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T <T extends Addable> sumList(List<T> list) {
T sum = new T(0);
for (Addable x : list)
sum = sum.add(x);
return sum;
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1. Motivation

System F+ A<
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1. Motivation

System F+ A<
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f = Ax:{a:Nat}. x
» £ : {a:Nat} -» {a:Nat}
f {a=0} “
» {a=0} : {a:Nat} {a:Nat, b:Bool} C
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f {a=0, b=true} ~
» {a=0, b=true} : {a:Nat}



1. Motivation

System F+ A<
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fpoly = AX. Ax:X. X
f : VX, X > X
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fpoly [{a:Nat}] {a=0}
{a=0} : {a:Nat}
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fpoly [{a:Nat, b:Bool}] {a=0, b=true}
{a=0, b=true} : {a:Nat, b:Bool}
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1. Motivation

System F+ A<
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f2 = Ax:{a:Nat}. {orig=x, asucc=succ(x.a)}
» £2 : {a:Nat} -» {orig:{a:Nat}, asucc:Nat}

f2 {a=0, b=true}
» {orig={a=0, b=true}, assuc=1l}
: {orig:{a:Nat}, asucc:Nat}
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1. Motivation

System F+ A<

#2: FEE Ax.{orig=x, asucc=succ(x.a)}
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f2poly = AX. Ax:X. {orig=x, asucc=succ(x.a)}
» Error: Expected record type A
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1. Motivation

Bounded Quantification (F<:)
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+ bounded quantifier: Ax<:T.t
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f2poly = AX<:{a:Nat}. Ax:X. {orig=x, asucc=succ(x.a)}
» f2poly : VvX<:{a:Nat}. X » {orig:X, asucc:Nat}
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2. Definitions
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2. Definitions

kernel F<« DiEX
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2. Definitions

kernel F. OFFfizRAl
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Evaluation t—t
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2. Definitions

kernel F: Y7491 E> YA
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Subtyping I'-S<T
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2. Definitions

kernel F« QB30

AR /B

3(C bounded quant. =9

Typing Ir—t:T
x:TeTl
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2. Definitions

full F 9791 >8I
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* contravariant subtyping

New subtyping rules I'-S<T
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2. Definitions

Exercise 26.2.1
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2. Definitions

Exercise 26.2.2, 26.2.3
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3. Examples

W< DH Dl

Fe ODBEHRTY Y 7IVIgHZEET 5
»* Products (Bg)
- SFELLFERITDERDHEBNESND
Si <: Ti 725 Pair S1 Sz < Pair T1 T2
» Records (fg)
- SELKEEIT D& Products EEIFRDODEEBINESND
> Church Encodings




3. Examples
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+ System F [C KB FKIR

CNat = vVX. (X » X) » X » X

¢ F< I &K BFKRIHE

SNat = VX<:Top. VS<:X VZI<:X. (X » S) » Z » X
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3. Examples
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SNat = VX<:Top. VS<:X. VZ<:X. (X » S) =» Z »|X

SZero = VX<:Top. VS<:X. VZ<:X. (X » S) =» Z »|Z
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SPos = VX<:Top. VS<:X. VZ<:X. (X > S) » Z »|S



3. Examples
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SZero = VX<:Top. VS<:X.
szero =
» szero : SZero
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3. Examples
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sthree =
» sthree :

VX<:Top. VS<:X. VZ<:X. (X » S) » Z » S

AX. AS<:X. AZ<:X. As:X>S. Az:Z. s z

s SPos

AX. AS<:X. AZ<:X. As:X-»S. Az:Z. s (s z2)
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3. Examples
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ssucc = An:SNat.
AX. AS<:X. AZ<:X. As:X>S. Az:%Z.
s (n [X] [S] [Z] s z)
P ssucc : SNat -» SPos

i succ DR DEIZNT IEEEH }

spluspp = An:SPos. Am:SPos.
AX. AS<:X. AZ<:X. As:X»S. Az:Z.
(n [X] [S] [S] s (m [X] [S] [Z] s 2))
» spluspp : SPos -» SPos - SPos
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4. Safety

(kernel) F. OBZ L%
CNETERRICROZDDEE%EIET %

THEOREM |[PRESERVATION]: f '+t : Tandt — t',thenT - t" : T. O

THEOREM [PROGRESS]: If t is a closed, well-typed E.. term, then either t is a
value or else there is some t’ with t — t’'. O



4. Safety

Preservation ®:iEHA
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4. Safety

Preservation DitBBIcHE L8
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4. Safety

Progress M:itBA
THEOREM [PROGRESS]: If t is a closed, well-typed E.. term, then either t is a
value or else there is some t’ with t — t’'. O
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4. Safety
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5. Bounded Existential Types

Bounded Existentials
GERLsYTYAEVTEHAEDES

counterADT =
{*Nat, {new=1, get=Ai:Nat.i, inc=Ai:Nat.succ(i)}}
as {3dCounter<:Nat,

{new:Counter, get:Counter-Nat
, 1lnc:Counter-»Counter}}

» counterADT : (snip)
let {Counter, counter} = counterADT in
succ (succ (counter.inc counter.new))
» 4 : Nat

(counter.inc counter.new) : Counter 5
(counter.inc counter.new) : Nat D coercion HNFAE

N TDERMAEDHEERHU.
ZBEIE Nat Db DZFERTESLIICKE>TWVS



5. Bounded Existential Types

Definitions
B ERUFETEA

- V <: Top 3 Extends F .. (26-1) and unbounded existentials (24-1)
I 1
New syntactic forms New typing rules T—-t:T
T o= '{"3)( T T - titlypes: Itz [X~UIT? r~U<: T (T-PACK)

<:T, existentia e -PACK
op [+ {*U,t,} as {3X<:T; , T2}
s {3X<: T, T
New subtyping rules r-S<T { 1,2}
I X<:U S T '+ t = {3X<:T11 ,le}
<:UFD2<i 12 . .

’ S-SOME I X:iTpk-t2 I T2

I' - {3X<:U,S>} <t {3X<:U,T,} ( ) [+ Tet {X,x}=t, int, : T, (T-UNPACK)

Figure 26-3: Bounded existential quantification (kernel variant)n
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5. Bounded Existential Types

ffl: object @ public field

bounded quant. TR LEWT7 4 —ILRZIEE

counter = {*{x:Nat, private:Bool},
{state = {x = 5, private = false},
methods = {get = As:{x:Nat}. s.x,
inc = As:{x:Nat, private:Bool}.
{x = succ(s.Xx),
private = s.private}}}
as {3X<:{x:Nat}, {state:X,

methods: {get:X-»Nat, inc:X-»X}}}
» counter : (snip)

[ 74 —J)LR x, private D55 x flF =z RHT S ]




