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Chapter 3
Designing a Grammar

Designing a grammar is relatively straightforward.  It is mostly just a matter of writing down what you think a construct corresponds to.  The main things that people get wrong are things to do with sequences.

Suppose we want to specify that a statement sequence is a sequence of 0 or more statements, not separated by anything.  We can write this as

SS 
 

 
| 
SS S

The above uses a left recursive rule for SS.  What happens if we perform a bottom up parse?  We start by reducing  to SS, then we match a statement and shift it onto the stack, to get “SS S”, which we reduce to SS, then we match another statement, shift it onto the stack, to get “SS S”, which we reduce to SS, etc.  Our stack never grows beyond “SS S”.

When we build a parse tree to correspond to this, we build a left recursive parse tree.
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We could change this to a right recursive rule.

SS 
 

 
| 
S SS

What happens if we perform a bottom up parse?  We match a statement and shift it onto the stack, to get “S”, then we match another statement, shift it onto the stack,, to get “S S”, then we match another statement, shift it onto the stack,, to get “S S S”, and so on.  Eventually we meet a token that follows our statement sequence.  At this stage, we reduce  to SS, to get “S S ... S SS” on the stack.  We then perform a sequence of reductions of “S SS” to SS, until we finally end up with SS on the stack, and shift the next token.  

When we build a parse tree to correspond to this, we build a right recursive parse tree.
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Which is to be preferred?  Sometimes one produces a more natural grammar.  

Operators involving left associative operators are naturally left recursive.

E  E + T | E - T | - T | T

In C, it is possible to indicate that a function can have additional parameters.

int printf( char *format, ... );

This is best specified by the right recursive grammar

FormalParamDeclList  



FormalParamDecl


|



ETC


|



FormalParamDecl  COMMA FormalParamDeclList 

Generally bottom up parsers prefer left recursive rules.  One reason is because our stack never becomes excessively large and we don’t have problems with stack overflow.  

Top down parsers are the opposite.  They cannot cope with left recursive rules, and demand right recursive rules.  Left recursion is natural for left associative operators, so bottom up parsing is a much better way of parsing expressions than top down parsing.

Nevertheless, the deciding factor is often whether we want to create a left recursive or right recursive data structure.

Suppose we want to specify that a statement sequence is a sequence of 1 or more statements, not separated by anything.  We can write this as

SS 
 
S

 
| 
SS S

if we want left recursive rules, or

SS 
 
S

 
| 
S SS

if we want right recursive rules.

Suppose we want to specify that a statement sequence is a sequence of 1 or more statements, separated by “;”s.  We can write this as

SS 
 
S

 
| 
SS “;” S

if we want left recursive rules, or

SS 
 
S

 
| 
S “;” SS

if we want right recursive rules.

Suppose we want an optional sequence of expressions, separated by “,”.  This kind of construct is needed for the actual parameters of function invocations.  To achieve this, we need two nonterminals, one for an optional expression sequence, and one for an expression sequence.

ExprSeqOpt 
 

 
| 
ExprSeq

ExprSeq
 
Expr

 
| 
ExprSeq “,” Expr

We could of course replace the last rule by a right recursive rule.

Almost anything can be expressed in terms of the above patterns.  It is just a matter of changing the names of things.  Replace Stmt by Expr, Stmt by Identifier, etc.

Another standard grammar we have to deal with is one for expressions.  Expressions have different precedences, and associativity.  For example “+” and “-” are left associative operators of equal precedence, lower than that of “*” and “/”, which are also left associative operators of equal precedence.

The way to write a grammar for expressions is to specify nonterminals that correspond to the different precedences.  For example the standard names for those involving “+”, “-”, “*” and “/” in mathematics and computer science are Expression, for expressions involving “+” and “-”, Term for expressions involving “*” and “/”, and Factor, for expressions involving higher precedence operators.  If negation has the same precedence as subtraction, then the grammar is:

E 
 
E “+” T | E “-” T | “-” T | T
T 
 
T “*” F | T “/” F | F
F 
 
IDENT | NUMBER | “(” E “)”

Generally for left associative infix operators (such as “+”, “-”) of precedence n, we write:

PrecnExpr 


PrecnExpr PrecnOpr1 Precn+1Expr


|



PrecnExpr PrecnOpr2 Precn+1Expr


|



PrecnExpr PrecnOpr3 Precn+1Expr


|



Precn+1Expr

For right associative infix operators (such as assignment operators) of precedence n, we write:

PrecnExpr 


Precn+1Expr PrecnOpr1 PrecnExpr


|



Precn+1Expr PrecnOpr2 PrecnExpr


|



Precn+1Expr PrecnOpr3 PrecnExpr


|



Precn+1Expr

For right associative prefix operators of precedence n, we write:

PrecnExpr 


PrecnOpr1 PrecnExpr


|



PrecnOpr2 PrecnExpr


|



PrecnOpr3 PrecnExpr


|



Precn+1Expr

For left associative postfix operators of precedence n, we write:

PrecnExpr 


PrecnExpr PrecnOpr1

|



PrecnExpr PrecnOpr2

|



PrecnExpr PrecnOpr3

|



Precn+1Expr

An Example (INTERP3)

The following represents a simple language, with a sequence of statements.  Statements can be assignment statements, if statements, while statements, and compound statements.  Expressions can involve relational operators, +, -, *, /.  I have given negation the same precedence as addition and subtraction - as in mathematics, but different from most computer languages.  The following grammar is actually slightly ambiguous.  It fails to specify which if statement to associate an “else” with, if we have nested if statements, with a single “else”.

StmtList 

|



StmtList Stmt 

Stmt 


IDENT ASSIGN Expr SEMICOLON


|



IF BoolExpr THEN Stmt ELSE Stmt


|



IF BoolExpr THEN Stmt 


|



WHILE BoolExpr DO Stmt 


|



LEFTCURLY StmtList RIGHTCURLY

BoolExpr 


Expr LT Expr


|



Expr LE Expr


|



Expr GT Expr


|



Expr GE Expr


|



Expr EQ Expr


|



Expr NE Expr

Expr 


Expr PLUS Term


|



Expr MINUS Term


|



MINUS Term


|



Term

Term 


Term TIMES Factor


|



Term DIVIDE Factor


|



Factor

Factor 


LEFT Expr RIGHT


|



IDENT LEFT ExprSeqOpt RIGHT


|



NUMBER


|



IDENT

ExprSeqOpt 



ExprSeq


|





ExprSeq 



Expr


|



ExprSeq COMMA Expr

