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Propose(O O): April 11 (Thu)
Deadline(0 0 00 ): April 18 (Thu), 9:20am.

Note(O O ): Do not forget to handwrite your name, student ID, problems, and answers on your report.
(0000000000000 0O0O0DU0OO0O0DUODOOoUOoOoOOoUoOn)

Answer one of the following three problems. (0000000000000 0O0OO)

Problem 1 (5 points): Let X;, Xs,... be the Turing machines, and x1, zo, ... are the corresponding
binary string. (That is, a string x; is the binary code of the Turing machine X;.) We denote the
output of X; with a binary input by X;(x). For two strings  and y, their concatenation is
denoted by z -y (e.g., 000 - 111 = 000111). Let f be the function defined as follows:

Xi(z;) - X;(x;) if X; halts for the input x = x;
f(z) = .
0 otherwise

Prove that this function f is not computable. (X;,X,,... 0000000000000y, xs,...0
0000 200000000000 ;0000000000 X;020000000000000
00)X;020000 0000000000 X;(x)D00000O00O0O0OOOOODOzOyOO
000000000 2z-y000000OO000-111=000111000000000000 fO0O000OO

fz) =

0 good

0000 fO00000000OOOOO0OOO0O)

Problem 2 (5 points): The set N of natural numbers is enumerable. Now, prove that the set 2%V of
subsets of N is not enumerable by diagonalization. (00000 NOOOOOOOOOOONDO
00000002Y0000000000000000000000000) (Hint: For S = {1,2,3},

we have 25 = {0, {1}, {2}, {3}, {1,2},{2,3}, {1,3},{1,2,3}}.)

Problem 3 (5 points): At the last slide of the second lecture, we prove the theorem that claims “The
set R of all real numbers is not enumerable.” Now let replace every “real” by “rational”. Then it
seems that we prove the theorem that claims “The set R’ of all rational numbers is not enumerable.”
But, the set of all rational numbers is enumerable. Point out where is wrong. (000000000
0000000000000oooo ROODODOODOOOODOODOOOOOOODOODOODOO
0000000000000 0000000000000000000 RROOOO0DO0O0O0O0ogd
0000000000000 000000000000000000DO0Oo0ooOUoOO0D)



