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| ntroduction

#® Explore foundational typing support for strong updates
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| ntroduction

#® Explore foundational typing support for strong updates

1. et

2. val r = ref ()
3. 1In

4., r .= true;

5. 1f (!r) then
6. r .= 42

7. el se

8. r .= 15;

9. lr + 12

10. end
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| ntroduction

#® Explore foundational typing support for strong updates

1. fun f (rl:int ref,r2:int ref):int =
2. (rl := true;
3. lr2 + 42)
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| ntroduction

#® Explore foundational typing support for strong updates
s Control over aliasing
» Reflect side-effects in the interface of functions
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| ntroduction

#® Explore foundational typing support for strong updates
#® A core calculus based on standard linear logic
# Yields an extremely clean semantic interpretation
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Linearity and Strong Updates

# Linear objects
s cannot be duplicated
s there are no aliases to the object
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L?: Syntax

LocConsts 7/ LocConsts

c
LocVars p € LocVvars

Locs n = Llp
Types
T = 1|nQ®mn|n—omn|!T]

Ptrn | Capn 7 | Vo1 | p.7
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L?: Syntax

EXprs

€

()| let () =e; in ey |

(e1,e0) | let (x1,x9) = €1 in ey |

T | Ar.e| e es |

lv | let lx =€ in ey | dupe | drope |
ptr{ | cap/ |

createe | destroye | swap e e €3 |

Ap.eleln |Tne’|let Tpaxt=e in ey
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L?: Operational Semantics

(let-bang) (o,let lx =lwine) — (0, elv/x|)
(dup) (o,duplv) — (o, (lv,v))

(drop) (o,droplv) —— (o,())




L?: Operational Semantics

Stores o = {l1—uv,.... 0, — v,}

(cre) (o, createv)
— (0 W {l— v}," (cap {,!(ptr {))7)
des) (oW {l— v}, destroy ¥, (capl, !(ptrl))")
— (0,7 ¢, v")
(swap) (oW {l+ v}, swap (cap¥) (ptrl) vsy)
— (0 W {{ — va},(cap {,v1))




L3: Static Semantics

A:T'Fe:T

AT Ho:T T =e
AT Hlv: Iz

(Bang)

AT Fer:lm A;Ty, x:m Fey:my

A;T'MTHI9Flet lx =e1 iney : 1

(Let-Bang)

A;T'Fe:lr A;T'Fe:!r
(Dup) (Drop)
A;T'Fdupe: IT®!I7 A;T'Fdrope: 1
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L3: Static Semantics

A:T'Fe:T
A;T'Fe:T
(Create)
A;T' - createe: dp.(Cap p 7 ® !(Ptr p))
A;T Fe:3dp.(Capp1®!(Ptrp))
(Destroy)
A;I'F destroye : dp.7
ATy Fep:Cappmy A;T'9 e : Ptrp
A;T'sFeg:my
(Swap)

A;T'MHIsHI's - swapejeses: Cappm ®mp
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L°: Examples

LRef 7 = Fp.(Cap p 7 ® IPtr p),

lrswap = Ar:LRef 7. Ax:7".
let "p,cp'=1 in
let (cg,po) = cp in
let (p1,p2) = duppo in
let Ip;, = po in
let (ci,y) = swap ¢y ps X in

("p, (c1,p1) y)
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L°: Examples

let "p,, (c2,p )7 = create () in

let nuke' = !Apg, pp, Pe, Pds Pe- AC2.

Let (cp, (P (ca, ch))) = swap ¢, py () in

let (cq, (P, Pe)) = SWap cq pq () in
let (py,p.) = destroy py, (c),pp) " in
let (c2,()) = swap ¢! py (pd,Pe) in
let (c2,()) = swap c} p, c in

c% in

Cap pn, (1(Ptr po) @ (Cap pq ({(Ptr pp) @ [(Ptr pc)) @
)

Cap py (1(Ptr pg) ® I(Ptr p.)))
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Examples

- -

~ v

Store Into nuke Store out of nuke
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L°: Examples

lo {3 Lo L3
0y {3 2 L3
Ly Ly Ly £y
0 N A ls]
Ly L4 Ly £y
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L?: Semantic I nterpretation

[A;TFe:7] =Vd,0,7.0 € D[A] A (0,7) € G[T']6 =
(0,7(0(e))) € Clo(7)]

Clr] = {(os,€es) | Vo,. 05 W o, defined =
In,o¢,v¢. (05 W o, e5) —" (0 W o, ve) A

(or,vr) € V7] }




L?: Semantic I nterpretation

V[A] = {({}h )}
VIin®@mn] = {(o1Wos, (vy,v2)) | (o1,v1) € V][] A
(02,v9) € V[7m2]}
VI —mn] = {(o2,Ax.e) | Vo,vy. (01,v1) € V[11] =
(01 W oy, elvy/x]) € Cms]}
viir] = {{3 W) [ ({} o) e V[r[}
V[ptrt] = {({},ptrl)}
V[Capl7] = {(cW{l— v} cap¥l) | (o,v) € V|7]}




Extended L*

» L’ only supports linear capabilities

#® Supporting unrestricted ML-style references:

s freeze — fiX the type of a location, yielding an
unrestricted capability to access the location at that
type

s thaw — temporarily transform an unrestricted
capability into a linear capabillity, enabling strong
updates; during this time, the location cannot be
accessed along another unrestricted capability

s refreeze — consume the thawed linear capabillity,
restoring the location to it's frozen type and enabling
access along other unrestricted capabilities

L3 _p. 20123



Examples

Ref Im = 9p.(1Frzn p I ® IPtr p).

read = Ar':Ref 7. At%: Thwd e .
let "p, (f., 17 =r in

let (c',t') = thawvoid, t" f, in

c?,

(c’
let (c2,x') = swapcll() in
let (c?,()) = swapc®1lx in
let (f,,t?) = refreezet! c® in

(x,t7)
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Examples

Ref Im = 9p.(1Frzn p I ® IPtr p).

write = Ar':Ref 7. \z":!7. \t%:Thwd e .
let "p, (f., 17 =r in
let (c',t') = thawvoid, t" f, in
let (c?,x') = swapcllzin
let (f,,t?) = refreezet! c? in

t2
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L3: Static Semantics

A:T'Fe:T

A;Fll—egzNotian A;Fgl_egtTthH
A;T'stkeg:Capplr
A;T1HIDoHI3 F freezeey es ez : (Frzn p!7) ® Thwd 6

(Freeze)

A;I‘ll—el:Notinpé’ A;T'g ey : Thwd 6
A;T3 Fes: (Frzn plT)
A;T1HT9HTs - thawey eges : Cap p 7 @ Thwd (0, p:!7)

(Thaw)

A;T1 ey Thwd (6, p:!7) ATy ey :Capplr
A;T1HI 9 - refreezeej es : (Frzn p!7) ® Thwd 6

(Refreeze)
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