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O:IE-IEOI: E|' H polymorphic type, Ct3 EFR 7:”A'—|-%
oll)

X2 Va.a — real

L2 Va € 122.a — energy

817l: Va € ojcjol.a — impetus
= Va € 93.a — brush(a)

list-length: Va.list(a) — nat

Ya.a — a

= nat — (Va.a — real) list
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(Va € o|tjof.a — impetus)
X (VYa € 22.a — brush(a)) — diffminds

a7|- O'IEEI E|-OI:IOIO-|E é)l-'?ll- I:IAolparametricity ZEF&F%él-E 7'“&%
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Al

» polymorphic type, parametric polymorphism, System F,
ad-hoc polymorphism, bounded polymorphism, type class,

let-polymorphic types, type checking, type inference

4/13



Va.r: O:I E-IEOI: E|' H polymorphic type, Ctd EFY
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Va.TOM a2 FH27?
» ZtCHSH EFRISE A|eh: “predicative polymorphism”

> D E EtU=Z 23 “impredicative polymorphism”
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O:I E-IE%I: EH):II polymorphic type va'T-C-)'l 9" Dl

(“predicative polymorphism”)

2@ ([Va7] C ZROH) 2=

[Va.7] “ ﬂ [{t/a}7]

teSimpleTypes

Va.a —»al < () [t—1]

teSimpleTypes

[nat — nat] N [bool — bool] = 0
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O:I E-IE%I: EH):II polymorphic type va'T-C-)'l 9" Dl

(John Reynolds’ model: parametric polymorphism)

HVG.T]] d:ef a7|’ O'IEE El'oulolo'IE é)l-:,u:l-giolparametricity
—T'—E}Il ZIF%él'Euniformly behave 7'"&%9—' E?:!

o) [Va.a — int] £

{{Axint-la )\xbool-la e }7 {)\xint‘27 )‘xbool‘zv e }7 o
{AZfiesh-mass(z) X 9, Axjquia.-mass(z) x 9,---},---}

O:”) [[VCLCL — (1,]] = {{)\xint‘x7 Axbool-xa T }}

o)) [Va.int — a] £ {}
o) [Va.Vb.a — b] = {}
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System F (aka Polymorphic Lambda Calculus)

(Girard, Reynolds)
0:1 E'-IE%l:El-(t):ll polymorphic type% F%—?— Al-'g_glhé EE:,-EH l:]O|

paly

ALM B — () | =
| M:7.E | EE
| Aa.E (CIARYEY S 7liype abstraction)
| ET (12 RYELY AFRSH liype application)
Bt 7 — o
| 771
| a (GREES
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System F 2 T]12H 0

> A\Nf:ra—adr:af(fz) :(a—a)— (a—a)
> AaAf:a—a)r:a.f(fz): YVala—a)— (a—a)
> (AaNf:a— adx:a.f(fz))int
— Afint = int Az cint. f(f )
> AaNf:a—adr:ax:Vala—a)— (a— a)
> AaNf:a—adr:a.fx:Vala—a)— (a—a)
> \n:nat.Aa.ds:a— a)z:a.s((na)sz):nat — nat

) A /AAHA Bots

def

nat = Va.(a =»a) — (¢ — a)

1 & Aads:a—alz:asz

succ = An:natAads:a— adz:as((na)sz)

27) (EYED) M BEET)
Y :Va.(a = a) - a 27t
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A N
SyStem F EI ﬁ_C_)J I:Ildynamic semantics
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K[E] — K[F']

> HO0|A O CRA| 204 2|=7t SHEH:

(M :T.E)v — {v/z}FE
(Aa.E) T — {7/a}E
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A N
System F Elﬁzl_ ——l I:Ilstatic semantics
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C TypeVar
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I(z)="7
ATE():e ATkraz:7

A AT+z:mbFE:mn Abn
ATF N E:m =7

ATFE, :

T—=7 ATFE;:
ATFE L,

AU{a},THFE:7 adA
AT+ Aa.E : Va1

AkF7T ATFE:Var
ATHET: {r/a}7

AH) HMOI0|(EIYHA
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decides if 3E', ', 7.|E'| =
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(BAlgm(E) =
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> EIQE ool
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System F2o| =+Zt

» +recfax F
> + DEIQY + BERY
> ;%F%El-ol:ilsubtypey ;%l-% O:IE-IE%': E'|-OI:1|subtype polymorphism

TT Va <: 1.7
> X‘”él‘%f O:IE-IE%l: E'|-OI:’b0unded polymorphism
Va € T.T

(T “type class")
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Z| 045 E',I-|___|. —Iambda cube
D22 YANO|M 22t EIRS He= 8714
> A 0| AL
> \.E)v — {v/a}E
> x=: EfRI0| EFYA Lo
> EtLEype function: EIR 22 EIY 2S7|
Of) list(int), tree(apple), car(diesel)
=: Bt giAlLof
» System F
» (Aa.E)T — {7/a}E
2. Ztol Etei Aol
> 7| EtRdependent type: EFRIRFON ZLAILHY
o) list(3), tree(Az.L1),
VYm,n,l.mat(m,n) — mat(n,l) — mat(m,!)
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