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All solutionsshouldbeneatlywrittenor typeset.All majorstepsin proofsandalgorithmsmustbejustified.

1. In this problemyou will explorehow to convert anambiguouscontext-freegrammarinto an unabibuousone.
A context-free grammaris ambiguousif thereis some ���������
	 suchthat � hasat leasttwo distinct parse
tree (or equivalently, � hasat least two different leftmost derivations). Considerthe context-free grammar���������������������������������� �!�"	 where

�#�$�%�'&(�"���)�'&*�+�"���!�'&,�+����-

(a) Demonstratethat � is ambiguousby showing two distinctparsetreesfor somestringin �����
	
(b) Giveanalternativegrammarfor �����
	 thatis notambiguous.

2. In this problemyouwill designa context-freegrammar. Designa context-freegrammarsfor thelanguage

�.�/����01��243�06572$8�9:�<;�=?>1�

andgivea derivationof �@�A�)3�3�3 . For eachnonterminalin yourgrammarexplainwhatsetof stringsis derivedby
thenonterminal.

3. In this problemyouwill exploresomeclosurepropertiesof context-freelanguages.

(a) Show that the context-free languagesareclosedunderunion. That is, given two context free grammars�
B��$�DCEB%�)FGB����HB��!�7BI	 and �KJL�/��CMJ��!FNJ6���OJ��)�EJ�	 constructanew grammar� suchthat �����
	"�P�4�D�
B�	AQ�����KJ�	 .
(b) Show that the context-free languagesare not closedunder intersection. You can usethe fact that the

language��> 0�RI01S60 8�9'=?>1� is not context-free.

(c) Show thatthecontext-freelanguagesarenot closedundercomplement.
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