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A-calculus + state
+ simple types

+ effect systems
embedding

this work™

'

TT-calculus + sessions
+ session types

* Impure TT-calculus with effect system for free
* Define concurrent state semantics via TT-calculus
* Compile into TT-calculus

* Using session types as an effect system, Orchard, Yoshida, PLACES 15 pre-proceedings



Variable agent

Store{c , x)




Variable agent

def Store(c, x) = ¢ > {get : c/x).Storelc, %),
put : c?(y).Storelc, y,
stop : 0}

in Store{c , 1)

Store{c , V)




Variable agent

def Store(c, x) = ¢ > {get : c/x).Storelc, %),
put : c?(y).Storelc, y),
stop : 0}
in Store(c , i) Server

get (¢)(x).P = (¢ < get).c?(x).P
put (¢c){V).P = (¢  put).cKV).P

stop — (¢ < stop).0 Client

e.g. iIncrement store

def Store(c, x) = ... in (get(c)(x).put(c){x+1).stop | Storelc , i))
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Effect calculus

bs I'z:o- M:z, F I'=M: o, F I'N'z:0 N:1, G
T-JeM:o5 1, Trletz = Min N:z, FeG
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Effect calculus for state

' Vg, ||

' = put V: (), |put 7| I' - get : 7, |get 1]

(List {put t,get t |t € 7}, ++, []|)

e.g. iIncrement store

[' - let x = get in put (z + 1) : int, |get int, put int]



' AP
TT-calculus with sessions

e:m:A,c: SHP '0Fe: T;A,e: SEP
(send)
A e ?7].S Fc?(x).P A el 71].S Fcl{e).P

(recv)

I"A,c:S5; F P, I"A,c:S FP

branch —— == lect
bt SN el 9 e 1P YT A el S ealp

e.g. increment store get (¢)(x).P = ¢ < get . ¢?(x).P

put (c)<V).P =c¢ < put . cKV).P

[, c: ®|get : ?|int]. ®|put : !|int|.end || F get(c)(x).put(c)(x+1).0

cf. effects [get int, put int]



Encoding effect annotations
as sessions

[[]] = end
[(gett):F]=@|get: ?[z].[ F 1]
[(get7):F1=o|put:![z].[ F1|

For list-based effect annotations over elements I

given embed : I — (§ — 5)

then [F] :|El— S
— fold embed (X\. end) F




Embedding

[T’ M: 7, F]
e, ITT; (r:'[tl.end, eff :[F 1)+

vei,eo.((I' - M: t, F I)fi’eo | eil{eff).eo(c).0)

qFFMIT,FI)fi’eO — Vsg.
[T1; (7:'[tlend, ei: [ Fegl,eo:[eD-qM)

i ‘ ”

receive channel with effect capabilities

send channel with eftect capabilities



Embedding (zeroth-order)
(F'z:7, Y I)fi’ea = ei?(c).T<x).e0l{o)
where Veg. ITD; r:llt], ei:?2gl, eo: 'l gt ei?(c).r!<x).eolc)
(T-letx=MinN:7,FeG )" =
v a. (CM | g?(a).0 Noo )

where vh. q:![o], ei:?[F-G-h]],Q;g[c;.h]]H]Ml)ei,a

€o

rolltl, a: MM Gehl, e:W[h1+-(N)



Embedding (higher-order)

Must embed /atent effects  , £ .

[o—7]1=Tol.!![z]].end

[0 t]— 1Mol . [2IFeGT.IGT.!'I].end

A

send channel which /
can recelve channel
with latent effect capabilities

send channel which
can send channel with effect
capabillities for continuation




Embedding (higher-order)

(]Fl—/lx.M:OF%f,@l)fi’w —

vy . (eil(c).eoc).r Kyp.y?(x, a, b, q). MI)Z’b )

Vg, h. rollMM ol . YLFehdl.YLhI.!N!ID] ]
ei:MMegl,eo:Megl Fvy. (e? ...

(T MN:z,FeGeH )" =

Vg s a b (CM [ ONIT | g?(y)-82(arg)-yarg, b, co, 1))



Soundness

T'FM=N:1F
—

IT[; (r:M]7].end, e: |[F|) - [M]¢~ |[N]|¢



Future work

- Completeness and observational correspondence

» Subeffecting (via session subtyping)

- Different effect systems (what about sets?)

- Actually handling different kinds of concurrent effects



Conclusion

Sessions and session types expressive enough to encode
effects with an effect system

Use this to give semantics of concurrent effects

- e.g., non-interference, atomicity via sessions

Effect-informed optimisations, e.g. implicit parallelism

if ' M: o, @

then (letz + Min(lety < NinP))s

r

= va,s.eb. (M, | (N3 | 72(@) 52(0).0 PDE)

T

More details in our PLACES’ |5 paper; see dorchard.co.uk




