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Right Precedence Grammars
Kenzo INOUE*

Abstract
The definition on precedence grammars by Wirth and Weber has been revised

by Mckeeman to seperate precedence relations into right edge ones and left
edge ones of phrases.

It is shown that we can further widen the definition through throwing up
the left precedence relations. The new definition, which classifies right pre-
cedence grammars, could cover wider languages and its parsing speed may be

expected to be faster than the previous one.

1. Introduction
Although simple precedence grammars give the very practical analyzing
method of languages in the speed and largeness of parsers, but their syntactical
class is rather low to cover usual programming languages.
For example, consider the next syntax for simplified arithmetic expressions.
example 1: ‘
G=(Vn, Vr, P, S)
Va={S, E, T, F}
Vr={+, X, () it i}
P={S—}E{, E-E+T,E->T, T>TXF, T»F, F—>i, F>(E)}
The precedence relations for the above example are decided with several dualities

(1)

using simple precedence rules (Fig. 1). Because these dualities are based on the

left recursive productions which are frquently used in describing usual pro-
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Fig. 1. Simple precedence relations of Example 1.
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gramming languages, we need wider classes of grammars giving practically
reasonable parsing speed and largeness of parsers.

With the above purpose, an attempt to revise simple precedence grammars
is shown in the following.

2. Terminology and Symbolism
The following terms and symbols are used in the meaning in the reference

[1] and [2].

a) context-free grammar G=(Vy, Vr, P, S), - (2)
where Vy is a finite set of variables, Vr a finite set of terminal symbols (not
including marginal symbols + and 1), P a finite set of productions, and S
the start symbol of G.

b) V=VyuVr.

¢) elements of Vy: A, B, C, ...
elements of Vr: a, b, ¢, ...

d) sentential forms: «, 8, 7, ...
sentences: 2, ¥, x, ...
null string: 4.
productions: A-a, ...

e) the set of all finite strings over V including 4: V*,
the set of all finite strings over Vr including 4: Vr*,

f) direct derivation or direct reduction: a=5,

*
derivation or reduction: a=5.
g) phrase, handle, canonical parse.

h) L(A)={F|ASFa, AcVy, FeV, ac V4],
R(A)={(F|ASaF, AcVy, FEV, ac V4.

The next notations added.
i) a=8: a=8 or a=4,

aE;B: a8 or a=4.
j) L'(A)={F|FEL(A) or F=A, A€V},
k) H(a): a head of a string «,
Hi(a): the head of length i of a string a,
T(a): a tail of a string a,
Ti(a): the tail of length i of a string a.

3. Right Precedence Grammars and the Parsing Algorithm

The right precedence relation between two symbols is determined as follows.
a) if A»>BBEy and CeL/(E) then B<C,
b) if A->BDEy and BeR(D), CeL/(E) then B>C,
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where B, r& V*,
If, for a context free grammar (2), the grammar
G’:(VN/, VT/’ P/, Sl),
Va'=VyU {S'},
Ve'=VeU{}, 4}, (3)
P'=Py{S'->tS4} ‘
obeys the following restrictions, we say G’ is a simple right precedence gram-
mar. That is:

1) for A Vy/, A;u and z€ V7/* must hold,
2) no productions such that A—»a, B»a, AxB exist,
3) between symbols A and & which are
S'=aAbp, AcV' (=VUVy') and be Vy/,
there holds a unique right precedence relation,
and

4) if there exist productions such that
A—aB and B-8

then C—»yH;(a)D§ with DE*>T,H'(a)B§’ does not exist, where 7 is the length

of @ and n=i>0.

According to a) and b), for example 1, the precedence relations of symbols
are decided as shown in Fig. 2. After this, let M1y, » be the (Qi, gm)-element of
precedence table, @: the symbol naming the 1-th line and gm the symbol naming
the m-th column. The symbol © stands for ¥ and 3.
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Fig. 2. Right precedence relations of Example 1.

Let a sentential form be
AvA1As Apararii-ann (4)
which is being analyzed by the following parsing procedures on the right pre-
cedence grammars (2), where
Ao, Ay, ..., Ave V!,

Ak, Ak+1, ..., An+1E VT/,
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and
Ao=}, anri=.
A syntax table which consists of productions of grammar (2) must be prepared.
Parsing procedures:
(pl) Let &'=0, k=1 and A =}.
(p2) Search for M, » with &i=Aw and gn=a:.
If Mi,»=( then the procedures terminate since an erroneous condition
has occurred.
If Mi,n=< with az=4, then the analysis has been completed and the pro-
cedures terminate. :
If M, n=< with a:>1 then go back to (p2) with
B i=k'+1, Ari=ar and k:=k+1.
If My, n=> then j:=k' and proceed to (p3).
(p3) From the syntax table pick a production of the form
B—CiCs...Cp-1 Co, Co=A4A;
and, for #'=1,2, ..., b—1, check to see if Co-r» and A;j-+ coincide one by one.
If more than one matching production is found, for the largest b, we
assume 7:=j—b-+1, ’
If no such production is found, then the procedures are terminated with
an erroneous condition,
(p4) Since A; Aji...A; is the handle, add
B->CC,...Cs
to the right of the canonical parse, compute
k=i, Ay:=B
and go back to (p2).
Let there be ¢ productions whose right hand coincide with the tails of
Ao.. . Aj,

Bs—asas-i...o1, 1<s<¢t, ase V* (5)
In the syntax table, the right hand of each production of (5) is collectively ex-
pressed by

AQp-1... 01,

Collation is made to A;_x (k'=1, 2, 3, ...) leftwards starting with 7i(a:), and if
perfect coincidence is established up to Hi(ai), the value of %' is recorded.
Then the procedure continues on leftwards. Generally if perfect coincidence
is established up to Hi(ws), the value of % is updated to reflect Hi(as) rather
than Hi(as-1).

If in asi there is a symbol which does not have a perfect counterpart, then

AsWs—1...00 »

is the longest phrase. If the correspondence is established up to a:, then

deOlp-1...001
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is the longest phrase.
Productions whose right hand sides have the identical tails but not heads
may be denoted by
Bi—>afl, By—>a'B
in which the common part is shared. If expressed as above, it is easy to know
which production is rejected by checking A;-» with n=|8].
Described above, the class of right precedence grammars, with
A->aff, B-8,
deals 8 as a phrase even when T(a)8 coincides with Aj-w...4;, T(a)>A and
T(a)>~a. However, this is not true for simple precedence grammars, because
in order for 8 to be a phrase, Ti(a)<Hi(8) must hold, and in order for Ti(a)8
to correspond with Aj-w...A4; Ti(a)=Hi(f) must hold, which is not consistent
with the requirement for simple precedence grammars [4].

4. Determinism
For a simple right precedence grammar, if both productions
A-afB, BB .
coincide with the tails of A....A;, it implies that a8 is the handle.
To prove this statement, first of all, by applying B8, let us assume that a
sentential form was reduced to
...aBa...
If Ti(a)>B then Ti(a)> Hi(B), which, however, is not possible. Therefore there
is no phrase at the left of B. Secondly,
B<ar or B>ax
holds. If B<ia: the scan proceeds rightwards, and a phrase which does not
contain B being formed on to the right of a, reduction may take place. Taking
into consideration this possibility, let us denote the sentential form after the

above reduction by

...yaBlous..., ye V¥, 60;110', uo, uo s Vo
where 7 and «o’ may be 4. Then the reduction that involves B is taken place
using productions of the form
C1—> T, (a)Bos or Ci—>yaBdo.
‘The length of Ti(a) is arbitrary: it may be 0. However, T:,(a)%a.
Since the latter form is prohibited by 4), the sentential form becomes
e i (a)Crug...
using the former form. Since Ti(Ha-i(a))<C: holds certainly again, the reduc-
tion involving C: is taken place using productions of the form
Cos—> T ,(Hpi,(a))C101, Co»yHp-i,(@)C101.
Here since the latter form is prohibited by 4), the sentential form becomes
...Hﬂ_;l_;,(a)C'zux...
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using the former. Here 615§u1', wi'ui=uo, Hy-i,-i,(a)> /4 and u’ may equal to 4
Let us assume that by repeated application of this, the sentential form becomes
ol Huoiyoeij(@C iy Huziyooocij(@) x4
using
Cj—->Tz’j(Hn—ix...—ijl,(a))Cj-laj—l.

According to the reduction procedures,

CiD Tivtireerrsis(@Busriroougra
and, hence, the head of a cannot be exhausted by reduction because of 4).
That is, we were wrong in assuming that 8 was a phrase. Since the only other
available production is A-—aB, aB is the phrase. Moreover, a8 is the handle
because there is no other phrase at the left of aA.

5. Conclusion abstracted

The next conclusion is reached from the discussion in applicability of simple
precedence grammars.
(a) the restriction 4) offers little problem, as far as practical programming
languages are concerned.
(b) for the dualities of right precedence relations, presser’s solution [3] is ap-
plied.
(c) the restriction 2) are lighten by the reference to the left context of handles
and the reference does not disturb the parsing algorithm described. This is a
distinguished characteristic of simple precedence grammars.

A method of error detection and contraction of precedence matrices were
discussed.
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