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A b s t r a c t 

In t h i s paper we f o r m a l i z e d i f f e r e n t 
methods f o r d e s c r i b i n g c o n t r o l 
knowledge in p roduc t i on systems by the 
concept of p r o d u c t i o n system schemes. 
In t h i s framework these methods are 
compared from the v iewpo in t o f 
d e s c r i p t i o n a l comp lex i t y g i v i n g us 
some i n s i g h t by which means problems 
can be descr ibed in an easy and 
succ inc t way. 

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

In (Georgef f , 82) a p roduc t i on system 
a r c h i t e c t u r e i s descr ibed i n which 
p rocedura l knowledge i s s p e c i f i e d by 
c o n t r o l languages. I n t h i s framework 
he o u t l i n e d t r a n s f o r m a t i o n s on 
p roduc t i on systems to remove the 
amount of nondetermism to get a more 
e f f i c i e n t e x e c u t i o n . I n o rder t o 
c l e a r l y separate the means f o r 
d e s c r i b i n g c o n t r o l knowledge from the 
( o b j e c t - l e v e l ) semantics of a 
p r o d u c t i o n system and to compare 
d i f f e r e n t methods to desc r ibe 
cont ro lknowledge we w i l l a b s t r a c t t h i s 
concept by p r o d u c t i o n system schemes. 
D i f f e r e n t methods t o desc r ibe c o n t r o l 
i n f o r m a t i o n in p r o d u c t i o n systems can 
then be model led by d i f f e r e n t c lasses 
o f p r o d u c t i o n system schemes ( t h i s i s 
i n p a r a l l e l t o the theory o f program 
schemes (Gre ibach, 7 5 ) ) . The concept 
of p r o d u c t i o n system schemes might 
a l s o form the bas i s f o r a t heo ry o f 
t r a n s f o r m a t i o n s on p r o d u c t i o n systems. 
In t h i s paper we cons ider the f o l l o w i n g 
c lasses of p r o d u c t i o n system schemes: 
c o n t r o l l e d p r o d u c t i o n system schemes 
i n which p rocedura l knowledge i s 
desc r ibed by languages and p r o d u c t i o n 
system schemes w i t h markers , which use 
s p e c i a l database symbols to sequence 
the order o f p r o d u c t i o n s . These 
c lasses of p r o d u c t i o n system schemes 
w i l l be compared from the v i ewpo in t o f 
d e s c r i p t i o n a l c o m p l e x i t y . We show 

t h a t removing nondeterminism ( i f 
p o s s i b l e ) i n c o n t r o l l e d p roduc t i on 
systems might r e s u l t in a s i ze 
exp los ion o f the e q u i v a l e n t 
d e t e r m i n i s t i c p roduc t i on system. I n 
the same way we show t h a t in some 
cases the s p e c i f i c a t i o n o f c o n t r o l -
knowledge by markers can r e s u l t in 
d r a s t i c more succ inc t r ep resen ta t i ons 
than a separate d e s c r i p t i o n of 
cont ro lknowledge in even non-
d e t e r m i n i s t i c c o n t r o l l e d p roduc t i on 
systems• 

Def. t 
An i n t e r p r e t a t i o n of a PSS Q « 
A, f) is a p a i r I = (D, h) where D is 
a nonempty s e t , the database of Q, and 
h is a mapping ass ign ing to each pEP a 
p r e d i c a t e h (p ) from D i n t o (0,1) and 
to each a a r e l a t i o n over D. 

Def .: 
A c o n t r o l l e d p r o d u c t i o n system schema 
(CPSS) is a p a i r Q - (L , P) where P is 
a PSS and L a language over the 
p r o d u c t i o n symbols of P. 
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language L the number of s t a tes in the 
nonde te rm in i s t i c (NPA) or 
d e t e r m i n i s t i c (DFA) f i n i t e automaton M 
accept ing L then is a good measure f o r 
the d e s c r i p t i o n a l complex i t y o f L ( i n 
t h i s case L is a l so denoted by T ( M ) ) . 

3 Main Resul ts 

I f on l y one p roduc t i on a p p l i c a t i o n a t 
each execut ion step of a CPSS Q = (L , 
P) can e v e n t u a l l y lead to a success fu l 
t e r m i n a t i o n , then i t ' s p o s s i b l e t o 
t r a n s l a t e i t i n t o a n equ i va len t 
d e t e r m i n i s t i c p roduc t i on system. I f 
i n a d d i t i o n the c o n t r o l language i s 
regu la r we can t rans fo rm the 
p roduc t i on system i n t o an equ i va len t 
f l owcha r t program. 

I t i s easy to show t h a t in such cases 
the number of s ta tes in the DFA M 
accept ing the language s(L) g ives us 
the s i ze - comp lex i t y ( i . e . number o f 
statements) o f the equ i va len t 
f l owcha r t program where s denotes the 
f o l l o w i n g s u b s t i t u t i o n from the 
p roduc t i on symbols i n t o the p r e d i c a t e 
and a c t i o n symbols of P: 

s(p) = qf where 
f ( p ) = q -->f 

Theorem 1 

For a l l n> l t he re e x i s t s a CPSS Pn 
w i t h s i ze complex i ty 0(n) s . t . every 
equ i va len t f l owcha r t program Qn has a 
s i ze complex i ty o f a t l e a s t 2 n . 

Since Ln can be accepted by a NFA w i t h 
0(n) s t a t e s i t a l so f o l l o w s t h a t the 
( n o n d e t e r m i n i s t i c ) d e s c r i p t i o n o f P n 
has a s i ze complex i ty of 0 ( n ) . On the 
o the r hand i t can be shown (Trum, 

The d e f i n i t i o n of execut ion under an 
i n t e r p r e t a t i o n I = (D, h) must be 
mod i f i ed in the obvious way so t h a t 
the meanings of the new p red ica tes and 
a c t i o n s are f i x e d (see e . g . 
E n g e l f r i e t , 74 ) . 

I n the f o l l o w i n g w e w i l l r e s t r i c t 
ourse lves t o regu la r c o n t r o l languages. 
In order to compare the s izes o f 
p roduc t i on systems we next i n t roduce 
our s i ze measures. C l e a r l y the s i ze o f 
a PSS P is g iven by the number of i t s 
p r o d u c t i o n s . In the case of a CPSS we 
a l so have to measure the c o n t r o l 
language comp lex i t y . Th is can be done 
by the s i ze of the automaton accept ing 
t h i s language. For a r egu la r c o n t r o l 
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Wotschke, 83) t h a t each DFA M w i t h T(M) 
= s(Ln) needs a t l e a s t 2 n s t a t e s 
p roov ing our theorem. 

If we cons ider a MPSS Q w i t h a 
markerset M the execu t ion order of 
p roduc t i ons i s o n l y cons t ra ined by the 
t e s t i n g / s e t t i n g o f markers ( i . e . the 
c o n t r o l language is But , as shown 
i n ( E n g e l f r i e t , 74 ) , the c o n s t r a i n t s 
i n t roduced by the use of markers can be 
model led by a r e g u l a r con t ro l l anguage 
CM. Th is means t h a t in such cases 
the c o n t r o l language i s de f i ned i n the 
p roduc t ions themselves. Th is leads us 
t o the f o l l o w i n g c h a r a c t e r i s a t i o n f o r 
the equiva lence of MPSS's and CPSS's: 

Theorem 2 

Let Q1 be a MPSS w i t h markers in M and 
Q2 = (L , P) be a CPSS. Then Q1 and Q2 
are e q u i v a l e n t i f s (L) = h ( s ( C M ) ) 
where h is the f o l l o w i n g s u b s t i t u t i o n : 
h(v i = m j ) = h ( v i =m j ) = h ( v i <--m j) = 

and n(a) = a o t h e r w i s e . 

Th is r e s u l t leads us to our l a s t 
theorem: 

Theorem 3 

For a l l n 1 the re e x i s t s a MPSS Pn 
w i t h s i ze comp lex i t y 0 (n) s . t . every 
e q u i v a l e n t CPSS Cn has a s i ze 
comp lex i t y o f a t l e a s t 2 n . 
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Fur thermore, the i n i t i a l va lue f o r the 
markers is 1 and the goa l s t a t e is any 
s t a t e where q has va lue 2 n + l . 


