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x:List(int)!, ybool® Fe: 7
may mean, among others:
@ e will not use y at runtime
@ e will allocate memory linear in the size of x (list length)

@ e will treat y as secure information requiring declassification

Lots of possible structures for the funny annotations (coeffects [POM12]).
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Motivation
Existing type systems are good at first-order programs.
append : List(A)! « List(A)? — List(4)
[JHLH10] handles functions that take functions as parameter.
This work attacks functions that return functions, eg. currification.
append : List(A)’ — (List(A)® — List(A))
We propose open closure types

append : [|(x : List(4)%) — ([X:List(A)l](y:List(A)o) — List(A))



General ldea

Open types track how terms use variables from the context — we reason
about it statically.

Work out the metatheory of the simplest interesting system:
@ simply-typed lambda-calculus

@ dead-simple annotations (booleans on inputs)

@ call-by-value : only function types need context information

Fq’,x:o*d’ Fe:T

MOk Ax.e: [ (x:0%) =7

Goal: Pave the way for more sophisticated stuff later.
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Seems easy...

LAM VAR
Fq),x:ad’l—e:T I xo AF
MO xe:[MPl(x:0%) =7 MO xol,Ax:0
LET
r¢def [ e1:0 r¢body’X:O.q5 - & T

[#-PaestProay | 1ot x = ¢; iney : 7

App
(r01 rl)(pf‘m Ft: [rgClos](X:U¢) — T (r01 rl)(barg Fu:o

(o, 1)t oes ¢y 7
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Easy to get wrong!

x:int!, y: A% F x @ int
F 57 : int

x:int - Ay.x : [x:int!](y:A%) — int
- (let x = 57 in \y.x) : [x:int!](y:A%) — int

[x:int!](y:...) — ... does not make sense in a closed context.

The context in the types must be kept synchronized with the environment.
Crucial difference with contextual type theory.
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Context managment

. . . v
New substitution judgment MyrnAFT AN MA -7/
LET
[Pet o @ o [ x:0? b e i 7 Mxobr X\ Dger r- 7/
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Context managment

. . . v
New substitution judgment MyrnAFT AN MA -7/
LET
[Pat g 1 o Mo x:0? ey i 7 MxokT QNG

[¢PaettPoosy |- 1ot x = ¢, iney : 7/
App
(Fo,F1)® b ¢ [Fg=](x:0?) — 7

X\ Parg

(T, T1)% Fu:o Mo, M1, xo b7 "% T, T F 7

(ro, r1)®[un+¢clus+”>¢’arg Ftu:T

SUBST-CLOSURE

Fyp AT 1Al

FypAbo "W ILA o TypAxo ko ¥ TA xor b

CLyip, ATy F [T, yipX A¢2](xo)—>02 AN

FA T [FOY A (x0?) = 7

7
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Validation?

Static property of well-scopedness preserved by type substitutions.

Soundness: If T +t:o, V:TFand VHt = vthenTFv:o.

Implementation of the type system.
— the next best thing after a mechanized proof?

Dynamic correctness property: soundness of intentional information.
In our simple system, a simple non-interference property.



A word on soundness

Detour through an exotic (bigstep) semantics that closely mirrors the
static structure.

LET
Pae
[®Paer |- €1:0 r¢b°dY,X:U¢ Fe:r MxobT X\wd e
[0 Paet+Pooay | Jot x — ¢; iney : 7/
RED-LET
Ve — v Viix—wv)kFe = w Vo AW Vi

Viletx=¢e ine = v}

(details next slide)



RED-LAM
V E Ax.t = (dom V/, (), Ax.t)

SUBST-VALUE-CLOSURE

\v
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RED-LAM
V E Ax.t = (dom V/, (), Ax.t)

SUBST-VALUE-CLOSURE

\v
(s - -5 X V] (x> Widiens ) % ([Xis - - X ], (v > V) (3 > Wi, £)

RED-APP
V.Vikt = (domV, Vg,)\y.t’) V.Vilku = Varg
V. Vi, Vo,y = Varg t = w Wy\«‘grg w B

VViFtu = w”
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Conclusion

The basic idea (Jan's idea) is simple.

The technical details are trickier than we thought.
It is certainly not the first obvious thing that worked.

Keeping a simple system made the first step possible.
But the shiny things are in the future.
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Thanks. Any question?
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