
Theory of Computation — CSE105

Context-freeLanguages
StudyGuideandHomework 2

Homework 2: Solutionsto the following problemsshouldbe turnedin classon
July 21,1999.

Instructions:

� Write your answersclearlyandcompletely. Pleaseuse8.5 � 11 inchespa-
per. Useastapleror aclip to attachtheindividual pages.Write your name.

� Whenpresentingany construction,for example,analgorithmor anautoma-
ton, pleasegive an overview of the main ideasand then presentthe con-
struction.Alwayssupportthecorrectnessof your constructionwith a short
informalproof.

Problems:

1. Show that
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and * , ���+�,��-. & is context-free.

2. Let
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. Show that
�

is a context-free
language(CFL).

3. Constructa PDA for the languageof all non-palindromesover
��#�$�%�&

. A
palindromeover

��#�$�%�&
is any string <  7��#�$�%�&(' suchthat < � <>= .

4. Usethepumpinglemmatoshow thatthelanguage
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) :� * , ���+��� . & is not context-free.
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Study Guide:

1 Basicsof Context-freeGrammars

To practicewriting derivationsandparsetrees,try problems2.1and2.3on pages
119/120.

2 Context-freeGrammars and Ambiguity

Thefollowing problemswill giveyoupracticein designingcontext-freegrammars.
They alsocover ambiguityof grammarsandnormalforms.

1. 2.4,page120

2. 2.6,page120

3. 2.8,page120

4. 2.9,page120

5. 2.13,page120

6. 2.14,page120

7. 2.21,page122

8. 2.25,page122

9. 2.26,page122

10. 2.27,page122

11. In eachcase,describethe languagegeneratedby thecontext-free grammar
with theproductions.

(a) GIH # G #+� % G %J� K
(b) GIH # G #+� % G %J� #2� %
(c) GIH # G #+� % G %J� LL H #NM
%J� %�M
#

M H #NM
#2� %�MO%J� #2� %J� K

(d) GIH # G � % G % G � K



(e) GIH # G � % G � #
(f) GIHPG!G � % G � G %J� #

12. Findcontext-freegrammarsfor eachof thefollowing languages

(a)
��# � % .�Q � � ) � *SR ��&

(b)
��# � % .�Q � � * � ) R ��&

(c)
��# � % . Q � � ) :� *SR ��&

(d)
��# � % . Q � � * :� ) R ��&

(e)
��# � % .�Q � � * � ) or * �T��&

(f)
��# � % .�Q � � )VU * or

)XW ��&
(g)

��# . % . � )XYZE * &
(h)

��# . % . � )XY * Y�E�) &

13. Find a deterministicfinite automatonfor the following languagegenerated
by acontext-freegrammar.

GIHPG!G!G � #+� #N%

14. For eachof thefollowing context-freegrammars[ , find anequivalentCFG
in Chomsky normalform thatgeneratesthethelanguage

�]\ [_^a` ��Kb& .
(a) GIHPG!G �c\ G!^ � K
(b) GIHPG \ G!^ � K

3 Pushdown Automata

Thefollowing problemsgive youpracticein dealingwith pushdown automata.

1. Problem2.5,page120

2. problem2.7,page120

3. Problem2.10,page121

4. Problem2.11,page121

5. Problem2.12,page121



6. Write apushdown automatonfor eachof thefollowing languages.

(a) Thelanguageof all odd-lengthpalindromesover
��#�$�%�&

.

(b) Thelanguageof all non-palindromesover
��#�$�%�&

.

(c) Thelanguage
��#9de�f� gh�Z89�i�� j��#�$�%�&1k

and
� �f� Y g;&

.

7. Write a deterministicpushdown automatonfor eachof the following lan-
guages.

(a)
���f� gmlN\n� ^ �,g�o�\n� ^ &

(b)
��# d % � d � gp��8N&

(c)
��#9dC%(drq+s4#9s7� tu$vgw��8N&

4 ClosureOperationsand Non-context-freeLanguages

1. Problem2.2,page120

2. Problem2.15,page121

3. Problem2.17,page121

4. Problem2.18,page121

5. Show in eachcase,usingthepumpinglemma,thatthegivenlanguageis not
aCFL

(a)
�"�x��# � % .�Q � � y U * U ��&

(b)
�"�x��#NdS% � dC#9dm� gw��8N&

(c)
�"�x��#{z9%D|
� }~��� � &

6. Decidein eachcasewhetherthelanguageis aCFL. Proveyouranswer.

(a)
�"�x��#{z9%D|S#�|S%Dz2� }7$5�I��8N&

(b)
�"�x����#�39%J� �F$536 I��#�$�%�& k $1� ���{�/� 3+��&

(c)
�"�x����3N��� �F$536 j��#�$�%�&1k�$1� ���9�u��&

(d)
�������� ���#�$�%�&1k{� gml�\n� ^ U g�o�\n� ^ U�E g�l�\n� ^ & where

g�l�\n� ^ , andg�o�\n� ^ arethenumberof
#
’s and

%
’s in

�
respectively.


