , w a n t i n y a n a c t i o n t o happen o f t e n 
l e a d s t o w a n t i n g t h e p r ' s t o h o l d . S o i n t h e case 
o f (F8) w e have examp les l i k e : 

F r e d b o u g h t Bob a k i t e f o r h i s b i r t h d a y . " 1 
hope Bob w a n t s a k i t e " t h o u g h t F r e d . 

O f c o u r s e , w h a t p r e v e n t s (F8) f r o m r e a l l y b e i n g a 
p r i s t h a t (R1) ( p r ' s must h o l d f o r t h e a c t i o n t o 
t a k e p l a c e ) does n o t h o l d f o r ( F 8 ) . T h a t i s , i t 
i s p e r f e c t l y p o s s i b l e t o g i v e somebody a p r e s e n t 
h e does n o t l i k e . Howeve r , a r u l e v e r y s i m i l a r t o 
(R l ) does a p p l y f o r ( F 8 ) , n a m e l y : 

(R3) I f s t a t e S i s a n o n - s t r i c t p r o f a c t i o n A , 
t h e n i t i s a good i d e a f o r S t o h o l d j u s t 
p r i o r t o A ' s b e i n g d o n e . 

What w e a r e d o i n g t h e n i s t o d i s t i n g u i s h b e t w e e n 
s t r i c t p r ' s , w h i c h obey ( R l ) , and n o n - s t r i c t p r ' s , 
w h i c h o b e y ( R 3 ) . S o ( R l ) w o u l d now r e a d : 

(R4) I f s t a t e S i s a s t r i c t p r o f a c t i o n A , t h e n 
S must h o l d j u s t p r i o r t o A ' s b e i n g d o n e . 

A n o t h e r d i s t i n c t i o n b e t w e e n s t r i c t and n o n - s t r i c t 
p r ' s i s : 

(R5) I f a n a c t i o n A i s done a l t h o u g h a s t r i c t p r 
i s b r o k e n w e ask "how" i t was done t h a t w a y . 
I f a n o n - s t r i c t p r i s b r o k e n w e ask " w h y " i t 
was done t h a t w a y . 

Some e x a m p l e s o f s t r i c t p r ' s a r e : 

(F9) H a v i n g a n a p p l e i s a s t r i c t p r o f e a t i n g i t . 

(F10) N o t b e i n g a t a l o c a t i o n i s a s t r i c t p r o f 
g o i n g t h e r e . 

(F11) T h e r e b e i n g a w i n d i s a s t r i c t p r o f f l y i n g 
a k i t e . 

(F12) The u m b r e l l a r e s t r a i n i n g s t r a p b e i n g u n h o o k e d 
i s a s t r i c t p r o f o p e n i n g t h e u m b r e l l a . 

Some o t h e r e x a m p l e s o f n o n - s t r i c t p r ' s a r e : 

(F13) H a v i n g p e r m i s s i o n i s a n o n - s t r i c t p r o f u s i n g 
a n o b j e c t w h i c h does n o t b e l o n g t o y o u . 

(F14) B e i n g i n v i t e d i s a n o n - s t r i c t p r o f a t t e n d i n g 
a p a r t y . 

V L o g i c a l v e r s u s P h y s i c a l P r e - r e q u i s i t e s 

W e w i l l b e s p e n d i n g mos t o f o u r t i m e l o o k i n g 
a t v a r i o u s k i n d s o f n o n - s t r i c t p r ' s , b u t l e t u s 
f i r s t t a k e a b r i e f l o o k a t t h e s t r i c t v a r i e t y . I n 
p a r t i c u l a r , t h e r e m i g h t b e a case f o r s a y i n g t h a t 
t h e r e a r e r e a l l y two k i n d s o f s t r i c t p r ' s , w h i c h 
w e m i g h t c a l l " l o g i c a l " a n d " p h y s i c a l " . T o see t h e 
d i f f e r e n c e , c o n s i d e r t h e d i f f e r e n c e b e t w e e n ( F 9 ) -
(F10) v e r s u s ( F 1 1 ) - ( F 1 2 ) . I f somebody t o l d y o u 
t h a t h e w e n t t o C h i c a g o l a s t y e a r , b u t t h a t h e had 
n e v e r , e v e r , been o u t s i d e o f C h i c a g o , y o u w o u l d 
p r o b a b l y a c c u s e h i m o f t a l k i n g r i d d l e s . One m i g h t 
say t h a t i t s i m p l y made n o sense f o r t h e s p e a k e r 
t o say t h a t h e had gone t o C h i c a g o , i f h e had n e v e r 
been o u t s i d e t h e c i t y . I n some sense h e had c o n ­
t r a d i c t e d h i m s e l f . O n t h e o t h e r h a n d , t h e r e w o u l d 
c e r t a i n l y b e n o c o n t r a d i c t i o n i n t e r m s i f someone 
s a i d t h a t h e had f l o w n a k i t e w i t h o u t any w i n d , 
a l t h o u g h y o u m i g h t n o t b e l i e v e h i m , and ask s k e p ­
t i c a l q u e s t i o n s a b o u t how h e d i d i t . T h a t , r o u g h l y , 
w o u l d b e t h e d i s t i n c t i o n b e t w e e n l o g i c a l a n d p h y ­
s i c a l p r ' s . 

Now p h i l o s o p h e r s have s a i d a l o t a b o u t t h e 
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e x i s t e n c e o r n o n - e x i s t e n c e o f d i s t i n c t i o n s l i k e 
t h i s one . However, our p rob lem in t h i s paper i s a 
d i f f e r e n t one. S i m p l y , do o r d i n a r y people i n 
everyday c o n v e r s a t i o n make such a d i s t i n c t i o n ? I 
myse l f t end t o doubt i t , b u t my o p i n i o n s e i t h e r 
way a re n o t ve ry s t r o n g , s o I w i l l l i s t t h i s d i s ­
t i n c t i o n when I sum t h i n g s up l a t e r , b u t pu t a 
q u e s t i o n mark bes ide i t . 

V I S o c i a l versus Suggested P r e - r e q u i s i t e s 

So f a r we have o n l y i n v e s t i g a t e d one type of 
n o n - s t r i c t p r w h i c h , f o r reasons wh ich w i l l soon 
be a p p a r e n t , we w i l l c a l l " s o c i a l " p r . Another 
k i n d o f n o n - s t r i c t p r i s a " sugges ted " p r . For 
example: 

(F15) Having a t a i l on a k i t e is a suggested pr 
o f f l y i n g i t . 
Reason: i t makes f l y i n g the k i t e e a s i e r 

(F16) Having pape r , or o the rw i se uncared about 
m a t e r i a l around and i f p o s s i b l e under an 
o b j e c t i s a suggested p r o f p a i n t i n g t h a t 
o b j e c t . Reason: one i s l ess l i k e l y t o 
ge t p a i n t on o t h e r t h i n g s . 

(F17) Being sober is a suggested pr of d r i v i n g . 
Reason: l ess l i k e l y to have an a c c i d e n t 
t h i s way. 

One d i f f e r e n c e between s o c i a l and suggested p r ' s 
i s immed ia te l y o b v i o u s . Suggested p r ' s are backed 
up w i t h reasons f o r the s u g g e s t i o n , w h i l e s o c i a l 
p r ' s , l i k e (F14) or (F8) do not have reasons -
t h i n g s a re s imply "done t h a t way" . Having a reason 
f o r a sugges t i on a l l o w s us to r e l a t e the b r e a k i n g 
o f a suggested p r t o c e r t a i n d i f f i c u l t i e s e x p e r i ­
enced in p e r f o r m i n g t h e a c t i o n . For example: 

( a ) J a c k d i d not pu t paper 
under the c h a i r b e f o r e 
h e p a i n t e d i t 

( b ) J a c k d i d not c l ean the 
c h a i r b e f o r e he p a i n ­
t e d i t . 

(c) He got p a i n t 
over eve ry ­
t h i n g 

|(d) The p a i n t d i d 
n o t coat w e l l . 

I f we combine (a) w i t h ( c ) , or (b) w i t h (d) the 
s t o r i e s make sense, b u t the two o t h e r comb ina t ions 
do n o t make connected s t o r i e s . Our comprehension 
model c o u l d account f o r such cases w i t h a r u l e 
l i k e : 

(R6) I f a suggested pr F o f an a c t i o n A is b r o k e n , 
then a s s o c i a t e the nega t i on o f t he reason 
f o r F , i f i t o c c u r s , w i t h t h e b r e a k i n g o f 
t h e suggested p r . 

Ano ther d i f f e r e n c e between s o c i a l and suggested 
p r ' s i s t h a t s o c i a l p r ' s a re much more sub jec t t o 
o p i n i o n t han suggested p r ' s , and p robab l y any r e ­
p r e s e n t a t i o n o f s o c i a l p r ' s w i l l have t o a l l o c a t e 
space f o r an i n d i c a t o r which shows which c l a s s of 
peop le b e l i e v e d i n t h i s p a r t i c u l a r p r and a t wh ich 
p e r i o d in t i m e . So some s o c i a l p r ' s which a t the 
c u r r e n t t ime d i v i d e peop le a r e : 

(F18) Having no f o r e i g n ma t te r in the mouth is a 
s o c i a l p r o f t a l k i n g . 

(F19) Wearing w h i t e s i s a s o c i a l p r f o r p l a y i n g 
t e n n i s . 

Another d i s t i n c t i o n between the two i s t h a t 
s o c i a l p r ' s have a " m o r a l " component wh ich we do 
not f i n d i n suggested p r ' s . For example: 

Tom f e l t g u i l t y us ing B i l l ' s b a s e b a l l w i thout . 
a s k i n g him f i r s t . 

Mr. Jones was embarrassed p l a y i n g t e n n i s in 
h i s s t r e e t c l o t h e s . 

I am making the i m p l i c i t c l a i m here t h a t embarrass­
ment and g u i l t s p r i n g f rom b r e a k i n g the same k i n d s 
o f r u l e s , and t h e d i s t i n c t i o n i s due t o the p a r t i ­
c u l a r c i r cums tances and the s t r e n g t h o f t he 
f e e l i n g . T h i s would seem to be suppor ted by 
examples l i k e : 

(F20) Being c o r r e c t i s a s o c i a l p r o f g i v i n g 
somebody i n f o r m a t i o n . 

When Mr. Jones r e a l i s e d t h a t he had g i ven t h e 
d r i v e r wrong d i r e c t i o n s h e f e l t g u i l t y / 
embarrassed. 

I n t h i s l a s t example e i t h e r emot ion would be 
r e a s o n a b l e , b u t presumably i n bo th cases i t would 
s p r i n g from the b r e a k i n g o f r u l e (F20) . On the 
o t h e r hand t h e r e a r e c l e a r c u t cases where between 
the two ( g u i l t and embarrassment) on l y one is 
a p p r o p r i a t e . So whether one shou ld d i s t i n g u i s h 
between s o c i a l and mora l p r ' s or not is by no means 
c l e a r . I have somewhat a r b i t r a r i l y chosen the 
l a t t e r a l t e r n a t i v e . 

Note t h a t i t i s p e r f e c t l y p o s s i b l e t o f e e l 
g u i l t y about b r e a k i n g a suggested p r . For example, 
i t i s p o s s i b l e , one might even say p r e f e r a b l e , f o r 
a person t o f e e l g u i l t y about d r i v i n g w h i l e d r u n k . 
However, i t i s s u r e l y the case t h a t t h i s i s no t 
due s i m p l y t o b r e a k i n g the suggested p r , bu t r a t h e r 
t h a t i n b r e a k i n g the suggested p r one i s a l s o 
b r e a k i n g a s o c i a l r u l e o f the form " i t i s bad t o 
p u t l i v e s o r p r o p e r t y i n danger , e s p e c i a l l y t h rough 
ca re lessness o r t h o u g h t l e s s n e s s " . T o see t h a t i t 
must b e a r u l e l i k e t h i s which i s r e s p o n s i b l e f o r 
g u i l t a f t e r b r e a k i n g suggested p r ' s , note t h a t i t 
i s hard t o imagine f e e l i n g g u i l t y over no t p u t t i n g 
a t a i l o n one ' s k i t e . O n the o t h e r hand, i f f o r 
some s t range r e a s o n , somebody's l i f e depended on 
your g e t t i n g the k i t e up q u i c k l y , i t would be easy 
t o imagine f e e l i n g g u i l t y over f o r g e t t i n g t o p u t 
o n the t a i l . 

Hence, ano ther r u l e wh ich d i s t i n g u i s h e s s o c i a l 
f rom suggested p r ' s i s : 

(R7) Break ing a s o c i a l pr wh ich one accepts is 
o f t e n a cause o f g u i l t o r embarrassment. 

V I I P r e - r e q u i s i t e s and t h e i r Force 

I t i s perhaps a good t ime to s tep back f o r a 
second and look aga in at what we have been d o i n g . 
So f a r we have accumulated t h r e e k inds of p r ' s . -
s o c i a l , sugges ted , and s t r i c t . I n each case these 
f a c t s ment ioned some s t a t e which ought to be s a t i s ­
f i e d p r i o r t o a n a c t i o n t a k i n g p l a c e . What d i f ­
f e r e d f rom type to t ype was why the s t a t e shou ld 
b e s a t i s f i e d . T o pu t t h i s s l i g h t l y d i f f e r e n t l y , 
what d i f f e r e d was what would happen i f we d i s ­
obeyed, so to speak, t h e p r e - r e q u i s i t e . What we 
have been c l a s s i f y i n g then i e " p r e - r e q u i s i t e 
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f o r c o " , t h a t i s , t h e " d r i v i n g p o w e r " b e h i n d t h o s e 
v a r Lous p r r u l e s . As we w i l l see l a t e r , t h e s e 
same k i n d s o f f o r c e s a p p l y e q u a l l y w e l l t o o t h e r 
k i n d s o f know ledge a b o u t a c t i o n s , s o r e a l l y t h e n 
we have been m a k i n g a c a t a l o g u e o f " f o r c e s " . T h a t 
i n each c a s e we saw t h e f o r c e a p p l i e d t o a p r r e ­
l a t i o n was s i m p l y f o r ease o f p r e s e n t a t i o n . 

Sppn i n t h i s l i g h t , i t i s l o g i c a l t o t h i n k i n 
t e r m s o f a s i n g l e p r r e l a t i o n b u t w i t h e a c h r u l e 
" t a g g e d " w i t h a f o r c e . F u r t h e r m o r e , w e m i g h t now 
ask i f e a c h p r i s l i m i t e d t o one such " t a g " . The 
answer seems to be n o . So a s o c i e t y may t a k e some 
s u g g e s t i o n ( i n m y use o f t h e word ) and make i t i n t o 
a s o c i a l r u l e - m a k i n g v i r t u e o u t o f n e c e s s i t y , a s 
i t w e r e . For e x a m p l e 

(F21) H a v i n g c l e a n hands i s a p r o f e a t i n g . 

F o r c e : ( S o c i a l ) 
( S u g g e s t i o n (Reason : t h i s h e l p s t o 

s t a y h e a l t h y ) ) 

V I I I R e g u l a t o r y P r e - r e q u i s i t e s 

R e g u l a t i o n s a r e p r o b a b l y t h e mos t c o m p l i c a t e d 
k i n d o f f o r c e w e have l o o k e d a t s o f a r , s o w e w i l l 
s t a r t w i t h a n examp le w h i c h , w h i l e t y p i c a l , d o e s 
n o t e x h i b i t a l l t h e c o m p l e x i t i e s w e w i l l e v e n t u a l l y 
a s s o c i a t e w i t h t h e f o r m . 

(F22) H a v i n g a d r i v e r ' s l i c e n s e i s a p r o f 
d r i v i n g a c a r . 

F o r c e : ( R e g u l a t i o n ( A u t h o r i t y : l e g a l ) 
(Pun i s h m e n t : f i n e ) ) 

C l e a r l y (F22) i s n o t a s t r i c t p r . Nor c o u l d i t b e 
a s o c i a l p r a s s o c i a l p r ' s d o n o t need t o i n d i c a t e 
a u t h o r i t y ( s i n c e t h e a u t h o r i t y i s a l w a y s " s o c i e t y " 
i n some sense ) n o r p u n i shment ( s i n c e e i t h e r t h e r e 
i s n ' t a n y , o r i t i s j u s t v e r y s u b t l e , d e p e n d i n g o n 
how y o u l o o k a t i t ) . A s f o r s u g g e s t e d p r ' s , (F22) 
w o u l d n o t f i t t h e r e v e r y e a s i l y e i t h e r . Fo r one 
t h i n g , r e g u l a t o r y p r ' s need n o t have r e a s o n s b e ­
h i n d t h e m . ( I n t h e o r y , o f c o u r s e , a r e g u l a t i o n 
s h o u l d h a v e a r e a s o n b e h i n d i t , b u t i n p r a c t i c e 
t h a t r e a s o n i s n o t why t h e r e g u l a t i o n i s o b e y e d . ) 

A more i n t e r e s t i n g r e g u l a t o r y p r i s t h e 
f o l l o w i n g : 

(F23) N o t b e i n g m a r r i e d i s a p r o f g e t t i n g m a r r i e d . 

F o r c e : ( R e g u l a t i o n ( A u t h o r i t y : l e g a l ) ) 
( S o c i a l ) 

What makes t h i s r u l e i n t e r e s t i n g i s t h e e f f e c t o f 
b r e a k i n g i t . What h a p p e n s , o f c o u r s e , i s t h a t t h e 
a c t i o n i s d e c l a r e d " i n v a l i d " i n t h e sense t h a t t h e 
end r e s u l t , t h e two p e o p l e b e i n g m a r r i e d , i s d e ­
c l a r e d n o l o n g e r t o b e t h e c a s e . I n some s t r a n g e 
sense t h e n (F23) a c t s l i k e a s t r i c t p r , b u t t h e r e 
a r e many d i f f e r e n c e s . For one t h i n g , b r e a k i n g a 
r e g u l a t i o n o n l y a f f e c t s c e r t a i n r e s u l t s . Those 
r e s u l t i n g s t a t e s w h i c h a r e a f f e c t e d w e w i l l c a l l 
" c o n v e n t i o n a l " s t a t e s . T h a t n o t a l l r e s u l t s a r e 
a f f e c t e d i s n o t e a s i l y seen i n t h e c a s e o f ( F 2 3 ) , 
f o r g e t t i n g m a r r i e d does n o t have any p a r t i c u l a r 
end r e s u l t s o t h e r t h a n b e i n g m a r r i e d , b u t w e can 
see t h i s d i f f e r e n c e i n : 

(F24) The r e c e i v e r b e i n g a l e g a l p l a y e r i s a p r 

o f c o m p l e t i n g a f o r w a r d pass i n f o o t b a l l . 

F o r c e : ( R e g u l a t i o n ( A u t h o r i t y : R e f e r e e , 
a l s o p a r t i c i p a n t s ) ) 

The c o m p l e t i o n o f a f o r w a r d pass i n c l u d e s t h e end 
r e s u l t t h a t t h e " r e c e i v e r " has t h e b a l l . However , 
s h o u l d i t t u r n o u t t h a t (F24) was b r o k e n , say a n 
e x t r a p l a y e r sneaked o u t o n t h e f i e l d , w h i l e w e 
w o u l d G t i l l say t h a t t h e f o r w a r d pass was i n v a l i d , 
i t w o u l d n e v e r t h e l e s s b e t h e case t h a t t h e r e c e i v e r 
had t h e b a l l a t t h e end o f t h e p a s s . What w o u l d 
d i f f e r i s t h a t t h e o t h e r r e s u l t s o f a f o r w a r d p a s s , 
l i k e t h e b a l l b e i n g p l a c e d a t t h e l o c a t i o n w h e r e 
t h e r e c e i v e r was f i n a l 1 y s t o p p e d , w o u l d n o t h o l d . 
(Where t h e b a l l i s p l a c e d a t t h e s t a r t o f a p l a y 
i n f o o t b a l l 1 s o f c o u r s e p a r t o f t h e r u l e s o f f o o t ­
b a l l and hence c o n v e n t i o n a l . ) 

A n o t h e r d i f f e r e n c e b e t w e e n t h e e f f e c t s o f a 
b r o k e n r e g u l a t i o n and a b r o k e n s t r i c t p r i s t h a t 
w i t h t h e f o r m e r t h e a p p r o p r i a t e a u t h o r i t y must 
n o t i c e t h e i n f r a c t i o n b e f o r e t h e c o n v e n t i o n a l 
r e s u l t i s d e c l a r e d i n v a l i d . S o w e have t h e f o l l o w ­
i n g r u l e : 

(RB) I f F i s a f a c t a b o u t a c t i o n A w i t h r e g u l a t o r y 
f o r c e , s h o u l d F ' s b e i n g b r o k e n come t o t h e 
a t t e n t i o n o f t h e a p p r o p r i a t e a u t h o r 1 t y t h e 
c o n v e n t i o n a l r e s u l t s o f A w i l l u s u a l l y b e 
d e c l a r e d n o t t o h o l d . 

N o t i c e t h a t (R8) o n l y s a y s t h e r e s u l t s w i l l 
u s u a l l y b e d e c l a r e d i n v a l i d . T o some d e g r e e t h i s 
depends o n t h e " i m p o r t a n c e " p u t o n t h e r e g u l a t i o n . 
Fo r e x a m p l e , r e g u l a t i o n (F23) w i l l b e s t r i c t l y e n ­
f o r c e d i n o u r c u l t u r e , b u t a t t h e o t h e r e x t r e m e w e 
have a r e g u l a t i o n l i k e : 

(F25) The s h i p ' s b e i n g a t sea i s a p r o f t h e 
s h i p ' s c a p t a i n m a r r y i n g a c o u p l e . 

F o r c e : ( R e g u l a t i o n ( A u t h o r i t y : l e g a l ) ) 

I f , p e r c h a n c e , t h e s h i p had p u l l e d i n t o p o r t b e f o r e 
t h e ce remony s t a r t e d , one w o u l d n o t b e s u r p r i s e d 
t h a t upon l a t e r l e a r n i n g o f t h i s f a c t e v e r y b o d y 
d e c i d e d t o i g n o r e i t . Even f o r m u l a t i n g t h i s n o t i o n 
o f i m p o r t a n c e seems h a r d e n o u g h , b u t a s w e w i l l s e e 
i n a moment , t h e r e a r e c a s e s w h e r e i n s p i t e o f t h e 
r e g u l a t i o n b e i n g i m p o r t a n t (R8) s t i l l may n o t b e 
a p p l i e d . So , f o r t h e t i m e b e i n g , t h e c i r c u m s t a n c e s 
u n d e r w h i c h b r o k e n r e g u l a t i o n s w i l l b e i g n o r e d i s 
a n open p r o b l e m . 

One r e g u l a t o r y p r w h i c h i s i n t e r e s t i n g b e c a u s e 
i t i s a common o n e , e s p e c i a l l y i n t h e A r t i f i c i a l 
I n t e l l i g e n c e l i t e r a t u r e , i s t h e f o l l o w i n g : 

(F26) Own ing a n o b j e c t ( o r h a v i n g t h e o w n e r ' s 
p e r m i s s i o n ) i s a p r o f s e l l i n g o r o t h e r ­
w i s e t r a n s f e r r i n g o w n e r s h i p o f t h e o b j e c t . 

F o r c e : ( R e g u l a t i o n ( A u t h o r i t y : o w n e r , 
p a r t i c i p a n t s o r l a w ) ) 

The f a c t t h a t y o u must own a n o b j e c t i n o r d e r t o 
s e l l i t i s o f t e n p r e s e n t e d a s a s t r i c t p r i n t h e 
A . I . l i t e r a t u r e , b u t i t seems more p l a u s i b l e t h a t 
i t i s a r e g u l a t i o n . F o r one t h i n g , (F26) o b e y s 
r u l e (R8) c o n c e r n i n g t h e i n v a l i d a t i o n o f i t s r e ­
s u l t s , r a t h e r t h a n t h e c o r r e s p o n d i n g r u l e f o r s t r i c t 
p r ' s , ( R 4 ) . S o n o t i c e t h a t i t i s n o t n e c e s s a r i l y 
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t h e c a s e t h a t a t r a n s f e r o f o w n e r s h i p f a i l s i f t h e 
s e l l e r d o e s n o t own t h e o b j e c t . For e x a m p l e , I 
h a v e r e a d o n e c h i l d r e n ' s s t o r y whose p l o t w e n t 
r o u g h l y a s f o l l o w s : 

Tom was a s k e d b y B i l l t o h e l p h i m ( B i l l ) s e l l 
h i s kittens. Tom a g r e e d , b u t he was n o t 
f a m i l i a r w i t h t h e k i t t e n s and b y m i s t a k e h e 
s o l d J a n e t ' s k i t t e n w h i c h had j umped i n t o t h e 
box w i t h t h e r e s t o f t h e k i t t e n s . 

Now i t i s c l e a r t h a t (F26) was b r o k e n , b u t e v e r y 
c h a r a c t e r i n t h e s t o r y assumed t h a t t h e new " o w n e r " 
was i n d e e d t h e r e a l o w n e r , and a f t e r e x p l a i n i n g 
wha t had happened t h e y a s k e d h i m i f h e w o u l d e x ­
change J a n e t ' s k i t t e n f o r a d i f f e r e n t o n e . T h a t 
(F26) c a n b e i n e f f e c t i g n o r e d w o u l d seem t o i n d i ­
c a t e t h a t i t s f o r c e i s r e g u l a t o r y r a t h e r t h a n 
s t r i c t . (F26) b y t h e way i s a l s o t h e r e g u l a t i o n 
w h i c h , a l t h o u g h " i m p o r t a n t " i s s o m e t i m e s i g n o r e d , 
a s t h i s l a s t examp1e shows . 

I X S u b s t a t e s and U m b r e l l a s 

a t some p o i n t i n t h e a c t i o n . Canopy u p i s a s t r i c t 
s u b s t a t e , s i n c e i t i s h a r d t o i m a g i n e u s i n g a n 
u m b r e l l a t o k e e p o f f r a i n w i t h o u t t h e canopy u p . 
A s u g g e s t e d s u b s t a t e i n u m b r e l l a use i s t h a t t h e 
c a n o p y b e p e r p e n d i c u l a r t o t h e d i r e c t i o n o f t h e 
r a i n . A n o t h e r e x a m p l e , t h i s one f r o m t h e a c t i o n 
o f p u t t i n g o n o n e ' s s h o e s , w o u l d b e t h a t a f t e r t h e 
shoes a r e o n t h e y s h o u l d b e t i e d . ( A g a i n , i f y o u 
managed t o p u t y o u r shoes o n w i t h o u t f i r s t u n t y i n g 
t h e m , i t w o u l d n o t b e n e c e s s a r y t o t i e them a g a i n , 
hence t h e s u g g e s t i o n i s n o t t h a t one t i e t h e shoes 
b u t r a t h e r t h a t t h e shoes b e i n t he s t a t e o f b e i n g 
t i e d . ) N o t i c e t h a t i n t h e " s h o e s t i e d " case t h e 
s u b s t a t e i s o n l y d e s i r e d a f t e r t h e r e s t o f t h e 
a c t i o n has been c o m p l e t e d . P r ' s t h e n a r e s i m p l y 
a s p e c i a l k i n d o f s u b s t a t e , namely t h o s e s u b s t a t e s 
w h i c h a r e o r d e r e d p r i o r t o any o t h e r s u b s t a t e o r 
s u b a c t i o n . M y i m p r e s s i o n i s t h a t a s s u c h , p r ' s 
need n o t b e f u r t h e r d i s t i n g u i s h e d f r o m o t h e r s u b -
s t a t e s . However i n t h e f i n a l summary 1 w i 1 1 i n d i ­
c a t e p r ' s a s a k i n d o f s u b s t a t e and p u t a q u e s t i o n 
mark b e s i d e i t . 

S o f a r w e have been s t u d y i n g d i f f e r e n t k i n d s 
o f f o r c e w h i l e k e e p i n g t o one k i n d o f r e l a t i o n s h i p , 
name ly p r e - r e q u i s i t e . The r e s t o f t h e p a p e r w i l l 
b e d e v o t e d t o s t u d y i n g d i f f e r e n t k i n d s o f r e l a t i o n ­
s h i p s o r , a s w e w i l l s a y , d i f f e r e n t f o r m s . T o d o 
t h i s , w e w i l l c o n c e n t r a t e o n t h e r e p r e s e n t a t i o n o f 
o u r k n o w l e d g e a b o u t u s i n g u m b r e l l a s . I t w i l l b e 
h e l p f u l t o have common t e r m s f o r t h e v a r i o u s p a r t s 
o f t h e u m b r e l l a , and n o t k n o w i n g t h e c o r r e c t w o r d s 
( i f t h e r e a r e any) 1 have r a t h e r a r b i t r a r i l y c h o s e n 
t h e ones i n d i a g r a m ( D l ) . I s h o u l d p o i n t o u t t h a t 
( D l ) and t h e r e s t o f t h i s d i s c u s s i o n a r e n o t i n t e n ­

d e d t o b e a c c u r a t e t e c h n i c a l d e s c r i p t i o n s o f um­
b r e l l a s and t h e i r w o r k i n g s , 
b u t s i m p l y w h a t I happen t o 
b e l i e v e a b o u t t h i s s u b j e c t . 
S o , f o r e x a m p l e , (D l ) does 
n o t show t h e " r i b s " o f t h e 
u m b r e l l a b e c a u s e I was n o t 
s u r e e x a c t l y w h e r e t h e y w e n t . 

R o u g h l y s p e a k i n g , t o use a n u m b r e l l a o n e h o l d s 
o n t o t h e h a n d l e , r a i s e s t h e c a n o p y t o " u p " p o s i ­
t i o n , and l o c a t e s t h e canopy a b o v e o n e ' s h e a d . 
W h i l e t h i s v e r b a l d e s c r i p t i o n i s f i n e a s f a r a s 
e v e r y d a y s p e e c h g o e s , i t i s m i s l e a d i n g i n s e v e r a l 
r e s p e c t s . I n p a r t i c u l a r , n o t i c e t h a t t o use a n 
u m b r e l l a i t i s n o t r e a l l y n e c e s s a r y t o r a i s e t h e 
c a n o p y . A f t e r a l l , t h e canopy m i g h t a l r e a d y b e u p , 
w h i c h w o u l d make r a i s i n g i t u n n e c e s s a r y . The same 
i s t r u e f o r t h e u m b r e l l a b e i n g o v e r o n e ' s h e a d . 
T h a t i s t o s a y , wha t i s i m p o r t a n t i n u s i n g a n um­
b r e l l a i s n o t t h e a c t i o n s , b u t r a t h e r t h e i r r e s u l ­
t i n g s t a t e s , " c a n o p y u p " and " c a n o p y o v e r h e a d " . 

These two s t a t e s have some r e s e m b l a n c e t o 
p r e - r e q u i s i t e s i n t h a t t h e y t o o a r e s t a t e s w h i c h 
must h o l d e l s e b e a c h i e v e d p r i o r t o o n e ' s g o a l 
b e i n g a c h i e v e d . The d i f f e r e n c e i s t h a t i n t u i t i v e l y 
p r ' s mus t h o l d p r i o r t o d o i n g t h e a c t , w h i l e 
" c a n o p y u p " w o u l d seem to be a s t a t e w h i c h must 
h o l d d u r i n g t h e a c t o f u s i n g a n u m b r e l l a . T o c a p ­
t u r e t h i s s i m i l a r i t y w e w i l l i n t r o d u c e t h e n o t i o n 
o f a " s u b s t a t e " w h i c h i s a s t a t e w h i c h s h o u l d h o l d 

S o a t one l e v e l o f d e t a i l u s i n g a n u m b r e l l a 
l o o k s l i k e a s e r i e s o f s u b s t a t e s , a s i n d i c a t e d i n 
( D 2 ) . (D2) shows how PERSON can p r o t e c t OBJECT 
f r o m r a i n w i t h an UMBRELLA. I have a d o p t e d a 
f u n c t i o n - l i k e n o t a t i o n w h e r e w o r d s i n c a p i t a l s a r e 
v a r i a b l e s . So , " u m b r e l l a m e t h o d " i s a " f u n c t i o n " 
o f t h r e e a r g u m e n t s , a n d c a n o p y (UMBRELLA) i s a 
f u n c t i o n o f one a r g u m e n t . T h i s n o t a t i o n has n o 
p a r t i c u l a r s i g n i f i c a n c e . I n p a r t i c u l a r I d o n o t 
mean t h i s t o b e a s u b t l e a r g u m e n t f o r a " p r o c e ­
d u r a l " r e p r e s e n t a t i o n . 

(D2) u m b r e l l a - m e t h o d (PERSON OBJECT UMBRELLA) 
PERSON be n e a r OBJECT - F o r c e : ( S t r i c t ) 
PERSON h o l d s t i c k (UMBRELLA) - F o r c e : 

( S t r i c t ) 
canopy (UMBRELLA) i n e x t e n d e d p o s i t i o n -

F o r c e : ( S t r i c t ) 
canopy (UMBRELLA) b e t w e e n r a i n and OBJECT -

F o r c e : ( S t r i c t ) 
canopy (UMBRELLA) p e r p e n d i c u l a r t o d i r e c t i o n 
o f r a i n - F o r c e : ( S u g g e s t i o n (Reason : l e s s 

r a i n w i l l h i t OBJECT)) 

x O r d e r i n g and Method S t a t e m e n t s 

One d e f i c i e n c y i n (D2) i s t h a t t h e r e i s 
n o t h i n g i n d i c a t i n g i n wha t o r d e r t h e s t a t e s s h o u l d 
b e s a t i s f i e d , o r even i f i t makes any d i f f e r e n c e . 
I n some c a s e s i t i s c l e a r t h a t i t i n d e e d d o e s make 
a d i f f e r e n c e . F o r e x a m p l e , i t i s h a r d t o i m a g i n e 
g e t t i n g t h e c a n o p y u p i f t h e p e r s o n i s n o t a l r e a d y 
h o l d i n g t h e u m b r e l l a . T h i s w o u l d b e a s t r i c t t i m e 
o r d e r i n g r e l a t i o n . I n a n o t h e r c a s e w e h a v e a 
s u g g e s t i o n o r d e r i n g : i n g e n e r a l i t i s a good i d e a 
t o e x t e n d t h e canopy p r i o r t o p u t t i n g t h e c a n o p y 
o v e r t h e o b j e c t a s i t i s g e n e r a l l y e a s i e r t o e x ­
t e n d t h e canopy w i t h t h e u m b r e l l a p o i n t e d o u t i n 
f r o n t o f o n e . W i t h t h e o r d e r i n g r e l a t i o n s made 
e x p l i c i t (D2) w i l l t u r n i n t o ( D 3 ) . ( I have a b ­
b r e v i a t e d t h e i n f o r m a t i o n a l r e a d y e x p r e s s e d i n (D2) 
i n o r d e r t o make t h e new i n f o r m a t i o n e a s i e r t o 
r e a d . ) When an a r r o w i n d i c a t e s t h a t X p r e c e d e s Y 
i t does n o t i m p l y t h a t X must i m m e d i a t e l y p r e c e d e 
Y w i t h n o t h i n g i n t e r v e n i n g . Hence a n a r r o w t e l l s 
u s w h a t must a l r e a d y have happened r a t h e r t h a n w h a t 
t o d o n e x t . 
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S e c t i o n s f o u r th rough e i g h t o f t h i s paper 
were devoted to a c l a s s i f i c a t i o n o f the d i f f e r e n t 
k i n d s o f f o r c e , i n each case as a p p l i e d t o t h e p r 
form (and hence to t h e subs ta te f o r m ) . In the 
l a s t two s e c t i o n s we have i n t r o d u c e d t h r e e new 
fo rma , bu t have not shown wh ich f o r c e s they t a k e , 
except t h a t ou r a n a l y s i s o f u m b r e l l a s showed t h a t 
most a l l o f the forms occur w i t h bo th s t r i c t and 
suggested f o r c e . I n f a c t , a l l o f t h e forms w e 
have seen so f a r combine w i t h a l l t he f o r c e s . To 
i l l u s t r a t e t h i s l e t us look a t some s o c i a l and 
r e g u l a t o r y f o r c e examples ( F 2 7 ) - ( F 3 8 ) . 

SOCIAL RULES 

Subact ions 

(F27) When you get m a r r i e d , g i v e a p a r t y . 

(F28) When you make a phone c a l l , announce your 
name. 

Methods 

(F29) To get a w a i t e r ' s a t t e n t i o n in a r e s t a u ­
r a n t , make a smal l g e s t u r e at h im w h i l e 
h e i s l o o k i n g i n your d i r e c t i o n . 

(F30) To c u t someth ing w h i l e e a t i n g , use your 
k n i f e h e l d i n your r i g h t hand. 

Time Orde r i ngs 

(F31) Have p e r m i s s i o n to use o b j e c t b e l o n g i n g 
t o someone e l se p r i o r t o u s i n g i t . 

(F32) Announce your name on the phone f i r s t 
t h i n g . 

REGULATIONS 

Subac t ions 

(F33) B i d d i n g i s p a r t o f b r i d g e . 

(F34) When making a t u r n w h i l e d r i v i n g one must 
s i g n a l . 

Methods 

(F35) In some shops i t i s necessary to have a 
numbered s l i p i n d i c a t i n g your p l a c e i n 
the s e r v i n g queue; one must o b t a i n t h i s 

96 



s l i p f rom the normal d i s p e n s e r . 

(F36) In many I t a l i a n ba rs one pays by f i r s t 
t e l l i n g the c a s h i e r what one wan ts , 
g i v i n g her the money, and g e t t i n g a 
r e c e i p t wh ich i s i n t u r n g i v e n t o t h e 
barman. 

Time Orde r i ngs 

(F37) I t i s necessary t o o b t a i n the s l i p men­
t i o n e d i n (F35) a f t e r e n t e r i n g the shop 
o n the c u r r e n t buy ing t r i p . 

<F38) In b r i d g e the dummy is l a yed down a f t e r 
the f i r s t ca rd i s p l a y e d , bu t b e f o r e 
t h e second. 

X I I Other Forms 

The f ou r forms we have i n v e s t i g a t e d so f a r 
h a r d l y exhaust the p o s s i b i l i t i e s . I n t h i s s e c t i o n 
we w i l l look a t two more, bu t more in the s p i r i t 
o f ongo ing i n q u i r y , r a t h e r than f i n i s h e d p r o d u c t s . 

Our four e t ; tab l i shed forms can be put i n t o 
two c l a s s e s . One c l a s s , which 1 wi l l c a l l " o c c u r ­
rence s ta temen ts " c o n s i s t s o f those s ta tements 
which d e s c r i b e some a c t i o n or s t a t e which shou ld 
o c c u r . N a t u r a l l y , s u b s t a t e s and subac t i ons f a l l 
under t h i s head ing . Another form which i s a l s o 
i n the c a t e g o r y i s " s i d e c o n d i t i o n " . A s ide 
c o n d i t i o n is an event or s t a t e which in some sense 
d e s c r i b e s a second s t a t e or a c t i o n . For example, 
a s i de c o n d i t i o n o f moving t h e f l anqe up the s t i c k 
o f t he umbre l l a i s t h a t the canopy r a i s e s a t the 
same t ime and to the same degree . Note that, on 
one hand t h i s does not q u a l i f y as a separa te sub-
a c t i o n , t h a t i s one does not extend the canopy 
s e p a r a t e l y f rom r a i s i n g the f l a n g e , y e t we cannot 
s imp l y i gno re t h i s d i r e c t r e l a t i o n between t h e two 
e v e n t s . For example, i t enab les us to unders tand 
how a canopy cou ld be h a l f ex tended . Another 
example o f a s i de c o n d i t i o n i s : 

(F39) P a i n t b e i n g l e f t on the p a i n t brush i s a 
s i d e c o n d i t i o n o f t r a n s f e r r i n g p a i n t f rom 
t h e brush t o the o b j e c t b e i n g p a i n t e d . 

Force : ( S t r i c t ) 

N o t i c e t h a t bo th o f these s i d e c o n d i t i o n s have 
s t r i c t f o r c e . At the moment I do not know i f 
o t h e r k i n d s o f f o r c e a re p o s s i b l e . 

r e p e a t these two s teps u n t i l the j ob i s done. 
T h i s i s a s t r i c t d o - w h i l e s t a t e m e n t , bu t d o - w h i l e s 
occur w i t h o t h e r f o r c e s a l s o . 

(F40) In washing o n e ' s h a i r one rubs soap i n t o 
the h a i r and then r i n s e s i t o f f . Repeat 
these two s teps u n t i l soap 1 a t h e r s e a s i l y . 

Force : (Suggest ion (Reason : makes h a i r 
c l e a n e r ) ) 

(F41) I n b i d d i n g i n b r i d g e , one b i d s a f t e r the 
person t o o n e ' s r i g h t . T h i s i s r epea ted 
u n t i l e i t h e r f o u r passes o r a b i d f o l l o w e d 
by t h r e e passes . 

Force : (Regu la t i on ) 

X I I I Conc lus ion 

What I have done in t h i s paper then i s to 
c l a s s i f y knowledge about a c t i o n s a c c o r d i n g t o two 
c r i t e r i a , the f o r c e beh ind t h e r u l e ( t h a t i s , why 
you shou ld f o l l o w t h e r u l e ) and the form o f t h e 
r u l e (or what t h e r u l e l o o k s l i k e ) . As such , the 
paper can be summarized in d iagrams (D6) and (D7). 
The q u e s t i o n marks i n t h e d iagrams i n d i c a t e d i s ­
t i n c t i o n s which I am no t su re need be made. In 
(D6) the numbers f o l l o w i n g t h e f o r c e t ypes i n d i ­
c a t e r u l e s i n the paper which the f o r c e t ype obeys . 

I have so f a r n o t ment ioned o t h e r p e o p l e ' s 
work i n r e l a t i o n t o the r e s u l t s p r e s e n t e d i n t h i s 
paper . Space l i m i t a t i o n s p r e v e n t any d e t a i l e d 
d i s c u s s i o n , b u t o b v i o u s l y t h i s work was no t done 
in a vacuum, and t h e r e a re s e v e r a l papers wh ich 
have i n f l u e n c e d i t . Some p a r t i c u l a r i n f l u e n c e s 
a r e : the " a b s o l u t e " v s " r e a s o n a b l e " c o n d i t i o n s 
on a c t i o n s found i n (Schank 7 4 ) , the c l a s s i f i c a t i o n 
o f i n f e r e n c e types o f (Rieger 7 4 ) , the " i n f e l e c i -
t i e s " o f ( A u s t i n 6 2 ) , the idea o f " i n s t i t u t i o n a l 
f a c t s " found i n (Sear le 6 9 ) , and the " f r a m e s " r e ­
p r e s e n t a t i o n o f (Minsky 7 4 ) . 

We have s a i d t h a t s i d e c o n d i t i o n s a re " o c c u r ­
rence s t a t e m e n t s " a l o n g w i t h s u b s t a t e s and subac ts 
Time o r d e r i n g s ta tements and method s ta tements on 
the o t h e r hand f a l l i n t o the ca tego ry o f " c o n t r o l 
s t a t e m e n t s " . C o n t r o l s ta tements t e l l u s not what 
needs d o i n g , b u t r a t h e r when or how to do i t . The 
obv ious analogy i s w i t h c o n t r o l i n f o r m a t i o n i n 
p rograms, w i t h o r d e r i n g r e l a t i o n s co r respond ing 
t o the i m p l i c i t o r d e r i n g o f program s t a t e m e n t s , 
and method s ta tements co r respond ing to s u b r o u t i n e 
c a l l s . T h i s ana logy suggests t h a t t h e r e ought t o 
be o t h e r k i nds o f c o n t r o l i n f o r m a t i o n needed t o 
d e s c r i b e a c t i o n s , and indeed t h e r e a r e . One p a r ­
t i c u l a r i s the " d o - w h i l e " s t a t emen t . So i n 
p a i n t i n g (us ing a brush) we know to d i p the brush 
i n the p a i n t and then t r a n s f e r the p a i n t t o the 
o b j e c t . However, i t i s necessary i n gene ra l t o 
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