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commentstiones Mathematicae Universitatis Carolinae
5, 2 (1964)
ON EQUIVALENT AND SIMILAR GRAMMARS OF ALGOL~-LIKE LANGUAGES

(Preliminery communication)

K. SuLfX, Praha

Let 6= <Ty N, R, S» be a context-free grammar, i.e.
? and N are terminal and nonterminal vocabularies resp.,
S€N and in R are the rules (a,, 8y, 85,:.. 8;) , where
a,€ N, a; € TUN foreach 1=i%n, n21 (a, 8... 8
is said to be strong over Tuv N ', E.ge in ALGOL 60T &and N
are sets of basic symbols and metalinguistic variables resp.,
S = { programm) and 7% contains elementary syntactic defini-
tions x : : =y z n (the metasymbol | meaning "or" is omitt-
ed). Let L be the language generated by G and let £ be
the set of all phrase markers of elements in L . The phrase
markers were introduced by N. Chomsky and in [1] are defined
as double graphs the vertices of which are lebelled by symbols
of TuN,

If we identify two nonterminel symbols x and y , i.e.
if we substitute x 1inastead of y in all places in all rules
of R oand if we omit y from N s We get a new grammsr c*.
It is easy to see that L*5 L end the mepping & of R in-
to £*is determined by the mentioned substitution. If  1is
a mapping onto R* then x and y are said to be interchan-
geable in G.E.g. if to each (a,, 8,8, ...8 )€ R where a, =
=x (or a, =y ) exists enother rule (byy Dybyyye by) € R
such thet m=n, b, =y (or b, =x) and for each 1, 1%
€ 1% n either a; =b; or a,, by e{x, y}, then x and

Y are interchangeable. -93 -



The homomorphism of a gremmar Gl onto a grammer Gf, is &
mapping ¢ of Tlu Nl onto Tzu N2 such thst

1) ¢ is an one-to-one mapping of T, onmto T, ,

2) (&g, 82, oo a))6 B, implies (g(a)), g(a)) @ (a,)...
eie gla))e R, eana

3) ¢ induces the mapping $ of f, onto £, . Two ;ram=
mers are said to be equivelent if it is possible to map them
homomorphically onto the same grammar.

Another way how to change the grammars are extensions and re-

ductiona; A grammar G is an extension of the grammar Go if

there are grammars GlI: G2 s svey Gp-l such that the following
condition holds for each i, 1= 1 = p : there exists a rule
(agy 8 8, oo 8 ) € R, ,, a symbol 5# g:(h't v T, en
index J, 1= jJ=n 2and an integer k20, 1% j+k=n
such thet T, =Ty ,, Ny =N;, v {b}, ®R =(®, _, -

- { (8, 2; 8, ... a)}) v {(a,, 8] ees 853 DB ene a )
(b, &g a5, oo a,j-o-k); ad Sy =Sy, « E.ge it may be #H =
fs,bvt), (s, bwj mma 2, =4{(, by, (y, w), (s, bx),
(x, vt)} . In this case x and y are interchangeable, but
they do not sétisfy the above mentioned sufficient condition.

The composition + of two sets of rules 9’1 and @"2 is
defined as follows: "7’1 v U, = {lag, 2, 9y Xy 0o ¥y %) 5 1y
md yy are some strings such that there are (ao, X, by X3 eee
ces by x ) €%, and (b5, yd)s’rz for some symbols b; &nd
foreach §, 1= j=nt.

A nonterz;xinal symbol x of the grammer G is said to be
reductible if there is no rule in 72 of the form (x; p), where
p 1is a string containing x . The symbol x 1is reductible if
and only if in 'r’l + 9, 1s no rule containing x , where

‘rl and "rz are the sets of all rules in 42 con~



taining x in their right and left side resp.

Let x be a nonterminel reductible symbol in G . It is
nstural to construct a new gremmar G* as follows: K¥ a N =
- * - *

{x} wa AT (Ro(P] + T,)) = (7, v 7)) . G* 1s
said to be direct reduction of G . A grammar G is called

P
reduction of the grammar G, if there are Gy, Gp, «ee G

1
such that G; 1s direct reduction of Gy_; for each 1 l:-
1<1<p, Some simple examples of the reduction in ALGOL 60
are shown in [2].

Now two grammars sasre said to be strong or weak similar if
they have equivalent extensions or reductions resp.
If x and y are interchangesble in G and G* is di-

rect reduction of G with the reduced symbol 2z, x#*z %y ,

then x and y are interchangesable in g* again, If two

gremmars are strong similer then they are weak similar too, but
not conversely. E.g. R, ={(s, b z), (b, x y)} end 7i2 =

= {(S, xec), (cy2)} are weak similer because R =

= {(S, xy z)} is their common reduction, but there ere evi=-

dently no equivalent extensions of them. There are some latti-

ce properties of the greatest extensions and smallest reductior
in regard to the equivalence relation among the grammars,
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