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STLC with Unrestricted Recursive Types

STLC with iso-recursive types pa.r, a.k.a. Ap-calculus

fold : tlpa.t/al — pa.r unfold

Eg can express streams over 7

Strr £ pa.tXa (::) : T—>Strt—> Strt

Construct streams as fixpoints
fix : (t>1)—>r1

zeroes = fix(As.0::5) =p 0:0::

fix (As. s) ~p Q

1>

loop

Problem: Type system accepts diverging programs!

)
Q)

pa.t — tlpa.t/7]
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Guarded Recursive Types

Idea: Restrict recursive types with new type modality » (‘later’)

m In pa.z, the @ can only appear under a »
Stré 72 pa. T X Ppa () : To»(Strd 1) > Stré ¢

Term can refer to itself only ‘later’

fixs : wr—1)>1
Examples:
Ffix® (As:» Str8 N. 0 :: s) : Str® N 6 >< fix® (As : »Stré 7. s) ﬂ]
Problem solved: Diverging programs are rejected. J
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Guarded Term Formers

New term syntax:

next : T—»T @ : »(ron) orroEDn

Needed for more interesting examples: [ x:s = fold(x,s) ]

toggle = fix5 (As. 1:: next (0 ::s)) : St N
interleave = fix5 (Af st.hds: (f®t®next (tls))) : Strer —>»Stre 7 — Stré ¢

[ hds £ proj; (unfolds) j

Can we erase fold, unfold, next and & while preserving program behaviour? J
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Translation & Correctness




Source and Target Language

Goal: Translate ge € GExp to some ue € UExp

ge = x | Ax.ge | gege ue = x | Ax.ue | ueue
litn | litn
(gege) | O | (wewe) | )
proj ge | projs ge | projyue | proj ue
| inj;ue | inj, ue
|

case ge of x.ge; x.ge case ue of x.ue;x.ue

|

|

|

| injyge | inj;ge
|

| foldge | unfoldge
|

next ge | ge® ge
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Translation to Untyped Target

(-) : GExp — UExp

(Ax.ge) = Ax.(ge)

(litn) = litn
((gernge2)) = ((gei).(ge2))
(proj; ge) = proj; (ge)
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Translation to Untyped Target

(Ax.ge
(lit n
((ger.ge2)
(proj; ge

)
J
)
J

>

>

>

>

(-) : GExp — UExp

Ax.(ge) (fold ge) =
litn (unfold ge) =
((ge).(ge2)) (next ge) =
proj; (ge) (g1 ® ges) =
delay ue =
force ue =

(ge)

(ge)

delay (ge)

delay (force (ge1))) (force (gez)

Ax.ue, x ¢ FV(ue)
ue ()
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Correctness of Translation

Theorem (Correctness of (—))

Let ge € GExp. If O ge : N, we have that

ge—"litn & (ge) —" litn.
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Correctness of Translation

Theorem (Correctness of (—))

Let ge € GExp. If O ge : N, we have that

ge—"litn & (ge) —" litn.

Use binary logical relation between source and target, indexed by source types
F'egexue:rt

m Interpret types as binary predicates in step-indexed higher-order logic siProp

Novel/interesting aspects

m Reasoning about » with abstract step-indexing

m Relating call-by-name to call-by-value
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Outlook & Ongoing Work

m Limitation: Source language cannot express non-causal functions, e.g.

every2nd (x :: x" i xs) £ x::every2nd xs
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Outlook & Ongoing Work

m Limitation: Source language cannot express non-causal functions, e.g.

every2nd (x :: x" i xs) £ x::every2nd xs

Ongoing work:

m Lift causality restriction using constant type modality m
m Allows controlled elimination of »

Future work:
m Extend source with polymorphism and existential types

m Support inductive types alongside guarded recursive types
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