CS 4110 - Programming Languages and Logics

Lecture #23: Programming in System F

Recall the definition of System F.

Syntax.
ex=nl|zx|Ax:T.e|lerea| AX.e|e|r]
vi=n|lr:T.e| AX. e
E:=[]|Ee|vE|E]|T]
Semantics.
e— e
Ele] — E[¢] (Az:T.e)v— e{v/x} (AX.e)[r] = e{r/X}
Type System.
AT, z:tFe:™ AFTo0k
- — T(x)=r1
A, T Fn:int ATFz:T ATFMNe:T.e:T— 7
ATker:t—7 ATkEey:T AU{X}T'ke:T ATHe:VX. 7" AF 7ok
ATFejex:7 ATHAX. e:VX. T ATFelr]:m{r/X}
Type Well Formedness.
XeA AF 1ok Al 7ok AU{X}F 7ok
A F X ok A F int ok AT — 1ok AFVX. 1ok

Sums and Products

We can encode sums and products in System F without adding additional types! The encodings are based
on the Church encodings from untyped A-calculus.
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ATl. AT2. )\Ul : Tl. AR. )\bl : T1 — R. )\bQ : T2 — R. bl (5]
ATl. AT2 )\UQ : TQ. AR. )\bl : T1 — R. )\bg : T2 — R. bg V2

case = ATV ATy, AR X Ty +T5. 061 Ty — R X\by : 15 — R.v [R] b1 by

void 2VR.R

Erasure

The semantics of System F presented above explicitly passes type. In an implementation, one often wants
to eliminate types for efficiency. The following translation “erases” the types from a System F expression.

erase(x)
erase(Ax:T.e)
erase(ey e2)
erase(AX. e)
erase(e [1])

x

Az. erase(e)

erase(ey) erase(ez)

Az. erase(e) where 2 is fresh for e
erase(e) (Azx.x)

The following theorem states that the translation is adequate.

Theorem (Adequacy). For all expressions e and €', we have e — €' iff erase(e) — erase(e’).

The type reconstruction problem asks whether, for a given untyped A-calculus expression €’ there exists
a well-typed System F expression e such that erase(e) = €’. It was shown to be undecidable by Wells in
1994, by showing that type checking is undecidable for a variant of untyped A-calculus without annotations.
See Pierce Chapter 23 for further discussion, and restrictions of System F for which type reconstruction is

decidable.



