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Overview
e What is “typing-by-encoding”?
e Encoding exceptions into sums (folklore).
e Encoding Java-like stack inspection into sets (with S. Smith & C. Skalka).

e Fncoding information flow into labels (with S. Conchon).
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“Typing-by-encoding”
Assumptions:
e A target calculus, with reduction — and administrative reduction — .
e A source calculus, with reduction —.
e A translation [-] from the latter to the former.
e Soundness: e — ¢’ implies [e] —* - £« [€'].
e Completeness: If e is stuck, then [e] goes wrong.

So far, everything is untyped.
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A “type system factory”

Then, any type system for the target calculus which satisfies
e Subject Reduction: If e : ¢t and e — f, then f : ¢.
e Progress: No stuck expression is well-typed.
e Administrative Subject Expansion: If f: ¢ and f .« e, then e : t.

gives rise to a type system for the source calculus, which satisfies Subject

Reduction and Progress, defined by

e:t = le] : ¢
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(Core) ML
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A\T.e

Values v

Expressions e == x|Ar.e|ee|letxz=cine

(Azx.e)v — elv/x]
letz=vine — efv/z]

Ele] — FEl¢/] whene— ¢

E = |[||Fe|vE|letx=Fine
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ML-+texceptions

Values v == ...|raise]|trye
Expressions e = ... |raise|trye
Answers a = wv|raisev

Ulraisev] — raisev when U # ]|
try (raisevi)vg —  vp 1

tryvi v — vy

=
|

| try Eo
J|Uel|lvU]|letx=Uine

-
I
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ML-+}sums

Values v == ...|inl|inr|inlv |inrov | match | matchv | matchvwv

Expressions e == ...|inl|inr | match

match (inlv) vy ve — w10

match (inrv) vy v9 —  vov
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Encoding exceptions into sums

[x] = inlx
[Ax.e] = inlAz.[€]
[er e2] = match [e1] (Avy.match [eo] vy inr) inr
[raise] = inlinr
[trye] = inl Ah.match [e]inlh
llet x = €1 in es] = match [e1] (A\z.[ez])inr
llet x =e1 inex] = let a=[es] in

match a (Az.let £ = matcha (Av.v) (Av.L) in [es]) inr
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Typing ML+sums a la Hindley /Milner

inl
nr

match
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Vaf.ao — a+
Vapf.B — a+ 0
Vafy.a+ 0 — (@ —7) = (B—7) =~
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Typing ML+4-exceptions, through the encoding

I'z)=0c o<t ix:the:t'u
I'Fx:t, L I'FAze:t —1t, L

CFep:ty —tu I'Fes:to,u

I’I—raise:tLJ_,J_

I'Fejey:t,u
C'Fe:tu T'Fep:t,u [z :Gen(t,T) Fey:t',u
I'Ftrye: (u “/”5) ul>t7J_ F'Fletx =€ ines:t,u

Notation: t,u stands for ¢t +u; t — ¢/ stands for ¢t — ¢/ + u; L stands for a fresh

meta-variable.
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ML+ Java-like stack inspection

Principals
Resources

Access rights matrix
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P
R
A:P —2F

p.e Signed expression

z|Ax.flee|let x =eine “Signed ML”

r.e Enable privilege
rle Check privilege
f
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ML+Java-like stack inspection (cont’d)

Evaluation contexts FE == ...|r.E|pFE
Stacks S 1= €|rS|pS

If P stands for {p € P; r € A(p)}, then

StEr = Se(P|R)*PR*r(P|R)*

Elrle] — FEle] iftEbFr
rv — v

pUv — v
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ML +sets

Values v == ...|R|..|Vr|AR
Expressions e == ...|R|..|VRr| AR
Rr — R ifreR

RiVRy, — Ri{UDR>
Rl/\RQ — leRQ
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Encoding ML+stack inspection into ML+-sets: security-passing style

[zl, = =
[Ae.fl, = AxAs.[f]
lereal, = lealp lealp s
llet x =e; inex], = let x = [e1], in [ea],
[re], = let s=sVv({r}n.Ap)) in [e],
[rle], = let —=s.rin [e],
L7l = /]
[p.e] = let s=sAA(p)in [e],

le) = lelpo[2/5]
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Typing ML+sets a la Hindley/Milner /Rémy

{ri,...,mn} : |[ri:Pre; Abs]
.+ : Vp.r:Pre; p| — [r:Pre; p
—

Vir,ray & Vppilr i i p] — |r; i Pre; p)
Nirvrny  + Ip@icri @i p] = [Fi - i Abs]
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Typing ML+stack inspection, through the encoding (excerpts)

so,(Isxt1)F f it n,s,TFep:ty —>t p,s, ' eyt
p,s1, D F Az f it =5 ts p,s,I'Fejey:t
p,[r:Pre; rt],['Fe:t r € A(p) p,[r:Pre; rt],['Fe:t
p,[r:ft; rt],LFre:t p,[r:Pre; rt],'Frle:t

Do, |Abs|, el et
e:t

Notation: ¢ — ¢’ stands for t — s — t’.
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ML+dependency

Expressions e:x=...|l:e (lel)

Evaluation contexts arbitrary

(l . 61)62 — 1 (61 62)

Stability: If e —=* f and | f|, = f, then |e|p —* f.
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ML+ pairs+labels

Evaluation contexts
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Expressions e ::=..

.| (e,e) | fst |snd || @

arbitrary
fst (e1,e2) —
snd (e1,e2) —
[Qm —
(e1Qeg) Qe —q@
ceQe —@

€2
[U,m
€1 Q (62 @63)

(lel)
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Encoding dependencies into labels
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[=]
[A\z.€]

[e1 e2]

[let x = e1 in es]

Il : €]

(fst x,snd x)

(Az.Je], Lz)

letp (x,t) = [e1] in
letp (y,u) = x [es] in
(y,t Qu)

let z = [e1] in [es2]
letp (x,t) = [e] in
(x,lQt)
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The “type system factory”
Equip ML+pairs+labels with a compositional type system such that

e — and —@ preserve types;
e labels may be viewed as types, and [ : m implies [ <, m.

This defines a type system for ML+dependency which enjoys Subject Reduction
and Non-Interference:

If e:int x [ and e —* v, where v is a value, then |e|; —* v.
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let iz ff =
(funfo — [f (ff)z) (funfo — ff (ff) )

let exists = fix (
fun exists predicate list —
match [ist with
Nil —

false

— Cons (element, rest) —
if predicate element then

true

else

exists predicate rest
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Equip ML+pairs+labels with a subtyping-constraint-based type system.
Then, the (inferred) type of exists is

Vau¢ | {¢ < [Nil| Cons of (a¥ x ¢)¥]"}.

(a? — boolw)w — ¢ — bool?
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let users =

Cons({ login

Cons({ login = "Sam"; pw = Sys :

Nil))

let queryl =
exists (fun r —
r.login = Priw : "Monica"

) users

let query?2 =
exists (fun r —
,r:.pw — nn

) users
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"Pam"; pw = Sys:

"Tnuggets" },

nn }’
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