22 Type Reconstruction

oo oooor

20030 60 170

22 Type Reconstruction

00000000000 ANOD0OO0O0O00000000000000000O0 (type annotation)
goooooooooo0oOooaOOOoOooooDbDObOOo0OooooOoDObOoOoOoooooDOooD
00000000 typereconstruction 000 0000000000000 O0O0O0OOO0O0O0OOO
000000000 0O000000 term O principal typeDOOOOOOOO00O0ODOML O Haskell
gogbooboboobooboobooboboobooboobooboobo

22.1 Type Variables and Substitutions

0000 NatO BoolOODODODODODOO base type OOOODODODODODODO uninterpreted base
type!l0 0000000000000 (instanciate) 0000000 (type variable) 000000
term O typable 000000000

DEFINITION 22.1.1
type substitution(0 0 000 0000000000000 0OO0)0000O0OO0O0O0OODOOOOO
0000000000000 O0s00000DO0O0UDOODO0OUOO dom(o)D00DDOOOOODO
000 range(c) 0000 (domain 0 range 1 000000000000 OOOOOOO)

020000000000000000000

T fX—T)co
a(X)

X if X ¢ dom(o)
o(Nat) = Nat
o(Bool) = Bool
o(Ty > Ts) = 0Ty —o0Ts

01 c=[X+—Bool] 0000 (X — X) =Bool — Bool 0000
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I0000MAxOOO0 ADOO (11.1)

200000 symply typed lambda-calculus(Fig 9-1) with booleans(8-1), numbers(8-2), and an infinite collection
of base types(11-1) 00O



02 c=[X—Boo,Y— (X—=X)|O0UO0OOOecY=X—-XOOOOODOOOOOOOOOO
00 Bool = BoolOOODOOOO

oborooobooooobooooobooon

o(x1: Ty, eXp : Tp) = (x1:0T1, e, X 2 0Ty)

termt 00 0000000tO000O0O0O00OO0O0OCO0DOOOOCOOO0OO00O0
gbooooboooobobooo

X+ o(T) foreach (X+—T) €y

goy=
7 X—=T for each (X — T) € o with X ¢ dom()

000000000000000000 term O well typed 00000 O term O instance O O
OwelltypedODOODOOOOOOOOO

THEOREM 22.1.2 [PRESERVATION OF TYPING UNDER TYPE SUBSTITUTION]
c000000000OTFt:TODOO oll'Fot:oTOOOO
Proof: T' -t . TOOODOOOODOOOODOOOOOOODOOOOODOOOOO O

22.2 Two Views of Type Variables

teemt0000 I'OCOD0ODO0O0OO0O0O0O0ODOOOOO0OO0O0OtO0DODOOOO0O0O0OO00OO0
gboooooooooo

1. 000 cO00O0OO00T' ot : TOOOODO
2.0' F ot : TOOODOOOOeseODOOOODO

1000000welltyped 0 t0000000000000O0OO0O0OO0OO (instanciate) O O
well typed OO0 0000000000 O0OOO parametric polymorphism(22.7) 0 0000 0O (O
ooooo230)

2000000well typed 00O tO00000000OOODOOOO0O welltypedODOOOOOO
00000000000 MY. AaX. f(fa)O typableDOOOOO[Y — Nat — Nat, X — Nat]
000000 M:Nat — Nat. Aa:Nat. f (fa) 00O (Nat — Nat) - Nat = Nat OO QOO QOGO QOO
000000 type reconstruction(d O O type inference(0 O 0)) 000000

DEFINITION 22.2.1 (DECLARATIVE) solution
ro00o00t0 temO000(T,t)0 solution00 ol + ot : TOODOO (0, T)DOO0OD000

22.3 Constraint-Based Typing

O0O0TOtermtO0O0O(T,t)0solution0 000000000000 O0ODO (DODO)0OO
ugboooobooooboooo



DEFINITION 22.3.1
0000 (constraint set) COODOO0O00O {S; =T,*""}00000006ST oTOOODODO o
OS=TOwify000000CO00000 o0 wnify000000 0 C O unify(0 0 satisfy)
0ooooo

DEFINITION 22.3.2 constraint typing relation T' = t : T |, C (OO Figure 22-1)

00000DoDbOOo00 cOoDoooDOoDoOoooooroo0termtdd TOOOODOOO
OO0CT-APPOUOO0OO FV(TYUOO TOODODODODODODOODOO0OOO0OO0OOxO0OO0DOD0DOOOO0OOO
0000 wmle0d0O0OO0OO0ODOOO0ODOO0ODOO0ODDOOODOOODOODOODOODOOOODO
0000000000000 0O0U0o0o0000O0000O00(COD0OU0ODO0U00DO xoOooo
ooo)

O0rued0OTr0too0r+-t: T, COO0O0ODOTOC(O x)OOOODOOOOOODOO
000 simply typed lambda-calculus O typing argorithm 0 00000 fall DO 0OOOOO TO
cO0O0U0O00OO0(OoUoooO)oooUooOoOd

constraint typing relation 0 0000000 t00 SOOD0DODOOODOO COOODOO
COwify00O ¢ 0000000000 DOOOODODOOO

DEFINITION 22.3.4 (ALGORITHMIC) solution
I'+t:5|C0000(,T)0 (I,t,5,C) 0 solution 000000c 0 CO unify 0005 =T
0oooooooo

00 ALGORITHMIC O solution 000 00 DECLARATIVE O solution 00O OOO0O

THEOREM 22.3.5 [SOUNDNESS OF CONSTRAINT TYPING]
'+-t:S|Cc0000(e,T)0O (I',t,S,C) 0 solution 0000 (0, T) O (T',t) O solution 0 0 0O O
Proof T+ t:S|CO0000000O00DOOO0OD0OOOO0OODOOOODOOOOO O

DEFINITION 22.3.6
x0O0OOOODOO0O0O0ooO0oooooooooooo0 e 000000 c\xOOOO

THEOREM 22.3.7 [COMPLETENESS OF CONSTRAINT TYPING]
FFt:S5],C0000(eT)0 (I',t) O solution 0000 dom(o)Nx =2 0000(T,t,S,C)
O solution (¢/,T)0 o’ \y=0c 000000000000
Proof ' Ht : S|, CO00000C0O00O0O0O00O0OOOOOOOOOOOOOOOO O

22.4 Unification

CO wify00 o 0000000 unification 00000000000 (00O Figure 22-2)0

DEFINITION 22.4.1
o =700000 0000000000 ¢ 00 less specific(0 0 more general) 0000000



cCo0OQon

DEFINITION 22.4.2
COwifyOOOOO ¢ 0000 ¢ Co 000000060 CO principal unifier(00 most
general unifier(mgu)) 0000000

THEOREM 22.4.5

1L.unify(C)ODDDOO COOO0 0000000000 O00O0OO
2. unify(C) =0 000000 CO unify 00O

3.00 CO wmifty000000unify(C)=0c0 cC§

Proof:

1. C O degree (m,n) 00COO0000O0O00O0O00OO0 mOCOOOOOO%0 n00000
O00wify000000 (00000 fa)J0000000CO degree0 0000000
ooooooowifyDOOOOOOOOOODOOOOOODODOOO

2. unify(C) 0000000000000 00000000000060 [X— T]DO unify O
0000000 X—T]0{X=T}UDO wify 000

3. unify(C) 000000000 OO0O0OOOOOUOOOOOOO

22.5 Principal Types

DEFINITION 22.5.1
(I',t,S,C) O solution (o, T) O principal solution 100 000000 (T,t,S,C) 0 solution (o, T')
0000 000000000000 (e,T)0O principal solution 00 O000O0TO 000
00 t0O principal type 00 00

THEOREM 22.5.2 [PRINCIPAL TYPES]
(T, t,S,C) O solution O 0 O 0O O O principal solution 0 00 00 O Junification 00000000
oooo (IL,t,S,C)0 solution0 00O OO0ODOOOOOsolution 0 00 00O principal solution
gobooogooooo
Proof: (I',t,S,C) O solution 0 0 0 O O unification 00 0000000000000 O

O000Oo((,t) Osolution0OO0OOO0OOOODOOOOOOOOOOO
0000000 typereconstruction 000 000000000000 0O0OODOODOO0OO

gbooooboobooboooboooboooboooooooboooboooooOoobooobog
gboooobooobooboboooobooooboooooboobooonog

3s=TO000S=S; S, 00 T=T; - T, 00000000 n00000000000000O000O0O0O0base
typeUO0DO0O0 - 0000000O0O0OO



22.6 Implicit Type Annotations

000 type reconstruction 000000000 OANODOO type annotation 000 O0O0OOO0O
0000000000 Osyntax sugar 000 parser D000 fresh 000000000 OOOOO
opooooogo

000000000 0DO annotation OO AODOODOODODOODOOODOODODOODOOOO
constraint typing relation 0 0 000000 O0O0O

X¢x IxXkFtg : T, C
I'HXMxt; : X—T |XU{X} C

(CT-ABSINF)

go000000D0DOabstraction 0000000000000 O0O0OO0O0O0ODOOOOOOOOD
gbobooooooboo

22.7 Let-Polymorphism

polymorphism 00000000000 OO0OO0ODOO0OOOOOOOOOOOOOOOOOOO
00000000000 000O¢type reconstruction 000000 O let-porymorphism 00 0 00O
0000000 polymorphism O 00000000 list0 array0 00000 0O0O0O generic library
gobooboooooog

gooo

let doubleNat = )\ f:Nat — Nat. A\ a:Nat. f(f(a)) in
let doubleBool = A f:Bool - Bool. A a:Bool. f(f(a)) in
let a = doubleNat succ 1 in

let b = doubleBool not true in

gbooboobooooboobooobooboooobooboooon

let double = X\ f:X - X. X\ a:X. £(£f(a)) in
let a = double succ 1 in
let b = double not true in

O0000000OOdouble0O00OOO0O00ODOOOOOODOOOOODOODOOOODODOOO
goooo0oboOo0oooooooooooooooo0ooooo Xooooooooooooo
0000000000000 double0 00 OOO0OOOODOOOUODODO (DOOODOOOOOO)DO

gobobobobooobooboobobboboo

't :T7 TyxTikty: Ty
F"'Qt X:tl in t2 . T2

(T-LET)

gooo0 letD 00000 0000D000000D00000D0O0OO letO body to 0ODO
ubobooobooboooodubDw OO xoooOo ywOhoooobooooooo

'k [X — tl]tg :To
F l_ Iet X:tl in t2 : T2

(T-LETPOLY)



constraint-typing rule 0 00000000

F"[X'—)tl]tQZTg |XC
FFletx=t;inty : To |, C

(CT-LETPOLY)

goboboobooboobooboobobboobooboobooobo

let x=vyin t3 — [x — vi]ta (E-LETV)

00022.60000 implicitly annotated lambda-abstraction(CT-ABSINF) 0 00000000
gbooooboooooboo

let double = A f. X\ a. f(f(a)) in
let a = double succ 1 in
let b = doublel not true in

gboooobooboooooboboooboobooooona
let x =1 2 (% apply 2 to 1 7?7 %) in 3

000000000000 00ODOO000DoOOodOlet00O0DOOO0 letO body OO

gboooobooboboooboooobobooobooobooboooooboooboooo ywooooo
gboooooboooon

F"[XP—>t1]t2:T2 't : Ty
FFIet XItl in t2 : T2

(T-LETPOLY)

CT-LETPOLY OO OOODOOO

O000letOD00000D0OQO letD bodyOODDOOOOOODOODOOltODDOOOO x
gooopooooooobDywOooooOoODOOOO0o0oDOoOoOOoOooooDooDoODOoOooolenon
gboboooobooboooooobooboboooobob0 termbb0goobooboooobOO
0000000000000 000D0000Tr0000 letx=t; inte0000000O000O

1. constraint typing D OO0 '+t :S; |C; 0000 S, 00000 ¢, 00000

2. unification 0000 C; 0 mguo 000000 S;000000t; O principal type T, O
ooo

3. T, 000000T00000000 X..X,00000VX;...X,.T1 0O t; O (principal) type
scheme 0 0O 00O

4. 0000 xvVX;..X,. T, 000000000000DO0body D00 t,0000000O0OO

5.t 000000000xO0000000000O freshO00O0O VY,..Y,JOOOOOOOOO
xO0 0000 type scheme O instanciate 00 [Xy — Yq,...,. X, — Y,]T: 00000

gboboooboooboboooboooobbooboboooboobobooobooobooobooooooDn
gboboooboobooooobooooobooboooooboobooooobon

0000 let-polymorphism OO0 OO0 00O reference 10000000000 0OODOOOOO
ooo



let r = ref (Ax. x) in

(r:=(Ax:Nat. succ x) ; (!r) true) (* apply true to succ !?7 %)

000000000000000000000000000000000000 rO type scheme O

VX.Ref(X — X) 0000000 r00000 Ref(Nat — Nat) D 00000 r00000 Ref(Bool —
Bool) O instanciate 10 00000 00000000000000
0000000000000000000000000000000000000000000
000000000000 0000000000000000 bodyDJOOOODOO000000O

0000000000 valueDOODOOO000 body 0000000000 00000000
00000000000

let x=tyin t — [x — t;]ta (E-LET)
goooooooooooooooooobooooo

(ref (M\x. x)):=(Ax:Nat. succ x) ;
(' (ref (Ax. x))) true

gobooboobboboobOoobOd semantiecs0OOD0OO00OO

gdooobooboooooooooooooOoooooooooboooooooooooooon
00 value restriction 0000000000 0000 (syntaxO000)valueOOOOOOOODO
000000000 polymorphicOOO (VODOOD)O

0000000000 r000 Ref(X—-X)OOODOOO0O rO0X=NatOOOOOOOOODO
0000 r0O fail00O0O

OO00Ovaluerestriction 0 000000000000 OCOOO0ODOOOOOODOOOOOO
gboooo
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