
CS 215 (Open-book) Final Examination

Name:
SSN:

SPECIAL INSTRUCTIONS:
This is an open book exam, but you may only consult the textbook

and lecture notes during the exam.
You must answer the first 6 questions with 60 points in total.

The 7th question is optional.
You may use any results given in class or the text book

without providing a definition or proof.
All constructions can be described informally.
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QUESTION 1. [10 pts]Givena language
�

, let

������� �	��

� ����
���������
��������
In otherwords,

� ���
containsall wordsobtainedfrom eachword in

�
by dividing it into two (possibly

empty) piecesand exchangingthesepieces. (The exchangecan also be thoughtof as a rotation
operation.)

Prove thatif
�

is regular, sois
� ���

.
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QUESTION 2. [10 pts] Considerthe following problem:Givena PDA � , decideif � will ever pop its
stack3 timesconsecutively on someinput. Eithershow thattheproblemis decidableor prove thatit
is undecidable.

3



QUESTION 3. [10 pts] Prove that it is undecidablewhethera TM loopson an infinite numberof distinct
input strings.
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QUESTION 4. [10 pts] Prove thatthefollowing variantof Vertex Cover (VC) is NP-complete:SQRT-VC��� �!�"���$#&%'�)(+*,�,�
hasavertex cover of sizeatmost - �"%.�/� .

5



QUESTION 5. [10 pts]Show that 021�354762198;: <�=?> is in P. Here,
021)3@476A1B82: <�=?> �C�ED �GF � �IHKJ � �LF and �IH areDFAs and

�;# �GF *NM+�;# �IH *'�POA� . Whatis the
time complexity of yourTM algorithm?
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QUESTION 6. [10 pts]Weknow thatNP Q NPSPACE= PSPACE.Prove thatif any
NP-completelanguageis alsoPSPACE-complete,thenNP = PSPACE.
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Optional QUESTION 7. [10bonuspts]Weclaimedin classthatoptimizationproblemsanddecisionprob-
lemsareequivalent as far aspolynomial-timesolvability is concerned.Supposethat the language
HAMPATH is in P. Show how to find a Hamiltonpathin graph

�
from vertex R to vertex S , for any

giveninstance
#&�+� R � S * .
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