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We can extend a pure functional language with monads to encode effects.



We can extend a pure functional language with monads to encode effects.

Can we extend an impure functional language to encode the absence of effects?



mapl : ¥V ab. (a > b) - List a — List b
map1 f [] =[]
- f

mapl f (x :: xs) x :: mapl f xs



mapl : ¥V ab. (a > b) - List a — List b
map1 f [] =[]
- f

mapl f (x :: xs) x :: mapl f xs

map2 : V ab. (a > b) — List a — List b
map2 f ys =
let rec loop xs acc =
match xs with
| [] — List.reverse acc
| x :: xs — loop xs (f x :: acc)
in
loop ys []



let xs : List String = ["left "; "to "; "right "]

let f : String — String = fun s — stdout.print(s); s

let ys1 = map1 f xs -- Prints "right to left " to stdout

let ys2

map2 f xs -- Prints "left to right " to stdout



let xs : List Int = [1; 2; 3]

let f : Int —» Int = fun n — stdout.print("a") ; n + 1

let g : Int - Int = fun n - stdout.print("b") ; n + 1

let ysi

mapl f (map1 g xs) -- Prints "bbbaaa" to stdout

let ys2

mapl (f o g) xs  -- Prints "bababa" to stdout



map : V ab. Pure (a > b) — List a — List b



map : V ab. Pure (a > b) — List a — List b

€ : VY a. Purea — a
5 : VY a. Pure a = Pure (Pure a)



map : V ab. Pure (a > b) — List a — List b

€ : VY a. Purea - a
5 : VY a. Pure a = Pure (Pure a)

Frank Pfenning, and Rowan Davies.
“A judgmental reconstruction of modal logic.”

MSCS (2001)
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x:Ael INx:Ake:B
VAR =1

IT'kx:A I'HAx:A.e:A=B

FI—61:A=>B F"EQ:A
I'Hejer:B

= E

Fl—el:cap I'kep:str
[ eq-print(ey) : unit

PRINT



x:ATeT Ix:A®+e:B
VAR =1

IT'x:A I'HAx:A.e:A=B

Tl—e1:A=>B F|—€2:A
I'Hejer:B

= E

Fl—el:cap I'kep:str
[+ eq-print(ey) : unit

PRINT
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I''x:AkFe:B IT'Fov:A
=
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I'ex~Ax:A.ex:A=B

=1



ILx:A® +¢:B I'Fv:A
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I' Ee) ~ letbox[x]=ein&(box[x]) : B

CI#-IMPURE

TFCe:[JA
I'=C{ey:B Tt letbox[x]=einC{box[x]):B
I'+ Cdey ~ letbox[x]=einC(box[x]) : B

[In-PUrRE



_l C: Cat !

Let C be a fixed set of capabilities.
A capability space X is a set |X|, with a weight function wx.
C is the category of capability spaces.

Obje = (X]:Set, wx: X - 9(C))
Home(X,Y) = {fe|X|—>|Y| Zi(i(alc))q)/CwX(x)}




_l C: Cat !

Let C be a fixed set of capabilities.
A capability space X is a set |X|, with a weight function wx.
C is the category of capability spaces.

Obje = (X]:Set, wx: X - 9(C))
Home(X,Y) = {fe|X|—>|Y| Zj(i()lc))q)/CwX(x)}

Cis a cartesian closed category!




[=¥Y {ae|Al|wa(a)=0}
wpa(a) wa(a) = 1)

O is a strong monoidal idempotent comonad.
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_l 0:6-2¢ !

[=¥Y {ae|Al|wa(a)=0}
wpa(a) wa(a) = 1)

O is a strong monoidal idempotent comonad.

\

,_l T:C-C !
IT(A)]

wr(a)(a,0)

T is a strong monad.

[A[x (C - Z¥)
wA(a)U{ceC\o(c)qés}

.

,_l O cancels T !

$pa:0TA = DA




| [A] : Obje

[T] = 1
[AxB] = [A]lx[B]
[A=B] = [A]-T[B]
[BA] = D[Al]




| [A] : Obje

[T] = 1
laxB] = [A]x[B]
[a=B] = [a]~T[B]
[m4] = ofa]

[ [T+ e: A Home([T], T[A]) |

[Lx:A®+e:B
I'FAx:A.e:A=B
I'e:AxB
I'fste: A

[ curry ([T, x: A® +e:Bl):na-tB

ﬂPI—e:AxB]];Tm




'_[ Syntactic Substitution |

J

IfTHO:Aand A e: A, thenT - 6(e) : A.

,_[ Semantic Substitution ]

IfT'~0:Aand A e: A, then

[TH6(e): Al = [T+ 0:A]: [AFe: Al

_l Soundness !

IfTHey~ey:A then [THe;:A]l=[Tkey:AJ.




TYPES unit

CONTEXTS

TERMS 0

Ax:A.e

€162

unit
[1JA =B

Az:[JA. letbox[x]=zin e

e1 box (2))
N—r N—r



'_[ Type preserving |
IfI'~jpe:A then I'

AL

e
N—r

'_[ Equality preserving |

IfT ) e zez:A,then I'ke ZEZ:A.

N—r

,_[ Conservative extension ]

Ifl"l—/\eleandFI—Aeleand I'ke %eziA,

then' ) e1 ~ep: A.




map : V ab. Pure (a > b) - List a — List b

map (box f) [] =[]
map (box f) (x :: xs) = f x :: map (box f) xs



Recovering Purity with
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https://arxiv.org/abs/1907.07283!

Thank you!

"Disclaimer: There is a bug in definition 4.15 on page 13
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