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ABSTRACT

In this paper we have introduced the concept of partial
derivation of the string . We have formulated and proved three
theorems and their consequences,as well . According to these
definition and theorems we can realize the implementation of
grammars rules context-free grammars by PROLOG language,execute
syntax analysis of strings and examine membership of strings to

the language generated by grammars,which defines this grammar
rules.

Let us suppose G = (N,T,P,S) is a context-free gram-
*
mar, L = {w|S => w, w ¢ T+} is a language generated by G and
A+ s ... s is a grammar rule, which is a member of a set

n
P, where 5; e Ng T, 1i=1, ..., n.

DEFINITION. Let us suppose w, e T and that there
exists a derivation S i> a Xa,, where a;sa, ¢ (N y T)* and
X e Ny T. If there is a string w, e"T+, 8o that X i> w1 and
* This paper was reported at the ICM-83 in Warszawa, 1983.
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Wo = Wi W2, where wz € T*, then such a derivation of the string
wo from X is ealled a partial derivation of the string, in the

denotation X(wo,wz2).

COROLLARY 1. If wo, wi & T' and wo = wiwz, then
w2 e T#,

COROLLARY 2. IfXeT, them w1 = X, that s

Wo = sz.

This definition can be
represented graphically in the
following way:

,JHEOREM 1. The string wy, i8 a
‘member of set L if and only if
\ - 8(wqy,e) 28 a partial derivation

- — of the string, where ¢ 18 an

‘empty etring.

PROOF . Let wy € L. This means that w, e T and
S =’!'-> wy. Let.us prove that S(w,,e) is a partial derivation of
the string. Let w; = wy. According to supposition S :>w° =
= w, e T and Wg = Woge = W, e, it follows that S(w,,e) is a
partial derivation of the string.

Let S(w,,e) be a partial derivation of the string.
This means that there is a string w, e T+, so that S i> Wi
and wy = W;wWy. Since wy wie , it follows that w;, = w,, and

#
*. That is wg e L.

there is a derivation S => wy € T

THEQREM 2. If we suppoge that there are derivationa

#
s; = wi € T+, i=1,..., nand if the sequence of strings (w)

18 defined as follows:

* .
{ w,eT i8 an arbitrary string

- td . - 1
Wiq = WiWsr 1 =1n, n-1, ..., 1,
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then the following claime are valid:
*

a) A = wiw: ... w;
b) Wo = w‘lwi ces w; wn
e) lwol > Jwa| > ... > Iwn_il > lwnl - 0,

where |a| is a denotation for the length of string a.

This theorem can be represented graphically in the
following way:

A
e ! 82 3z *°c B0 g | fa
2 ' ' 7 7 7
wl w2 '3 eee 'n -2 . 'n-l 'n 'n
Yn-1
Y2
Wn_3
v2
V1
Yo
PROOF.  a) Since grammar rule A + s, ... s is a
* - + .
member of a set P and Sy => W; & T ,1=1,..., n,it follows
%
that there is a derivation A —s s, ... s, = W, e w;.

b) According to the definition of the sequence of

strings (w); it follows that: w, = w, W, = W] W, W,= ...
: wo W

2 v e

- » » »
=Wy Wy ee. Wo g
. +
Wiw., 1 =n, n-1, ..., 1 and w{ e T,

i"i?
i.e. |wi| >1, it follows that: |w, [wil + |wg] > 1 + [ws |

rd
Teee T W, OW W w

n-1 "n-1
¢) Since Wilq ©

al s
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i.e.: lwi_1| > [wil, i=1,...,n-1.

If w, e T+, then according to the supposition that

Wh-1 = ws w_, it follows that: |wn_1| = |w;| + |wn] >1 + |wn]
i.e.: ]wn_ll > ]wnl > 0.

If w =€, thenw , =wand |w | = [w| > 8 =
= |wn].

Thus the theorem is proved.

COROLLARY 1. we = wi wi ... w , if w = e.

PROOF.  According to claim b) of Theorem 2,
Wo = Wl W2 ... w; w , and supposition w = e it follows
that wo = wi ... W) .

n

COROLLARY 2. lwo| > |wi] > ... > |wn_1| >

> |w,l = 8, if w o= e

PROOF. According to claim c) of Theorem 2,
fwol > Jwi] > .. > w11 > |w | = 8 and the proof of claim
e it follows that |we| >|wi | >...

1n

¢) of the Theorem 2, if L

cee > wo g > w | =0
COROLLARY 3. wi wi ... w” €L,if A=S5.
PROOF. According to claim a) of Theorem 2, it fol-

., . . . + .
lows that S => wi w2 ... L Since Wi e T ,i=1,..., n it
follows that wi w2z ... w; 6 TV, According to the previous it

follows that wi Wz ... w; 6 L.
COROLLARY 4., wo ¢ L, 2f A = 8 and w, = e.

PROOF. According to Corollary . 1, it follows that
Wo = Wi W2 ... w’n and according to Corollary 3, it follows
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N o
" W

that w’ wi ... w’ e L, it 'follows that wo € L.

THEOREM 3. If s (wg w1 ), sa(wl,wa),...,sn(wn_l,wn)
are partial derivations of the strings, then A(wb,wn) i8 a
partial derivation of the string.

PROOF. Let Si(wi-l’wi)’ i=1,...,n are partial

derivations of the strings. This means that s; € NUT,
+
wi-p e T

1,..450, woe T* and there are strings wi e T+,
> wi and w;_4 = wi W, is= 1,..;,n. Then according+
to claim a) of Theorem 2 it follows that A = w{ wi ... w;e'r
and according to claim b) of Theoram 2, it follows that

Wg = Wl W7 ... w; w . This means that A(w,,w ) is a partial
derivation of the string.

Thus the theorem is proved.

COROLLARY 1. Let A = S, If s;(wg,w1), 82(w;,W2),
e Sn(wn-l’wn) are partial derivations of the strings, then

S(wo,wn) 18 a partial derivation of the string.

COROLLARY. 2. Let w, = E- If si1(wo,wi), s2(wi1,w2),
ey sn(wn_l,g) are partial derivations of the strings, then

A(w,,e) 28 a partial derivation of the string.

COROLLARY. 3. Let A = S and wo = €. If si(wy,w;i),
sa(wyswy)s ove, 8 (W _,,e) are partial derivations of the
strings, then S(w,,¢) €8 a partial derivation of the string,

i.e. W, ¢ L.

The proof of the corollaries of Theorem 3 is trivi-
al.

According to these theoretic results, we can realize
the implementation of grammar rules of context-free grammars
by PROLOG language, execute syntax analysis of strings and
examine the membership of strings to the language generated by
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grammar, which defines these grammar-rules.

We shall represent the string as a list. The elements
of the list are the symbols of the string. An empty string
corresponds to an empty list. The partial derivation of the
string, in the denotation s(wo,w1), in PROLOG language, is
presented with the goal s(L#,L1), where L@ and L1 are lists,
whose elements are the symbols of the strings we and w; . If
s.€ T, then a partial derivation of the string is presented by
the goal lht(Lﬂ,s,Ll),'where 1lht is a predicate defined by the
fact:

1ht([H|T] ,H,T).

This means that the list denoted by [H|T] has a head H and a
tail T.

According to Theorem 3, the grammar rule A + aja;...
see Aps symbolically, could be written in PROLOG language in
the following way, by the PROLOG rule:

a (LB,L1) } {az(Ll,LZ) } { an(Ln-l’L) }

a(Lﬂ,L):-{
1ht(LB,a1 ,L1) 1ht(L1,as,L2) Iht(L _;,a ,L)

where Li’ i=20,1,..., n-1 is a list, whose elements are sym-
bols of string ﬁi, {E;}is the denotation for choosing one of
the goals b; and b,, depending on 5; € N or s; € T, i =1,...
+e.5 N, and the comma is the conjunction operator.

As we can see, each grammar rule takes an input
string, analyses some initial portion, and produces the remain-
ing portion as output for further analysis. The arguments requi-
red for the input and output strings are not written explicitly
in a grammar rule, but the syntax implicitly defines them.

The implemented grammar rules form the base of know-
ledge. According to Corollary 3 of Theorem 3 the PROLOG system to
the question:
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? - s(LB,[ 1).

answers the string wg, represented by the list L#, is a mem-
ber of the language generated by the grammar, which defines
these grammar rules.

EXAMPLE. Let us consider the following grammar:
¢ = {N,T,P,E}
N = {g,T,F}
T = {+,x,(,),a}
E + T+E|T
P = {T + FXT|F }.
F + (E)]a

This grammar generates all the arithmetical expres-
sions that consist of terminal symbols in accordance with the
given grammar rules. The implementation of these grammar rules
is as follows:

e(LB,L) :-t(LA,L1), 1ht(L1,+,L2), e(L2,L).
e(L#,L):-t(LA,L).

+(L#,L):-f(LA,L1), 1ht(L1,x,L2), t(L2,L).
+(L8,L):-f(LB,L).

f£(L#,L):-1ht(L@,(,L1), e(L1,L2), 1ht(L2,),L).
£(LO,L) :~1ht(L@,a,L).

For example, if we ask the question:
? - e([a,+,al,l ).
we shall get the answer:

yes.
If we ask the question:
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2 - ellx,a,+1,[ 1).

we shall get the answer:
no.

The answers yes or no have the following meanings:
the string is syntactically correct or the string is not syn-
tactically correct.

The list representation of the string has no res-
trictions since by the corresponding program each string,
written in the conventional way, may be converted into the
list whose elements are the stbols of the string.
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REZIME

IMPLEMENTACIJA KONTEKSTNO-SLOBODNIH
GRAMATIKA POMOCU PROLOG JEZIiKA

U radu je definisan pojam parcijalnog izvodjenja
niske, formulisane su i dokazane tri teoreme i viZe njihovih
posledica. Na osnovu uvedene definicije i teorema moife se iz-
vr3iti implementacija gramatidkih pravila kontekstno-slobodnih
gramatika pomocu PROLOG jezika, izvrSiti sintaksna analiza ni-
ski i ispitivati pripadnost niski jeziku generisanom gramati-
kom, koja je definisana tim gramatidkim pravilima.



