
Exercises Lambda Calculus (week 5, 11.12.2013)

Exercise 1

In order to know lambda terms well, we introduce reduction. This gives a
direction to equality. There is a one-step reduction →, more-step reduction →→
(0, 1 or more steps).

(λx.M)N →M [x := N ]
N → N ⇒ M →→ N
M →→M

M →→ N & N →→ L ⇒ M →→ L
M →→ N ⇒ MZ →→ NZ
M →→ N ⇒ ZM →→ NZ
M →→ N ⇒ λx.M →→ λx.N

Examples (i) Ix → x;
IIx → Ix

→ x;
IIx →→ x.

(ii) Given M ∈Λ, write G(M), the graph of M , for

{N |M →→ N}

with the relation→ displayed on its elements. For example let P ≡ λx.IIxx and
M ≡ PP . Then

G(M) = PP // IIPP
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Now the exercise. Let W ≡ λxy.xyy. Draw G(WWW ).
[Hint. This graph consists of exactly four terms.]

Exercise 2

Let F∗ ≡ λmnfx.m(nf)x and cn ≡ λfx.fnx. Compute F∗ c2 c3, c2c3, c3c2.

Exercise 3

Write down precisely a lambda term M such that

Mx = xMx.

Can you make it satisfy Mx→→ xMx?
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