Desigh a PDA that accepts:
Li={arbicr :pzq}

Hint:

L, is the union of two languages:
L,={aPbic" :p<q}
L3:{apchr ; p>q}



Closure Properties of Context-free Languages

Intersecting a context-free language and a
regular language gives a context-free language.

Context-free languages are closed under union,
concatenation and Kleene star.

Context-free languages are not closed under
intersection or complement.

Thought question: are they closed under
difference/exclusive or?



Theorem:

If L, is context-free and L, is regular
then L, N L, is context-free.

Proof:

By construction. This proof is similar to
the one on the assignment proving
closure of regular languages under
intersection.



L={wcwR:we{a,b*} N a*c a*
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Theorem:

Context-free languages are closed under
union, concatenation and Kleene star.

Proof: By construction.
et Gl - (Vl, Z, Rl, 51) and
et 62 - (VZ, Z, RZ' 52)

We show how to construct a grammar G-
(V,Z,RS) for L(6;) U L(G,), L(Gy)
L(G,), and L(G,)*.




L;={a"be": n>0}

S;—a S;bb

S;—¢

L,={uuRv:u, vin{a, b}?}

S,—»U,V, U,—alU;a
U,—>bU,b
U, — aa
U, — bb

V,—aV,
V,—-> bV,
V,—a
V,— b



Ll — { ah bZn 'n> O} UNION-
S,—a S, bb Start symbol S
S;—¢ S — S S — S

L,={uuRv:iu, vin{a, b}}

S,—»U,V, U,—al,a V,—aV,
U,—-bU,b V,—> bV,
U, — aa V,— a

U, — bb V,— b



L,={a"b>:n>0} CONCATENATION:
S,—a S, bb Start symbol S
S;—¢ S—515;

L,={uuRv:u, vin{a, b}?}

S,—»U,V, U,—al,a V,—aV,
U,—-bU,b v,-bV,
U, — aa V,—a

UZ_)bb V2—>b



KLEENE STAR:
Start symbol S
S—5/S

S —>¢

L;={a"b%": n> 0}
51—>G Slbb

Sl —E&



KLEENE STAR: Start symbol S

S— 5,5

S—¢

Lo={uuwRkv:u, vin{a, b}}

S2— Uz V; U, —al;a Vo,—aV,
U,—-bU,b v,-bV,
U, — aa V, —a

UZ_)bb V2—>b
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Theorem: L={a"b"c" : n>0}is not
context-free.

We will prove this soon using the pumping
theorem.

11



Li={aPbic" :p=q}

Design a PDA for L;.

L,={aPbic" :p=r}

Design a context-free grammar for L.
This proves L; and L, are context-free.
L, NL,={a"b"c" : n20}.

Therefore, context-free languages are not
closed under intersection.
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L={a"b"c" :n2>0}

L;={arbdcr :pzq}

L,={aPbic :pzr}

L;={arbicr :qzr]}

The complement of L is NOT equal to
L, UL,UL;.

Which strings are in the complement
Of L but not in L1 U LZ U '.,3‘>
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L={a"b"c" :n20}

Li={arbicr :pzq}
L,={aPbic :pzr}
L;={aPbdcr iqzr}
Ls={we{a b, c}:wea*b*c*}

L;UL,U LsU L, is context-free and is the
complement of L.

Therefore, context-free languages are not
closed under complement. 14



(@) Ifxg L;andye L, thenx-y ¢ L, - L,.

(b) A regular language can contain a subset
which is not a regular language.

(c) The set ¢+ does not contain any strings.

@ IfL={we{ab¥:w=ab" n>0},
then L ={we{a b} :w=a"b™ n>m}
u{we{a b} :w=a"b™ n<m}.
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Critique this PDA for
| = { UuRv vR:uE€ {0,1}* and v € {0,1}"' }
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After you identify the bugs and
inefficiencies, design a nicer PDA for this
language that is correct.



