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ABSTRACT 

I n o r d e r t o r e p r e s e n t u n c e r t a i n knowledge 
e s p e c i a l l y i n f e r e n c e r u l e s m a t c h i n g u n c e r t a i n 
knowledge s t r u c t u r e s - s e v e r a l e x t e n s i o n s o f a 
r e p r e s e n t a t i o n schema a r e d e s c r i b e d . F i r s t a t w o -
d i m e n s i o n a l e v i d e n c e space i s i n t r o d u c e d t o e x p r e s s 
p o s i t i v e and n e g a t i v e e v i d e n c e . I t i s shown how 
i n d i c a t o r s o f e v i d e n c e (as p a r t s o f N L - u t t e r a n c e s ) 
m o d i f y e v i d e n c e v a l u e s b y m o d i f i c a t i o n r u l e s . 
Ev idence v a l u e s ( p o i n t s o f the e v i d e n c e space) can 
b e used i n p l a c e o f t r u t h v a l u e s i n o r d e r t o 
r e p r e s e n t i n f e r e n c e r u l e s . To do t h i s the 
e x t e n s i o n s d e a l w i t h the g o a l p o i n t concep t f o r 
r e d e f i n i n g ' v e r i f y ' ( t o g e t h e r w i t h the c o n c e p t s o f 
n e i g h b o r h o o d , d e v i a t i o n , and d i r e c t i o n ) , and the 
c o n c e p t o f r e l e v a n c e r e f l e c t i n g the r e l a t i o n s h i p 
between a s i n g l e p remise and the c o n c l u s i o n . 

I g i v e no d i r e c t answer to e i t h e r o f t hese 
q u e s t i o n s , bu t on the one hand I d e m o n s t r a t e how 
e v i d e n c e v a l u e s can a c c o m p l i s h the t ask o f t r u t h 
v a l u e s , and on the o t h e r hand I i l l u s t r a t e how to 
hand le the dependenc ies between e v i d e n c e v a l u e s . 

In the f o l l o w i n g I i n t r o d u c e a t w o - d i m e n s i o n a l 
e v i d e n c e space and p o i n t ou t the consequences f o r 
the f o r m u l a t i o n o f i n f e r e n c e r u l e s . 

I I The e v i d e n c e space 

In c o n t r a s t to W a h l s t e r , who uses one 
d i m e n s i o n to r e p r e s e n t e v i d e n c e * * , I d i s t i n g u i s h 
between p o s i t i v e and n e g a t i v e e v i d e n c e as 
d i m e n s i o n s o f a t w o - d i m e n s i o n a l e v i d e n c e space . 

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

Research i n common sense r e a s o n i n g , n a t u r a l 
language s y s t e m s , e x p e r t sys tems (and a l m o s t a l l 
t he o t h e r s u b f i e l d s o f A I ) i s conce rned w i t h 
knowledge r e p r e s e n t a t i o n a s the main p rob lem o f A I . 
C e n t r a l t o p i c s a r e vagueness ( e . g . L e F a i v r e , 1 9 7 4 ) , 
u n c e r t a i n t y ( e . g . S h o r t l i f e , 1976; W a h l s t e r , 1 9 8 1 ) , 
and p a r t i a l ( o r i n c o m p l e t e ) knowledge ( e . g . Fox , 
1 9 8 1 , J o s h i , 1 9 7 8 ) . I n t h i s paper I c o n c e n t r a t e on 
u n c e r t a i n t y and p r e s e n t a p r o p o s a l on how to 
r e p r e s e n t i n f e r e n c e r u l e s t h a t a re a b l e t o match 
u n c e r t a i n knowledge s t r u c t u r e s (macro s t r u c t u r e s ) 
p a r t i a l l y . S e v e r a l p r o p e r t i e s o f t he r e p r e s e n t a t i o n 
schema and the r u l e system a re under i n v e s t i g a t i o n . 
I p r e s e n t some b a s i c e x t e n s i o n s t h a t have a l r e a d y 
been imp lemented t o v a r y i n g deg rees ( i n PROLOG). 
The f i r s t and most i m p o r t a n t e x t e n s i o n i s t h e 
r e p r e s e n t a t i o n o f u n c e r t a i n t y w i t h p a i r s o f 
e v i d e n c e v a l u e s . 

Two i m p o r t a n t p rob lems a r i s e i f we e n r i c h a 
t r a d i t i o n a l r e p r e s e n t a t i o n schema ( e . g . l o g i c ) w i t h 
e v i d e n c e v a l u e s : f i r s t , how can t r u t h v a l u e s b e 
r e l a t e d t o e v i d e n c e v a l u e s and s e c o n d l y , what a re 
t h e dependenc ies between e v i d e n c e v a l u e s ? 

( 1 ) Mary b e l i e v e s t h a t J im w i l l t r a v e l t o I J C A I - 8 3 . 

W i t h ( 1 ) as p a r t of my p e r s o n a l knowledge base 
I can say t h a t I have some p o s i t i v e e v i d e n c e 
(name ly M a r y ' s b e l i e f ) f o r the p r o p o s i t i o n ' J i m 
w i l l t r a v e l t o I J C A I - 8 3 ' . 

( 2 ) John t e l l s me 
I J C A I - 8 3 . 

t h a t J im w i l l n o t t r a v e l t o 

( 2 ) g i v e s me some n e g a t i v e e v i d e n c e f o r t he 
same p r o p o s i t i o n . So I can have b o t h : p o s i t i v e and 
n e g a t i v e e v i d e n c e f o r one and the same p r o p o s i t i o n 
a t the same t i m e . 

Because I o f t e n am no t a b l e to r e s o l v e 
c o n f l i c t s i m m e d i a t e l y ( D o y l e , 1979) I w i l l answer 
"Maybe" * * * i f someone asks me in the meant ime 
whe the r o r n o t J im w i l l t r a v e l t o I J C A I - 8 3 . 

Be ing a b l e t o g e n e r a t e answers l i k e t h a t 
i m p l i e s the a b i l i t y t o r e p r e s e n t such " c o n f l i c t 
s i t u a t i o n s " - t o r e p r e s e n t u n c e r t a i n and 
c o n t r a d i c t o r y k n o w l e d g e . I t i s e s s e n t i a l i n t h i s 

* * W a h l s t e r uses a l i n e a r s c a l e l i k e the z - v a l u e 
s c a l e o f Fuzzy ( Z a d e h , 1965) i n h i s f u z z y s o r t e d 
e v i d e n c e c a l c u l u s ( W a h l s t e r , 1 9 8 1 ) . 

* T h i s wo rk was s u p p o r t e d 
( B u n d e s m i n i s t e r i u m f u e r Forschung 
under g r a n t PT 1 3 5 . 0 1 . 

by the BMFT 
und T e c h n o l o g i e ) 

* * * Many o t h e r answers a r e p o s s i b l e , b u t I am 
e s p e c i a l l y i n t e r e s t e d i n the m e n t a l a t t i t u d e 
t owa rds a p r o p o s i t i o n . 
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context to be able to mark a p ropos i t i on for 
pos i t i ve and negative evidence w i th t h e i r 
corresponding values as we l l as the d i f f e r e n t 
sources having caused the " c o n f l i c t " . 

We have to d i f f e r e n t i a t e between the fo l l ow ing 
four important s i t u a t i o n s : 

i) (s t rong) pos i t i ve and no negative evidence, 
i i ) No pos i t i ve and (s t rong) negative evidence, 

i i i ) No evidence at a l l . 
i v ) Both, (some) pos i t i ve and (some) negative 

evidence. 

Using a one-dimensional l i near scale to 
represent degrees of evidence for p ropos i t i ons , 
Wahlster is not able to d i s t i n g u i s h between 'some 
p o s i t i v e and no negative evidence' and ' s t r ong 
pos i t i ve and some negative ev idence ' , if the 
d i f f e rence between pos i t i ve and negative evidence 
remains constant . Usual ly i t is the l a t t e r which 
is not allowed ( c f . Wahlster, 1981). 

In order to represent (3) and to determine i t s 
EP, i t is he lp fu l to i n t e r p r e t ' i t may be t r u e ' and 
' i t is f a l s e ' as i nd i ca to rs of evidence, where the 
f i r s t modif ies the EP produced by the second. The 
very ' f i r s t ' EP ** is created by an i m p l i c i t par t 
of the given sentence. This part is a cons t i t uen t 
of every na tu ra l language ut terance - i t i nd ica tes 
the r e l a t i o n s h i p between the rea l wor ld and the 
p ropos i t ion and says that 

(4) In the r e a l world IT IS THE CASE that 
( p r o p o s i t i o n ) . 

(A) is successively modif ied by evidence 
i nd i ca to rs u n t i l the evidence point of the 
p ropos i t i on is obtained and the mental a t t i t u d e of 
the ut terance producer is adequately expressed. 

I in t roduce ' i t is the case' as the operat ion 
that assigns (1,0) to a propos i t ion P i . 

' I T IS THE CASE' ( Pi ) > Pi (1 ,0) 

These cases r e f l e c t four ways in which 
something can be known: i) stands for 'I am sure 
that a p ropos i t ion is t r u e ' , i i ) stands for ' I am 
sure that a p ropos i t i on is f a l s e ' , i i i ) says that I 
know nothing about the ' t r u t h ' of a p ropos i t i on , 
and i v ) says that my knowledge is con t rad ic to ry -
that I can not decide whether a p ropos i t ion is 
' t r u e ' o r ' f a l s e ' . A l l the other possible 
combinations of negative and pos i t i ve evidence (= 
po in ts / reg ions of the evidence space) can be 
verba l i zed in a s im i la r way *. 

The two dimensions of the evidence space are 
given by the pos i t i ve and the negative evidence. 
Each p ropos i t i on is assigned exact ly one evidence 
po in t (EP): EP(proposit ion)=(EP+,EP-) £ [0 ,1] X 
[ 0 , 1 ] . 

* Both the t r a n s l a t i o n from NL to such 
representa t ions ( the understanding problem) and the 
generat ion of NL-utterances out of these 
representa t ions are important tasks but are not in 
the focus of t h i s paper. 

** In order to modify something we need t h i s very 
f i r s t p o i n t . 

* * * To make these mod i f i ca t i on ru les more adequate 
the concept of neighborhood - introduced in the 
next sect ion - would be h e l p f u l . 

* * * * A con t inua l f unc t i on of ' i t is f a l s e ' would be 
more adequate but ra ther compl icated. This 
d e f i n i t i o n shows some p roper t i es (of a con t inua l 
func t ion) re levant to the example. 
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J im w i l l t r a v e l t o I J C A I - 8 3 
IT IS THE CASE 

J im w i l l t r a v e l t o I J C A I - 8 3 ( 1 , 0 ) 
IT MAY BE TRUE 

J im w i l l t r a v e l t o I J C A I - 8 3 ( 0 . 7 , 0 ) 
IT IS FALSE 

J im w i l l t r a v e l t o I J C A I - 8 3 ( 0 . 7 , 1 ) 

( 0 . 7 , 1 ) i n d i c a t e s t h a t I have more n e g a t i v e 
t h a n p o s i t i v e e v i d e n c e f o r the p r o p o s i t i o n and the 
E P i s c l o s e t o the c o n t r a d i c t i o n ( 1 , 1 ) . T h i s 
e x p r e s s e s the a t t i t u d e t owards the p r o p o s i t i o n ' J i m 
w i l l t r a v e l t o I J C A I - 8 3 ' w e l l * . The d i f f e r e n c e 
be tween ( 3 ) and ( 5 ) c o u l d be e x p l i c a t e d i n o r d e r t o 
show in what way t h e o r d e r i n g o f the e v i d e n c e 
i n d i c a t o r s i n f l u e n c e s the meaning o f a s e n t e n c e . 
T h i s d i f f e r e n c e i s s i m i l a r t o the one between the 
meanings o f d i f f e r e n t o r d e r i n g s o f t h e modal 
o p e r a t o r s ' n e c e s s i t y ' and ' p o s s i b i l i t y ' o f moda l 
l o g i c . The a im o f t h i s example was to show t h a t 
d i f f e r e n c e s l i k e t h i s ( o f the o r d e r i n g o f e v i d e n c e 
i n d i c a t o r s ) can be e x p l i c a t e d in such a way . 

I l l I n f e r e n c e r u l e s 

I n l o g i c p rem ises have t o b e v e r i f i e d i n o r d e r 
to show t h a t a c o n c l u s i o n is a t h e o r e m . 
S u b s t i t u t i n g t r u t h v a l u e s b y e v i d e n c e v a l u e s w e 
have t o r e d e f i n e the word ' v e r i f y ' . What c o u l d i t 
mean t o ' v e r i f y a p r e m i s e ' i f the p r o p o s i t i o n s 
w h i c h c o u l d b e s u p p o r t i n g i n s t a n c e s f o r the p remise 
have EPs b u t no t r u t h v a l u e s ? I f we p r o v i d e the 
p r e m i s e s w i t h g o a l p o i n t s (GP) * * t h e n we can check 
whe the r o r n o t the e v i d e n c e p o i n t o f a p r o p o s i t i o n 
m a t c h i n g a p rem ise i s i d e n t i c a l w i t h t he g o a l 
p o i n t . I f t h i s i s t h e c a s e , t h e n the p r o p o s i t i o n i s 
a ' s u p p o r t i n g i n s t a n c e ' f o r the p r e m i s e . We can do 
e x a c t l y t h e same w i t h the c o n c l u s i o n : i t g e t s a GP 
t h a t becomes i t s e v i d e n c e p o i n t i f a l l p rem ises a re 
v e r i f i e d i n t he d e s c r i b e d way . 

A t t h i s p o i n t the main d i f f e r e n c e between t h i s 
and the p r e d i c a t e c a l c u l u s i s t h a t i n l o g i c t h e r e 
i s o n l y one G P ( 1 , 0 ) , w h i c h i s g i v e n i m p l i c i t l y . I n 
my p r o p o s a l each EP t h a t i s p o s s i b l e can s t a n d f o r 
a GP. 

To make the sys tem more p o w e r f u l t he f o l l o w i n g 
e x t e n s i o n i s made: a p r o p o s i t i o n i s a s u p p o r t i n g 
i n s t a n c e f o r a p remise i f i t matches and i f i t s E P 
i s c o m p a t i b l e w i t h the G P o f the p r e m i s e . I n t h i s 
c o n t e x t ' c o m p a t i b l e ' means t h a t t h e n e i g h b o r h o o d o f 

* U s u a l l y t he r e c e i v e r o f ( 5 ) e x p e c t s the s o l u t i o n 
o f t h e c o n t r a d i c t o r y s i t u a t i o n b y t he s p e a k e r . ( " I t 
i s d e f i n i t e t h a t h e w i l l t r a v e l ! " ) 

* * The g o a l p o i n t o f a p remise t e l l s u s t h a t t h e 
i n f e r e n c e r u l e i s a p p l i c a b l e i f t h e a t t i t u d e t o a 
p r o p o s i t i o n m a t c h i n g t h e p rem ise ( i t s e v i d e n c e 
p o i n t ) is i d e n t i c a l to the wanted GP. As EPs GPs 
a r e p a i r s o f v a l u e s o f t h e f o rm ( G P + , G P - ) £ [ 0 , 1 ] X 
[ 0 , 1 ] . They a r e e l e m e n t s o f the e v i d e n c e space t o o . 

each GP is d e f i n e d * and t h a t the EP is an e lemen t 
of t h i s n e i g h b o r h o o d . Now we can d e t e r m i n e the 
' q u a l i t y ' * * o f t h e v e r i f i c a t i o n o f a p remise b y 
compu t i ng the d i s t a n c e between the EP and t h e GP. 

We can d i s t i n g u i s h between at l e a s t two k i n d s 
o f d e v i a t i o n f r om the GP: i t i s p o s i t i v e (more 
c e r t a i n ) i f t he G P i s a n e lemen t o f the p o s i t i v e 
zone ( f o r p o s i t i v e and n e g a t i v e zone c f . t he 
f i g u r e ) and the EP is nea re r t h a n the GP to ( 1 , 0 ) , 
or i f the GP is an e lemen t o f the n e g a t i v e zone and 
the EP i s n e a r e r t o ( 0 , 1 ) t h a n the GP i s . I n a l l 
o t h e r cases the d e v i a t i o n i s n e g a t i v e (more 
u n c e r t a i n ) ( u n l e s s the GP i s i d e n t i c a l t o the EP, 
o f c o u r s e ) . T h i s d i s t i n c t i o n i s a f i r s t a t t e m p t t o 
take i n t o c o n s i d e r a t i o n the d i r e c t i o n o f the 
d e v i a t i o n . * * * 

The e v i d e n c e p o i n t o f the c o n c l u s i o n no l o n g e r 
depends o n l y o n the r e s p e c t i v e g o a l p o i n t b u t a l s o 
o n the q u a l i t y o f the v e r i f i c a t i o n o f a l l p rem ises 
and the d i r e c t i o n o f t he d e v i a t i o n . Thus , the GP o f 
t h e c o n c l u s i o n i s a l s o a s s i g n e d a n e i g h b o r h o o d 
**** . 

The g o a l p o i n t concep t i s a f i r s t s t e p towards 
a c h i e v i n g a p a r t i a l m a t c h i n g o f complex s t r u c t u r e s . 
W i t h t h i s concep t we a l l o w a p remise to have the 
who le e v i d e n c e space as i t s n e i g h b o r h o o d . Such a 
p remise i s c o n s i d e r e d o p t i o n a l because i t canno t b e 
f a l s i f i e d . I n c a r r y i n g o u t a n i n f e r e n c e the system 
s h o u l d b e a b l e t o d i s t i n g u i s h between o b l i g a t o r y 
and o p t i o n a l p r e m i s e s , because i n s t r a n g e 
s i t u a t i o n s w i t h l i t t l e t ime t o " p r o v e a t heo rem" 
the system s h o u l d i g n o r e the o p t i o n a l p r e m i s e s . To 
compute the q u a l i t y o f the v e r i f i c a t i o n o f a l l 
p rem ises t h e o p t i o n a l p rem ises have to be t a k e n 
i n t o accoun t d i f f e r e n t l y t han the o b l i g a t o r y ones 
because o f t h e i r d i f f e r e n t degrees o f r e l e v a n c e . 

* The n e i g h b o r h o o d is a sphere of the e v i d e n c e 
space w i t h t he g o a l p o i n t as i t s c e n t e r . The GP 
t o g e t h e r w i t h a r a d i u s d e f i n e s t he n e i g h b o r h o o d . 

* * ' Q u a l i t y ' i s i n t r o d u c e d he re a s a t e c h n i c a l 
t e r m . 

* * * I f t he d i r e c t i o n o f t he d e v i a t i o n o f the 
p r e m i s e s is seen as a v e c t o r , t h e n the EP o f t h e 
c o n c l u s i o n ( t h a t i s , t he d e v i a t i o n f r om i t s g o a l 
p o i n t ) can b e computed w i t h t h e v e c t o r c a l c u l u s . 
T h i s p o s s i b i l i t y i s under i n v e s t i g a t i o n . 

* * * * There a r e many p o s s i b i l i t i e s f o r compu t i ng t h e 
a c t u a l e v i d e n c e p o i n t o f a c o n c l u s i o n , e . g . 
m in imum, maximum, o r ave rage o f t he v e r i f i c a t i o n 
q u a l i t i e s , and v e c t o r c a l c u l u s . I t a l s o s h o u l d b e 
p o s s i b l e t o imp lemen t a s p e c i a l c o m p u t a t i o n 
p r o c e d u r e f o r a s p e c i a l i n f e r e n c e r u l e . 
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The second e x t e n s i o n i s the i n t r o d u c t i o n o f 
t h e degree of r e l e v a n c e of a premise * needed to 
compute the q u a l i t y o f v e r i f i c a t i o n o f a l l the 
p remises o f an i n f e r e n c e r u l e . For the t ime b e i n g 
we i n t e r p r e t the ne ighbo rhood of a premise as i t s 
r e l e v a n c e - the l a r g e r the n e i g h b o r h o o d , the 
s m a l l e r the r e l e v a n c e * * . 

The o r d e r i n g o f the p remises shou ld a t l e a s t 
take i n t o accoun t the d i f f e r e n c e between o p t i o n a l 
and o b l i g a t o r y p remises - i t wou ld be f o o l i s h to 
p rove a l l t he o p t i o n a l ones and t hen t o f a i l w i t h 
a n o b l i g a t o r y one * * * . 

A s p e c i a l c l a s s o f i n f e r e n c e r u l e s has to be 
m e n t i o n e d : those r e g u l a t i n g the dependenc ies 
between E P ' s . I f a p r o p o s i t i o n is known to have a 
c e r t a i n EP and new i n f o r m a t i o n is added , t h e n we 
a re a b l e t o m o d i f y the - g i v e n EP u s i n g these r u l e s . 
EP 's of c o n t r a d i c t o r y knowledge can be computed 
w i t h the r u l e s and s t o r e d a f t e r w a r d s t o g e t h e r w i t h 
the d i f f e r e n t knowledge s o u r c e s . 

IV C o n c l u s i o n 

S e v e r a l e x t e n s i o n s of a r e p r e s e n t a t i o n schema 
f o r u n c e r t a i n knowledge have been d e s c r i b e d . The 
e x t e n s i o n s d e a l w i t h an ev idence space f o r 
r e p r e s e n t i n g u n c e r t a i n t y , the g o a l p o i n t concep t 
f o r r e d e f i n i n g ' v e r i f y ' ( t o g e t h e r w i t h the concep ts 
o f n e i g h b o r h o o d , d e v i a t i o n , and d i r e c t i o n ) , and the 
concep t o f r e l e v a n c e r e f l e c t i n g the r e l a t i o n s h i p 
between a s i n g l e p remise and the c o n c l u s i o n . 

F i n a l l y a n i m p o r t a n t p o i n t c u r r e n t l y under 
i n v e s t i g a t i o n is touched on o n l y s l i g h t l y . As we 
have p o i n t e d ou t e l sewhere (Habe l and R o l l i n g e r , 
1 9 8 2 ) , we have p o s i t i v e and n e g a t i v e ev idence f o r 
i n f e r e n c e r u l e s a s w e l l a s f o r p r o p o s i t i o n s . T h i s 
u n c e r t a i n t y must u l t i m a t e l y be expressed i n the 
same way as the u n c e r t a i n t y o f p r o p o s i t i o n s * * * * . 

* S i m i l a r t o the ' e v o k i n g w e i g h t ' ( J o s h i , 1978) 
w h i c h r e f l e c t s the c e r t a i n t y w i t h w h i c h the 
c o n c l u s i o n can be i n f e r r e d f rom the v i e w p o i n t o f 
one p r e m i s e . 

* * T h i s i s o n l y a t e n t a t i v e s o l u t i o n because i t i s 
c l e a r t o u s t h a t t h e r e are s i t u a t i o n s i n w h i c h a 
p remise i s o p t i o n a l bu t n e v e r t h e l e s s q u i t e 
r e l e v a n t . I n o r d e r t o r e p r e s e n t these s i t u a t i o n s 
we have to d i s t i n g u i s h the ne ighbo rhood f rom the 
r e l e v a n c e . We w i l l do t h i s in a l a t e r s tage o f our 
p r o j e c t . 

* * * P r o p o s a l s on how to o r d e r p remises f o r o t h e r 
reasons a r e g i v e n i n K o w a l s k i ( K o w a l s k i , 1979 ) . 

* * * * T h i s v i e w o f u n c e r t a i n t y i s d i f f e r e n t t o the 
one o f J o s h i ( J o s h i , 1 9 7 8 ) , who does n o t d i f f e r 
between save r u l e s p r o d u c i n g u n c e r t a i n consequences 
and u n c e r t a i n r u l e s ( p r o d u c i n g u n c e r t a i n 
concequences t o o , o f c o u r s e ) . 
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