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f (x) = x2 + 2x + 1

f (1)
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not(x) =

{
true 7→ false

false 7→ true
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false = λx . λy . x

true = λx . λy . y

fst = λp. p false

snd = λp. p true

You can choose whether you want the first or second element
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The natural number N is represented by N nestings of a function
The essence of a natural number is iteration
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Repetition
Ackermann function

A(m, n) =


m = 0 7→ n + 1

m > 0, n = 0 7→ A(m − 1, 1)

m > 0, n > 0 7→ A(m − 1,A(m, n − 1))



Repetition
Ackermann function

pred = . . .

is0 = λn. n (λx . false) true



Repetition
Ackermann function

A =

Y (λf . λm. λn.

is0 m

(is0 n

(f (pred m) (f m (pred n)))

(f (pred m) (suc zero)))

(suc n))
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Four expression forms:

I a b (application - nests to the left)

I S (Subsitution)

I K (Konstant)

I I (Identity)
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Combinator Calculus

I Equivalent to λ-calculus, but without variable binding
I SKI→ λ

I S→ λa. λb. λc . a c (b c)
I K→ λa. λb. a
I I→ λa. a

I λ→ SKI

I ???
I Used to compile efficient λ programs
I SKI is like ‘machine code’ for λ



Combinator Calculus

I Equivalent to λ-calculus, but without variable binding
I SKI→ λ

I S→ λa. λb. λc . a c (b c)

I K→ λa. λb. a
I I→ λa. a

I λ→ SKI

I ???
I Used to compile efficient λ programs
I SKI is like ‘machine code’ for λ



Combinator Calculus

I Equivalent to λ-calculus, but without variable binding
I SKI→ λ

I S→ λa. λb. λc . a c (b c)
I K→ λa. λb. a

I I→ λa. a

I λ→ SKI

I ???
I Used to compile efficient λ programs
I SKI is like ‘machine code’ for λ



Combinator Calculus

I Equivalent to λ-calculus, but without variable binding
I SKI→ λ

I S→ λa. λb. λc . a c (b c)
I K→ λa. λb. a
I I→ λa. a

I λ→ SKI

I ???
I Used to compile efficient λ programs
I SKI is like ‘machine code’ for λ



Combinator Calculus

I Equivalent to λ-calculus, but without variable binding
I SKI→ λ

I S→ λa. λb. λc . a c (b c)
I K→ λa. λb. a
I I→ λa. a

I λ→ SKI

I ???
I Used to compile efficient λ programs
I SKI is like ‘machine code’ for λ



Combinator Calculus

I Equivalent to λ-calculus, but without variable binding
I SKI→ λ

I S→ λa. λb. λc . a c (b c)
I K→ λa. λb. a
I I→ λa. a

I λ→ SKI
I ???

I Used to compile efficient λ programs
I SKI is like ‘machine code’ for λ



Combinator Calculus

I Equivalent to λ-calculus, but without variable binding
I SKI→ λ

I S→ λa. λb. λc . a c (b c)
I K→ λa. λb. a
I I→ λa. a

I λ→ SKI
I ???
I Used to compile efficient λ programs

I SKI is like ‘machine code’ for λ



Combinator Calculus

I Equivalent to λ-calculus, but without variable binding
I SKI→ λ

I S→ λa. λb. λc . a c (b c)
I K→ λa. λb. a
I I→ λa. a

I λ→ SKI
I ???
I Used to compile efficient λ programs
I SKI is like ‘machine code’ for λ



Practical λ?



Practical λ?

Is λ-calculus only a theoretical tool?

I No!

I Anonymous functions
I Functional programming languages

I Haskell
I PureScipt
I Elm
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