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An example of dynamic scope

(Af. (My. f1)2) (M. ¢+ )

let f=(Ax.x+y)inlety=2in f 1

({y : int} F (int — int)) int



Static scope

M,N:=n|z|(M+N)|(A.M)| (M N)

o, T :=int|t]| (c — T)
A, U{z:0} M7 AFM:(c—-717) AFN:o
AF (M. M) : (c —T1) AF(M N): 1
AFM: T
AC A’

A= M : 1



Dynamic scope

M,N:=n|z|(M+N)|(Ax.M)| (M N)
o,7u=int|t|(c—7) | (AFT)| (6 AT)

AFEM: T
OF (A M):(Az F (0 — 1))

(A(z)=0)



Dynamic scope

M,N:=n|z|(M+N)|(Ax.M)| (M N)
o,7u=int|t|(c—7) | (AFT)| (6 AT)

AUz 0}t M : 7
OF (N M):(Az F (0 — 1))

AFM:(AF(c—T1)) AFN:0o
(ANA)YE (M N): 7

AFM : o
A-M T

(AFo) <: (A'F1)



Explicit closures

M = ... | close(M)

AEM: (A F(c— 1))
(ANA) - close(M): (0F (60 — 7))

A, U{z 0} M : 7

D= (Ne.M): (Az F (0 — 7))
DA A close Az M) :( 0 F(oc— 1))

AFM:0F(c—=71)) AFN:o
(AAND)E (M N): T




Some subtyping rules

o' <:o T <7 (A, U{x:7}) < A,

(0 = 7) <: (6 = 1/)

A < A o<:T A, <: A

.~/
. T<!T

(AFo) <: (A" F 1) (A U{z:7}) < (AL U{z:7'})
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Typings as types

A M : T * M(Al_T)

A, U{z:0} M : T
AF Az M) : (0 — 1) =—)>

AFM:(c— 1)

AF(M N): 7

M: (A, U{x:0}F 1)

(Ax.M): (AF (o0 — 1))

AN :o .




Conclusion

Novel type system
» motivated by considering abstractions as values
» applicable to general dynamic scope
» exploits typings and intersection types
Future work
» meta-theory (soundness, ...)
» generalise to include stores, exceptions, ...
» achieve modularity

- implicit propagation of omitted type features
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Implicit parameters ... [POPL 2000]

A-Vars T,Y,2
let-vars P, q
Implicit vars 7z,7y, 7z
Terms t,u, v
Type vars o, 3
Types T,V
Schemes T, ©
Contexts C,D
Type contexts I

z | pl 7z
Az. t | t u
let p=u in ¢
{ with 7z = u

Qo

v — T

Va. =T

X1 T, re, 2Xn:Tn
?IIZl, C e ey 73;" distinct
I1:01,...,T:0n

Ti,..., 2T, distinct
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Multi-stage ... [POPL 2006]

Types A B € Type

Type Environments I & TyEnv

|
<
S
)
~
<
a

Store Typings b - ST

Loc ™ Type

Types AB == (|A—-B|OI>A)| Aref




IsoLate ... self-recursion [ESOP 201 5]

Types R, S, T ::
pre-type

Type Environments I ::

unit | {f:T} | S—=T | A | uAT | VA.T
(A:S) = T

— | I'x:T | I'y)A | T A<:T
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