
LEARNING SIMPLE ARITHMETIC 

Pavel B razd i l 
Department o f A r t i f i c i a l I n t e l l i g e n c e 

Un i ve r s i t y of Edinburgh 
Scotland 

Sussman (1973) has shown tha t s t ra teg ies could 
be reordered according to experience. In h i s ex­
amples no c o n f l i c t s were experienced a f t e r reorder ­
i n g . We s h a l l i l l u s t r a t e t h a t c o n f l i c t s do a r i se 
and present a way of t r y i n g to overcome them. The 
program w r i t t e n (ELS) accepts a set of p a r t i a l l y 
ordered Horn clauses as input and a sequence of 
problems to so lve . The search t ree obtained is 
examined in order to generate a p r i o r i t y o rder ing 
fo r the clauses used. I f c o n f l i c t s are detected, 
ELS t r i e s to determine the cond i t ions under which 
the clauses invo lved should be app l i ed . For ex­
ample, suppose the problem 3+2=X is to be solved 
and we are given the clauses: 

assoc: 
subs: 
subz: 
sue : 
p red : 

Genera l ly , the problems are solved in a breadth 
f i r s t manner, but p r i o r i t y order ings between i n d i ­
v idual clauses are respected. F i r s t a l l clauses 
tha t match the given subgoal are chosen. In our 
case both the clauses 'subs' and 'subz' match the 
i n i t i a l goal 3+2-X, as t h i s goal matches X1+X2=X3. 
Both clauses are a c t u a l l y t r i e d in the search, 
since i n i t i a l l y there i s no p r i o r i t y order ing 
spec i f i ed between them. I f i t had been spec i f i ed 
tha t 'subz<subs', only the clause 'subz' would have 
been t r i e d . 

Figure 1 shows a pa r t of the search t r ee p ro ­
duced by ELS when so lv ing the goal 3+2=X. The 
search t ree contains a number of choice p o i n t s . 
Every time a choice is made ELS makes a note of 
which clause was given preference. A f t e r a suc­
cess fu l so l u t i on has been reached (marked ' y e s ' ) , 
the preferences noted on the so l u t i on path are 
in teg ra ted w i t h the e x i s t i n g p r i o r i t y order ings 
and then used to guide f u tu re searches. 

The i n t e g r a t i o n is not j u s t a matter of adding 
the new order ings to the o l d ones as c o n f l i c t i n g 
requirements can occur. In our example we have 
one such c o n f l i c t . F i r s t we requ i re 'subz<subs' 
and then 'subs<subz'. To reso lve the c o n f l i c t , 
ELS looks back i n t o the search t r e e . It assumes 
tha t one of the va r i ab le assignments in the clause 
'subs' (or 'subz ' ) is c r i t i c a l . In order to make 
a good guess which is the c r i t i c a l assignment, i t 
compares the a p p l i c a t i o n which l i e s on the s o l u ­
t i o n path (marked ' a l l o w ' ) w i t h an a p p l i c a t i o n 
which l i e s j u s t o f f the so lu t i on path (marked 
' a v o i d ' ) . A new clause is generated on the basis 
o f t h i s comparison. Care is taken so t h a t i t 
would mismatch the app l i ca t i on marked ' a v o i d ' , but 
f u r t h e r unnecessary spec ia l i za t i ons are avoided. 
In our case ELS generates the clause ' s u b s . l ' . 
Thus: 

a l low subs: 
avoid subs: 
new s u b s . l : 

The new clause ' s u b s . l ' is added to the 
o r i g i n a l set o f clauses together w i t h the p r i o r i t y 
order ing ' subs .Ksubs ' and ' subs. Ksubz ' , which 
replaces the p r i o r i t y o rder ing 'subs<subz' . The 
problem 3+2=X can now be solved wi thout search. 
The knowledge thus acquired helps the system to 
solve a number of s i m i l a r problems, such as 1+4=X 
and (2+l)+5=X, which are both solved w i thou t search. 
The work described here is c u r r e n t l y being extended 
to the domain of simple equat ion s o l v i n g . 

Our work is a lso re l a ted to Waterman (1975). 
The key po in t in our approach is ana lys is of the 
past search f o r the purpose of c o n f l i c t r e s o l u t i o n . 
I n i t i a l l y only p r i o r i t y order ings are used to de­
scr ibe a so lu t i on pa th , but i f a c o n f l i c t i s de­
t e c t e d , the o ld search t ree i s r e v i s i t e d in order 
to p u l l out more in fo rmat ion about the clauses i n ­
volved in the c o n f l i c t . 
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F i g u r e 1 . The s e a r c h t r e e f o r 3+2=X. The new 
p r i o r i t y o r d e r i n g s o b t a i n e d a r e shown o n t h e r i g h t . 
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