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KYBERNETIKA CiSLO 1. ROCNIK 1/1965

Semantics and Translation of Grammars
and ALGOL-like Languages

Karer Curfx

A notion of translation is defined in usual mathematical way as a mapping of the expressions
under which their meanings are invariant. Further this mapping is described in certain constructive
way.

The language Lis determined by the set of expressions E and by a semantics S.
E contains certain strings of basic symbols choosen from Vy and S is a function which
joins a meaning S(x) to each expression x € E.

The translation from the language L into the language L is the function T such
that T(x) € E" and S(x) = S'(T(x)) for each x ¢ E. The problem si how to determine
the translation T'in some economical and constructive way (not as the set of couples
x, T(x) for all x € E). This may be done if we use suitable grammars generating the
given languages.

The set E is generated by the contex-free grammar G = (Vy, Vi, R> if E =
U G(x), where G(x) denotes the set of all expressions e€ E such that there is
xeVn

a derivation in G beginning with x and ending with e. ¥V contains the matalinguistic
variables and R syntactical definitions (or rules) w = a, ::= a4, ... a, where
aseVyanda;e Vyu Vypforeachi =1,2,...,n

In regard to the translation T the set V; is divided in two parts V, and V}. ¥V, con-
tains auxiliary symbols (as brackets, space, coma and other separators) and V, the
proper symbols (the symbols in V; usually are again the strings over an alphabet Ap).
Each rule w e R can be unically expressed in the standard form aqy ::= bya b, ...
... azby, where b, are either zero-strings or strings over V,and a; e VpU Vy; a; is said
to be the ith standard symbol of .

Further we define an extension S of S as follows: §(x) = S(x) for x e E and

S(x) = U S(y) for xe V.~
yeG(x)
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The grammar G of the language L(i.e. G generates E of L) is said to be well translat-
able into the grammar G’ of L if there is a mapping @ of R into R’ and another
mapping 7 of V¥ into V}, and of V inte V}, satisfying the following conditions:

(1) if ag:: = boa;by ... a,b, and ¢ :: = docyd; ... c,d,, are the standard forms of
the rules w and tD(m) resp. then m = n and there is a permutation n of the set
{1,2, ..., n} such that ¢,;, = ©(a;) for each i = 1,2, ..., n and

(2) if x; € G(a;) and y,e G'(¢c;) and S(x;) = 5'(y) for all i = 1,2,...,n then
S(boxsby ... X,b,) = §'(doy1dy --- yaudy)-

If G is well translatable into G’ we obtain the expression T(x) € E’ from the expres-
sion x € E using three algorithms (A), (B) and (C) as follows:

(4) Analysis

1. We begin with x, = x and we make the Ist step (xo does not contain any symbol
from Vy).

2. In the ith step we deal with x;_; and we take a rule w e 3 (it is necessary to
scarch it) such that x;_; = vboa, by ... a,bw, where v a w are some suitable strings
and aq:: = byab, ... a;b, is the standard form of w. We construct x; = vayw and
we put #{ap) = i, where the integer r{(a,) is called the rang of metalinguistic variable
ay in x;. The rangs of metalinguistic varaiblss contained in v or w in x,;_, remains
unchanded also in x;. We store the statemznts “thz ith rule is* as the pair (i, w)
and “hth rule was used to the jth standard symbol of the ith rule™ as the triple
(h,j,i)ifa;eVyand r(a)) = hinx;_, .

3. Wesstop if x, € Vy.

The result of analysis is a set P of pairs (i, w) and a set Q of triples (h, j, i). It is
clear that by P and Q is determined the phrase marker of x in G.

(B) Translation of phrase marker

We construct P’ = {(i, ®(w)); (i, w)e P} and Q' = {(h, n(j), i); (h,j,i)e 0},
where 7; is the permutation belonging in @ to the ith rule (i.e. to the rule w such that
(i, w) € P). It is clear that by P’ and Q' is determined a phrase marker in G* of the
required expression x’ = T/(x).

(C) Synthesis

1. We begin with x, = 7(x,), where x, is the last string in our analysis, we define
r(x,) = n and we make the st step.

2. In the ith step we deal with x;_;,, and we take the rule w’ such that (i, w’) e P'.
We concern ¢o € Vy such that x,_,,, = vcow for some strings v and w ard r(co) = i.
We construct x,—; = vdoc,d, ... c,dyw, where co:: = dycyd, ... cedy is the standard



form of 1’ and we define r(c;) = hin x,_,if (h, j, i) € Q. The rangs of other metalin- 49
guistic variables remain unchanged again.

3. We stop with xg and put x’ = xg.
(Received June 25th, 1964.)

VYTAH

Sémantika a pieklad gramatik a jazykli podobnych ALGOLu

KareL Curik

B&Znym matematickym zplsobem je zaveden pojem. pfekladu z jednoho jazyka
do druhého jako zobrazeni, které vyrazlim prvniho jazyka pfifazuje takové vyrazy
druhého, které maji stejny vyznam jako vyrazy vychozi. Toto zobrazeni je dile
popsdno jistym konstruktivnim zplisobem a lze je rozdglit do t¥i hlavnich &dsti:
analyza daného vyrazu, jejimz vysledkem je pfisluSny frazovy ukazatel; preklad
symboli a pravidel, jehoZ vysledkem je odpovidajici frdzovy ukazatel v druhém jazy-
ku a nakonec syntéza vysledného vyrazu.

Dr. Karel Culik, CSc., Matematicky iistav CSAV, Zitns 25, Praha 1.
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