Fuse:

Syntax
K,L:= Kinds
Ty | N(X<:A:K)L
AB:= Constructors
X | Top(K) | A(X<:A:K)B | B(A) | A—=B | V(X<:A:K)B | n(X)A
ab:= Vaues
X | AA)b | b(@) | AX<:A:K)b | b(A’) |
fold(u(X)B{ X}, | unfold(a) | pu(x:A)b
Judgments
EFo E isan environment
EF K kind Kisakind
EFK<:Lkind K isasubkind of L (optional)
EF K < L kind K and L are equivalent kinds
EFA:K constructor A has kind K
EFA<B:K A isasubconstructor of B, both of kind K
EFA<B:K A and B are equivaent constructors of kind K
EFa:A value ahastype A
EFa<b:A aand b are equivalent values of type A
Abbreviations
Top for Top(Ty)
XK for X <:Top(K) :: K (in environments and binders)
X< A for X<A:Ty (in environments and binders)
X for X< Top: Ty (in environments and binders)
EFA for EFA:Ty
EFA:K for EF A< Top(K):: K

EFA<B for EFA<B:Ty
EFA<B for EFA<B:Ty
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Environment Formation (E + o)

(Env ¢) (Env X) (Env x)
EFA:K Xg¢dom(E) EFA x¢dom(E)
gFo E, X<A:KFo E,xA ko

Kind Formation (E K kind)

(Kind Ty) (Kind 1)
EFo E, X<:A:K L kind
EF Tykind EF M(X<:A:K)L kind

Kind Inclusion (E K <:: L kind) [optional]

(Kind Sub Refl) (Kind Sub Trans)
EFK < Lkind EFK<:Lkind EFL<:Mkind
EFK<:Lkind EFK<:Mkind
(Kind Sub Ty) (Kind Sub M)

EFo EFA'<A:K EX<A:KFL<:L kind
EF Ty <: Tykind EFN(X<A:K)L < N(X<:A’::K)L’ kind

Kind Equivalence (E FK <=L kind)

(Kind Eq Refl) (Kind Eq Trans)
EF K < L kind EFK<Lkind EFL < Mkind
EFL < Kkind EF K < M kind
(Kind Eq Ty) (Kind Eq )
EFo EFK<K kind EFA<A K EX<A:KFL <L’ kind
EF Ty < Tykind EF N(X<:A:K)L <= M(X<:A’:K")L’ kind

Constructor Formation (E - A :: K)

(Con Extension) (Con Subsumption) [Replaces (Con Extension), with kind inclusion]
EFA:K EFK< Lkind EFA:K EFRK<:Lkind
EFA:L EFA:L
(Con X) (Con Top)
E, X<A:K,E"F ¢ EF K kind
E, X<A:K,E"F X 1K EF Top(K) :: K
(Con Abs) (Con Appl)
E, X<A:KFB:L EFB:MNX<A:K)L{X} EFA'<A:K
EFAX<A:K)B: M(X<:A:K)L EFB(A") : L{A’}
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(Type Arrow) (TypeAll) (Type Rec)
EFA EFB E, X<A:K+B EEXFA A>X
ErA-B EF V(X<A:K)B EF p(X)A

Congtructor Inclusion (E FA<: B:: K)

(Con Sub Refl) (Con Sub Trans)
EFA<B:K EFA<B:K EFB<C:K
EFA<B:K EFA<C:K
(Con Sub X) (Con Sub Top)
E' X<A:KE ko EFA:K

EX<AIKE' FX<A:K EFA< TopK):: K
(Con Sub Abs)

E,X<A:KFB<B :L
EFAX<A:K)B <: A(X<:A:K)B :: M(X<:A:K)L

(Con Sub Appl)
EFB<B :N(X<A:K)L{X} EFA'<A:K
EFB(A)<:B'(A") :: L{A’}

(Sub Arrow) (Sub All)
E-FA'<A EFB<DB EFA'<A:ZK E X<A':KFB<PB

EFA-B< A —=B EF V(X<:A:K)B <: V(X<:A'::K)B’
(Sub Rec)

EFuUX)A  EFRY)B EVY,X<YFA<B
EF u(X)A < u(Y)B

Constructor Equivalence (E+A <= B :: K)

(Con Eq Symm) (Con Eq Trans)
EFA<B:K EFA<B:K EFB<C:K
EFB<A:K EFA<C:K
(Con Eq X) (Con Eq Top)

EFX:K EF K kind
EFX<X:K EF Top(K) <= Top(K) :: K
(Con Eq Abs)

EFK<K kind EFA< A’ 2K EX<A:KFB<B:L
EFAX<A:K)B < A(X<:A’:K')B' :: M(X<:A:K)L

LucaCardelli, August2,1994  11:22PM P@e 3



Fuse:

(Con Eq Appl)
EFB<B :MNX<A":K)L{X} EFA<A”":K EFA< A :K
EFB(A) <= B'(A’) :: L{A}

(Type Eq All) (Type Eq Arrow)
EFA<A K EX<AIKFB<PB EFA< A EFB<PB
EF V(X<:A:K)B <> V(X<:A’::K)B’ EFA—-B < A’ =B’ type
(Type Eq Rec)
EEXFB<PB

EF p(X)B < u(X)B’
(Con Eq Eta)
EFB:TM(X<A:K)L X¢dom(E)
EF A(X<:A::K)B(X)) <= B :: M(X<:A:zK)L

(Con Eq Beta)
EFAX<A:K)B{X})(A):L EFA <A:K
EF A(X<:A:K)B)(A) <= B{A'} :: L

Value Formation (E Fa: A)

(Va Subsumption) (va x)
EaA EFA<B E xAE ko
E-a:B EXAE FX:A
(va Abs) (val Appl)
E.xAFb:B E-b:A-B Ela:A
EFAXA):A—-B EFb(a):B
(Val Abs2) (Va Appl2)
E, X<A:KFb:B EFDb: VX<A:K)B{X} EF A'<A:K
EFAX<:A:K)b: V(X<:A:K)B EFb(A"): B{A'}
(va Fold) (Va Unfold) (Va Rec)
EF a: B{u(X)B{X}} EF a: p(X)B{X} E, x:A F b:A

EF fold(u(X)B{X},a) : u(X)B{ X} EF unfold(a) : B{u(X)B{X}} EFu(cA)Db: A

Valueequivalence(EFa<=b: A)

(Ve Eq Refl) (va Eq Symm) (Va Eq Trans)
Era:A Era<b:A Eta<sb:A EFb<c:A
Era<a: A Erb<a:A Ea<c:A
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(va Eqx) (va Eq Top)
EFx:A EFa:Top EFb:Top

EFX<Xx:A EFa<b:Top

(Va Eq Abs) (va EqAppl)

EFA<A’" EXAFb<b:B EFb<b:A-B Ela<d:A
EFAXAD <= AXA)D : A—=B EFb@ < b(@):B

(vVa EqAbs2)

EFK<K kind EFA< A’:K EX<A:KFb<Db:B
EFAX<AIK)b < A(X<A':K)D' @ V(X<:A:K)B

(vVa EqAppl2)
EFb<b 1 VX<A":K)B{X} EFA<A”:K EFA<A K
EF b(A) < b'(A’) : B{A}

(va Eq Fold)
EFA<puX)B{X} EFA< A" Eta< a:B{A}
EF fold(A,d) < fold(A’,@) : A

(va Eq Unfold) (Va Eq Rec)
EFa<a :uX)B{X} EFA<A'type ExXAtb<b:A
E I unfold(a) <= unfold(a) : p(X)B{ X} EF pu(x:A)b <= pu(x:A")b' : A
(Val Eq Eta2) (Va EqEta)
EFb: V(X<A:K)B X¢dom(E) EFb:A-=B x¢dom(E)

EF A(X<:A:K)b(X)) <= b: V(X<:A:K)B EF AXA)b(X) <= b:A—=B
(Va Eq Beta2) (Va Eq Beta)

EF AX<A:K)b{X})(A):B EF AMXA)b{x})@:B
EF A(X<:A:K)b)(A) <= b{A} : B EF A(XA)b)(@) <= b{a : B

(Vd Eq Fold-Unfold)
EF a: B{u(X)B{X}}
E F unfold(fold(u(X)B{ X},d) <= a: B{u(X)B{X}}

(vVa Eq Unfold-Fold) (Val Eq Fix)
EF a: u(X)B{ X} EFpcA){X} : A
E F fold(p(X)B{ X},unfold(@)) <= a: u(X)B{X} EF pu(x:A)b <= b{ u(x:A)b} : A
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