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Mutation
Our Pure runBO :: Lin = (Yo BO® (End” = a)) = a  Monad BO” = Computation
Borrow API parBO :: BO® a - BO” b — BO” (a, b) possible only during lifetime o
borrow :: Lin =0 a —o (Mut® a, Lend” a) cf. STmonad Launchbury+’94
drop :: Mut® a —o () runST == (Vs. ST a) — a
reclaim :: End* = Lend* a — a -- parST does not exist

modifyAt :: Int — (a —o a) —o Mut” (Vector a) - BO* (Mut” (Vector a))
splitAt :: Int = Mut® (Vector a) — (Mut” (Vector a), Mut” (Vector a))

cf. traditionally modifyAt_ :: Int — (a —o a) — Vector a —o Vector a
Direct ownership threading
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gsort :: Mut® (Vector Int) - BO“ () g 1 improved! il
gsort v = let (Ur n,v) = size v in m Z:

if n < 1 then pure (drop v) else do | S st -
(Ur a, v) « readAt (n//2) v I eoEE
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Metatheory Design denotational operational semantics, which is pure
Conjecture (WIP): It matches standard operational semantics under well-typedness

Standard Denotational
ref = Ref ¢, now =0, E; ( +— x; main ref = MutS(Ref x), now = {}, E; main
—* ref’ =Ref ¢, now’ =0, E’; { > y; main —* ref’ = Mut® (Ref 7), now’ = {8 « 7}, E’; main

x =3, main = execBO now (modify (Ax - x + 4) ref) History of mutations is recorded
x =3, main = (now’, ref”) to locally model lender reclaim
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