Untyped lambda calculus

terms and values
M:=x| MM | \Xx.M

V= M

full B-reduction evaluation rules

M1 —8 M2
(Ae.M)N —5 M[z:= N]  Ax.My = Az M,
M1 —8 M2 N1 —8 Ng
M N —3 MyN M N, —3 MN,
call-by-value evaluation rules
Ml —)5 M2 Nl —)5 N2

e M)V =5 Mz =V] MN —; MyN VN, =, VN,

Church numerals and booleans

0:=Af \rx true := \x. \y.x
Li=AAv.fa false := \z. \y.y
n:=f(f...(f(x)...) = Af A z.f"(x)

—_—

n-times

Simply-typed lambda calculus A~

with Booleans

terms and values
tu=x|tt | Ar:T.t|true | false | if t then t' else t”

v = Az : T.t| true | false

types
T:=T — T| Bool

typing rules

[ - true : Bool (T-True)
I' I false : Bool (T-False)

z:Tel +
I'ta:T (T-Var)

Ne: Ty Ft:Ty
FI—)\xtTl—>T2

(T-Abs)

Fl_tliTl—)TQ F"thTl -
Fl_tl tQ:TQ (TApp)

I' -ty : Bool I'Ety: T I't3:T
I'=if t; then ty else t3: T

(T-If)



Hindley-Milner type system

term and values
tu=a|tt | det|let 2 =1t in t

types
Ti=a|T—->T

S:=T|Va.T
typing rules

z:5el —
I'Fx:S (T-Var)

INx:TyFHt:Ty

I'EXet:T; — T

't : Ty — Ty Fl—tg:Tl(
'ty tg: Ty

't :S [x:Skty: T

I'Flet =1ty in to: T
'Ft:5 S'CS

TS (T-Inst)

'=t:S adg FV()

I't:Va.S

(T-Abs)

T-App)

(T-Let)

(T-Gen)

System F
term and values
to=x|tt | Az Tt | Aat |t [T]
vio=Ar: Tt ]t
types
Ti=a|T—T|Va.T

typing rules (in addition to \~)

F'Ft: T agFV(I)
' Aat:Va.T
I'Ht:Va.Ty

CEt [Ty : {Te/a}Ty

(T-TAbs)  (T-Gen)

(T-TApp) (T-Inst)

evaluation rules (in addition to \~)

t—t
t[T]—%V[T](thpp)

(Aa.t) [T] — {T/a}t (E-TappTabs)




