Untyped lambda calculus

terms and values

M=z | MM | Xx.M  terms
Vo= M value

full B-reduction evaluation rules

Ml —>5 M2
(Ae.M) N —5 Mz :=N]|  Ax.M; —g Ax. M,
M1 —8 M2 N1 —8 N2
MIN—H}MQN MN1—>5MN2
call-by-value evaluation rules
Ml —eb M2 Nl b N2
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Church numerals and booleans

0:= A \rx true := Az \y.x
l:=Afx.fzx false := Az.\y.y
n:=Ax. f(f...(f(x)...) = Af x.f"(2)

-times

Simply-typed lambda calculus A~

with Booleans
terms and values
M:=x| MM | Ax:0o.M]|true | false | if M then M’ else M" terms
V= Ax:o0.M | true | false values
types
o =0 — o | Bool
typing rules

I' - true : Bool (T-TRUE)
I' - false : Bool (T-FALSE)

x:oel
'kFz:o (T-VAR)

Fex:oyEM: oy
I'EXe:01.M:01 — o9

(T-ABS)

I'EM,:0, — 09 I'EMs:o
F|_M1M220'2

L (T-Aprp)

I'= M : Bool I'EM,s:o I'-Ms:0
I' = if M, then M, else Ms: o

(T-IF)



Hindley-Milner type system
terms and values
M:$‘M1M2’)\$M|let$:M1 in M2

types

cu=alo—o monotypes
T =0 |Va.T type schemes
typing rules
Ir:o0FM: oy
I'EXe M:oy — o9
I'EM,:0, — 09 ' M, :
I'E M, M, : oy

'=M;:7 x:7F M,:

I'klet x =M, in M, : 0o

(T-ABS)

91 (T-APP)

9 (T-LET)

' M: 7_, 7—, E T (T'INST)
'EM:T
'EM:Tt ag FV(I) (T-GEN)
I'EM:Va.r
System F
terms and values
M:i=x| MM | x:0.M|Aa.M| M o] terms
Vi=r:oM|AaM values
types
ci=al|lo—o|Vd.o

typing rules (in addition to \™)
'EM:0 agFV(D)
I'-Aa.M :Va.o

I'M :Va.o;
' M [o3] : {oa/a}oy

(T-TABS) (T-GEN)

(T-TAPP) (T-INST)

evaluation rules (in addition to A7)

M M’
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(Aa. M) [o] — {o/a}M (E-TAPPTABS)



