ANALELE STHNTIFICE ALR UNIVERSITATTI  NL. |, €L [N 1AST
Szt o | i T Y Matematicl, 1987, tase 4

GENERATING CONTENT SENSITIVE LANGUAGES
BY ATTRIBUTE GRAMMARS
BY

G GRIGOBAS

1. Introduction. In his historic paper. Wnuth  H) introduces g
formatism. called attribute grammar. which constitutes a formal definition
of all context-free and contexi-sensitive fangnuge properties on the one hand.
and a tormal specification  of the semantic analysis on the other. In 1) the
main resulls on altribute grammars. including theorelical and practical
aspects. are surveved. In |6 the attribnte grammars are applied to semantic
anatvsis in compiler construction.

Itis known from Knuth [1] that purely synthesized attribue graminal
have the same power as Turing machines. However other classes of altributes
grammars are mtreduced and the refationships between languages defined of
them are studied in the literature. In this paper we give a construction of an
attribute grammar starting from a context sensitive grantmar, which gene
rates the same language as the second one,

2. Preliminaries. We use the formal language terminology  lrom 12]
and [3]. N context sensitive granunar s a grammar 6 (V0 70 P 8) whose
productions are of the form 2ody—ady where A= V.2 ~&(Vy T)* and de
(VU T or S=ioin which case S does not appear in the righthand side
of any rule.

voaltribute grommar is vomposed by a redoced confext-free grammar
fno=(YV. T. P05) called the support grammar, a finite  set of altributes
A =) (X)) and a linile set of semantic ryles @ LRy, For each non-

A rel
terminal symbol N'& Vo «7(N) is the sel of attributes of \ and is o disjoint
union of o (N)-svnthesized attribute of \ and <Y N)-inhervited attribules
of No An attribute oceurence of N is denoled X, a. where o is the name
of atiribute. For euch production p : Ne—u, N,u, N, X W00 the set Pip)

1
of semantic rules for p. conlains a rule for cach altribule o from 7% NaoU
e

“AtX,) The rale is of the form : Nt w:=[(X,. b .. N, . e). where [ is g
calewdable Tunction. We note that each attribute has a sel Irom which Lhis
atlribule takes values.

Erample: fi,=( V. 57, P, 8), v SUAL B T=ta b clo 8 has
the synthesized attribute Ansiwer with values in fdrues falsel and 4. B,
have the synthesized altribute n whose values are in N Fhe svntaclic (eon-
lext free) and semantic rules are
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Each node Tabeled by XN = Vin atree of a word in€1{6G,) 18 ussuwulvdl \\;Illll “[
; A e p e e o PR
i 3 [ value Cihe attributes of X. These values o .

artientar set of values for il INETET
g:\‘ st m‘mli(' rules. 11 all these values can be computed Lo t.uuhltittl\ .:ll(nn
S i N H b L it 3 iy _ . e
cee i ‘ . »oallr voorammar is cabled well-Tormed
free in graminar G, then the aliribule grag
woneiretlary 1] . ' =
] k. : Chlet i k=0t 0L is obvions ihal for each
In our example. L{G) =@ biefjr. J. w=il, T
e L) all attribute values can he caleulated and 5. Answer f
=T,y all ¢ :
- Wk oH A Do _\
onlv it i =ab*e! for d REN. : : ;
) o consider attri voorannuars e twith the sappol
In the sequel. we consider AHllhlll‘t }._:ldllll. 'n | .-'-'-| i A Pl e
grammar o) in which the start syimbol S has a synthesized a §
Zn(l we define the language generated by Ay, by :

L{AGy=tirfins T7, \'—;ul. S Answeer truel .

In Lthe next seetion. starting from a conlext seusitive grammar (7, we construcl
an attribute grammar Ay such that LA L((._)..' o
2 The attribute grimpmar of 2 context St'llflll\'l‘.-'l_|l'alllllll..ll.. -,,E :“m‘
yabel and N be the set of natural numbers. We define a binary opera
an alphabet and : ! i (5. eyt <N then (z. m o
on NN i the Tollowing way o il (z. 1) 4. Sroa putgies it
0.y —(xf. k. where 2f s the concatenation of 2 and {3 oaund & Wi
l|'J' ’ ! “-J" l.winuq tha! (X* -N. o) s monoid ¢ the hinary eperaiion
TR A i 0 ; AU TN, | g S
: 1% ':wm-iu!i\ ¢ oand (7. Oy is a two-sided identity Tor - .)Ih; o .
W : » rali sl defined  to sels =7 oo :
We extend the operalion qust ’ el !
ey o o Gl g e 9= e put. (8o W ) olB mf{zay =0 G )
A We define Fol' =l"ad {7, This operation will be used in e s
ie rules of an atiribule granmad.
mantic rules of an atiribule g 3 n .
Letp (=t N B R sl besa context sensilive granmar. AN nhnull I(:_h.\ of
- > [] . . . - o i . . . ! lll]\'
ceneralily. we suppose thal S does nol appearan lhf 1151_r,ht I:;md :ﬂ; eyu\“ ¥
3 wrtn - dder o restrich now : i 2 le—xfe and 20T
: ; . L.el us consider a restrichion _ e 2 -
PO g i oo We consider the context free grana
y Be are in P then zoowy and 5o We cons « . e
5 'J\"] l'!' [0Sy where Po= jd—3 NmgBee= 1 Now, we  define a
o (Tl v 0= AT AT B L ol allribute are
artribulc sraminar wilh G, the support grammar. I'hie sel ol altriby

A, A4,
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the slart svmbol S has an synthesized attribule Answer whose values
are in lrue. falsel
cach nonlerminal A{A#5) from Y has the synthesized allributes :
Answer with values {frue. false}. rlic (rule left  context), rre (rule right con-
text) and fr (frontier) with values in the set 2VU7" N and inherited attri-
hutes 1 level with values in N. Je (left context) and re (right conlext) witl
values in 200U N
Now we define the semanlic rules for each Lype of production in such a
way Lhat in a derivation lree of G, tor Lhe word we= 77 the value of S, _inswer
is {rue il and only if the word e can be derived from S in the context sen
sitive gramnmar €. These rules are:
1. For the production S—7 (it This is a producltion in 6,) or S—uw,
w=1" weput

S, Answer == lrue,

2. For the production ol the Torm

S—ngd up Ao u

Hiew

where u; € 1™, A, =V Ogizm, we consider the rules ;

frue itf A, Answer = true. 1€i<m. and rle. rre
are compatible for A, .. A,
fulse olherwise.

S, Answer . =

for i=1, 2..... m:
A level 1==1;

Apide: =g 1y d, fro(n,. Beo. Ay . fro(. . 1)

Avore s =(u, 1yo Ay fro oA, fro(uy,, 1.
We will explain later what we mean by .rle. rec are compatible foi
EONCRES} -‘{m‘.
X

3. For the productions of the form

A—=m B Bor.. B, (A#£8),

for which in & Lhere is the production z.d~—a8~, &=10,8 v B.w,...B,v, and

% =k, -~ [=! we define :
B, . level: = A fevel — 1. 1<i<m;
A fro={(d, A level)lu(vy. B, . levelo B, . fro..c B, .fre
o, B, . level):

for i=1, 2. ... m:

H

B oA deo(pe By levelyo B fro.,
a (v, . B, . level)
Biorer=(u, B, level)y o B, fro .

ol . fro

o By freie,, By level) o AL re

Matematica
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] [alse otherwise.
4. For the produclions of the form
A, we T and in  there is the production
wobv—airy, fw =k, v -l owe pul
A fros i A erely, o, Y Hevel - 1)
v W, npfle, med e, 2 LAST (). il 29fhs
Aorle:
(2, Wb levely ! for o=
l Ha, mfte. mys:t . re, w€VIRST (o)l il et
Aorre =
{(3.. A Llevel)} . il =0
A trie 00 A LeleE@ and A rre#E
AL Answer i -
fulse otherwise,
Let now explain what mcans .rle, ree are compatible for 4,0 i, s
Let consider the sels A, . rle, A orres Asorele A orree 0 L, orles A, o
in this order. We sav thal rle. rre are compatible for Ao W for cach b

l=i=m, the sels A, . rre and A ., . rle have one of the following two pro-
perties : ) '

1) one of them is {{7. n)} for some n €N or.

9) (here exisls in oA, rre (or in s .rle} a pair of the  Torm (x. n)
such that n==A, . level (vespectively n— A . fevel).

Let us denote by A7, the attribute gramimar constroeled above, star
ting from the conlext sensitive grammar (. :

Theerem 1. The allribute granunar AG, is noncireular.

Proof. Let t be a derivation tree in the support grammar (. lrom
the definitions of the semantic rules, an algorithm that calculates all the
attribule oceurrences in f, performs this in the following order :

1. Caleulates the values of level occurrences :

2. Caleulates the values of fr ocenrences. These values depend only on the
values of level

3. Calenlates the values of e and re occurrences; these values depend only
ou fevel and fr values ;

4. Calculates the values of rfc and rrc oceurrences, These values depend on the
fevel, Ic and re values ;

9. Caleulates the values of the .inswer -ocenrrences.

We note Lhat five visils in the derivation lree { are necessary [or com-
puting all the atiribute occurrences,
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Theorem 2, Lyt LG,

. e - - ¥ »
Proof. Lel s Li), There exists o devivation S= and in (5, we can

construet a derivation tree £ sueh thal, if in S=m the production = V--=af
i

is performed than in £ the production (18 is used. Now we can use Lhe algn

rithm from theorem 1 for decorale {the tree ! wilh the value of allribute in

every node. From definilions of attribute rofes it follows that 8. Answer
triee. henee e LG,

Conversely. if el WG, then in 6, we have o derivation lree { in
which. after attribule values computing, the value of S Answer is frue, 1
follows that 1. Answer s frue for all A e V' appearing in the tree f and, on
every level of the tree the values of the attributes rle and rre are compatible
for By .0 B, af the production is t—u, B, ... Bau) Prom the defini-
Hon ol compalibility of contexts. for every production of the form A—8 from
Gy we can choose a prodoction of the form z.4-—28+ in & such thal replacing
A—% in the derivalion S=p by oz bvesxf we find a derivalion .S=‘>w 50
in < L), i

Lel us disenss now the case of existing Lwa {or more) productions of the
form 2 Av—ufi and 2,4y —a, 8+, in G0 with 252, orfand v#+,. In this case
in i, we consider Lthe productions 1-=8X,0 4—=B8X, N,—. X,—»n N,. X,
being new variables with the same attributes like old variables and the fol-
lowing semantic rules :

A=8XN0 0 X, devel o U fevel — 1

Xy . lei=¢:
N et e=A
Xp—=x: Ny fri=@:
A
Ny . rrei==gf

and the same rules Tor N,

By our convention aboul the operation o (U o @ =@ o UL these
definition does not perturb the previous conslruction.
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ON THE MYHILL-NERODE RELATIONS
BY

ALEXANDRU MATEESCU

I. Definitions and notations. As usnally. &~ is the free monoid gene-
rated by Lhe alphabet £ and P(X¥) is the set. of all subsets of £°. j.e. the set
of all languages over X. The null element of £* is . If L=X* then the relation
~p(p~) (el {2}, [1]. [3]. [8] etel) is: U~ ot ~v) il and only if for every
reExt urslevrel{ruiel«yrrel). The relation ¥, 05 defined wu= o if
and only if for everv @, yeX* ruysleroyesl.

~pli~) (see [1]. [2]. [5. [8]) is the greatest cquivalence relations on
X7, right (left) invariant, such that L is elosed with respecl Lo~ p(;~), Moreover,
7 is the greatest congruence on £* such that L is closed with respect to it.

The Myhill-kNerode theorem (1037 - 1958) says thal a language
L is regular if and onlv if >, is of finite index, respectively, if and only if

~ 1 (;~) is of flinite index.

Nolalions. If L. Ly=X* then, left quotient of L by L, is L\ L and
right quotient of L by L, is I, “L,, where :

LiL={v 3ysl,. yeel}. L /Li={z] 3yel, ryel}.
and let # be such that #4 X the quotient of L by I, is:
. - y - - .- I’.
7 = {r#y HelL, riyel}.
¥ .

Remark. P(X*) will be considered as a monoid with respect to the
product of languages and the null clement {}.

2. Main results. Definition 1. If LSX* is a fived language, then we
define the relations ~,, ,~, X in PEy .

for L. L,2X% Ly~ Laes L L=L, L.

for L. L= Ly ;~LoL/L =L /L,

: L 4
forglo L&Y L=l — —]—.
t Ik

~ Definition 2. A 'I'ahgua_}]e.LE %7 is weak closed with respect to the equiva-
leice relation ~ on P(Z* if and enly if for any L, L,=X*

it LinL#Y and L, ~L. then L,n L#0 is true:



