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dWhat are First-Class Environments? o Challenge: Capabilities without objects?
» Environments: Mapping of variables and values at v Solution: First-class Environments & Sandboxing
runtime!
> First-class? Programmer can create, pass and o Challenge: Separate Compilation and Linking directly in the core?
reify environments at runtime! v’ Solution: First-class Environments & Dependent merges!
--------------------- ENVCAP ----— -

@pure module Environments
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3 val envl = ({"y" — 3} y {"X" = 2}); (* Environment merge *) o s e e s s s o e
4 : _ } oo s s T N
5 let { Etei X : 1 E i Result! i
6 x: Int = 1; : et 4 = X, E N ———— U
7 y: Bool = True i E T
s } in { i | ="‘ """"" ¥
9 x - (with envl in env.x) (* Environment scoping *) [ =Evaluat10n:
10 } == [ """
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» Used to introduce access control with resources . . . !- l
I
passed as parameters rather than direct imports. Syntax Separate Type Tupe Errors Linking Errors
Errors Compilation expansion
1 @pure module Y Errors error
> (x import X -- this is not allowed *) J Type-directed Elaboration ENVCAP to A
., 0 ENVCAP Syntax P E
4 let ans = X.resource + 1 EL-MODULE
Fragment U :=program SIRE A €e&ArE:B~ e
1 @resource module main Authority S ::= @pure | @resource '+ struct AE : Sig|[A,B] ~ e> A|A|.e
2 import X Y; :
Import [ = - |importl: A, I
3 open Y(X); P . p. EL-MODAPP
) Requirements R:= - |requirel: A, R '+E;:Sig[A,B]~ e1 TFEy: A~ e
- let final = ans Expressions E:=env|E.n|il|e|AA. E|with E; in E F'E{*x E,: B~ e e
E1Ep | Eq;Ez | Ev,Ex | {¢ =E} | E.£ L CLOS
J Whatis Separate Compilation? function £ A : BE | struct A E | struct E F'rE;{:I1~ e; LN&AFE;,:B~ e
» OCaml has interface files! C++ has header files. E; x Ey | functor f A : BE | module £ : BE [F(E,AAE):A— B~ e > AlA|.e
» Compiling without implementation of imports. letx E; |open E1 E3 |E: A
T ABT =1 " Bl{r: A EL-NON-DEPENDENT-MERGE
Implementation file ypes BI'z=Int|e|A— B|{f:A} FFE :A1~ e TFHE:A;~ e
A&B | Sig|A,B
/ | | g[ ] I'FE{,Ey: A1 & Ay ~ (/1|I‘|(91> 61)9(ll> 62))?
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Interface file

EL-OPEN
FFElt{f: A}’\/) €1

FFEl.l:AM el.l [&AF+Ey : B~ e

J Language Features
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> Arithmetic (+, -, ..), Boolean (&%, ||,

. .) and Comparison (>, >=, ..)
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['+openE; E; : B~ (A|Al.e3) (e1.])

u Rdcq' Formalization

operators.
> Supported Types: Int, Bool, String, THEOREM 1 (TYPE PRESERVATION).
C.ep unit, A -> A, {1 : A}, A & A, A ifTFE:A~se, then || Fe:|A.
T : : THEOREM 2 (UNIQUENESS OF TYPE INFERENCE).
e || A, List A, Sig[A, B] (UNIQL )
> First-Class Environments TuEOREM 3 (UNIQUENESS OF ELABORATION).
> First-Class Modules and Functors ifTHFE: Ay~ e andT'+FE: Ay ~ ey, theney = e.
**% Implementation File (.ep) *** > Capabilities (@resource vs. @pure J Further Work
@pure module Factorial modules) » Formalization of Separate Compilation & Linking.
» Sandboxing > Extension with modular subtyping.
fugﬁF?n factorial(n: Int, dec : Int -> Int) > Conditionals and Switch Statements » Formalization of Authority-Safety Proof.
if (n == 0 rst- |
chen f ) » Anonymous and First-Class Functions 0 Extended Abstract 0 GitHub
else { n * factorial(dec(n), dec) } » Let and Letrec expressions EF‘I 'F - E
: . -1 LSy
s » Recursion " r __t:::ﬂ'-l:l -
""""" i . L . il | o e " u
**% Interface File (.ep1) *** > Tuples, Lists and Records e
@pure interface Factorial > Algebraic Data Types & Pattern I\/Iatching

function factorial : Int -» (Int -» Int) -» > oeparate Compilation
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