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Borrows ?Borrows !
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Rust

Haskell

C / C++
Ownership types

Linear
Purity!

Linear types

Safe & Robust

Mutate

Mutation w/o 
ownership passing

Same result 
regardless of timing

Pure Borrow
Our work

• Pure & Mutate & 
Parallelize 

• Just APIs 
• Metatheory WIP

Parallel quicksort

Purity by history

Borrows

Parallelism 
Lazy evaluation



High-level comparison
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Pure    . Mutate Borrows    . Parallel Leak-free

Pure only ● ○ ●
ST monad ● ● ○ ○ ○

Rust ○ ● ● ● ○
Basic 

Linear Haskell ● ● ○ ● ●
Our work 

Pure Borrow ● ● ● ● ●



More technically



Background  Linear Haskell
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Original Haskell Persistent data → Copy

Linear Haskell Linear → Mutate in place!

[0,1,2,…,999] [7,1,2,…,999]0 (+ 7)
[0,1,2,…,999]
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Linear arrow

[Bernardy+ ’18]

Ownership 
passing

Argument used 
exactly once

<latexit sha1_base64="9QG91VPSXEiTeR34NpCh3y34MZo="></latexit>

Vec a ⊋ Int → (a⊋ a) ⊋ Vec a

<latexit sha1_base64="w/iiyCkA73H8hL9+WxpGx6oqJ8c="></latexit>

Vec a → Int → (a → a) → Vec a



Background  Rust-style borrowing
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[Matsakis+ ’14]

Borrower

Mutate
Borrow

Mutate

Lifetime

Lender

No direct 
communication

Split

Mutate



Our work  Pure Borrow
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Linearity witness [Spiwack+ ’22]

Borrower Lender

BO Monad
Mutate

Borrow

Split

Drop

Reclaim

No direct communication 
from borrowers to the lender

<latexit sha1_base64="vz7v6ej+t3jIonHn6XTE2d/ORLA="> </latexit>

modifyAt :: Mut𝐿 (Vec a)⊋ Int→ (a⊋a) ⊋ BO𝐿 (Mut𝐿 (Vec a))

<latexit sha1_base64="Wrc78pbxuzcdreFsMUES3lA3blE="> </latexit>

splitAt :: Mut𝐿 (Vec a)⊋ Int → (Mut𝐿 (Vec a), Mut𝐿 (Vec a))

<latexit sha1_base64="YEdFaCbn3SRlW9n1v3kIfbKb0Qs="> </latexit>

drop :: Mut𝐿 a ⊋ ()

Just APIs!

<latexit sha1_base64="mhHBgZGdr6NsatPHuTeG4bgntHk="></latexit>

borrow :: Lin =→ a⊋ (Mut𝐿 a, Lend𝐿 a)

<latexit sha1_base64="TpRAazt1W5oXqVeJ28y6ZMuj44M="></latexit>

reclaim :: End𝐿 → Lend𝐿 a ⊋ a
has ended<latexit sha1_base64="Y2kT7t2uJXQP1BmJxaet1LBcj/g="></latexit>𝐿

RustBeltcf. [Jung+ ’18]



Key idea  BO Monad
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<latexit sha1_base64="3Z1RNxElBqQann6+XEENe7byaUc="></latexit>

BO𝐿 a =  Computation of     allowed during the lifetime<latexit sha1_base64="cJAc61Mx+PYqRuz26qrB9TUXlJg="></latexit>a <latexit sha1_base64="Y2kT7t2uJXQP1BmJxaet1LBcj/g="></latexit>𝐿

Timing constraint   t(Borrower access)  <  t(Lender reclaim)

<latexit sha1_base64="TtZdgY5XQVSaPwXuBlzVIoj0kGw="></latexit>

runBO :: Lin =→ (↑𝐿 . BO𝐿 (End𝐿 ↓ a))⊋ a

<latexit sha1_base64="zwHTNQpSGAo7MErE2bkv8+MudAA="></latexit>

parBO :: BO𝐿 a ⊋ BO𝐿 b ⊋ BO𝐿 (a, b)Parallel
Pure ← Linearity guarantees disjointness

Rank-2 poly

cf.  ST Monad [Launchbury+ ’94]
<latexit sha1_base64="SdsWOFi+hWp0whu95JYiIXM8kOM="></latexit>

runST :: (→s. ST s a)↑ a

Pure



Share & Reborrow
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Temporarily share

Reborrow

Lifetime intersection

Shared borrower

<latexit sha1_base64="4hDB5vfg2YUYCAX6BjtE+Zt3JhA="></latexit>

reborrowing :: Mut𝐿 a⊋ (→𝐿 . Mut𝑀↑𝐿 a ⊋ BO𝑀↑𝐿 ↓
b) ⊋ BO𝐿 ↓

(b, Mut𝐿 a)

<latexit sha1_base64="j4Vv9FV5+JsJ0B3smKEzHbU0n4I="></latexit>

share :: Mut𝐿 a ⊋ Ur (Share𝐿 a) + reborrowing↑
Unrestricted = Non-linear

<latexit sha1_base64="Idcgk1/VtvykwHYn/mdLMfj97PE="></latexit>

sharing :: Mut𝐿 a ⊋ (→𝐿 . Share𝑀↑𝐿 a ↓ BO𝑀↑𝐿 ↔
b)⊋ BO𝐿 ↔

(b, Mut𝐿 a)
Non-linear



Case study  Parallel quicksort
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<latexit sha1_base64="LdXPPp7R2YwfZ9q93G8UT52qTFY="></latexit>
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WS 4 WS 8 WS 10 Industrial

Also: Work-stealing scheduler

Parallelize!

Split! 

Safe parallelized mutation 
by Pure Borrow!

Mutate!

<latexit sha1_base64="/VkiUscLX8n3EqU2dQ2JZA6Uaq0="></latexit>

qsort :: Mut𝐿 (Vec Int)⊋ BO𝐿 ()
qsort v = let (Ur n, v) = size v in

if n → 1 then pure (drop v) else do
(Ur a, v) ↑ readAt (n // 2) v
(i, v)↑ pivotSwap a v
let (lo, hi) = splitAt v i
drop <$> parBO (qsort lo) (qsort hi)



Metatheory  Purity of borrowing

‣ Challenge: Justify the lender reclaim? 

‣ Key idea: History-based operational semantics 
- BO monad can record the past mutation histories!


‣ Theorem: History-based op. sem. is strongly confluent 
- Referential transparency: Future work, due to borrow id generation


‣ WIP: Correspondence with standard op. sem. 
- Roughly sketched progress & bisimulation for 

a dynamic, relational linear type system
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<latexit sha1_base64="YoAVvQ/LeNCUv053D3bwT6aZlIE="></latexit>

End𝐿 a→



Related work  OxCaml

14

[Lorenzen+ ’24, Georges ’25]

‣ OCaml + Ownership etc. → Safe low-level controls 

‣ Lightweight mode annotation 
- Coarse lifetime modes: local vs global


‣ No purity 

‣ Linear vs Unique [Marshall+ ’22]

<latexit sha1_base64="sJHhQ3v5OM72Gk5o+ln3rO5OdJM="></latexit> many → once
unique → aliased

comonad

monad

<latexit sha1_base64="FXUBqF7iY/sFROYgIAPWm6R390k="> </latexit>

Ur a ⊋ a Ur a ⊋ Ur (Ur a)

a ⊋ (Mut𝐿 a, Lend𝐿 a) Mut𝐿 (Mut𝑀 a) ⊋ Mut𝐿→𝑀 a



Pure Borrow is already there!
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Give it a try!

Pure Borrow works on 
GHC w/o tweaks



Pure Borrow — Summary

‣ Linear Haskell + Rust-style borrowing 
- Pure & Mutate w/o ownership passing & Parallelize


‣ BO monad — Lifetime constraint for borrows 
- Like ST monad, but with linearity & parallelization


‣ Case study — Parallel quicksort 

‣ Metatheory — Purity by history-based borrow model
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Thank you!


