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Note(U0): 0000000 0D0O0UO0O0DOOUOOOODOOOODOOOODOOOODOO PDFOOO
O0000Dooo0o0ooooOo PDFOOOOOOOODOOOOOODOOOOOODOOOOO
D0o000o0DO0DooodoOo.pdfbd00oooono JAISTOOOOODODODOOOOO
O0WordJOODOOOODOUOOO0ODOO0OD0OOO0O00O0O000O0ODDOODO (Do not forget to write
your name, student ID, problems, and answers on your report. You can send your report by email
in PDF file format. In the email, write your name with student ID in the body, and the name of
attached file is “student ID.pdf”. You should send it from JAIST account. The report in Word

file format will not be accepted. Deadline is strict. You can answer in English or Japanese.)

0000000 20000000 (0 100)03000000000000000O000O0OO (Answer
two of the following problems (10pts). If you solve three or more, I will choose the best ones

according to your score :-)

Problem 1: 00000000000 O0O00DOOO0O00OO0OO00OOO0O0DOODODOODO 20000
gboooooooooobooboboboooooobooboobOobobooooooonoo
gooooOobooooboboooobooboooon

Input: 000000 20000 0000000000000 20000000000000
gooooopooon

Output: : 0000000000 200000000000000 |=/2/000000000
0000000oo0o0 |»/2)00020000000000000000000

000 100000000000000000000000000000000 (In the class,
Uehara defined a Turing machine by a formal definition. Then Uehara introduced a Turing
machine that recognizes the language “input is an even number in the binary system.” In a

similar way, show a Turing machine that recognize the following language:

Input: Positive natural number z in the binary system. We do not consider it is not in binary
system if the string starts with 0. Namely, it does not accept 0.

Output: If z is a correct representation of a positive natural number in the binary system,
it accepts with writing |z/2] on the tape, otherwize it rejects. Here, |x/2] is the natural
number obtained by dividing by 2 and rounding.

You can define the output for = 1, but describe your definition.)

Problem 2: X;,X,,.. 0000000000000 x,2,,...00000200000000(00

00000000000 X;02000000000000000)X,020000 00

00000000 X;(x)000000000000000 2 0y000000000O00 z-y
oooOoOoOoO0Oo00-111=o0001110000000Q0Q0Q00C0DO fOOO0OO

f) Xi(z;) 1 -Xi(z;) X;000 z=2,00000000000
€Tr) =
0 good



0000 fO00000000O0DOOO0OO0O0O0O (Let Xy, Xo,... be the Turing machines, and
Z1,Za,... 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 z and y, their concatenation is denoted by x -y (e.g., 000 - 111 = 000111). Let f be

the function defined as follows:

fz) =

Xi(z;) -1 X;(z;) if X; halts for the input z = x;
0 otherwise

Prove that this function f is not computable.)

Problem 3: 000000 NOOOODDOOOOOONDOODOOOOOOD2Y000000000
0000000000000 000 (The set N of natural numbers is countable. Now, prove
that the set 2V of subsets of N is not countable by diagonalization.) (Hint: For S = {1,2, 3},
we have 25 = {0, {1}, {2}, {3}, {1,2},{2,3},{1,3},{1,2,3}})

Problem 4: 0000000000 QOOO POOOOOOOOOOOOOOOOOOOOOOOO
o0o000000o0o0o0o0o0ooooo0o0oooooooooooooooooono PO
gobooobobboobooobuoooobboobuooobooboboobboobon
00000000 (In one slide of the lecture, we prove the theorem that claims “The set P of
all real numbers is not countable.” Now let replace every “real” by “rational”. Then it seems
that we prove the theorem that claims “The set P’ of all rational numbers is not countable.”

But, the set of all rational numbers is countable. Point out where is wrong.)



