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/ Context Free Grammars \ / CFG Notation \

e CFGs are used to describe the syntax of

programming languages. A production terminals:
S — if F then S; else S5 a,b,c,---,+,-,---,0,1,---,1if, do.
nonterminals:

in a CFG says

“If S; and S> are statements and A,B,C,---,S,- -, expr, stmt.

E an expression then grammar symbols:
‘if F then S else S>’ is a X,Y,Z,- - (either terminals or
statement”. nonterminals).

Notice that this production is recursive; strings of terminals:

it allows if-statements to occur within
. U, V, W+ .
if-statements.

. strings of grammar symbols:
e if, then, and else are terminal symbols g g Y

or tokens a, 3,7, - (strings of terminals or
. nonterminals).
e S, 51, S2, and E are non-terminals.
They are like “variables”, that represent productions:
the kinds of strings that the grammar A—a,A— oz, A= oy, or
A= ar|az- | ak.

defines as statements or expressions,

\\ respectively. / \ /
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e Productions as rewriting rules.

1. Start with the start symbol, S.

Derivations

2. Pick any production S — «, eg.
S —id :=F.

3. We say that S derives id := F, or
S = id :=FE. ‘id := E’ is a sentential
form derived from S.

4. Repeat: pick a nonterminal A from
the sentential form, replace with the
RHS of a production A — a:
S=id:=F = id := E+F =>
id :=id+ E = id := id+num.

S = id := id+num.

Example Grammar:

S — id:=FE|if FEthen S

E — FE+E|id|num

. /
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e aAB = avyp if

— is a production, and

— a and S are strings of grammar

Derivations. ..

symbols.

More notation:
=-: Derives in one step.
* . .
=: Derives in 0 or more steps.

X : Derives in 1 or more steps.
=

o~

m: Leftmost derivation.

7°:T>n: Rightmost derivation.

L(G): The language generated by grammar
G. This is the set of strings w, such that

there is a derivation S = w, where S is

G’s start-symbol.

. /
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e The string of terminal symbols

is generated by a leftmost

Derivations. ..

derivation:
=
S Im id:=F
=
Im id := E+FE
=
Im id :=id+F
=
Im id := id+num
S £ id:=id+num

Example Grammar:

S — id:=F|if E then S

E — FE+FE|id|num

N /
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e rsive Des ent Parsin ...

Small roblem 3: What if there are
several possible “next” tokens:
pr — e | stt
st t — if---|id | _hile---

e — int id|_eal id

o
cu _to if,id, hile
stat

cu _to int, eal
decl

stat

decl
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et e rsion emoval...

e After left recursion removal, our

expression grammar

E — E+ |

- _ |

turns into
E — E
E —- + E |
_)
- _ |
- _E |id
Slide 14-22

et e rsion emoval

e ¢ft recursion must be removed from the
grammar, by turning it into rig ¢
recursion:

Algorithm:

A — Aa|p

Example:

expr — expr +term | term

expr — term

— + term

Slide 14-21

e t Fa torin

e A top-down parser that reads input from
left-to-right, can’t choose between
productions £ — and £ —

These must be left factored.

Algorithm:

A — aﬂ1|aﬂ2

A — aA
A—),B1|,32

Example:

S — if F then Selse S |
if F then S

S — if FthenS S
S — elseS |
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