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All solutionsshouldbeneatlywrittenor typeset.All majorstepsin proofsandalgorithmsmustbejustified.

1. (10points)Usethepumpinglemmato show thatthelanguage
���������	��
������������

is not context-free.

2. (20points)Recallthedefinitionof theprefixof a languagein thealphabet� ,

Prefix������� ��� ��"!$# � for some
!%# �'& �)(

In this problemyouwill give two differentproofsof thefactthatif � is context-freethensois Prefix�*�+� .
(a) The PDA Proof: Let , �-��.0/1�2/435/�67/	8�97/	:;� be a PDA. Constructa PDA ,=< such that �>�?,=<@�A�

Prefix�*�B��,C�4� .
(b) The GrammarProof: Let DE�F�?GH/1�2/	IJ/LKH� be a Chomsky normalform grammar. Constructa context-

freegrammarDM< suchthat �>��DM<N��� Prefix�*�>�?DO�4� . Startwith a Chomsky normalform grammar, because
it is easierto reasonaboutthan a generalcontext-free grammar. The grammar D < shouldhave a new
nonterminalPB< for eachnonterminalin D andtherewill benew rulesabout PB< . Thenew nonterminalPB<
derivesall prefixesof terminalstringsQ suchthat P derives Q .

3. (10points)Designa Turingmachine(usinga statediagram)which decidesthelanguage
���)������
����R�S�T�

.

1


