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Context Free Grammar

For specifying the syntax of a language we uses a
specified notation called a context - free grammar.

Context - free grammar has 4 components :

(1) A set of tokens, known as terminal symbols.

(2) A set of non - terminals,

(3) A set of productions.

(4) A designation of one of the non terminals as a
“start’ symbol.

The syntax of programming language constructs can
be described by context-free grammar or BNF. Grammars
offer significant advantages to both language designers
and compiler writers. :

*® A grammar gives a precise, yet easy-to-understand,
syntactic specification of a programming language.

e From certain classes of grammars we can
automatically construct an efficient parser that determines
if a source program is syntactically well formed.

e It imparts a structure to a programming language
that is useful for the translation of source programs into
correct object code and for the detection of errors.
Parse Trees : A parse tree is a tree with following
properties :

(1) The root is labeled by start symbol.

(2) Each lift is labeled by token or by €.

(3) Each interior node is labeled by non terminal.

(4) If A is the non terminal labeling some intérior node
and X,X,....X,, are the labels of that node from left to
right then

A— X, X,... X, is a production, here, X;, X, ... X,
stand for a symbol that is either terminal or non-terminal :

X, X, X,
Fig. 1: A root “A” with X,, X, X;children

Ambiguity : A grammar can have, more than one
parse tree generating a given string of token, such grammar

is said to be “ambiguous”. So we have to be careful in
taking the structure according to grammar. e.g.

Sui Right
" Stri ng/ £ ne }nng Slrlng/ -‘— /\suing\
Slring/ 1 \Slring £ Sll Strins String
9 3 5 2
(») ®)

Fig. 2: Parse trees for( 9-5+2)
Eliminating Ambiguity : Sometimes an ambiguous
grammar can be rewritten to eliminate the ambiguity. As
an example.
stmt — if expr then stmt
/if expr then stmt else stmt
/other

Here “other” stands for any other statement.

if //Su?\

expr then stmit
N // | \\
E; ;
. if  expr then stmt elsc  stmt
2N N . Z\
E, S, S,

it expr then t clse stmt
T if7 expr then  stmt 2

. S
F’? Sl
(b) .
Fig. 3 : Parse trees for an ambiguous statement,
To eliminate ambiguity :

stmt — matched_stmt /unmatched_stmt

matched_stmt — if expr then matched_stmt else
matched_stmt




————s -
/other

unmatched_stmt — if expr then stmt
/if expr then matched_stmt else

unmatched_stmt

Parsing : Parsing is the * process of determining™ if
a string of token can be, generated by grammar,

There are different parsing method that can be applied
to construct Syntax - directed translation.

Basically — “ top down method * and

bottom-up method,” for parsing.

Top-Down Parsing : The top-down construction of

a parse tree is done by starting with the root, labeled with

the starting non-terminal and repeatedly performing the

following two steps.
1. At node n labeled with non-terminal A, select one
of the productions for A and construct children at n for
the symbols on the right side of the production.
: 2. Find the next node at which a subtree is to be
constructed.
Associativity of Operators
list list
N\ e
list + d
71N\

lTl letter
. 1t 2 a

AN

letter as rir;ht

(2) L) xl: ,
Fig. 4 : Parse trees for left and right associative operators
In the grammar there are various operators and each
operator has different associative properties i.e. e.g. , the
contrast between a parse tree for a left -associative
operator like -“and parse tree for right-associative operator
like “=" is shown above. -
Precedence of Operators : In the grammar, each
operator has a different precedence with other operator,
so they operate accordingly to there precedence level
(higher to lower). ,
Predictive Parsing : Recursive - descent parsing is
a top-down method of syntax analysis in which we execute
aset of recursive procedures to process the input. A special
form of Recursive - descent - parsing is called predictive
parsing, in which the look-ahead symbol unambiguously
mines the procedure selected for each non-terminal.
Non-Recursive Predictive Parsing

S LA )

s-:t"'_
8

Fig. 5 : Model of a nonrecursive predictive parser

)

digit 5 b letter
I

9

Predictive Parsing |
Program

T

Parsing table
M

[ty Output

—{(B.Tech. (V Sem.) C.S. Solved Papers)

Non recursive predictive parsing can be ‘build by
maintaining a stack. Explicity, rather than implicitly via
recursive calls. The non recursive parser lookup the
production to be applied in parse table. A table-driven
predictor parser has an input buffer, a stack, a parsing
table and an output stream.

FIRST and FOLLOW : The construction of
predictive parser is aided by two functions associated with
grammar G. These functions, FIRST and FOLLOW, allow
us to fill in the entries at a predictive parsing table for G,
whenever possible.

The Role of the Parser : The parser obtains a string
of tokens from the lexical analyzer and verifies that the
string can be generated by the grammar for the source .
language. ~ :

There are three general types of parsers for
grammars : '

*  Universal parsing method such as, Cocke Younger-
Kasami algorithm and Earleys algorithm can parse.
any grammar.

*  Top-down parsing method, it build parse trees from
the top (root) to bottom (leaves),

*  Bottom-up parsing method, parsers start from the

leaves and work up to the root.
Fig. 6 ﬁ

Syntax Error Handling \'
Programs can contain errors at many different levels. P
L

Parser

Token Parse tree

For example, errors can be :
¢ Lexical such as misspelling.
e Syntatic, such as an arithmetic expression with
unbalanced parentheses. Q
e Semantic, such as an operator applied to an \g
incompatible operand.

e Logical, such as an infinitely recursive call, - //\
The error handler in a parser has simple-to-state goals :
e [t should report error, clearly and accurately. (_l
e It should recover from each error quickly.
e Itshould notsignificantly slow down the processing f
' of correct program. -
Error Recovery Strategies : N
e  Panic mode. \
e  Phrase level.
e  Error production.
e  Global correction.
Panic Mode : On discovering an error, the parser
discards input symbols one at a ti'n‘le until one of a
designated set of synchronizing token is found.

m
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