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24.1
Motivation
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Existential Types & (&

o FEDHZEMIT BIcHDE aX. T
o Ny —3I, EYVa2—I)IZRIFEITBDICHEFE
o fll: 3X. {a:X, f:X—X}
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Existential Introduction

o BIS LIHE t DNRY: {*S, t}: {3aX, T}
o SICIFIEtNICHBDEMUIWEIZIETE

(hidden representation type)

o {4

,p = {*Nat, {a=5, f=Ax:Nat. succ(x)}} 1

» p : {3X, {a:X, : X=X}
» p : {3X, {a:X, f:X—Nat}}
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‘as’ IC LK BELERR

o {*S t} as {aX, T}

p = {*Nat, {a=5, f=Ax:Nat. succ(x)}}
as {3X, {a:X, f:X—=X}}

» p : {3X, {a:X, f: X=X}




il

rp4 = {*Nat, {a=0, f=Ax:Nat. succ(x)}}
as {3X, {a:X, f:X—=Nat}}
» p4 : {3X, {a:X, f:X—Nat}}

p5 = {*Bool, {a=true, f=Ax:Bool. 0}}
as {3X, {a:X, f:X—Nat}}
» p5 : {3X, {a:X, f:X—Nat}}




SRR package

p6 = {*Nat, {a=0, f=Ax:Nat. succ(x)}}
as {aX, {a:X, f:X—=X}}

p7 = {*Nat, {a=0, f=Ax:Nat. succ(x)}}
as {3X, {a:X, f:Nat—=X}}

p8 = {*Nat, {a=0, f=Ax:Nat. succ(x)}}
as {3X, {a:Nat, f:Nat—Nat}}
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Existential Elimination

® module ICE TS open [TXIE
o B NIBIEBICZBIZ DTS

1
[p4 c{3aX, {a: X, f:X—Nat}} ]

let {X, x} = p4 in (x.f x.a)
» 1 : Nat

let {X, X} = p4 in succ(x.a)
» Error: argument of succ is not a number

let {X, x} = p4 in Xx.a
» Scoping Error!




T-UNPACK

e Existential Elimination Q&I |1#R 8|

[@xa@ﬁxﬁm@aﬂn]
Tt : {3X, T2} ([O,X x:Tio)-t2 1 To
T)- Tet {X,x}=t; intz : T2
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[ X [EEH7EU (scope) ]

(T-UNPACK)




E-UNPACKPACK

[value ICIRBETESTHZATHS unpack]

0

let {X,X}=[({*T11 ,V12} as Tl)]in to
— [X = T11][x = vi2]t2

(E-UNPACKPACK)
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Data Abstraction
with Existentials
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® purely functional

® subtyping, inheritance (31075 LY




Abstract D

ata Types

® abstract data type (ADT) DIEKEXR

(1) BIZA

(2) EARIZREIT (concrete representation type)
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(4) abstraction boundary (3
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ADT: {4l

7

counterADT =
{*Nat, { new = 1,

7

\,

concrete type

as {3Counter, { new: Counter,

o
ik

» counterADT : (snip)
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get = Ai:Nat. i,
inc = Ai:Nat. succ(i)}}

get: Counter—Nat,
inc: Counter—=Counter}}

existential type (C K%
R DRk

L

|




Existential Objects

® object DTERERR
(1) NERIARE
2) XY v REf

(3)
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Object: ]

c = {*Nat,
{ state = 5,
methods = { get = Ax:Nat. X,
inc = Ax:Nat. succ(x)}}}
as Counter
where:

Counter = {3X, {state:X,

methods: {get:X—Nat,
inc:X—X}}}

» C : (snip)




EifeE

let {X, body} = c in body.methods.get(body.state)

» 5 : Nat

let {X, body} = c in(body.methods.inc(body.state))

» Error: Scoping Error!
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® repackage

cl =
let {X, body} = cin
{*X,
{ state = body.methods.inc(body.state),
methods = body.methods }}
as Counter

» c1 : Counter
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ADTs vs. Objects: Package

e ADT
o NEIRREDAEIZ (SR D DIC{FEFE

o EXRULMEIIC open T3

® Object
e ATV VU MDHREZERIKRT 5 DIC{ER

o NENRREZZE T SKFE T open LU7RLY




ADTs vs. Objects: ISR EY

o ADT
o NERIREEDEYZDH D

® Object
o NEBIREED

® object ICXI T DIRIERF (XY v )
o XYW RZFDIEICKDFIKE




Object D&

o 2L DERDIERZRIFICHED I &HAIREE

o BIMU

o 4l: Window &Y

o TextWindow: NERFRIR (I 3CFF

e ContainerWindow: NEZIR (F Window list




ADT DIz T

o FAUEZFE>TWTHHRUDBDE UTIZALG LY

o |et {TextWindow, tw} = tl in
e |et {ContainerWindow, cw} =t2in ...

¢ tl EQ2DIVITXRFYHEUTH tw & cw
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o EEDEIICTopen LTULEXDTcH
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Object Dize

o ALBZFTOIAT IV MIAKICIKRZD

® lettw = ...inletcw = ...in ...

o tw & cw DT E Window &Y
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® Object CI& strong binary operations Z 1 Z 78 L)

® strong binary operations
o T—HYRIDAEKRIEZM > TLWRWEER
AAJEE

® week binary operations

o T—HYREDOAFKIRENS I ICEFKRFIBE

o _ .E 5 Ci?&i% (object DB Z recursivelc I 2N EH D)




strong binary operations
D object |c K DTEFHE

NatSet = {3X, {state:X, methods:

{ empty:X,
singleton:Nat—X,
member:X—Nat—Bool,
union:X—NatSet—~X }}}
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ADT vs. Objects: & & &

o ADT

® Strong binary operations D EZH A &

® Obiject
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24.3
Encoding Existentials




Encoding Existentials

{3X,T} = VY. (VX.T2Y) =Y
{*S,t} as {IX,T} = AY.Af(VX.T—=Y).f[S]t
let ,x}=tiinta = ti[T2] AX.AxTi.t)
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