Quiz 5

1.

a. CCT_FIND_SAT decision problem: Given a circuit C with inputs x1, x2, … xn 

CCT_FIND_SAT(C) = 1 if there exist a truth assignment for x1, x2, …xn such 

that C is satisfiable





     =  0 otherwise.

Boolean Foo(C):

C is a circuit with inputs x1, x2, … xn. 

Foo returns 1, if there exist a truth assignment for x1, x2, …xn such that C is satisfiable, 0 otherwise.


b.   CIRCUIT-SAT = {<C>: C is a satisfiable Boolean combinational circuit}

2.

a. For definitions of P & NP, please refer pg. 967 in the book. The Venn diagram is on pg. 987 (Figure 34.6). The uncertain knowledge is whether P ( NP or P = NP. Most researchers believe that the former is true.

b. For the concept of reducibility, please refer pg.984 in the book.

It can be illustrated by the following example of reducing integer addition to floating point addition using pseudo-code.

Int_add (x, y)

{


result = Float_Add (x1, y1)


return result


}

c. False. This can be true only if PROB2 can be reducible in polynomial time to PROB1.

d. True. As the reduction takes only polynomial amount of time, given an instance of PROB1 we can convert into an instance of PROB2. Now, Since PROB2 can be solved in polynomial time, we can also solve PROB1 in polynomial time.

e. For definitions of NP-Hard & NP-Complete, refer pg. 986 of the book. The Venn diagram is on pg 987 (Figure 34.6)

Every problem in NP is reducible in polynomial time to a NP-hard problem like Circuit satisfiability.  If we have a polynomial time algorithm for an NP-hard problem, we can convert an instance of every NP problem into an instance of this NP-hard problem, solve the NP-hard problem & thus solve the NP problem too in polynomial time. This will make P=NP.

On the other hand if it can be proven that no polynomial time algorithm can exist for an NP-Hard problem, then P ( NP

3. For a thorough treatment of Turing Machines, please refer John E. Hopcroft and Jefferey D. Ullman. Introduction to Automata Theory, Languages, and Computation. Addison-Wesley, 1979.

4. The following are the reasons:

Alan Turing, in around 1950 proved that an algorithm (which is basically a mechanical procedure) can be modeled as a Turing machine (TM). Also, there was this concept of a Universal Turing Machine (UTM), which would take a TM as input and simulate its execution on a given input. Today’s computers are UTMs. They take programs as input & execute them. The nature of problems that can be solved by UTMs is the same as those that can be solved by today’s computers i.e. the computers are only as powerful as the UTMs. Hence, in the theory of NP-Completeness it is reasonable to assume that all programs run on a UTM.

