
ANSWERING PROCESS QUESTIONS 

A b s t r a c t 

A p r o g r a m i s d e s c r i b e d 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 p r o c e s s e s - I t i s assumed t h a t s u c h q u e s 
t i o n s s h o u l d b e a n s w e r a b l e u s i n g a s d a t a o n l y p r o 
c e d u r e s f o r p e r f o r m i n g ( s i m u l a t i n g ) t h e a c t i o n s . 
T h u s , t h e same p r o c e d u r e t h a t i s used t o s i m u l a t e 
t h e m a k i n g o f a s a n d w i c h can b e l i s t e d t o t e l l , i n 
E n g l i s h , how to make a s a n d w i c h o r can be e x a m i n e d 
t o p r e d i c t r e s u l t s and s i d e e f f e c t s such a s t h e 
d i r t y i n g o f a k n i f e o r t h e c o n s u m p t i o n o f c h e e s e . 
A w i d e v a r i e t y o f q u e s t i o n s i s a n s w e r e d w i t h v e r y 
few d i s t i n c t a n s w e r i n g p r o c e s s e s . Sample o u t p u t 
i s p r o v i d e d . 

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

Many q u e s t i o n s ask f o r i n f o r m a t i o n a b o u t 
a c t i o n s o r p r o c e s s e s . F o r e x a m p l e "How i s a 
g i v e n a c t i o n p e r f o r m e d ? " , "Why i s a s u b s t e p p e r 
f o r m e d ? " , "Wha t w o u l d happen i f a p a r t i c u l a r a c t i o n 
were p e r f o r m e d ? " , o r " i s i t p o s s i b l e t o d o s u c h 
and s u c h ? " I c a l l s u c h q u e s t i o n s p r o c e s s q u e s 
t i o n s . A l t h o u g h t h e r e have been many s t u d i e s o f 
q u e s t i o n a n s w e r i n g s y s t e m s , t h e y have been p r i m a r 
i l y c o n c e r n e d w i t h q u e s t i o n s w h i c h can b e a n s w e r e d 
b y t a b l e l o o k u p o r s i m p l e d e d u c t i o n . P r o c e s s 
q u e s t i o n s f r e q u e n t l y c a n n o t b e a n s w e r e d b y s u c h 
means. A l t h o u g h i t may b e f e a s i b l e t o a s s o c i a t e , 
w i t h e a c h a c t i o n , a l i s t o f c o n s u m a b l e s u s e d i n 
t h e e x e c u t i o n o f t h a t a c t i o n i t w o u l d n o t b e f e a 
s i b l e t o m a i n t a i n l i s t s o f a l l p o s s i b l e s i d e 
e f f e c t s . I n g e n e r a l , t h e p r o b l e m s o f a n s w e r i n g 
p r o c e s s q u e s t i o n s have been l i t t l e e x p l o r e d ( b u t 
see B r o w n , B u r t o n & Z d y b e l , 1 9 7 3 ) . 

T o e x p l o r e t h e p r o b l e m s o f a n s w e r i n g q u e s t i o n s 
w h i c h r e q u i r e a k n o w l e d g e o f p r o c e s s e s I have d e 
v e l o p e d a s y s t e m w h i c h knows a b o u t k i t c h e n s a n d 
c o o k i n g . The s y s t e m , L U I G I , w h i c h was d e v e l o p e d 
w i t h i n t h e MEMOD c o m p u t e r s y s t e m a t t h e U n i v e r s i t y 
o f C a l i f o r n i a a t San D i e g o , p r o v i d e s a n E n g l i s h 
p a r s e r and d a t a base management f a c i l i t i e s . I t 
was w r i t t e n i n t h e p r o g r a m m i n g l a n g u a g e SOL*. 
L U I G I has t w o p a r t s : a d a t a b a s e , c a l l e d K i t c h e n -
w o r l d , w h i c h c o n t a i n s i n f o r m a t i o n a b o u t o b j e c t s 
f o u n d i n a k i t c h e n and a s e t o f p r o c e d u r e s f o r man i 
p u l a t i n g t h o s e o b j e c t s * , a s e t o f p r o c e d u r e s f o r 
a n s w e r i n g q u e s t i o n s u s i n g t h e d a t a b a s e . 

L U I G I c a n s i m u l a t e s i m p l e a c t i o n s w i t h i n 
K i t c h e n - w o r l d s u c h a s c o o k i n g and p r e p a r i n g f o o d s . 
More i m p o r t a n t , h e can e x a m i n e h i s own p r o c e d u r e s 
f o r p e r f o r m i n g a c t i o n s a n d c a l c u l a t e o r p r e d i c t t h e 
r e s u l t s o f t h o s e a c t i o n s * * . T h i s c a p a b i l i t y e n 
a b l e s L U I G I t o answer q u e s t i o n s a b o u t t h o s e a c t i o n s . 
T h i s a p p r o a c h i s a n a l a g o u s t o t h e t h e o r y t h a t s a y s 
p e r s o n s who engage i n a n a c t i v i t y a r e l i k e l y t o b e 
t h e b e s t a u t h o r i t i e s o n t h a t a c t i v i t y . A l t h o u g h 
L U I G I i s d e s i g n e d t o o p e r a t e w i t h i n t h e w o r l d o f 

* E v e r y t h i n g d e s c r i b e d h e r e i n a c t u a l l y r u n s 

the k i t c h e n , n o t h i n g i n h i s q u e s t i o n - a n s w e r i n g a b i 
l i t i e s depends upon the env i r onmen t . Thus, were 
LUIGI moved to some o t h e r domain , say t h a t of 
Amer ican H i s t o r y or to a s p o r t such as b a s e b a l l , 
once the da ta base were c o n s t r u c t e d , c o n t a i n i n g i n 
f o r m a t i o n about t h e f a c t s and a c t i o n s o f the new 
domain , L U I G I ' s p rocedures wh ich a re now used to 
answer q u e s t i o n s about t h e k i t c h e n and about cook
i n g shou ld a l s o app l y d i r e c t l y t o the new domain. 

P r e l i m i n a r i e s 

I f a program is to be ab le to examine i t s own 
p rocedures m e a n i n g f u l l y , i t must be aware o f t h e 
s i g n i f i c a n c e o f program s t r u c t u r e . As a p r e l i m i 
nary s t e p , i t was necessary t o impose r e s t r i c t i o n s 
on how programs c o u l d be d e f i n e d . In MEMOD a l l 
a c t i o n s a re encoded as p a r t o f a semant ic ne twork 
and a re a c c e s s i b l e to any SOL p rocedu re . However, 
they a r e no t n e c e s s a r i l y i n a form t h a t o t h e r p r o 
cedures may r e a d i l y i n t e r p r e t . To h e l p c o r r e c t 
t h i s , I have e s t a b l i s h e d t h r e e c l a s s e s o f a c t i o n s : 
c o n s c i o u s , sem i -consc ious and unconsc ious . 

A c t i o n c l a s s e s . Consc ious a c t i o n s : consc ious 
a c t i o n s a re those a c t i o n s t h a t can be broken down 
i n t o c o n s t i t u e n t p a r t s , each o f wh ich t h e p e r f o r m e r 
i s aware o f . For example , t h e consc ious a c t i o n 
"MOVE x" may be d e f i n e d to have these p a r t s : 

(1) 

The d e f i n i t i o n o f each consc ious p rocedu re s h o u l d 
c o n t a i n mean ing fu l subprocedures . That i s , t h e 
s i m u l a t i o n shou ld be composed o f a p p r o p r i a t e l y 
named s i m u l a t e d s u b s e t s . A l i s t i n g of a c o n s c i o u s 
program shou ld be s i m i l a r t o a l i s t o f c o n s c i o u s 
s teps done by a human in a c c o m p l i s h i n g t h a t a c t i o n . 
An E n g l i s h - l i k e language such as SOL, coup led w i t h 
an i n v e r s e p a r s e r comple tes the r equ i r emen ts f o r 
p roduc ing E n g l i s h - l i k e d e s c r i p t i o n s o f a c t i o n s . 
S i m i l a r l y , t he i n s t r u c t i o n s g i ven t o LUIGI a r e 
E n g l i s h - l i k e s e t s o f i n s t r u c t i o n s r e f l e c t i n g t h e 
p rocedure a person would use to accomp l i sh an a c t 
i o n . Note t h a t a s i d e e f f e c t such as g e t t i n g a 
spoon d i r t y would never be a consc ious a c t . 

Semi -consc ious a c t i o n s : Semi -consc ious a c t i o n s 
co r respond t o the lowest l e v e l s o f consc ious a c t 
i o n s , those wh ich humans a re b a r e l y aware o f p e r 
f o r m i n g . "PICK-UP" is p r o b a b l y a sem i - consc ious 
a c t . Humans are consc ious o f t he ac t o f p i c k i n g 
up an o b j e c t . But they need not c o n s c i o u s l y t h i n k 

** LUIGI cannot a c t u a l l y make a sandwich b u t he can 
s i m u l a t e the p r o c e s s . To answer c e r t a i n q u e s t i o n s , 
i t w i l l b e necessary f o r LUIGI t o " s i m u l a t e h i s s i 
m u l a t i o n " . For conven ience , I r e f e r t o LUIGI as i f 
he cou ld a c t u a l l y make a sandwich and I r e f e r to 
h i s " s i m u l a t i o n s o f s i m u l a t i o n s " s imp l y a s " s i m u 
l a t i o n s " . 
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a b o u t t h e p r o c e s s b y w h i c h t h e y g r a s p t h e o b j e c t 
w i t h f i n g e r s and t humb . The d e f i n i t i o n s o f s e m i 
c o n s c i o u s a c t i o n s d o n o t need t o b e c l e a r d e s c r i p 
t i o n s o f s u b s t e p s o f t h e a c t i o n s ( s i n c e b y d e f i n i 
t i o n t h i s i s p r o b a b l y i m p o s s i b l e ) , b u t t h e y mus t 
y i e l d t h e p r o p e r e f f e c t s when e x e c u t e d . 

U n c o n s c i o u s a c t i o n s : U n c o n s c i o u s a c t i o n s a r e t h o s e 
t h a t d o n o t p l a y a d i r e c t r o l e i n t h e s i m u l a t i o n o f 
human p e r f o r m a n c e . T h e s e i n c l u d e r o u t i n e s f o r 
w h i c h t h e r e i s n o o b v i o u s human a n a l o g u e , b u t w h i c h 
mus t b e done b y t h e p r o g r a m i n o r d e r t o p e r f o r m t h e 
s i m u l a t i o n ( b o o k k e e p i n g , p r i n t i n g , e t c . ) 

S e m i - c o n s c i o u s a c t i o n s may n o t e n t a i l c o n s 
c i o u s a c t i o n s and u n c o n s c i o u s a c t i o n s may e n t a i l 
n e i t h e r c o n s c i o u s no r s e m i - c o n s c i o u s a c t i o n s . I n 
t h e d e f i n i t i o n s o f p r o c e d u r e s , c o n s c i o u s a c t i o n s 
s h o u l d c o n t a i n a s few e x p l i c i t u n c o n s c i o u s a c t i o n s 
a s p o s s i b l e . These s h o u l d b e p l a c e d i n t h e s e m i 
c o n s c i o u s a c t i o n s i f p o s s i b l e . The i n t e n t i s t h a t 
a s e m i - c o n s c i o u s a c t i o n w i l l c o r r e s p o n d t o a s o r t 
o f p r i m i t i v e a c t i o n f o r p e o p l e and t h a t u n c o n s 
c i o u s a c t i o n s w i l l b e i n v i s i b l e t o some o f t h e 
s y s t e m s p r o c e s s i n g r o u t i n e s . F o l l o w i n g t h e s e c r i 
t e r i a , t h e d e f i n i t i o n o f a c o n s c i o u s a c t i o n b e 
comes t h e o r d e r e d l i s t o f c o n s c i o u s and s e m i 
c o n s c i o u s a c t i o n s , r e s e m b l i n g t h e l i s t o f i n s t r u c 
t i o n s a human m i g h t b e a s k e d t o f o l l o w . 

P e r s p e c t i v e . A p r o c e d u r e i s a s e t o f d i r e c t i o n s 
f o r p e r f o r m i n g a t a s k . Bu t t o t h e q u e s t i o n a n s w e r 
i n g r o u t i n e s , i t becomes a n o u t l i n e o f t h e e f f e c t s 
o f p e r f o r m i n g t h e a c t i o n , a p l a n f o r p e r f o r m i n g t h e 
a c t i n t h e f u t u r e , a n d a g u i d e f o r d e t e r m i n i n g what 
o t h e r a c t s w o u l d b e p e r f o r m e d . T h u s , i f L U I G I i s 
t o l d t o p e r f o r m a n a c t i o n , h e does s o b y e x e c u t i n g 
t h e a p p r o p r i a t e p r o c e d u r e . I f h e i s t o l d a n a c t i o n 
h a s t a k e n p l a c e , h e n o t e s t h e f a c t . I f h e n e e d s t o 
know a b o u t any s u b a c t i o n s t h a t m i g h t h a v e o c c u r r e d 
o r o f t h e r e s u l t s o f t h e a c t i o n , h e must d e r i v e 
them f r o m t h e p r o c e d u r e . T h i s i s a n i m p l i c i t 
s t a t e m e n t t h a t i n f p r e n c e s a r e o f t e n n o t made a t 
r e a d t i m e . He a n s w e r s q u e s t i o n s by examina ng t h e 

p r o c e d u r e i n v a r y i n g l e v e l s o f d e t a i l , e i t h e r 
l o o k i n g o n l y a t t h e s u r f a c e l e v e l a c t i o n s o r r e c u r 
s i v e l y e x a m i n i n g each s u b a c t i o n . Thus a q u e s t i o n 
l i k e 

(2) How do you make c o o k i e s ? 

i s a n s w e r e d by e x a m i n i n g t h e p r o g r a m MAKE x s u b s t i 
t u t i n g " c o o k i e s " f o r t h e f o r m a l p a r a m e t e r x . 
Q u e s t i o n s l i k e 

(3) Can y o u make c o o k i e s ? 

c a n b e a n s w e r e d b y e x a m i n i n g t h e p r e c o n d i t i o n s f o r 
MAKE x . To answer q u e s t i o n s l i k e 

(4) What u t e n s i l s d o y o u need t o make c o o k i e s ? 

L U I G I mus t " t r a c e " t h e o p e r a t i o n o f MAKE, and a l l 
o f MAKE's s u b p r o c e d u r e s , n o t i n g t h e use o f any 
u t e n s i l . 

I n f e r e n t i a l r e a s o n i n g and p r o c e d u r a l q u e s t i o n s 

I t i s n o t a l w a y s p o s s i b l e t o f i n d a n answer b y 
l o o k u p o r s i m p l e d e d u c t i o n . Yet i t may s t i l l b e 
p o s s i b l e t o i n f e r a n answer f r o m d a t a i n t h e d a t a 
b a s e . Q u e s t i o n s a b o u t p r o c e s s e s a r e o f t e n o f t h i s 
s o r t . For i n s t a n c e , t h e e x t r a n e o u s e f f e c t s o f 

m a k i n g a s a n d w i c h a r e n o t s t o r e d a n y w h e r e , b u t t h e y 
can b e i n f e r r e d b y c a r e f u l e x a m i n a t i o n o f t h e r e 
c i p e . I now d e s c r i b e s e v e r a l c l a s s e s o f p r o c e s s 
q u e s t i o n s . Each o f t h e s e c l a s s e s i s a n s w e r e d b y 
s i m i l a r me thods o f " i n t r o s p e c t i v e a n a l y s i s " o f t h e 
s y s t e m ' s own p r o c e d u r e s f o r p e r f o r m i n g a c t i o n s . 

"How do y o u " q u e s t i o n s . To see how L U I G I a n s w e r s 
q u e s t i o n s l i k e 

(5) How do you make a ham a n d cheese s a n d w i c h ? 

l e t u s e x a m i n e t h e f o r m a t o f t h e r e c i p e f o r s a n d 
w i c h . A g e n e r a l f o r m o f t h e r e c i p e , a p p l i c a b l e t o 
a w i d e v a r i e t y o f i n g r e d i e n t s i s e n t e r e d i n t o t h e 
s y s t e m t h u s : 

DEFINE SANDWICH AS RECIPE. 

(6) The d e f i n i t i o n f r a m e f o r s a n d w i c h i s : 

SANDWICH X. 

The d e f i n i t i o n i s : 

PLACE A SLICE OF BREAD ON THE COUNTER. 
SPREAD PREFERRED-SPREAD OF X ON THE BREAD. 
PLACE EACH INGREDIENT OF X ON THE BREAD. 
PLACE A SECOND PIECE OF BREAD ON THE BREAD. 

Now, when L U I G I i s asked q u e s t i o n ( 5 ) , h e m u s t f i r s t 
d e t e r m i n e t h e f o r m o f t h e s a n d w i c h ("ham a n d c h e e s e " 
i n t h i s c a s e ) , and t h e n t r a c e t h r o u g h t h e s t e p s o f 
( G ) , s u b s t i t u t i n g t h e a p p r o p r i a t e f o r m o f t h e s a n d 

w i c h f o r t h e v a r i a b l e x , and r e c o n s t r u c t i n g e a c h 
c o n s c i o u s o r s e m i - c o n s c i o u s a c t i o n . I n t h i s c a s e 
t h e o u t p u t w o u l d b e : 

IF I WERE TO MAKE A SANDWICH 

(7) THEN I WOULD DO THE FOLLOWING THINGS: 
I PLACE SLICE OF BREAD ON THE COUNTER. 
I SPREAD MUSTARD ON THE BREAD. 
I PLACE HAM ON THE BREAD. 
I PLACE CHEESE ON THE BREAD. 
I PLACE LETTUCE ON THE BREAD. 
I PLACE SECOND PIECE OF BREAD ON THE BREAD. 

T o p r o d u c e t h i s o u t p u t , a p r o c e d u r e c a l l e d 
TRACE f i n d s each c o n s c i o u s o r s e m i - c o n s c i o u s s u b a c t 
i n t h e p r o p e r s e q u e n c e . TRACE i s c a p a b l e o f r e 
c u r s i v e l y e x a m i n i n g t h e p r o c e d u r e and each o f i t s 
s u b p a r t s . The p r o c e d u r e HOW r u n s i n t e r l a c e d w i t h 
t r a c e , e v a l u a t i n g e a c h a c t node t h a t TRACE f i n d s . 
HOW must f i n d a s u i t a b l e E n g l i s h name f o r e a c h a r g u 
ment t o e a c h s u b s t e p and t r a n s l a t e t h e node i n t o 
E n g l i s h . T o o b t a i n t h e r e s u l t s t h a t ham, c h e e s e 
and l e t t u c e a r e needed t h e a r g u m e n t X o f INGREDIENT 
must f i r s t b e c o n v e r t e d t o t h e node r e p r e s e n t i n g 
t h e c o n c e p t "ham and cheese s a n d w i c h " . The o p e r a t o r 
INGREDIENT i s t h e n e x e c u t e d , f i n d i n g HAM, CHEESE 
and LETTUCE. T h i s r e q u i r e s e x a m i n i n g t h e node 
" s a n d w i c h " , t h e s p e c i f i c node "ham a n d c h e e s e s a n d 
w i c h " and s e l e c t i n g t h e c o n d i m e n t l e t t u c e a s s u i t 
a b l e f o r ham and c h e e s e . Each o f t h e s e names mus t 
b e s u b s t i t u t e d , one a t a t i m e , i n t o t h e t o k e n o f 
PLACE and t h e node d e s c r i b e d i n E n g l i s h . N o t e t h a t 
t h e p r o c e d u r e s i n g r e d i e n t and p r e f e r r e d s p r e a d a r e 
t h e same p r o c e d u r e s e x e c u t e d b y t h e s y s t e m a s p a r t 
o f i t s e f f o r t s i n a c t u a l l y m a k i n g t h e s a n d w i c h . 

T h e r e i s some e v i d e n c e t h a t p e o p l e a c t u a l l y g o 
t h r o u g h a p r o c e s s s o m e t h i n g l i k e t h i s when t h e y 
answer q u e s t i o n s . Many p e r s o n s h a v e t o l d m e t h a t 
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when a s k e d "What i n g r e d i e n t s do y o u need to make a 
c a k e ? " t h e y c a n say p e r h a p s f l o u r , m i l k and s u g a r 
v e r y q u i c k l y , b u t t o come u p w i t h b a k i n g p o w d e r , 
b u t t e r , e g g s , e t c . t h e y m u s t a c t u a l l y v i s u a l i z e 
t h e m s e l v e s ( o r a n o t h e r ) m a k i n g a c a k e . T h a t t h e y 
a c t u a l l y r e c u r s e t h r o u g h s u b s t e p s (as L U I G I d o e s i n 
o t h e r q u e s t i o n a n s w e r i n g t e c h n i q u e s ) i s d o u b t f u l , 
l a r g e l y b e c a u s e t h e y p r o b a b l y d o n o t h a v e such e x -
p l i c i t s t r u c t u r a l r e p r e s e n t a t i o n s . 

" D i d a n a c t i o n o c c u r " q u e s t i o n s . Somet imes i t i s 
d e s i r a b l e t o c a l c u l a t e t h e r e s u l t s o f a p a s t p r o 
c e s s . T o answe r t h e q u e s t i o n 

(8) D i d B i l l b e a t eggs? 

L U I G I c a n e x a m i n e e a c h known e v e n t i n v o l v i n g B i l l 
t o d e t e r m i n e i f i t was a n a c t o f b e a t i n g e g g s . I f 
t h e r e a r e n o such e v e n t s , L U I G I mus t r e c u r s i v e l y 
TRACE each r e c e n t e v e n t t o see i f any o f i t s s u b -
s t e p s m i g h t i n v o l v e b e a t i n g e g g s . T o s e a r c h f o r a 
s e m i - c o n s c i o u s e v e n t a l l c o n s c i o u s and s e m i - c o n s 
c i o u s s t e p s must b e c h e c k e d . But t o f i n d a c o n s 
c i o u s e v e n t , o n l y t h e c o n s c i o u s s u b s t e p s need t o b e 
c h e c k e d . 

O t h e r c l a s s e s o f q u e s t i o n s . " W h a t " , " W h e r e " , "Who" 
and "When" q u e s t i o n s : Q u e s t i o n s s u c h a s 

(9) What d i d J o h n do? Who made o m e l e t s ? 

Where d i d J o h n make When d i d J o h n make 
o m e l e t s ? o m e l e t s ? 

c a n a l l b e a n s w e r e d w i t h a s i m p l e m o d i f i c a t i o n t o 
t h e " D i d " q u e s t i o n a n s w e r i n g r o u t i n e s . T o answer 
each o f t h e above f o r m s L U I G I ( i n e f f e c t ) a s k s t h e 
t r u e - f a l s e ( " D i d " ) q u e s t i o n o b t a i n e d f r o m t h e g i v e n 
q u e s t i o n b y r e p l a c i n g t h e W H - q u e s t i o n w o r d w i t h t h e 
c o r r e s p o n d i n g i n d e f i n i t e p r o n o u n o r a d v e r b ( a n y 
t h i n g , a n y w h e r e , a n y o n e , e v e r ) . I f a y e s answe r i s 
r e t u r n e d , t h e d e s c r i p t i o n o f t h e e v e n t i s e x a m i n e d 
f o r t h e a p p r o p r i a t e a r g u m e n t ( a c t i o n , l o c a t i o n , 
s u b j e c t o r t i m e ) a n d t h e c o n t e n t o f t h a t a r g u m e n t 
i s r e t u r n e d a s t h e a n s w e r . 

A f t e r ( o r b e f o r e ) q u e s t i o n s : T h i s f o r m o f q u e s t i o n 
a s k s f o r t h e n e x t ( o r p r e v i o u s ) s t e p o f a p r o c e s s 
o r f o r a n e x p l a n a t i o n f o r a p a r t i c u l a r s t e p . 

(10) (a) What d o y o u d o a f t e r y o u p u t b r e a d i n 
t h e t o a s t e r ? 

(b) What happened b e f o r e B i l l made t h e 
s a n d w i c h ? 

The m e t h o d u s e d t o answer s u c h q u e s t i o n s i s s i m p l y 
a n e x t e n s i o n o f t h e "How d o y o u " q u e s t i o n a n s w e r i n g 
m e t h o d . T o answer ( 1 0 a ) , L U I G I t r a c e s t h e p r o c e d u r e 
" t o a s t " ( t h i s assumes t h a t t o a s t i n g was somehow 
u n d e r d i s c u s s i o n ) e x a c t l y a s was done f o r " how" 
q u e s t i o n s , e x c e p t t h a t n o o u t p u t i s made u n t i l t h e 
d e s i r e d s t e p i s r e a c h e d (an a c t o f p u t t i n g b r e a d i n 
t h e t o a s t e r i n t h i s c a s e ) . The n e x t s t e p i s e v a l u 
a t e d a n d p r i n t e d o u t a s i n a "how" q u e s t i o n . I f 
t h e d e s i r e d s t e p i s n o t f o u n d i n t h e d e f i n i t i o n , 
TRACE must f o l l o w t h r o u g h e a c h o f t h e s u b s t e p s o f 
t h e a c t i o n , r e c u r s i v e l y ( u n f o r t u n a t e l y , i n t h e i m 
p l e m e n t a t i o n t h i s i s d e p t h f i r s t r a t h e r t h a n 
b r e a d t h f i r s t ) . I n (10b) ( w h i c h a s k s a b o u t a r e a l 
r a t h e r t h a n a h y p o t h e t i c a l e v e n t ) L U I G I must c h e c k 
e a c h e v e n t known t o h a v e o c c u r r e d r a t h e r t h a n t h e 
p r o c e d u r e f o r t h e e v e n t u n d e r c o n s i d e r a t i o n , a s i n 
a " D i d ? " q u e s t i o n . 

"What i f " q u e s t i o n s : T o answer q u e s t i o n s o f t h e 
f o r m 

(11 ) What u t e n s i l s w o u l d I g e t d i r t y i f I made a 
cake? 

i t i s n e c e s s a r y t o t r a c e t h r o u g h t h e e n t i r e p r o c e s s 
o f m a k i n g a c a k e a n d t o d e t e r m i n e a t e a c h s t e p i f 
a u t e n s i l w e r e b e i n g d i r t i e d . The mechan ism f o r 
d o i n g t h i s i s t o ask "Does m a k i n g a c a k e g e t any 
u t e n s i l d i r t y ? " Howeve r , t h e e n t i r e p r o c e s s must 
b e e x a m i n e d : i t i s n o t p o s s i b l e t o s t o p when one 
u t e n s i l i s f o u n d a s i n t h e t r u e - f a l s e q u e s t i o n s . 

I f a p r o c e s s change's t h e s t a t e o f t h e w o r l d 
(as many o f them d o ) , t h e p r e d i c t i o n r e s u l t s m i g h t 

b e d i f f i c u l t . I f t h e o u t p u t o f one s t e p o f a p r o 
c e s s depends o n a p r e v i o u s s t e p and t h e q u e s t i o n 
i n q u i r e s a b o u t t h e s t a t e o f t h e w o r l d a t some p a r 
t i c u l a r t i m e , i t may b e n e c e s s a r y t o s i m u l a t e t h e 
s i m u l a t i o n i n a h y p o t h e t i c a l w o r l d . I n such a 
s p a c e , L U I G I c a n m a n i p u l a t e h y p o t h e t i c a l o b j e c t s 
w h i l e r e m e m b e r i n g t h e a c t u a l l o c a t i o n s o f t h e i r 
r e a l w o r l d c o u n t e r p a r t s . T h u s , t o answe r 

(12) What u t e n s i l s w o u l d b e l e f t o n t h e c o u n t e r 
a f t e r I made c o o k i e s ? 

i t w o u l d b e n e c e s s a r y t o s i m u l a t e t h e e n t i r e p r o c e s s 
and t h e n e x a m i n e t h e h y p o t h e t i c a l c o u n t e r f o r u t e n 
s i l s . The s t e p b y s t e p method used t o a n s w e r (11) 
w o u l d n o t w o r k b e c a u s e a u t e n s i l m i g h t b e p l a c e d o n 
t h e c o u n t e r and l a t e r r e m o v e d , b u t t h e q u e s t i o n asks 
a b o u t t h e end s t a t e . 

"Why" q u e s t i o n s : A " w h y " q u e s t i o n c o u l d have any 
o f s e v e r a l m e a n i n g s . The m e t h o d u s e d t o answe r 
a " w h y " q u e s t i o n s h o u l d depend o n t h e i n t e n t o f t h e 
q u e s t i o n . A n e x p e c t e d answer t o t h e q u e s t i o n 

(13) Why d i d J o h n t a k e a f r y i n g pan o u t o f t h e 
c u p b o a r d ? 

m i g h t b e t h e use t o w h i c h h e p u t t h e f r y i n g p a n . 
T o p r o v i d e s u c h a n a n s w e r , L U I G I c a n e x a m i n e t h e 
sequence o f e v e n t s i n w h i c h t h e f r y i n g pan was r e 
moved j u s t a s i f i t we re a " n e x t s t e p " q u e s t i o n a n d 
r e t u r n t h e s t e p i m m e d i a t e l y f o l l o w i n g t h e r e m o v a l 
( a t t h e same l e v e l o f r e c u r s i o n ) . Such a r e p l y 

m i g h t b e 

(14) He f r i e d some e g g s . 

I n t h e q u e s t i o n 

(15) Why d i d O l i v e r p u t p e a n u t b u t t e r o n b r e a d ? 

a n answer w h i c h gave t h e e v e n t i n w h i c h O l i v e r u s e d 
t h e p e a n u t b u t t e r w o u l d b e s u f f i c i e n t . T o o b t a i n 
s u c h a n answer TRACE c a n b e r u n j u s t a s i n a " D i d " 
q u e s t i o n . When t h e e v e n t o f p u t t i n g t h e p e a n u t 
b u t t e r o n t h e b r e a d i s d i s c o v e r e d , t h e name o f t h e 
p r o c e d u r e w h i c h i s b e i n g TRACEd c a n b e r e t u r n e d a s 
t h e a n s w e r : 

(16) O l i v e r made a p e a n u t b u t t e r and j e l l y s a n d 
w i c h . 

T o answer t h e q u e s t i o n 

(17) Why does w a t e r b o i l ? 

a cook m i g h t answe r t h a t w a t e r b o i l s b e c a u s e (when) 
i t i s p u t i n t o a pan a n d h e a t e d . T o d e r i v e s u c h a n 
a n s w e r , L U I G I b e h a v e s a s i f h e w e r e a s k e d a " h o w " 
q u e s t i o n . 
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The d e t e r m i n a t i o n o f w h i c h f o r m o f " w h y " 
q u e s t i o n t o answer i s h a r d e r t h a n t h e a c t u a l a n s 
w e r i n g o f t h e q u e s t i o n . U n f o r t u n a t e l y , L U I G I d o e s 
n o t d o a v e r y good j o b o f t h i s i n t e r p r e t a t i o n o f 
i n p u t and much more w o r k i s n e e d e d . 

G e n e r a t e d Q u e s t i o n s . L U I G I has t h e a b i l i t y t o 
g e n e r a t e c e r t a i n s i m p l e q u e s t i o n s o n h i s o w n . I f 
he i s a s k e d a q u e s t i o n c o n c e r n i n g a c h a n g e a b l e 
f a c t and t h e r e s u l t s h e f i n d s c o n f l i c t w i t h h i s 
b e l i e f s , h e c a n g e n e r a t e a q u e s t i o n a s k i n g i f a n y 
e v e n t may h a v e c h a n g e d t h e f a c t s o f t h e w o r l d . 
Fo r e x a m p l e , i f L U I G I b e l i e v e s t h e b r e a d i s i n t h e 
p a n t r y b u t i t i s a c t u a l l y o n t h e c o u n t e r , h e c a n 
n o t f i n d i t b y s i m p l e means. Bu t h e c a n g e n e r a t e 
t h e q u e s t i o n 

( IB ) D i d a n y o n e move t h e b r e a d ? 

T h a t i s , h e c a n l o o k f o r c h a n g e s i n t h e d e s i r e d 
p r o p e r t y ( l o c a t i o n ) . S o l u t i o n t o (18) w i l l g i v e 
L U I G I a p o s s i b l e a n s w e r . (He w i l l s t i l l have t o 
v e r i f y t h a t t h e b r e a d i s a t t h e new l o c a t i o n , how
e v e r , b e c a u s e i t may h a v e been moved t w i c e . ) T h i s 
c o u l d a l s o a p p l y t o a v a i l a b i l i t y , e t c . I t w o u l d 
a l s o b e a p p r o p r i a t e i f h e w e r e c o n f r o n t e d w i t h 
s t r a n g e new f a c t s ( t h e k n i f e c h a n g e d c o l o r ) o r i f 
a s k e d a " w h y " q u e s t i o n c o n c e r n i n g a f a c t p r e v i o u s l y 
unknown t o L U I G I (why i s t h e k n i f e d i r t y ? ) 

C o n t r o l 

T h e r e a r e two m a j o r c o n t r o l p r o g r a m s i n L U I G I : 
t h e a d j e c t i v e c o m p i l e r ( d e s c r i b e d i n S c r a g g ' 7 4 ) 
w h i c h c o n t r o l s t h e a n a l y s i s o f noun p h r a s e s a n d t h e 
c o m p r e h e n d e r . 

The c o m p r e h e n d e r . Once t h e p a r s e r b e l i e v e s i t has 
s u c c e s s f u l l y p a r s e d t h e s e n t e n c e , t h e c o m p r e h e n d e r 
becomes r e s p o n s i b l e f o r t h e r e m a i n i n g p r o c e s s i n g 
o f t h e s e n t e n c e . I t i s t h e j o b o f t h e c o m p r e h e n 
d e r t o a c t u a l l y c a l l t h e q u e s t i o n a n s w e r i n g r o u 
t i n e s . Somet imes t h e c o m p r e h e n d e r c a n m o d i f y t h e 
s t r u c t u r e c r e a t e d b y t h e p a r s e r . Fo r e x a m p l e , 
when p r o c e s s i n g t h e q u e s t i o n 

(19) How do y o u make a t u n a s a n d w i c h ? 

t h e c o m p r e h e n d e r n o t e s t h a t MAKE b e l o n g s t o a 
s p e c i a l c l a s s o f a c t i o n s w h i c h r e f e r t o o t h e r 
a c t i o n s . MAKE X i s d e f i n e d as 

(20) FOLLOW THE RECIPE FOR X. 

The c o m p r e h e n d e r must f i n d t h e r e c i p e f o r s a n d w i c h 
and r e p l a c e t h e o b j e c t o f HOW (HAKE) by t h e r e c i p e . 
Now e x e c u t i o n o f HOW w i l l p r o v i d e a l i s t o f t h e 
r e c i p e r a t h e r t h a n a l i s t o f t h e MAKE r o u t i n e . The 
c o m p r e h e n d e r can a l s o r e f u s e t o r u n t h e p r o g r a m 
g e n e r a t e d b y t h e p a r s e r . I t some t imes does t h i s 
when t h e i n p u t i s a d e c l a r a t i v e s e n t e n c e . T h e r e 
a r e some t imes more t h a n one p r o c e d u r e f o r f i n d i n g 
t h e answe r t o a g i v e n q u e s t i o n ( such a s " w h y " 
q u e s t i o n s ) . I t i s t h e c o m p r e h e n d e r ' s d u t y t o 
s e l e c t t h e a n s w e r i n g p r o c e d u r e and a t t e m p t a s e c o n d 
c h o i c e i f t h e f i r s t f a i l s . 

Here i s a n examp le o f how t h e c o m p r e h e n d e r 
m i g h t p r o c e e d i n a t t e m p t i n g t o answer t h e q u e s t i o n 

(21) Where i s t h e cheese? 

"The c h e e s e " i s r e c o g n i z e d a s a p a r t i c u l a r 

e n t i t y i n t h e w o r l d . The c o m p r e h e n d e r d e c i d e s t h a t 
s i n c e c h e e s e h a s a p r e f e r r e d l o c a t i o n i n t h e r e f r i 
g e r a t o r , t h e a c t u a l s e a r c h s h o u l d b e g i n t h e r e . The 
h e u r i s t i c f o r p h y s i c a l s e a r c h i n g i s c a l l e d t o l o o k 
i n t h e r e f r i g e r a t o r f o r t h e c h e e s e . Suppose i t 
f a i l s t o f i n d a n y . The c o m p r e h e n d e r t h e n g e n e r a t e s 
t h e q u e s t i o n : " D i d anyone move t h e c h e e s e ? " B u t 
s u p p o s e t h e e v e n t c h e c k i n g r o u t i n e f i n d s n o r e f e 
r e n c e s t o c h e e s e ; t h e e v e n t a n a l y z i n g r o u t i n e i s 
t h e n c a l l e d . Suppose i t d i s c o v e r s t h a t B i l l made 
W e l s h R a r e b i t . I n a n a l y z i n g t h e p r o c e d u r e f o r 
R a r e b i t , i t d i s c o v e r s t h a t c h e e s e i s u s e d . The 
r o u t i n e t h e n c o n c l u d e s t h a t t h e r e i s n o c h e e s e , 
s i n c e i t c a n n o t b e f o u n d (and B i l l p r o b a b l y u s e d i t 
u p ) . T h i s may b e t h e w r o n g answer b u t i f s o , i t i s 
a t y p i c a l l y human e r r o r . N o t i c e t h a t t h e d i s c o v e r y 
i t s e l f p r o v i d e s t h e r e a s o n f o r a n s w e r i n g . Thus i n 
t h e a b o v e e x a m p l e , n o t o n l y can i t b e d e t e r m i n e d 
t h a t t h e r e i s n o cheese b u t a l s o t h a t i t was u s e d 
b y B i l l . S o t h e answer c a n b e r e t u r n e d . 

(22) B i l l made Welsh R a r e b i t . 

Examp le 

T o e x p l i c a t e t h e p r o c e s s L U I G I must g o t h r o u g h 
t o answe r a q u e s t i o n a n d show i n t e r a c t i o n b e t w e e n 
L U I G I a n d v a r i o u s p a r t s o f t h e MEMOD s y s t e m , I 
w i l l f o l l o w , i n more d e t a i l , t h e p r o c e s s b y w h i c h 
h e w o u l d answer t h e e a r l i e r q u e s t i o n 

(5) How do y o u make a ham and c h e e s e s a n d w i c h ? 

The p a r s e r , w o r k i n g t o p down a n d l e f t t o r i g h t 
w i l l e v e n t u a l l y r e c o g n i z e " h o w " a s a w o r d w h i c h can 
b e g i n a q u e s t i o n . The d e f i n i t i o n o f "HOW" r e 
q u i r e s t h a t i t have a p r o p o s i t i o n a l a r g u m e n t , s o 
t h e p a r s e r a t t e m p t s t o f i n d a p r o p o s i t i o n t o f i l l 
t h a t a r g u m e n t . 

" D o " i s i n t e r p r e t e d a s a n a u x i l i a r y v e r b . 
Then " y o u " i s r e c o g n i z e d a s a p r o n o u n ( a c t u a l l y a 
noun i n SOL). The n e x t w o r d , " m a k e " , i s a n a c t i o n . 
T h i s s i g n a l s t h e end o f a noun p h r a s e . MAKE's d e 
f i n i t i o n f r ame i s "X MAKE Y " . The a r g u m e n t s X a n d 
Y must b e f i l l e d b y t h e s u b s e q u e n t p r o c e s s i n g . The 
p r e c e d i n g noun p h r a s e (you) i s u s e d t o f i l l t h e 
p r o p o s e d a r g u m e n t s l o t X (as SUBJ) . A s e a r c h t h e n 
s t a r t s f o r t h e o b j e c t Y . T h e r e i s t h e n a l o n g 
s e r i e s o f s t e p s t o p a r s e " a ham a n d c h e e s e s a n d w i c h " . 
U l t i m a t e l y t h e s t r u c t u r e shown i n F i g u r e (1) i s 
p a s s e d t o t h e c o m p r e h e n d e r . The c o m p r e h e n d e r v e r i 
f i e s t h a t t h e i n p u t was a q u e s t i o n and r e c o r d s t h a t 
f a c t . I t a l s o n o t i c e s t h a t HOW i s i n f a c t a q u e s 
t i o n a n s w e r i n g r o u t i n e w h i c h c a n b e r u n t o p r o d u c e 
i t s own a n s w e r . The c o m p r e h e n d e r knows o f n o a l t e r 
n a t i v e p r o c e d u r e f o r a n s w e r i n g t h a t s o r t o f q u e s t i o n 
s o i t i n v o k e s HOW. HOW i n t u r n e x a m i n e s t h e p r o 
c e d u r e MAKE, f r o m w h i c h i t w i l l p r o d u c e a n E n g l i s h 
t r a n s c r i p t i o n o f t h e s t e p s n e c e s s a r y t o make t h e 
s a n d w i c h , MAKE is a h i g h l e v e l p r o c e d u r e so HOW 
e v a l u a t e s y (ham and c h e e s e s a n d w i c h ) t o f i n d t h e 
p r o c e d u r e w h i c h i s t h e g e n e r a l r e c i p e f o r s a n d w i c h 
(shown e a r l i e r i n ( 6 ) ) . T h e r e i s n o e x p l i c i t r e 
c i p e f o r ham a n d c h e e s e s a n d w i c h . The f i r s t s e n 
t e n c e o f t h e r e c i p e i s 

(23) Pu t a s l i c e o f b r e a d o n t h e c o u n t e r 

w h i c h was coded i n t o t h e r e p r e s e n t a t i o n shown i n 
F i g u r e ( 2 a ) . The f i r s t s t e p i s a t o k e n o f t h e 
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operator SLICE. LUIGI bui lds a copy of th is token 
and executes i t . The returned value (a par t icu lar 
s l i ce of bread) is saved for future use. The f i r s t 
verb to appear in the code is *110, a token of PUT. 
LUIGI derives a new token of PUT from *110. 

The subject of t h i s derived token is " I " , obtained 
from the subject (you) of the question by a con
versat ional pronoun transformation. The object of 
*110 is *109, the operator that was previously 
executed. The PRINTNAME, BREAD, of the value re
turned by the operator is used as the object of the 
new token. The name COUNTER replaces the p a r t i 

c u l a r coun te r (*111) a s the l o c a t i o n o f t he a c t i o n . 
The f i n a l d e r i v e d e v e n t , shown i n F igu re 2 ( b ) , i s 
p r i n t e d o u t by the p r i m i t i v e PRINT-TOKEN, g i v i n g 

(24) I p u t b read on c o u n t e r . 

Summary 

A method was p r e s e n t e d f o r answer ing q u e s t i o n s 
about p r o c e s s e s . The method, implemented in t h e 
LUIGI sys tem, c o n s i s t s o f exam ina t i on o f t he s y s 
tem 's own s i m u l a t i o n p rocedu res . By s i m p l y des 
c r i b i n g h i s own p r o c e d u r e s , LUIGI can answer "How" 
q u e s t i o n s . " D i d , who, wha t , where , when" and 
"why" q u e s t i o n s a re answered by (perhaps r e c u r s i v e 
l y ) examin ing these d e s c r i p t i o n s o f a c t i o n s . The 
sys tem can genera te i t s own q u e s t i o n s o f some o f 
these forms and can a l s o s i m u l a t e those a c t i o n s 
about wh ich i t can answer q u e s t i o n s . 

Appendix 

T h i s append ix c o n t a i n s a c t u a l d i a l o g u e w i t h 
t h e LUIGI system and two r e c i p e s an they were i n p u t 
to LU IG I . The r e c i p e s appear in upper case . The 
f i r s t l i n e o f each d e f i n e s i t a s a r e c i p e . The 
second i s t h e d e f i n i t i o n frame i n d i c a t i n g a n a g e n t , 
SUB, and an o b j e c t X wh ich is the i t em to be made. 
The body of t h e r e c i p e f o l l o w s . The d i a l o g u e was 
a c t u a l l y pe r fo rmed d u r i n g s e v e r a l s e s s i o n s , b u t was 
e d i t e d to appear he re as one c o n v e r s a t i o n . Human 
i n p u t is in upper and lower case , preceded by " > " . 
Computer o u t p u t i s i n a l l upper case . I tems i n 
t h i s t y p e f ace a re comments added l a t e r . 
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> Don made t o a s t , 
> 
> 
> J u l i e t o a s t e d t h e b r e a d . 
> 
> How do y o u make t o a s t ? 
IF IT WERE THE CASE THAT I MAKE TOAST THEN I MUST 
DO THE FOLLOWING: 
I PUT TOAST IN TOASTER 
I WAIT UNTIL DONE 
I PICK-UP TOAST 
I PUT TOAST ON PLATE 
I SPREAD BUTTER ON TOAST 

> 
> How do y o u t o a s t r o l l s ? 
IF IT WERE THE CASE THAT I TOAST ROLLS THEN I 
MUST DO THE FOLLOWING: 
I PUT ROLL IN TOASTER 
I WAIT UNTIL DONE 
I PICK-UP TOAST 
I PUT TOAST CN PLATE 
I SPREAD BUTTER ON TOAST 

> 

> Which pans d o y o u use i f y o u make s p a g h e t t i ? 
I USE PAN AS FOLLOWS: 
FRYING-PAN 
POT 

> How many u t e n s i l s w o u l d I use i f I made a ham 
o m e l e t ? 

I KNOW OF 2 
> 

> How do y o u make a ham a n d c h e e s e o m e l e t ? 
IF IT WERE THE CASE THAT I MAKE OMELET THEN I 
MUST DO THE FOLLOWING: 
I BREAK EGG IN BOWL 
I ADD MILK TO EGG 
I MIX EGG 
I PLACE FRYING-PAN ON STOVE 
I POUR EGG IN PAN 
I FRY EGG UNTIL SOL ID IF IED 
I ADD HAM 
I ADD CHEESE 
I ADD ONION 
I FOLD EGG 
> 
> How do y o u make smores? 
IF IT WERE THE CASE THAT I MAKE SMORE THEN 1 MUST 
DO THE FOLLOWING: 
I PLACE FOIL ON COUNTER 
I PLACE GRAHAM CRACKER CN FOIL 
I PUT MARSHMALLOW ON GRAHAM-CRACKER 
I PUT MILK-CHOCOLATE ON MARSHMALLOW 
I BROIL SMORE UNTIL BROWN 
> 
> Make a s m o r e . 
I WILL NOW FOLLOW THE DIRECTIONS. 
LET ME SEE WHERE THE FOIL IS 
PERHAPS IT IS AT THE DRAWER 
YES, IT IS THERE. 
LET ME SEE WHERE THE GRAHAM-CRACKER IS 
PERHAPS IT IS AT THE SHELVES 
YES, IT IS THERE 
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L U I G I a c c e p t s t h e s e a s s t a t e m e n t s 
o f f a c t a n d a d d s t h e s t a t e d i n f o r 
m a t i o n t o h i s d a t a b a s e . 

H e r e L U I G I e x a m i n e s h i s r e c i p e f o r 
t o a s t , t r a n s l a t i n g t h e r e c i p e i n t o 
E n g l i s h w i t h t h e a p p r o p r i a t e c h a n g e s 
i n v a r i a b l e s . 

L U I G I s e a r c h e s t h e s p a g h e t t i 
r e c i p e . H e d i s c o v e r e d f r y i n g -
p a n i n t h e d e f i n i t i o n o f f r y 
( w h i c h was n e c e s s a r y t o b r o w n 
t h e m e a t ) . P o t was i n t h e 
d e f i n i t i o n o f b o i l . 

These w o u l d b e a f o r k f o r 
m i x i n g and a s p a t u l a f o r 
f o l d i n g . 



LET ME SEE WHERE THE MARSHMALLOW IS 
PERHAPS IT IS AT THE PANTRY 
YES, IT IS THERE. 
LET ME SEE WHERE THE MILK-CHOCOLATE IS 
PERHAPS IT IS AT THE REFRIGERATOR 
YES, IT IS THERE. 
ALL DONE 
> 
> Don made a j e l l y ome le t . 
> 
> D i d Don p u t t h e f r y i n g - p a n o n t h e s t o v e ? 
HMM, L E T ' S SEE. 
DON MAKE OMELET 
WOULD THAT DO IT? 
YES 
> 
> J u l i e t o a s t e d b r e a d . 
> 
> Who u s e d t h e k n i f e ? 
LET ME THINK. WHO'S DONE WHAT? 
HMM. L E T ' S SEE. 
J U L I E TOAST BREAD 
WOULD THAT DO I T ? 
YES 
IT WAS J U L I E 
> 
> Why d i d J u l i e use t h e k n i f e ? 
WHEN DID SHE DO THAT? 
LET ME CHECK. 
JULIE TOAST BREAD 
WAS THAT WHEN? 
YES 
J U L I E SPREAD BUTTER ON TOAST 
> 
> Why d i d J u l i e spread b u t t e r on t o a s t ? 
WHEN DID SHE DO THAT? 
LET ME CHECK 
JULIE TOAST BREAD 
WAS THAT WHEN? 
YES 
JULIE TOAST BREAD 
> 
> 
> Why d i d J u l i e t o a s t bread? 
WHEN DID SHE DO THAT? 
LET ME CHECK. 
JULIE TOAST BREAD 
WAS THAT WHEN? 
YES 
BECAUSE SHE FELT L IKE I T . 
> 
> D i d J u l i e t o a s t r o l l s ? 
HMM. L E T ' S SEE. 
J U L I E TOAST BREAD 
WOULD THAT DO? 
NO BUT 
J U L I E TOAST BREAD 
NO. 
I DO NOT KNOW. 
> 
> What u t e n s i l s d o e s Don use when he makes smores? 
DON USE UTENSIL AS FOLLOWS: 
I DON'T KNOW OF ANY. 
> 
> What v e g e t a b l e s do you add to t h e 

sauce when you make s p a g h e t t i ? 
I ADD VEGETABLE TO SAUCE AS FOLLOWS: 

The p a r t i c u l a r a c t was searched 
f o r i n the r e c i p e f o r o m e l e t . 

The r e c e n t h i s t o r y i s searched 
f o r a n ac t o f k n i f e u s i n g . Each 
even t i n the r e c e n t h i s t o r y i s 
checked to see i f t h e use o f a 
k n i f e c o n s t i t u t e s a subpa r t 

The e v e n t i n v o l v i n g the use i s 
r e t u r n e d as t h e answer. 

There is no even t which had 
t o a s t i n g as a s u b p a r t . 

T o a s t i n g r o l l s i s a near miss 
The s i m i l a r event i s n o t e d . 
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ONION 
MUSHROOM 
> 

> W h e r e a r e t h e m a r s h m a l l o w s ? 
PERHAPS I T I S A T THE PANTRY 
Y E S , I T I S T H E R E . 
THE MARSHMALLOW IS IN THE PANTRY 

> G r e g m a d e a s m o r e . 
> G r e g w o r k e d o n t h e c a r . 
> 

> W h e r e i s t h e f o i l ? 
PERHAPS IT IS AT THE DRAWER 
NOPE, NOT THERE. 
MAYBE SOMEONE MOVED I T . 
HMM, L E T ' S S E E . 
GREG WORK ON CAR 
WOULD THAT DO I T ? 
NO. 
GREG SMORE SMORE 
WOULD THAT DO I T ? 
YES 
PERHAPS IT IS AT THE COUNTER 
Y E S , I T I S T H E R E . 
I T I S A T THE COUNTER 
> 

> W h e r e i s t h e c h e e s e ? 
PERHAPS IT IS AT THE REFRIGERATOR 
NOPE, NOT THERE. 
MAYBE SOMEONE MOVED I T . 
HMM, L E T ' S SEE. 
I DO NOT KNOW 
I ' M NOT SURE. 
> 

> I a t e t h e c h e e s e 
> 

> W h e r e i s t h e c h e e s e ? 
PERHAPS IT IS AT THE REFRIGERATOR 
NOPE, NOT THERE. 
MAYBE SOMEONE MOVED I T . 
HMM, L E T ' S SEE. 
YOU EAT CHEESE 
WOULD THAT DO I T ? 
YES 
IT NO LONGER EXISTS. 
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