Untyped lambda calculus
terms and values

M:i=x|MM|Ax.M terms
Vi=Ax.M value

full 3-reduction evaluation rules

M1 —pB M2
(}\XM) N —B M[X = N] AX.Ml —B AX.MZ
M1 —pB MZ N1 —pB N2
M]N—>[3M2N MN1—>(3MN2
call-by-value evaluation rules
M1 —cov Mo N1 —cov N2

(AXM) V —cby M[x = V] Mi N —cpy M2 N VN; —cpv VN2

Church numerals and booleans

0 := AMf.Ax.x true := Ax.Ay.x
1:=AMAx.fx false := Ax.Ay.y
n:=AAx f(f...(f(x)...) = AMfAx.f™(x)

—

n-times

Simply-typed lambda calculus A™

with Booleans

terms and values

M:i=x| MM |Ax:0.M | true | false | if M then M else M terms
V = Ax:0.M | true | false values
types
0 =0 — o] Bool
typing rules

'+ true : Bool (T-TRUE)

I+ false : Bool (T-FALSE)

x:oe€l
'Ex:o (T-VAR)

N'x:oFM:T
N'EAx:oM : 00—

(T-ABS)
T

'EFM:o—= T I'EN:o
'EMN:7t

(T-Arp)

' M :Bool 'EN:o 'L:o
'if M then N else L: o

(T-IF)



Hindley-Milner type system
terms and values
Mi=x|MM|Ax.M|let x=M in M

types

Ti=x|T—T monotypes
o:=1|Va.o type schemes

typing rules

x:o0€l o
'Ex:0 (T-VAR)

Fx:tHEM:1/
rNEAM:T— T

— (T-ABS)

r’EM:t—1/ FTEN:T
FEMN: T (T-APP)

'EM:o N'x:oFN:T
'Fletx=Min N: 7

'-M:o’ o'C o
. = T-INST
'EM:o ( )
'-M:o x & FV(T
'EM:Vo.o

(T-LET)

) (T-GEN)

System F
terms and values

M:i=x|MM|Ax:0oM|Ax.M | M [0] terms
Vi=Ax:0oM|AaM values

types

or=a|o— 0o|Va.o

typing rules (in addition to A7)

'EM:o «x & FV(T)
' AoaM :Va.o

'M:Va.o

(T-TABS) (T-GEN)

FEM 0] (o /odo (T-TAPP) (T-INST)
evaluation rules (in addition to A=)
M — M’ )
M o] = M [0] (E-TAPP)

(Aa.M) [0] — {o/a}M (E-TAPPTABS)



