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8 GRAMMARSAND THEIR CLASSIFICATION

In this chapter we shall explore the underlying ideas behind grammars further, identify som
potential problem areas in designing grammars, and examine the ways in which grammars
classified. Designing a grammar to describe the syntax of a programming language is not n
interesting academic exercise. The effort is, in practice, usually made so as to be able to ali
development of a translator for the language (and, of course so that programmers who use
language may have a reference to consult when All Else Fails and they have to Read The
Instructions). Our study thus serves as a prelude to the next chapter, where we shall addre
important problem of parsing rather more systematically than we have done until now.

8.1 Equivalent grammars

As we shall see, not all grammars are suitable as the starting point for developing practical
algorithms, and an important part of compiler theory is concerned with the ability to find
equivalent grammars. Two grammars are said to be equivalent if they describe the same lal
that is, can generate exactly the same set of sentences (not necessarily using the same se
sentential forms or parse trees).

In general we may be able to find several equivalent grammars for any language. A distinct
problem in this regard is a tendency to introduce far too few non-terminals, or alternatively,
many. It should not have escaped attention that the names chosen for non-terminals usuall
some semantic implication to the reader, and the way in which productions are written (that
way in which the grammar is factorized) often serves to emphasize this still further. Choosii
few non-terminals means that semantic implications are very awkward to discern at all, too
means that one runs the risk of ambiguity, and of hiding the semantic implications in a mas
to follow alternatives.

It may be of some interest to give an approximate count of the numbers of non-terminals ar
productions that have been used in the definition of a few languages:

Language Non-term nals Productions
Pascal (Jensen + Wrth report) 110 180
Pascal (|SO standard) 160 300
Edi son 45 90
C 75 220
C++ 110 270
ADA 180 320
Modul a-2 (Wrth) 74 135
Mbdul a-2 (| SO st andar d) 225 306

8.2 Case study - equivalent grammarsfor describing expressions

One problem with the grammars found in text books is that, like many complete programs f
text books, their final presentation often hides the thought which has gone into their develo
To try to redress the balance, let us look at a typical language construct - arithmetic expres
and explore several grammars which seem to define them.



Consider the following EBNF descriptions of simple algebraic expressions. One set is
left-recursive, while the other is right-recursive:

(E1) Goal = Expression . (1)
Expression = Term| Term"-" Expression . (2,3)
Term = Factor | Factor "*" Term. (4, 5)
Fact or = "a" | "b" | "c" (6, 7, 8)

(E2) Goal = Expression . (1)
Expression = Term| Expression "-" Term. (2, 3)
Term = Factor | Term"*" Factor . (4, 5)
Fact or = "a" | "b" | "c" (6, 7, 8)

Either of these grammars can be used to derive the atribg ¢, and we show the correspondit
phrase structure trees in Figure 8.1 below.
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Figure 2.1 Parse trees for the exdpression a — b # ¢ arising from two grammars

We have already commented that it is frequently the case that the semantic structure of a <
reflected in its syntactic structure, and that this is a very useful property for programming la
specification. The terminalsand* fairly obviously have the "meaning” of subtraction and
multiplication. We can reflect this by drawing the abstract syntax tree (AST) equivalents of
above diagrams; ones constructed essentially by eliding out the names of the non-terminal:
depicted in Figure 8.2. Both grammars lead to the same AST, of course.

The appropriate meaning can then be extracted from such a tree by performing a post-orde
tree walk.

While the two sets of productions lead to the same sentences, the second set of productior
corresponds to the usual implied semantics of "left to right" associativity of the operatuts,
while the first set has the awkward implied semantics of "right to left" associativity. We can
by considering the parse trees for each grammar for the atribg ¢, depicted in Figure 8.3.



