
Exercises (Context-Free Languages)

C1: Construction of Context-Free Grammars

Task: Give context-free grammars that generate the following languages.

(a) L1 := {akblck+l | k, l 2 N}

(b) L2 := {akbkcldl | k, l 2 N}

(c) L3 := {akbl | k � 1, l > k}

(d) L4 := {w 2 {a, b}⇤ | |w| odd, a in middle position} (= {uav 2 {a, b}⇤ | |u| = |v|})

(e) L5 = {akblcm | k, l,m 2 N, k = l or k = m}
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C4: The Word Problem for Context-Free Languages

Task: Let G be the following context-free grammar:

S ! AB | BC
A ! BA | a
B ! CC | b
C ! AB | a

and let w := baaba. Employ the CYK-Algorithm to show that w 2 L(G). Use the following
table to compute the sets

Ni,j := {A 2 N | A )⇤ w[i, j]} (1  i  j  5)

where w[i, j] := ai . . . aj for w = a1a2a3a4a5.

i\j 1 2 3 4 5
1
2 X
3 X X
4 X X X
5 X X X X
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C5: The Emptiness Problem for Context-Free Languages

Task: Using the marking algorithm, check whether the following grammars generate

empty languages or not:

(a) S ! XU | UW
U ! SaW | V bU | SbX
V ! U | ab | XW
W ! bXaUb | V bX | SX
X ! bV | WX

(b) S ! AC | DA
A ! SbC | BaB | AaD
B ! A | ba | DC
C ! aDbAa | BaD | SD
D ! aB | CD
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C8: From Context-Free Grammars to Pushdown Automata

Task: Construct a PDA that accepts the language generated by the grammar

S ! aSa | bSb | "

(which is L = {wwR | w 2 {a, b}⇤}, i.e., palindromes of even length).
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