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The director sets are used for the top-down
type of parsers to make the behavior determinis-
tic. This paper presents a method to compute the
similar kinds of director sets for a recursive-
descent syntax-directed translator[1].

1. Preparation

An input symbol set is denoted by T, an out-
put symbol set by A, a nonterminal symbol set
by N, and TUAUN by V. A set of all nonter-
minals generating the empty string ¢ is denoted
by N’. For a given set S, the power set of § is
written by PS. The set { e} is written by A and
the empty set by ¢ . For sets x, y€S, x + y and
x-y(usually written by xy) are interpreted as
the set union and the set concatination, respec-
tively.

For a given set S, a matrix A = (aj;) =
( [Al;5 ), ajj€PS, is called an S-matrix. The
A -matrix of which each diagonal element is 2
and the others are all ¢ is called the identity
matrix and written by E. The sum and the product
of matrices are defined as the same as the case
in usual algebra. Vectors are all written by
Gothic letters.

A function 2: VXPV - P2
P¢S = A if seS and 245 = ¢
Then, the definition is extended for a V-matrix

is defined as
if otherwise.

A = (aij) as 25A = (Dgajj). For a V-matrix A,

C =S§V DdgA and C’ = GZN’UA OgA are called the

adjacent and the ¢ -adjacent matrix of A,
respectively.
2. Translation Scheme and Transition Matrix

One of the methods to define simple syntax-
directed translation is to regard a terminal
symbol set of extended BNF as a union of T and
A . Each word w defined by this grammar is a
string generated from TUA. For the string w,

replace every output symbols by ¢, then we have
an input string wy, and similarly an outout
string w, associated with wj. Thus it can be
said that w shows the translation t(wj) = wy. We
call this translation scheme "regular transla-
tion forn™ or RTF in short. The following simple
exanple defines the translation from a simple
arithmetic expression to the postfix notation.

<E> = <T> (747 <> [+] )* (:]

<T> = (a’fal + 7 <B> ’)’ ) [;]
Where N = { <E>, <T> }, T = {’+’, ’a’, "(’, ")’}
and A = {[+], [al, [;1). The output symbol [;]
(written usually without brackets) have special
role as a control symbol(for pop-up operation),
outputs & and must be always placed at the
right end of each RTF equation.

For each nonterminal X, the right part of
the X-defining RTF equation is a regular expres-
sion Ry generared from V, and is able to be rep-
resented as a finite automaton $$x or an nyXny
transition matrix such that Ry = [A*]lnx , where

ny is the number of states of ¢y, as follows:

AE = AT =
¢ <> ¢ ¢ ¢ ¢ ’a’ ¢ 'C ¢ ¢
¢ ¢+ ¢ ¢ ¢ ¢ [al ¢ ¢ ¢
¢ ¢ ¢ <> ¢ ¢ ¢ ¢ ¢ ¢ [;]
¢ [+]1 ¢ ¢ [;] ® ¢ ¢ ¢ B> ¢
¢ ¢ ¢ ¢ ¢ ¢ ¢ ) ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢

For s¢y = (V, x Klskny 5 7 X)» where Vi a set

of transition symbols, x: a set of states { xj,

ceey xnx), X1+ the initial state, xnx: the final

state, tyx: the transition function:yx XV = %,
ex(xi,s)=xj iff selAxljj iff [2gAx135 =2.

For each nonterminal X, s¢x thus constructed
is regarded as a kind of sequential transducer.
A special machine called the monitor s¢y such
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that <M> = <X,> '#’ is added to them, where X.

is the starting nonterminal and § is the end

marker. The whole of them are linked together by
means of the recursive call mechanism as shown
below and works as a syntax-directed translator.

This system called the SDT $§ starts from sy.

Let the currently active machine be ¢y, the

current state be xyj and the look-ahead symbol

be t. Then, for the state transition 7 y( xyi,

s) = xxj» séx performs one of the followings.

(1) When s =t €T and t = t’, sy tramsits to
xxj and inputs a new look-ahead symbol as t.

(2) When s = 8 (#[;1) e A, s¢y outputs & and
transits to xyj-

(3) When s = YeN, s{y calls 4y, i.e. the cur-
rent state becomes xyi, the initial state of
%y, and s¢y pauses.

(4) When s = [;], s{y returns control to the
nachine(say $¢7) which has called %y. Let
the state transition where $¢7 has called
s¢x be t7(xz7i,X)=x7;j, then the next state
becomes x7j.

3. First sets
We give a function ¥ INXV - PRI

Txs = [O'x* 3shy Cx*I1n,
which means that if there exits a string £ sw in
[Ax*]lnx such that & eN'* and we V¥, then 7yg

= 4, otherwise Yyxg = ¢.
For each Xe€N, First set of X is defined as

First(X) = YGEN Y xy First(Y) * ET Y xi{t)

In order to solve the equation, put

u=C(uy), uy=First(X)
d=(dgy), dy :th 7 xe{t)
I'=(ryy)-

Then, we have the solution, as follows:
u=Tu+d=T*d.
The definition of the first set is extended as
First( t) = {t} for teT,
First(8) = ¢ for § € A.
4. Follow Sets
A function d:VXVXN — PA is given as
dsg’y = (cy* ESAYC’Y)lt 2’ Ay CYm]lnY ’
which means that if there exists a string
ws£s’vw in [Ay*]lnY such that w, w’ €V¥ and

3 GN,*, then dSS’Y = 2, otherwise dss"Y =¢.

And a function 8: VXN = PA is defined as
65y = [Cy* 25y C'y*Iun, >
which means that if there exits a string ws{ in
[Ax*]lny such that weV* and & €N’*, then
gy = A, otherwise Ogy = ¢.
For each XeN, Follow set of X is defined as
Follow(X)=
g yy Follow(Y) + d First
y &y Oxy Follow®) + 1 3., dxsy First(s)
In order to solve the above equation, put
u=(uy), uy= Follow(X)
d=(dy), dy-= dysy First
X o =By g by sy First(s)
® = (8yxy).
Then, we have the solution, as follows:
u=Qu+d=0%d
For & € A, the definition is extended as
Follow( 38 )=
0 Follow(Y) + d First
yEy 08y FollowM + B 2, dasy First(s)

5. Director Sets

For seV, a set of terminals used for deter-
ministic parsing is defined as follows:
‘Director(s) = First(s)U p (s)Follou(s)

p(s) is A if seN'UA,

For each machine Sy and for each state xyj
in sfy,
v x(xxij,s) and v y(xxi,s’) such that Director(s)
NDirector(s’) # ¢, the parser of the SDT « is
called LL(1). In this case, we can make the move

vhere otherwise ¢.

if there are no two state transitions

of the SDT § deterministic in such a manner
that for a look-ahead input symbol t at state
xyij in s¢y, we make ¢ perform the state transi-
tion t y(xyj,s) if teDirector(s), and if there
is no such transition and furthermore if the
state xyj is the final state XXny of 4y, then

we make M perform the return operation.
6. Remarks

Similarly, we can easily obtain the more
detailed director set associated with not only a

symbol but the state where the set is used.
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