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Outline

* Regular Grammars



A Grammar: Formal Definition

A grammar Gisa 4-tuple G =(V, X, S, P), where
V' is the nonterminal alphabet;
2 is the terminal alphabet;
S eV is the start symbol,
Pisafinite set of productions; each production is
of the form x — y, where x and y are strings over
2JulVandx # e.
2NV =0, l1.e.2andV aredisjoint.



Example

Consider the language defined by a5 ".

S—>aS|X
X > bX|e.

G=({5,X}1{a,b},5,{S—>aS,S—> X, X >bX, X > ¢&})



Derivation

w=> z (wderives z) If and only If

1) there exist strings u, x, y,ve (X UV ), x # &,
2) w=uxv,z =uyv,and (x —> y)e P.

w=> zif and onlyif thereis a derivation
of zero or more steps that starts with wand
ends with z.



The Language Generated by a
Grammar

L(G)z{er*\S:* x}



Example

Consider G =

({s, X} {a,b},S,{S > aS,5 > X, X - bX, X — &}).
Let us write the rules out for ease of reference:

DS —>alS;2)S > X;3)X >bX;4)X > ¢

Is aaab € L(G)? By definition, aaab € L(G)iff S =" aaab.
Let us try to find a derivation.

S = aS (Rulel)

= aaS (Rulel)

= aaaS (Rulel)

= aaaX (Rule 2)

= aaabX (Rule 3)

= aaab (Rule 4)



Regular Grammars

» Two types of regular grammars
— Right linear grammars
— Left linear grammars

* They are called reqgular, because they
generate regular languages



A Right Linear Grammar

A grammar G = (V, %, S, P)is right linear iff
every production in P has one of the two forms:
1. X —>zY;

2. X >z

where X eV, YeV,andze X",



Right Linear Grammars & Regular
Languages

Theorem: If G is a right linear grammar,
L(G) is regular.

Proof Insight: Construct an NFA M such
that L(M) = L(G).



Proof

For every production of the form

X = a,a,a,;a,Y, add the following
transitions to the NFA:




Proof

Note that if X =» Y, then we add the
following production:

Co——(



Proof

For every production of the form

X = a,a,a,3,, add the following transitions to the
NFA. Fist %e symbol that we use to designate
the final state.

OO0 O @
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Left Linear Grammars & Regular
Languages

Theorem: If G is a left linear grammar,
then L(G) is regular.

Proof Insight: Convert G to a right linear
grammar G’ such that L(G) = [L(G')]R.



Left Linear Grammars & Regular
Languages

If G hasa productionof the form X — Yz,

then G’ has a production X'— z*Y. If G has
a production X — z, then G' has a production

X'— z%. Thenif x ¢ L(G), then x* e L(G’).
Thus,x = (xR)R e[L(G)]".



Regular Grammars & Regular
Languages

{Regular Grammars}  {Regular Languages}



Recommended Reading

e Section 10.2



