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1 1

1.1 a
λz.λx.abcλy.def

⇓

λz.(λx.(((ab)c)(λy.((de)f))))

1.2 b
(λf.((λx.(f(f(x(λz.(zs))))))z))

⇓

λf.(λx.f(f(xλz.zs)))z
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2 2

2.1 a

T F →β

(λa.λb.a)(λa.λb.b) →β

(λb.λa.λc.c)

2.2 b

(T Not (λt.t)) F →β

((λa.λb.a) (λx.x F T )(λt.t)) (λa.λb.b) →β

((λb.λx.x F T ) (λt.t)) (λa.λb.b) →β

(λx.x F T )(λa.λb.b) →β

(λa.λb.b) F T →β

T →β

λa.λb.a

2.3 c

& ( & F F ) T →β

(λx.λy.x y F ) ( & F F ) T →β

( & F F ) T F →β

((λx.λy.x y F ) F F ) T F →β

(F F F ) T F →β

((λa.λb.b) F F ) T F →β

F T F →β

(λa.λb.b) T F →β

F →β

λa.λb.b

3 3

3.1 a
Or = λx.λy.x T y

3.2 b
(‘) = λx.λy.Not( & x y)

3.3 c
Xor = λx.λy.x (y F T ) (y T F )

4 4

4.1 a
Mul2 = λn.(·) 2

4.2 b
Pow = λa.λb.b ((·) a) 1

Pow = λa.λb.ba
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4.3 c
Odd = λa.a (Xor T ) F

Even = λa.a (Xor T ) T

4.4 d
IsZero = λa.a(And F )T

5 5

5.1 a

PrL (MkPair a b) →β

(λp.p T ) ((λa.λb.(λx.x a b)) a b) →β

(λp.p T ) ((λb.(λx.x a b)) b) →β

(λp.p T ) (λx.x a b) →β

(λx.x a b) (λa.λb.a) →β

(λa.λb.a) a b →β

(λb.a) b →β

a

5.2 b
(−1) = λn.λf.λx. PrL (n (λp.(PrR p) (MkPair (f (PrL p)) T ) (MkPair (PrL p) T )) (MkPair x F ))

5.3 c
(−) = λa.λb.b (−1) a

6 8

6.1 a

Y f →β

λf.(λx.f (x x)) (λx.f (x x)) f →β

(λx.f (x x)) (λx.f (x x)) →β

f ((λx.f (x x)) (λx.f (x x))) =β

f (Y f)
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