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{x/y} \x.y

= \z.{x/y}{z/x}y
= \z.x

{y/x} \x.x

= \z.{y/x}{z/x}x
= \z.z

{y/x, z/y} x y
= z z
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= y z

= \x.x

= \x.y



[] x

\x.(x [])

(\x.x y)(y [])

(\x.[])[]
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y
(\y.y(zw))z

z(zw)

(\x.zx)(zw)
z(zw)

(\x.xx)(\x.xx)

y

(\x.y)((\x.xx)(\x.xx))









• double
\m.\s.\z.m s (m s z)

• not
  \b.b fls tru
• and

\b.\c.b c fls
• add

\m.\n.\s.\z.m s (n s z)
• mult

\m.\n.m (add n) 0
• iszero?

\m.m (\n.fls) tru
• pred

\m. fst (m ss zz) 
where 
 zz = pair 0 0



(\n\m\f\x.nf(mfx)) (\f\x.fx) (\f\x.f(fx))

1+
2add 1 2

(\m\f\x.(\f\x.fx)f(mfx)) (\f\x.f(fx))

\f\x.(\f\x.fx)f((\f\x.f(fx))fx)

\f\x.(\x.fx)((\f\x.f(fx))fx)

\f\x.f((\f\x.f(fx))fx)

\f\x.f((\x.f(fx))x)

\f\x.f(f(fx))

= 3



if false then 1 else 2

(\x\y.y) 1 2 

(\y.y) 2

2





(\x.F(xx)) (\x.F(xx)) 1

F(GG)1

(\n.if n=0 1 n*((GG)(n-1))) 1

if 1=0 1 1*((GG)(1-1))

if false 1 1*((GG)(1-1))

1*((GG)(1-1)) 1*(F(GG)(1-1))

Y F 1

GG1

1*(if (1-1)=0 1 1*((GG)((1-1)-1)))

1*1













the semantic style
that has a “right”
gap from the 
implementation



“� ��$ ��.”


















