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All solutionsshouldbeneatlywrittenor typeset.All majorstepsin proofsandalgorithmsmustbejustified.
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(a) Designa PDA 4*5 by the“top down” constructionthataccepts6 ���7�
. Youmayusea statediagram.Give

a leftmostderivationof
�1!$#8�9!2#:�;�<!$#8�=!$#

. Besideit give thesequenceof configurationsfrom 4 5 that
correspondsto theleftmostderivation.

(b) DesignaPDA 4*> by the“bottomup” constructionthataccepts6 ���7�
. Youmayuseastatediagram.Give

a rightmostderivationof
�?!$#@�*!$#��A�B!$#@�C!$#

. Besideit give thesequenceof configurationsfrom 4*> that
correspondsto therightmostderivation.

Note: Thetop down constructionis givenin thebook(pages107-109).Thebottomup constructionwasgiven
in classandis not foundin thebook. It worksasfollows. Thereis a loop stateD�E which hastwo roles.Thefirst
role is to managereduce steps.In a reducestep,if F '(G

is a production,thenthePDA in stateDHE canremoveG;I
from thestackandreplaceit with F . Naturally, helperstatesmaybeneededto accomplishthis onesymbol

atat time. Thesecondrole is to manageshift steps.In a shift step,thePDA in stateDHE cantakeaninput symbol
andpushit on to thestack.No helperstatesareneededfor this. ThestartstateD�J pushesK on to thestackand
movesto stateD�E . If LMK everappearson thestackthenthePDA canmovefrom DHE to its only acceptingstateD�N .

2. (10points)Let
�/�������
	������ L �

.

(a) A nonterminal F is productive if F.O=PQSR for some R0T 	 P . That is, someterminal string can be
generatedfrom F . Giveanalgorithmfor findingall theproductivenonterminalsin agrammar

�
.

(b) Usethealgorithmin part(a)aspartof analgorithmfor decidingif thelanguagegeneratedby acontext-free
grammaris empty.
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(c) Usethealgorithmin part (a) to constructa context-freegrammar
�VU

suchthat 6 ���7��� 6 ���VUW�
andfor allG

, if LXO PQZY G then
G O PQ[Y R for someR�T 	 P . That is,

�VU
and

�
generatethesamelanguageandin

�VU
everypartialderivationcanbeeventuallycompletedinto thederivationof someterminalstring

3. (10points)Let 4]\ �/��^ \ �
	���_��` \ � D&\ ��� \ � bea PDA and 4Xa �b��^ a �
	���` a � D a ��� a � bea DFA.

(a) Usea crossproductconstructionto build a PDA 4 suchthat 6 � 4 �c� 6 � 4]\ �[d 6 � 4Xa � . Thisshows that
thecontext-freelanguagesareclosedunderintersectionwith regularlanguages.

(b) Statea behavioral lemmafor yourconstructionthatcanbeusedto show 6 � 4 �c� 6 � 4 \ �[d 6 � 4 a � .
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