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e 10 UDODDODOO (polymorphic type system): 00000000000
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Ooo0O0OC0OO0O0oO0O0ooooooooOCocOoOoOoOoOooooooooooo
000000000 (ad-hoo)D(O0) COOODOOD +0int 00000O0ODO
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— subtype polymorphism(00000): 000000000000000000
0000 (00000)00000000000 (0)Javad00O0000000
000000

— parametric polymorphism(00O000): 0000000000 O0O0O0OOO
000000000000000000(@)0000000e00g 0000 f
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o000 NODOOD00ODiIint0O0O0O00OO00O00oooonDn

compose € (int — int) — (int — int) — int — int
= M cint — int.Ag€int — int.A\x€int.f (g x)

oooood
compose (Ax€int.x+1) (Ay€int.y+2)

gobbbuoooobbbooooobood Ty, Ly, s 0000

compose € (T} = Ty) — (I3 = T1) — T3 — Ty
= )\fETl — TQ.)\gETg — Tl.)\XETg.f (g X)

O0000000D0D0000 compose (00D )0O0300000000O000O0OO0ODOO
OooooobDoOoboooooooDbbooobo0ooboooDboOnSystem FOOODOOO
0000000 (polymorphic function) D00 0000000000000 O0O0O0OOOO
oooooooo

00 71;00000000000000DOOOOO0O00O0ODOODOOOOOODDOODO
0000000000000 000000000000000000000A0O0 (type variable)
O0o0000o0oO0ooO00oO (Do00)000 X, YOOOOODOOOOoOOoOO int0O
00000000000 (ooooooO0)ooooooooo

e 000 (type abstraction): AX.t OO DODO0DD X OOOOOO +0000O0O0O0OO
O00NX. 0000 XOOooooooooooooo tooootooo 70oo0og
00000 MNXt0O000OvVX.TOOOOOOOOOOOOO0OO00ODO (univesal type)
gboobovoooooooooobooomooo xXgoooo..ooobobooo
U000 compose DUOUOUOOODDOOOOOOOUO

compose E VXVYVZ(X -Y)— (Z—->X)—>Z—->Y
= AXAYAZAMEX — Y IAgeZ — X x€Z.f (g x)

O000MeX —-Y..-- 000000000 XY, Z0 int 00000000 0OODO0O
oo xOdobooboobooboobooboo



e 000 (type application): t[T1 DO OO0 ¢t 000 polymorphic function OO0 00O O
O TOODODOOOOD +000 vX T, 0000000000 TOOO0OOoOOOOOO
000 [7/X]|I,000000000000000000000 compese 100000
O0int 0000000000 0O000

compose [int] [int] [int] (Ax€int.x+1) (Ay€int.y+2)
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2.2 Predicative/impredicative polymorphism
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000000000000 impredicative(0 000 )00000000System FOOOO
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ideVX. X — X =)\ X \zeXx

oo00o0000 id0000b0b0bobid0b0o0oovX.X - X 000Oooooo
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id [VX. X — X] id

id [VX.X - X1000000 (VX.X - X)— (VX.X - X)0000000

3 0000000 in System F

3.1 00O Church Boolean

00D0oo000vX.X - X —-X0DO0Oooooo

true = AX.\xeX.\yeX.x
false = MX A xeX\yeXy

if ¢; then ty else i3 def 11 [T] ts ts

b 70 t,ts 000D O0



3.2 Pairing
t,te 000 T4, T, 0OOODOOODODOODOOOO VX.(Th —»T,—X)—»X0O0OOOOOO

pair = AXAY xxeXA\yeY \Z ) \feX - Y - 2f xy
fst = AX Y peVZ.(X - Y — Z) — Zp [X] (MeX. ) seY.f)
snd = AXAY\peVZ.(X —-Y — Z) — Zp [Y] (MeX.\s€Yls)

aoogd pair [Tl] [Tg] tl tQ (Tl,TQ O tl,tg O D) O <t1,t2> ooon

3.3 00O Church O
Church OO0 OO0 ‘V’X.(X—>X)—>X—>XDDDDDDDDDDDDDDD Nat OO0 QOO

o % \Xasex - Xazexa
def A X AseX — X MzeX.s (s (--- s(z)--))
—
succ = An€Nat.AX.As€eX — X zeX.s (n [X] s 2)
plus = An€Nat.AmeNat AX.As€X — X zeXn [X] s (m [X] s z2)
times = An€Nat.dmeNat. AX.As€X — X zeXn [X] (m [X] s) z
pred = An€Nat.

fst [Nat] [Nat]
(n [VZ.(Nat — Nat — Z) — Z]
(A\peVZ.(Nat — Nat — Z) — Z.
(snd [Nat] [Nat] p,succ (snd [Nat] [Nat] p)))

({0,0)))

goobbbbouogooooobbobbouooobbbbbbdddlpred g
g0oooboobOo v.OobobobOoboONat ODOOO0ODOOD impredicativity O O 0O O
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I' ¢ Env I'kteT

— 5 (T-VARr1)
I € Env el =t-#'2eT
X  Eov (Env-TDECL)
el Ftel,
'FTeT (T-ABS)
— YEI)’G (ENv-TDEFN) T XxehteT —Th
,X =T € Env
I' € Env 'ttyely - T 'ty el
(Ty-TVARO) it S e (T-App)
I'' X+ X e Type I'Htite €Ty
I'TeT
ype (TY-TVAR1) IXHteT
X =TF X € Type (T-TABS)
'AX.tevX.T
I'+-1Ty € Type I'+15 € Type (Tv-ARR)
Y-ARR
I'1Ty — T, € Type I'-teVvX. T I'-1T5 € Type
I XFTeT LX=TrhiX =T (T-TApP)
b e -
CrUXT Typ (Ty-ALL) F-t[] eT | x
T e Type
I' € Env 'ttei) Ty =15
5 (T-VARO) (T-EQ)
TreTH#2eT THteT

01:0000A000O0(@O)

oo uoooouoooo
gooooo

X = int->int, f : X
gddooodoudf 10 int0dodoooofoddooouonooooouoonoo
0000000000000 o0O000)DOODO0O0OO0O000OOO00O0O0TIkET =T,
oo odoooodoooodoooououooouooooououoo
gdodoooodooooooooood

411 00: 00 FeEnv0000TFTeTypelOODO I'FteTOODO(ODD)DODO 1
good
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DX =TFt#X] =t

g (E-TBETA)
(E—DEF) I+ ()\X.to) (7] —t' | x
Fezel=tkFx—1t1,
TH#r —t (E S 1)
- -OHIFT /
TyeTk#al, —t1, Pt — 1 (E-TAPP)
, 6 [T — ¢ [T]
I'#x—t
. (E-SHIFT2)
Lyel =t+F#z], —t1,
DoeT=tFt,[#0%z] =t MXEt—t
2=tk el (E-BETA) (E-TABS)

TF(\xeToty)ts—t |g TFAXt— AX.t

O2.0000M00:0000

gobooobbobboodobbugboboboobbooobbobbuooobboob
O0ooIo0 (o000 0OOo0DOooOO0OrHteTOO T (ODODO)ODODDOOOOOOO
O7c(h,y)OOOOoODoODoOoOoOoOoo0o00 Epend000000000O0

Expand((T, X =T),#°X) = if T is a type variable Y then Erpand(I',Y) else T
Erpand((T, X =T),#"X) = FEzpand(T, #X)

TC(T,z €T),#x) = if TC.,,(T') then T else fail
TC((T,z €T =t),#%) = if TC,,,,(T") then T else fail
TO(T,z € T'), #+2) =  TC(T,#z)

TC(F, )\$€T1t) = let T2 = TC((F, xr e Tl),t) in Tl — T2
TC(F, tl tg) = let T1 = TC(P, t1> in

let T, = TC(T',ty) in

if there exists T3 s.t. Expand(I',T1) = Ty — T3 then T; else fail
TC(T, \X 4o) = let Ty = TC((T, X), o) in VX.T
TC 4, [T]) = let Ty, =TC(I',t;) in

if there exists 7] s.t. Expand(I',Ty) = VX.T| then [T/X]T] else fail

6 U4UO

6.1 00O [Type Preservation]: '+t T OO0 I'HFt— ¢ 0000+ eT 0000

System F O Church 0000000000 DOOCOO0DOOOOOOOODOOOODOOOOO
00000000oooooooo0g(oooooooooooooon)

6.2 00O [Strong Normalization]: 't 7T 00 I''t 0 fix 00000000 THt —
ty —---—t,—---guo0oooooooogg
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