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1. This is the definition of the transition function for the Turing Machine:

δ(q0, a) = (q1, X,R), δ(q0, b) = (q5, b, R),
δ(q1, a) = (q1, a, R), δ(q1, b) = (q2, Y, R), δ(q1, Z) = (q4, Z, L),
δ(q2, b) = (q2, b, R), δ(q2, Z) = (q2, X,R), δ(q2, c) = (q3, Z, L),
δ(q3, b) = (q3, b, L), δ(q3, Z) = (q3, Z, L), δ(q3, Y ) = (q1, Y, R),
δ(q4, a) = (q4, a, L), δ(q4, Y ) = (q4, b, L), δ(q4, X) = (q0, X,R),
δ(q5, b) = (q5, b, R), δ(q5, Z) = (q5, Z,R), δ(q5, ) = (q6, , L),
δ(q5, x) = stop in all other cases

2. This is the full computation trace of the Turing Machine on the word aabcc:

(ǫ, q0, aabcc) ⊢ (X, q1, abcc) ⊢ (Xa, q1, bcc) ⊢ (XaY, q2, cc) ⊢ (Xa, q3, Y Zc)
⊢ (XaY, q1, Zc) ⊢ (Xa, q4, Y Zc) ⊢ (X, q4, abZc) ⊢ (ǫ, q4, XabZc)
⊢ (X, q0, abZc) ⊢ (XX, q1, bZc) ⊢ (XXY, q2, Zc) ⊢ (XXY Z, q2, c)
⊢ (XXY, q3, ZZ) ⊢ (XX, q3, Y ZZ) ⊢ (XXY, q1, ZZ) ⊢ (XX, q4, Y ZZ)
⊢ (X, q4, XbZZ) ⊢ (XX, q0, bZZ) ⊢ (XXb, q5, ZZ) ⊢ (XXbZ, q5, Z)
⊢ (XXbZZ, q5, ǫ) ⊢ (XXbZZ, q6, Z)

The final state q6 is accepting, so the word aabcc is accepted.

For the other words we have:

• (ǫ, q0, aabbcc) ⊢
∗ (XXY bZZ, q2, ǫ), the word is rejected

• (ǫ, q0, aaabbcccccc) ⊢
∗ (XXXbbZZZZZ, q6, Z), the word is accepted

• (ǫ, q0, abc) ⊢
∗ (Xb, q6, Z), the word is accepted

• (ǫ, q0, ababc) ⊢
∗ (XY, q2, abc), the word is rejected

3.
LM = b+ ∪ {aibj(cb∗)i·j | i > 0, j > 0}

4.
fibstep = λp.〈snd p, plus (fst p) (snd p)〉
fibaux = λn.n fibstep 〈0, 1〉
fib = λn.fst (fibaux n)
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