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1. (40%) Let = = {0,1}, & stand for the bitwise XOR operator, and #,(w) denote the
number of symbel a in string w, where a € E. Prove or disprove the following statements:

(a) (10%) If A is a regular language over T, then
B(A) = {0#0(:0)1#1(=0) |z e A},

is also regular.

(b) (10%) If A and B are regular languages over ¥, then
A@B={z®y|zecAyecB,lz|=y},

is also regular.
(¢) (10%) For z,w € =¥,
A= {z|z#ww},
is context-free.
(d) (10%} For z,w € =¥,
A={z|z=wuw},

is context-free.

2. (10%) Convert context-free grammar G = {{S, 4, B,C}, {a,b}, P, S}, where P contains
the following productions:
S - ada|bBb
A = Bja
B - Cl|b
C =+ Sle

into Chomsky normal form. Describe in detail the resultant grammar after each step.
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3. (5%) Prove that a language A is decidable if and only if A <, 0*1*.
4. (15%) Let L = {(G}|G is an ambiguous CFG}. Show that L is undecidable.

5. (156%) Prove that if P=NP, a polynomial algorithm exists that takes an undirected graph
as input and finds a largest clique contained in that graph. State and explain your method
to find the largest clique.

6. (15%) Let ¢ be a 3CNF-formula. We say ¢ is NAE-satisBable if there is a truth assignment
such that ¢ is satisfied and in each clause of ¢ not all literals are set to be true. Define
NAE-SAT={¢|¢ is NAE-satisfiable}. Show how to use the following reduction from 3SAT
to NAE-SAT to prove that NAE-SAT is NP-complete: replace each clause ¢; =(11 Vi Vys)
with two clauses (y1 Vy2 V ;) and (7 V yg V D), where 2; is a new variable for each clause
¢; and b is a single additional new variable.




