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ABSTRACT 

C o n s i d e r a b l e a t t e n t i o n has been g i v e n to 
c r e a t i n g hypotheses which cover a se t o f 
i n s t a n c e s . However, t o d a t e the r e l a t e d prob lem o f 
g e n e r a t i n g a task to r e f i n e the h y p o t h e s i s se t has 
s o f a r r e c e i v e d ve ry l i t t l e a t t e n t i o n . A 
t a s k - g e n e r a t o r has been implemented f o r a 
r u l e - b a s e d m o d e l l i n g sys tem. LMS, Leeds M o d e l l i n g 
System. Here we d i s c u s s how an analogous 
t a s k - g e n e r a t o r c o u l d be used w i t h systems which do 
n o t c o n s t r a i n t h e i r h y p o t h e s i s - s p a c e a s s t r o n g l y 
as LMS. 

1. INTRODUCTION 

C o n s i d e r a b l e a t t e n t i o n has been g i ven to 
c r e a t i n g hypotheses wh ich cover a se t o f 
i n s t a n c e s . [ 1 ] , [ 2 ] , [ 3 ] , [ 4 ] , [ 6 ] , [ 7 ] , [ 8 ] and 
[ 1 0 ] . However, t o d a t e the r e l a t e d p rob lem o f 
g e n e r a t i n g a task to r e f i n e the hypotheses se t has 
s o f a r r e c e i v e d v e r y l i t t l e a t t e n t i o n . M i t c h e l l 
[ 7 ] i s amoung the few peop le to address t h i s 
I s s u e , and i n d i c a t e s how a p rob lem g e n e r a t o r would 
f i t w i t h i n the V e r s i o n Space approach . Most 
workers have made the same bas i c assumpt ion t h a t 
we have made 1n our e a r l i e r M o d e l l i n g work [ 1 0 ] . 
namely t h a t the se t o f examples p r o v i d e d shou ld be 
s u f f i c i e n t l y r i c h t o d i s c r i m i n a t e between a l l 
l i k e l y hypo theses . O b v i o u s l y t h i s assumption-
becomes l e s s v i a b l e as the number of p o t e n t i a l 
hypotheses i n c r e a s e s . 

Th is task g e n e r a t o r has been c r e a t e d as p a r t 
of a system wh ich models s t u d e n t ' s p rob lem 
s o l v i n g . LMS, Leeds M o d e l l i n g System, p r e s e n t s 
t he s t u d e n t w i t h a t a s k . 1s p resen ted w i t h t he 
s t u d e n t ' s response and f r om t h i s , h y p o t h e s i z e s 
models t o e x p l a i n the s t u d e n t ' s pe r f o rmanc e . 
( I n d e e d . LMS. represen ts each s t u d e n t model as an 
o rde red p r o d u c t i o n s e t ; o r d e r e d . i n the sense 
t h a t the f i r s t r u l e wh ich i s s a t i s f i e d , f i r e s . 
See f i g u r e 2 f o r TRACES of t y p i c a l m o d e l s ) . In 
our work we have p a i d p a r t i c u l a r a t t e n t i o n to the 
size of the search space and have shown t h a t by 
c o n c e n t r a t i n g o n p a r t i c u l a r r u l e ( s ) i t i s p o s s i b l e 
t o ach ieve ve ry major r e d u c t i o n s i n the s i z e o f 
search s p a c e ( s ) . In an e a r l i e r paper we d i s c u s s e d 
an a l g o r i t h m f o r t he s y s t e m a t i c search of a 
h y p o t h e s i s - s p a c e [ 1 2 ] , and the need t o c r e a t e f o r 
each d o m a i n - r u l e a d i s c r i m i n a t o r y p r o b l e m - t y p e , or 
Problem Temp la te . Here we show how these 
t echn iques can a l s o be a p p l i e d to systems where 
the search has no t been so s y s t e m a t i c . The 
t a s k - g e n e r a t o r d e s c r i b e d here i s f o r the A l g e b r a 
domain , bu t we b e l e i v e t h a t the approach o u t l i n e d 
has c o n s i d e r a b l e g e n e r a l i t y . 
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Indued , we c l a i m t h a t the Task Generator 
d e s c r i b e d here is s u i t a b l e f o r domains in wh ich 
the o b j e c t i v e i s t o t r a n s f o r m an i n i t i a l s t a t e 
i n t o e i t h e r a p re -spec i f i e d ( g o a l ) S l a t e o r a t 
l e a s t one w i t h s p e c i f i e d c h a r a c t e r i s t i c s . 
(Genera to rs f o r o t h e r t a s k - t y p e s , f o r example the 
t asks d e s c r i b e d b y K l a h r , [ 5 ] and S i e g l e r , [ 9 ] , 
w i l l be d i scussed in a subsequent p a p e r ) . 
F u r t h e r , i t has been assumed t h a t the domain 
knowledge has been f o r m u l a t e d as a se t of 
C0NDITION-ACTI0N r u l e s ; t h a t the t asks w i l l be 
processed us i ng the same match ing e x e c u t i o n c y c l e 
a s used h e r e , namely the f i r s t s a t i s f i e d r u l e 
f i r e s . 

2., The Alafiiina Domain. 

F igu re la g i v e s a s t y a l i z e d fo rm o f the r u l e s 
used t o e v a l u a t e / s o l v e A lgeb ra t a s k s , and f i g u r e 
lb g i v e s the set o f a s s o c i a t e d m a l - r u l e s wh ich 
have been noted in an e a r l i e r a n a l y s i s of 
p r o t o c o l s , and used in a M o d e l l i n g e x p e r i m e n t , 
[ 1 1 ] . S t y a l i z e d r u l e s have been used f o r Task 
Gene ra t i on as they c a p t u r e a l l the essent ia l 
i s s u e s , bu t avo id some of the mess ie r d e t a i l . 
( C l e a r l y , i t would be p o s s i b l e to implement an 
a l g o r i t h m t o gene ra te the ' r e a l ' r u l e s f rom the 
s t y a l i z e d o n e s ) . F i g u r e 2 g i ves ' IRACFs' o f p a i r s 
o f c o r r e c t and ' buggy ' models s o l v i n g t y p i c a l 
p rob lems , and hence i n d i c a t e s the types of 
d i s c r i m i n a t o r y t asks which the task g e n e r a t i o n 
a l g o r i t h m must c r e a t e . 

3. Rule-based task generator:. 

Th is a n a l y s i s , f u r t h e r assumes t h a t the 
mode l - and t a s k - g e n e r a t i o n a l g o r i t h m s make use of 
the f o l l o w i n g c l a s s i f i c a t i o n f o r the CONDITION 
p a r t o f the r u l e s : 

a ) P o t e n t i a l I n t e r a c t i o n b e t w e e n Rules 

Suppose the c o n d i t i o n s of Rule 1 is CI C2 . . . 
Cm Cn and the c o n d i t i o n s of Rule 2 is Cm Cn Cs 
. . . . Cz. then bo th Rules would be ab le t o f i r e , 
i f the prob lem p r e s e n t e d c o n t a i n e d a p a t t e r n o f 
the f o r m . -

CI . . . Cm Cn Cs . . . Cz 

As we are d e a l i n g w i t h o rde red p r o d u c t i o n 
s e t s , the o rder o f the r u l e s de te rm ines which 
f i r e s ( f i r s t ) . And hence such a p a t t e r n would 
p o t e n t i a l l y d i s c r i m i n a t e between the models 
( . . . R l . . . R 2 . . . ) and (. . .R2. . . R l . . . ) . [Whether or 
no t the example does d i s c r i m i n a t e depends on the 
a c t i o n s o f the 2 r u l e s ] . 

An example of such a p a i r o f r u l e s i t 
ADDSUB NUM +/- NUM 
MULT NUM ♦ NUM 
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c o n d i t i o n (number o f i t e r a t i o n s , r u l e s wh ich the 
f i n a l p a t t e r n must a c t i v a t e e t c . ) . F i g u r e 3 shows 
the per formance of the system when g i v e n the 
i n i t i a l s t a t e , (SHI) NUM). Rule Net (MUI SOLVF 
FIN2) and the c r i t e r e o n t h a t MU1 T and then SOI VF 
must be a c t i v a t e d . 

b) Non-interacting or Order-Independent rules Rules 
Non- i n t e r a c t i n g r u l e s are ones which whatever : the 
p a t t e r n would no t be i n c o n f l i c t , i e the p a t t e r n s 
do NOT o v e r l a p . For example, i f the c o n d i t i o n s of 
Rl are CI C2 C3 and of R2 are CI C2 C4 then these 
would NOT compete. 

c) Subsume- Rule Rl is s a i d to subsume R2. i f 
R l ' s c o n d i t i o n se t i s an o r d e r e d s u b - s e t ( l ) o f 
R?'s c o n d i t i o n s ( t h e e f f e c t o f R l be ing p laced 
b e f o r e R2. in an o rde red P r o d u c t i o n Se t . i s t h a t 
the PS would ac t as if R2 d i d no t occur ( 2 ) ) . An 
example of a subsuming/subsumed p a i r f rom t h i s 
domain is ADDSUB and REARRANGE. 

Note t h a t Subsuinpt ion and 'Non I n t e r a c t ion ' 
can he dec ided by i n s p e c t i o n of the CONDITION 
p a r t s o f the r u l e s ; p o t e n t i a l 
i n t e r a c t i o n / c o n f l i c t depends c r i t i c a l l y o n the 
form of the prob lem c o n s i d e r e d , and so has to be 
dec ided w i t h r e s p e c t to each prob lem t y p e . 

In o l d e r to genera te a type of p rob lem which 
would a l l o w a r u l e to f i l e we need to use the 
r u l e s in the oppos i te d i r e c t i o n to which they are 
used to s o l v e a p rob lem. That is g i ven the MULT 
r u l e : -

(STR1 NUM STR2) => (STR1 NUM • NUM STR2) 
the a l g o r i t h m checks i f NUM is c o n t a i n e d in the 
i n p u t s t r i n g , and i f so r e p l a c e s i t b y the s t r i n g 
NUM ♦ NUM, (STRi are s t r i n g s which can be n u l l ) . 
To i n i t i a t e the g e n e r a t i o n a l g o r i t h m we need to 
s p e c i f y an i n i t i a l s t r i n g , a se t o f r u l e s wh ich 
can be used in g e n e r a t i o n mode and a t e r m i n a t i n g 

3.1 The algorithms to generate a problem to 
dl£_crj.mina_Le_ between to models 

The bas i s of t h i s approach is the 
d i s c r i m i n a t i o n between 2 models . However, i f one 
has N models then it would be s e n s i b l e to choose a 
f e a t u r e , say the presence/absence of a p a r t i c u l a r 
r u l e w h i c h , as n e a r l y as p o s s i b l e , s p l i t s the 
h y p o t h e s i s space i n t o ?, and to use the a l g o r i t h m 
o u t l i n e d in t h i s s e c t i o n w i t h 2 mode ls , one o f 
which has the chosen f e a t u r e and one t h a t does 
n o t . 

Note t h a t i f one i s s y s t e m a t i c a l l y e x p l o r i n g 
a r u l e - s p a c e , as do both v e r s i o n s of IMS. [ 1 0 ] , 
[ 1 2 ] , then the o n l y v a r i a n t s encoun te red shou ld be 
r u l e / m a l - r u l e s and the o r d e r i n g o f the r u l e s . 
However, what f o l l o w s is a more gene ra l a n a l y s i s 
which is needed i f the space is not be ing searched 
s y s t e m a t i c a l l y . In g e n e r a l , t h e r e are 2 cases 
which need to be d i s t i n g u i s h e d between namely: 

A. Model, which have the some rules but 
differently ordered 

I n i t i a l l y , we need to d i s t i n g u i s h in each 
mode l , the sub set o f r u l e s which can p o t e n t i a l l y 
i n t e r a c t w i t h o the r r u l e s . Suppose t h a t the 2 
models were: 

(FIN2 SOIVE ADOSUB MUI T) 
(MUIT ADDSUB SOIVF FIN2) 
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[ I n genera l t h e r e may be M p a i r s of w rong l y 
o rde red r u l e s . i n which case the d i s c r i m i n a t i n g 
problem shou ld s a t i s f y the above c o n d i t i o n f o r 
each p a i r . I n p r a c t i c e , one m igh t p r e f e r t o 
genera te a p rob lem to d i s c r i m i n a t e between a 
s i n g l e p a i r , and to work w i t h the ' r e f i n e d ' models 
subsequently]. 

B. Models which have_have differing rules. 

This a l g o r i t h m c o n s i d e r s r u l e s wh ich are 
known not to i n t e r a c t . There are 2 bas i c cases to 
be c o n s i d e r e d h e r e , namely: 

a) where the CONDITIONS of r u l e s . Ri and R j . 
are d i f f e r e n t , (3 ) . 

b) where the ACTIONS of the r u l e - p a i r are 
d i f f e r e n t . 

The a l g o r i t h m t r e a t s r u l e s wh ich d i f f e r i n 
both t h e i r CONDITION and ACTION p a r t s , as i f o n l y 
t h e i r CONDITION p a r t s d i f f e r (as i t i s e a s i e r t o 
v e r i f y d i s c r i m i n a t i o n has been ach ieved i n t h i s 
c a s e ) . [Ru les which have i d e n t i c a l CONDITION and 
ACTION p a r t s shou ld NOT occur and are r e p o r t e d as 
data e r r o r s ] . For the moment, we s h a l l assume 
the re i s on l y one r u l e p a i r to be d i s c r i m i n a t e d 
between in the two models ( t h i s approach may be 
g e n e r a l i z e d l a t e r ) . 

The 2 s u b - a l g o r i t h m s a r e : 

Di f fe ren t Condit ion Part 

I f we use the n o t a t i o n t h a t C ( R i ) i s the 
c o n d i t i o n p a r t o f the i t h r u l e and PTi i t s Problem 
Templa te , t h e n : 

I f C(R1) i s not s a t i s f i e d 
d i scr i m i n a t e s . 

by PT2 then PT2 

S i m i l a r l y , i f C(R2) i s not s a t i s f i e d b y 
then PT1 d i s c r i m i n a t e s . 

PT1 

I f bo th o f the above t e s t s f a i l , then check 
t h a t the a c t i o n s o f the 2 r u l e s d i f f e r ; i f they 
are the same, r e p o r t an e r r o r as d i s c r i m i n a t i o n 
w i l l not be ach ieved w i t h the c u r r e n t PTs. 
[ S u b s e q u e n t l y , we p l a n to implement an a l g o r i t h m 
which w i l l ex tend the PTs to ensure d i s c r i m i n a t i o n 
in such c a s e s ] . 
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Then the 2 r u l e s which c o u l d i n t e r a c t are ADDSUB 
and MULT; these r u l e s are o rde red d i f f e r e n t l y in 
these Models and so the a l g o r i t h m would a t t emp t to 
genera te a prob lem which d i s c r i m i n a t e s between the 
2 o r d e r i n g s of the r u l e s , MULT and ADDSUB. ( I f 
they are not o rde red d i f f e r e n t l y then a 
d i s c r i m i n a t i o n is not p o s s i b l e ; eg (TIN? SOIVE 
ADDSUB MULT) and (ADDSUB MULTI FIN2 SOIVL) are 
e q u i v a l e n t m o d e l s ) . 

The i n i t i a l a l g o r i t h m to c r e a t e such a 
Template a t t emp ts to c r e a t e a task which a c t i v a t e s 
al 1 the r u l e s c o n t a i n e d in the models and which 
c o n t a i n s the Over lap P a t t e r n , O P i j . I n e f f e c t , 
the models be ing c o n s i d e r e d c o n t a i n j u s t one 
a d d i t i o n a l r u l e t o the model cons ide red i n f i g u r e 
3, and so we can a n t i c i p a t e the form of the 
r e s u l t a n t t r e e . Such a search is e s s e n t i a l l y 
b read th f i r s t , and so as at each l e v e l seve ra l 
r u l e s can be a p p l i e d the number of a c t i v e nodes 
inc reases r a p i d l y . A much ' t i d i e r ' approach is to 
produce Problem Templates f o r the ' b a s i c ' mode ls , 
t h a t i s f o r : 

(ADDSUB SOI Vf FIN2) 
(MUI r soi vh H N ? ) 

and then mere ly to ex tend these Problem temp la tes 
to 'accommodate' the a d d i t i o n a l r u l e , le MUI I or 
ADUSUH; in f i g u r e 4 we l i s t the Pfs genera ted f o r 
t h i s domain 's r u l e s and a s s o c i a t e d ma 1 r u l e s . ( I n 
an e a r l i e r paper . [ 1 2 ] , we d i scuss the c r e a t i o n of 
such PTs. as w e l l as the g e n e r a t i o n of PTs to 
d i s c r i m i n a t e between i n t e r a c t i n g p a i r s o f r u l e s eg 
ADDSUB and M2N10HHS). 



is an example which f a l l s i n t o c l asses A and B 
( l i b ) , as MUl and ADDSUB p o t e n t i a l l y i n t e r a c t and 
because NIORHS and MNI0RHS have d i f f e r e n t a c t i o n s . 

The o t h e r assumpt ion wh ich we have made so 
f a r is t h a t no a d d i t i o n a l r u l e s have to be 
i n c l u d e d in the r u l e - s e t i n o rde r to gene ra te a 
d i s c r i m i n a t o r y p r o b l e m . I t i s p o s s i b l e t o 
env isage s i t u a t i o n s , where t h i s i s no t a v a l i d 
a s s u m p t i o n , bu t we have been happy to make t h i s 
assumpt ion i n o rde r t o ' c o n t a i n ' what i s 
p o t e n t i a l l y an enormous search space. However, i t 
i s o n l y necessary t o add a d d i t i o n a l r u l e s t o the 
g e n e r a t i o n se t i f the i n i t i a l search f a i l s . ( I n 
the l i m i t a l l the domain r u l e s shou ld be c o n t a i n e d 
i n the ' g e n e r a t i v e ' r u l e s e t ) . 

3.3 Templete Instantiator. 
So f a r we have not implemented a Template 

I n s t a n t i a t o r f o r t h i s domain; t h i s i s no t a ve ry 
demanding t a s k , bu t n e i t h e r i s i t a ve ry r e w a r d i n g 
one as s i m i l a r i m p l e m e n t a t i o n s have been done many 
t imes b e f o r e . However, such an i m p l e m e n t a t i o n is 
needm! to take f u l l advantage o f any on l i n e 
model l i n y c a p a b i l i t y . 

Footnotes 

1. CI C2 subsumes CI C2 C3 whereas C2 CI 
does n o t . 

2. Note c a r e f u l l y t h i s use of SUBSUME. We 
are u s i n g SUBSUME o n l y to d i s c u s s 
r u l e C O N D I T I O N s . 

3. In o rde r to make a compar ison between 
d i f f e r e n t r u l e s ( m a l - r u l e s ) , i t may b e 
necessary to i n t r o d u c e a s t a n d a r d i z e d 
n o t a t i o n f o r the v a r i a b l e s . E g the f i r s t 
parameter becoming $ p l e t c . 

4. For the moment, we are i g n o r i n g n u m e r i c a l 
degeneracy wh ich sometimes o c c u r s ; 
i n d e e d , w i t h a l a r g e se t o f models i t i s 
d i f f i c u l t t o choose prob lems t o a v o i d i t 
c o m p l e t e l y . For the p r e s e n t , our o n l y 
s o l u t i o n i s t o b r i n g such degeneracy t o 
the i n v e s t i g a t o r ' s a t t e n t i o n when the 
models e v a l u a t e spec i f i c p rob lems . 
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