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» CC with algebraic effects
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» CC with algebraic effects

» for now: CC with call/cc (CC for classical logic)

DA




nx

Introduction Details Conclusion Appendix References
| [l 0000000000 o o
Why algebraic effects?

(together with handlers)

» they are composable (unlike monads)
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(together with handlers)

effects

» they are composable (unlike monads)
» they provide separation of interface and implementation of

0
o)
I
i
it

)

»
i)




Introduction Details

Conclusion Appendix References
0000000000 o o

Why algebraic effects?

(together with handlers)
» they are composable (unlike monads)

> they provide separation of interface and implementation of
effects

» they allow users to choose a particular implementation of
effects presented by a program
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What do we want?

CC with effects tracked by a type-and-effect system
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Problems

> effects in type expressions?
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> effects in type expressions?

» dependent functions applied to impure arguments?
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> effects in type expressions?

» dependent functions applied to impure arguments?

> type preserving CPS translation of dependent types is tricky
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Problems

> effects in type expressions?
» dependent functions applied to impure arguments?
> type preserving CPS translation of dependent types is tricky

» we want to have subtyping (see: Materzok and Biernacki
2011) - harder in presence of dependent types (Chen 1997)
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Solutions

» well-formed types have to be pure

(just like in Cong 2019)
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» well-formed types have to be pure

» no dependency on impure arguments

(just like in Cong 2019)
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» well-formed types have to be pure

» no dependency on impure arguments

» selective translation (i.e. only for impure terms)
(just like in Cong 2019)
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How to prevent unwanted impurity?

> syntactic restrictions (see: Herbelin 2012)
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> syntactic restrictions (see: Herbelin 2012)
» type-and-effect system (see: Cong 2019) «—
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How to prevent unwanted impurity?

> syntactic restrictions (see: Herbelin 2012)
» type-and-effect system (see: Cong 2019) «—

... but what is the logical meaning of effect types?
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A simpler example: call/cc

Classical logic via Peirce's law (call/cc)

Mk:-Tke:T
N-Kke:t
the rule of contradiciton (throw):

e -7 NFe:T

Ml-e<e: 7
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Alternative presentations

if we want to avoid the empty type (L) or negation:
> \u (Parigot 1992) style presentation:
lce:7|Aa: T

(a:7)e A
- Ka.e:7|A

N-e:7|A
N-a<ge:7A
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if we want to avoid the empty type (L) or negation:
> \u (Parigot 1992) style presentation:
lce:7|Aa: T

(a:7)e A
- Ka.e:7|A

N-e:7|A
N-a<ge:7|A
> Wadler-style symmetric calculus (Wadler 2003)
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Alternative presentations

if we want to avoid the empty type (L) or negation:
> \u (Parigot 1992) style presentation:

lFe:7|Aa: T
- Ka.e:7|A

(a:7)e A N-e:7|A
N-a<ge:7|A
» Wadler-style symmetric calculus (Wadler 2003)

Na:7kFe:T
N Ka.e: 7

P polarized set of variables: positive x and negative o «+—

(a:1)erl NFe:r

lFa<e: 7
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Effect type = logic

> effect types: e i=p | i
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Effect type = logic

> effect types: e i=p | i

» p - pure expression (constructive logic)
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Effect type = logic

> effect types: e i=p | i

» p - pure expression (constructive logic)

» /- impure expression (classical logic)
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Effect type = logic

> effect types: e i=p | i

» p - pure expression (constructive logic)

» /- impure expression (classical logic)
> "subeffecting”: p <: i

(everything true in constructive logic is true in classical logic)
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FrEA:x/p MNa:Ake:Ali
M- Ka:Ae:Ali
N=MNx:AB:x*/p M-e :Mex: AB/e N-e:A/p
e e:[e2/x]B/e
FrCA:x/p TEB:x/p N-e :A—;BJe N-e:Ale
e e:B/e
N=A:x/e Mx:AFB:x/e
M- Mex: AB: #/z
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Subtyping
» example rule (?):
FEA <:A:x Mx:AFB<:B :x e<:¢
FEMex: AB<:M¥x: AB:
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Subtyping
» example rule (?):
FEA <:A:x Mx:AFB<:B :x e<:¢
FEMex: AB<:M¥x: AB:
> Work in progress
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Reduction

> e —e:Ale
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:
Reduction

> ke —e:Ale
> example rule:

MHe:A—B/i

MN-e:A/i
e (Ka:Ae)—iKG:B.e (e2{a8/a}): B
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:
Reduction

> ke —e:Ale
> example rule:

NFe:A—i BJi MN-e: Ali
N-e (Ka:Ae)—i KB:B.ep (e2{aB/a}): B
» Work in progress
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Summary

We (are trying to) combine following features in our language:
» CC (dependent types + polymorphism + type constructors)
» Subtyping
» (a variant of) call/cc - classical logic
> effect types

We plan to extend it to algebraic effects.
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Why CPS for dependent types is hard?
e; e, where (e1 : Mx : A.B) and (e : A)
CPS:
k. Je1] (AMf.ex (Ax.f x k))
CPS (Church style):

Ak [2/x][B]T — O

[e] (AF: (Nx: ([A]T .([B]T — 0) — 0)).

(see: Bowman et al. 2017)
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