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1. (a) NTM:

start

a/B →
b/B →

a/a→
b/b→

B/B ←
a/B ←
b/B ←

a/a←
b/b←

B/B →a/B →



(b) Turing machine:

start
a/X →

a/a→
Y/Y →

b/Y → b/Y →

b/b→
Z/Z →

c/Z →

c/Z →c/Z ←

a/a←
b/b←
Y/Y ←
Z/Z ←

X
/X
→Y/Y →

Y/Y →
Z/Z →

B/B ←



(c) Storage in state:

start
a/X →

a/a→
b/b→

B/B →

a/a→
b/b→

B/a←

a/a←
b/b←

B/B ←

a/a←
b/b←

X
/a→B/B →

b/X → X/b→



2. (a)

start P

B
/B
→

B/B →

$/$→

B
/B
←

B/B ←
$/

$
→

(b)

Pstart

B/X ←

$/$→

$/$→

B/X → X/X →

X/X →

$/$
→ B/X ←

X/X ←

$/$→

$/
$
→

B
/X
→



3. The complete encoding of the TM is as follows:

q1 7→ 0

q2 7→ 00

q3 7→ 000

a1 7→ 0

a2 7→ 00

B 7→ 000

L 7→ 0

R 7→ 00

δ(q1, a1) = (q1, a1, R) 7→
c1︷ ︸︸ ︷

0101010100

δ(q1, a2) = (q3, a1, L) 7→
c2︷ ︸︸ ︷

010010001010

δ(q3, a1) = (q2, a2, L) 7→
c3︷ ︸︸ ︷

0001010010010

TM: c1 || c2 || c3
x || y || z #



4. (a) Li = {wi : wi /∈ L(M2i)}

wi

1 2 3 4
1
2 1©
3 0
4 0©

Mi 5 1
6 1©
7 0
8 0©
9 1

Suppose Li is L(Mj) for some j = 1, 2, . . .

Case 1: j even:

{
wi/2 ∈ L(Mi)⇒ wi/2 /∈ Li

wi/2 /∈ L(Mi)⇒ wi/2 ∈ Li

Case 2: j odd: not possible, it always ends in 0.



(b) L2i = {wi : w2i /∈ L(Mi)}

wi

1 2 3 4 5 6 7 8
1 ©

Mi 2 ©
3 ©
4 ©

Suppose L2i = L(Mj) for some j = 1, 2, . . .

wj ∈ L(Mj)⇒ w2j /∈ L(Mj)

⇒ wj /∈ L2i

wj /∈ L(Mj)⇒ w2j ∈ L(Mj)

⇒ wj ∈ L2i



5. ”⇒ ” L is REC ⇒ L is RE

”⇒ ” L̄ is REC ⇒ L̄ is RE

”⇐ ”

W

L

L̄

accept
accept

reject
accept



6. Call the language L1.

Now Suppose that L1 is decidable.

Reduction from LU :

M ′

X U
W

M

write ”1”
accept

M ′ writes ”1”⇔ (M ′, w) ∈ LU ; [w ∈ L(M)]



7. (a)
w1︷︸︸︷
11

w2︷︸︸︷
100

w3︷︸︸︷
111

111︸︷︷︸
x1

001︸︷︷︸
x3

11︸︷︷︸
x3

(b) No solution:

|w1| > |x1|
|w2| > |x2|
|w3| > |x3|

 (∗)

Now suppose: i1, i2, . . . , in is a solution;

(∗)⇒ |wi1wi2 . . . win| > |xi1xi2 . . . xin|


