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of B. For instance, you can modify !’s source code, or write a new program that

calls B as a subroutine.

7.4 Rice’s Theorem Now that you’ve solved the previous problem, generalize it

and prove the following theorem, called Rice’s Theorem.

Theorem 7.2 Let P be a property of programs that depends only on the partial

functions that they compute. Assume that there is at least one program !1 for

which P is true, and at least one program!2 for which P is false. Then show that

it is undecidable, given a program!, to tell whether P is true for! or not.

Hint: show that for any such property P, we can either reduce the Halting problem

either to the problem of telling whether P is true, or reduce it to the problem of

telling whether P is false. 7.7

7.5 In Exercise 7.3 you showed that the Halting Problem is decidable for any pro-

gram ! with the property that, for each x, !(x) either halts or falls into an endless

loop. Now prove that telling whether a given program! has this property is itself

undecidable.

7.6 P vs. NPWe saw in Section 6.1.2 that if P=NP, then TIME(G) =NTIME(G)
for any class of functionsG(n) which is closed under composition with polynomi-

als. This is certainly true ifG is the class of all computable functions. On the other

hand, we argued in Section 7.2.3 that Decidable and RE are analogous to P and

NP respectively, and we proved using the Halting Problem that Decidable != RE.

Why isn’t this a proof that P != NP?

7.7 Domains and ranges Given a partial function f (x), we define its domain

Dom f as the set of x for which f (x) is well-defined. In particular, if f is computed

by some program, then its domain is the set of inputs for which that program halts.

Similarly, its range is the set of all its well-defined outputs, i.e., { f (x) |x"Dom f}.

Show that the following conditions are equivalent properties of a set S:

1. S is recursively enumerable.

2. S is the domain of some computable partial function.

3. S is the range of some computable partial function.

7.8 Decidable subsets of enumerable sets Show that if S is infinite and recur-

sively enumerable, then it has an infinite subset which is decidable. Hint: consider

Exercise 7.6.

7.9 Total functions can’t be enumerated Show that the set of total computable

functions is not recursively enumerable. In other words, show that there is no

computable functionUtot such thatUtot(i,x) is well-defined for all i and all x, with

the property that, for every total computable function f (x), there is an i such that


