CSC 240, Additional Chapter 7 Exercises

7.A1 Which Boolean formulas are 3cnf-formulas?

(a) (z1 Axa AT3) V (T1T Az A x3)
(b) (z1 VT2) A (TT V a2) A (a1 V 23)
(¢) (x21 VT2 VZ3) A (TTV 22 V 23)

7.A2 Given the 3cnf-formula below, construct the graph that is produced by the algorithm described in the
proof of Theorem 7.32. For each 3-clique (if any) in the graph, determine the corresponding
assignment of Boolean variables that satisfies the 3cnf-formula.

(1 Vaa VT2) AN (TTV a2 Va) A(TT VIV T2)

7.A3 Let ¥ = {a,b}, and let A C &* be a language in NP with nondeterministic polynomial time decider
N, with states @ = {qo, 1, Gaccept s Greject }, input alphabet X, and tape alphabet I' = {a, b, _, x }.
Suppose that N runs in time O(n?). Let w be the string aaaba.

(a) In the proof of Theorem 7.37, a tableau for N on w is described in general. Given the N and w
above, what is the size of the tableau for N on w?

(b) The proof also describes a set, C, of symbols for the general tableau for N on w. Given the N
and w above, explicitly list the elements of the set C.

(c) The proof also describes the variables ; ; s for a Boolean formula ¢ that will simulate N on w.
How many variables z; ; s are there in the case of the N and w given above?

7.A4 Using the methods described in the proof of Corollary 7.42,

(a) Rewrite the Boolean formula (1 V z2) A (Z1 V x3) as an equivalent 3cnf-formla.

(b) Consider the Boolean formula ¢ = 21 V z2 V 23 V 24 V 5. Find a 3enf-formula ¢’ (with the
variables x1, ..., x5 as well as two new variables z; and z3) with the property that ¢ is satisfied
with some assignment x1 = ay, ..., x5 = as (where each a; is 0 or 1) if and only if there is an
assignment z; = ag and 2o = a7 such that ¢’ is satisfied with the assignment
1 =4ai, ...,Tr5 = 0as, 21 = Ag, 22 = Q7.

7.A5 Using the methods described in the proof of Theorem 7.46,

(a) Construct the directed graph G corresponding to the 3cnf-formula:
p=(x1VrrVa) AN(TTIVT2VT2) A(TLV a2 V).

(b) For each setting of the variables that satisfies ¢, find every corresponding Hamiltonian path in
the graph G.



