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Note(U0): 0000000 0D0O0UO0O0DOOUOOOODOOOODOOOODOOOODOO PDFOOO
O0000DoDoo0o0ooooO pPDFOOOOCOOOODOOOOOODOOOOOODOOOOO
0000000000000000 (s000)pdf00000000OO0 JAISTOOOOODOOOOO
O00000Word0OOODOOODOD0O0O0O00D0000000000000000 (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(without s).pdf”. You should send it from JAIST account. The
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0000000 20000000 (0 100)0300000000000000000O0OO0O (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: 000 A = ajagas---a, 0 B =bibbs---0, 00000000000 O0O0OOCOO
000000 00oOo00oO00o00ooO0o0ooO0ooO0ooD0o0ooooooDg A<BOOOOO
0000000000000000 a;,b; €eX={0,1}0000000000e<0<100
0000000000 (Two strings A = ajasas - - a, and B = bybobs - - - by, are given. Then
give two formal definitions of the ordinary lexicographical ordering and the length-preferred
lexicographical ordering. That is, give the necessary and sufficient conditions for A < B.
Here, we assume that a;,b; € ¥ = {0,1} and € < 0 < 1 is already defined for letters.)

Problem 2: 200 0000000x0000000O000OO0 A0 100000000000 BOO
000d0ddoo0odooodgook00oooooo0oOooO0o0ooooooooooooooo
ooooooooDooOoO0OO0O0O0OO0O0OoOoOODODOOOOOODOODODOOODOOCODODOOO
O000000000000000000000O (In the second lecture, Uehara said that “a
Turing machine A with k tapes can be simulated by a Turing machine B with one tape”. He
also said that “we need some trick to simulate k tape heads”. Explain that trick. Note that

the length of each tape is not limited. You can increase the number of alphabets if you need.)

Problem 3: X, X,,... 000000000000 O0x,,20,..0000000000200000
000000 ;0000000000 X;02000000000000000) X;0200
0020000000000 X4(x)00000000000O0000 x0y000000O0O
OO0 «z-y0OO0O0OOOOO00-111=000111000000000C000 fOODOOO

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

0000 fO00000O00O0OOOOOOO (Let Xy, Xo,... be the Turing machines, and
Z1,%a,... are the binary strings that encode the machines. (That is, a string x; is the binary
code of the Turing machine X;.) We denote the output of X; with a binary input z by X;(x).



For two strings x and y, their concatenation is denoted by z -y (e.g., 000-111 = 000111). Let

f be the function defined as follows:

f(x) { Xi(z;) -1 X;(z;) if X; halts for the input © = x;
T) =

0 otherwise

Prove that this function f is not computable.)

Problem 4: 0000000000 0OD0OO POODOOOOOODOODOOOODOOOOOODDOO
0000000000000 000000000000000000oo0oooooooOo0O PO
000000000 00oo00DooooDo00ooooooooooDooooooooDon
O000000000000000000000000 (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. Discuss what you can say from that point.)



