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Exercise 1.1

Question

Define a Turing machine M; that converts "unary number" z to binary number
Y.

Input Encoding Definition

A "unary number" has a value equals to the number of 1’s it holds. For exam-
ples,

111, = 319
111,111,111, = 949

The initial state of tape should be like:
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B | D To | X1 s Tp—1 B

where z; = 1 and n equals to the input number x; and the head should be
pointing at D.

2.3 Output Encoding Definition

The final state of tape should be like:

B Ym 1 | Yo D|FE | FE E | B

m .
where y = > y; - 2%
i=0

2.4 Machine Definition

The machine M is defined as

K ={RD,A,RT,HT}
read, add, return, halt
¥ ={B,0,1,D,E}

B as in Blank; 0, 1 as number; D as in Divider; F as in Erased

H={HT}
qo = RD
da| B | D | E | 0 | 1
5= RD | (B,—,HT) | (D,—,RD) | (E,—,RD) (E, <+,
A | (1,=,RT) | (D,+,4A) (E,<,A) | (1,—,RT) | (0, 4)
RT (D,—,RD) (0,—,RT) | (1,—,RT)
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3 Exercise 1.2

3.1 Question

Define a Turing machine M, that copy the tape until the symbol M to the end
of the tape

3.2 The Tape

The initial tape should be like:

Blag| -+ |ag | M|b | -~ | b | B

where the head should be pointing at M.

3.3 Machine Definition

The machine My is defined as

K ={RT,RD,Cy,C1,RST,HT}
return, read, copy 0/1, restore, halt
Y ={B,0,1,M, Py, P}
B as in Blank; 0, 1 as number; M as a separater; P/, as in Processed 0/1

H = {HT}
qo = RT
¢o | B | 0O | v | M | P
RT | (B,—,RD) | (0,+,RT) | (1,«,RT) (M,+,RT) | (P,,—,RD)
0= RD (Po,%,CO) (Pl,%,C’l) (M,(*,RST)
C, (z,«,RT) | (0,—,C,) (1,—,Cy) (M,—,C,)
RST | (B, -, HT) (y, <, RST)
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Exercise 2

Theorem. fEEDOEMAET — 7ITHEHI N2 L S ITEILT 2085 0% H
TES B BARI R Tt & I3AFAE L 72\,

Proof. {LEDOBEM M = (K,%,0,q0, H) KO M (ZHEATE 57 —7 T 123
U, MDESIT M = (K", %,6,q,H) 25T 5, HU RSTT, ¢ K (k€ Z)
L9 3,

a=min{i|T(i) # B}
b=maxz{i|T(i) # B}

K'= KU{RSTT, |a<i<b}

q' = RSTT,

§' = 6 U {(RSTT;, B) v (T(i), =, RSTTi11) | a < i < b}
U{(RSTT,, B) o (T(8), 1))
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