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Usual message passing;:
> Stream of messages of fixed type
> e.g., Go, Rust
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Usual message passing;:
> Stream of messages of fixed type
> e.g., Go, Rust

Session types:
> Flexible message passing protocols

> Type of message can depend on the state of
the protocol
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Two flavours

nt calculus: “everything is a channel”
> Elegant minimalist session types

> Kobayashi 2002, Dardha et al. 2012, Arslanagic et al.
2019

A calculus: “everything is a function”
» GV =linear A calculus + channels + session types
> Not aiming at a minimalist concurrent calculus

This work: A calculus = A calculus + barriers
» Minimal concurrent extension of linear A calculus
> Only one new operation:
fork: ((«x o) —o1) —o (3 — «)
> Everything is a function
> Session types as function types

> Simpler meta theory
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Session types 101: GV (Gay, Vasconcelos, Wadler, . .

let ¢/ = fork(Ac.
let (c, n) = receive(c) in

let c = send(c, nmod 2=0)in
close(c))

let ¢/’ =send(c’,3) in

let (c’, msg) = receive(c’) in
close(c’)
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Session types 101: GV (Gay, Vasconcelos, Wadler, . . .)

let ¢’ : lInt. ?Bool. End = fork(Ac : ?Int. !Bool. End.
let (c : 'Bool. End, n: Int) = receive(c) in
let c: End = send(c, nmod 2 =0) in
close(c))

let ¢’ : ?Bool. End = send(c’, 3) in

let (¢’ : End, msg : Bool) = receive(c’) in

close(c’)
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Session types 101: GV (Gay, Vasconcelos, Wadler, . . .)
Linear A calculus: t:=0|1|1t+T|TXT|T—0T

Session types: s :=!1.5|?T.s|s®s|s&s|End

send: (It.s)xt-—-os
receive : (?1.5) —o (s x 1) Itsz?2ts
tell, : (s1®s,) —o sy ts2Its
tellg : (sy @ sp) —o s S1DS2 =51&5;
ask : (51 &sz) —o (s1 +p) 51&s; 25165,
close: End —o 1 End £ End

fork:(s—o1) —o5s
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“Session types” 101: A

Linear A calculus: t:=0|1|1t+T|TXxT|T—07T
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“Session types” 101: A

Linear A calculus: t:=0|1|1t+T|TXxT|T—07T

fork: ((¢« —o B) —o1) —o (B —0 «)

One new operation, no new types, no dual !t.s

let x'. = fork(Ax_E{) in E5

B —o « o« —o | Single use!
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let x’ = fork(Ax. print(x 1)) in print(1 + x’ true)
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let x’ = fork(Ax. print(x 1)) in print(1 + x’ true)
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let x’ = fork(Ax. print(true)) in print(1 + 1)
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Operational semantics

p € N ™ Thread(e) | Barrier
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Operational semantics

|

p € N ™ Thread(e) | Barrier

{n+~ Thread(K[ey])} ~ {n— Thread(K[e;

D}

n + Thread(K|[ (k) 1)

{n — Thread(K[fork(v)])} ~ < k ~ Barrier
m— Thread(v (

k — Barrier
m s Thread(Ks[ (k) v»])

n — Thread(Ki[ (k) v ])} {n — Thread(Kj[vz])

{n— Thread(())} ~ {}

p1p ~ pop’

m+— Thread(K>[ vy

if p1 ~ p2

k))

)

}

if e ~pure €2

}

(fork)

(sync)

(exit)

(frame)
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let x’ = fork(Ax. let (y,n) = x ()
iny (nmod 2 =0))

let y’ = fork(Ay. x’ (y,3))
in print(y’ ())
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Channel operations as macros

forkchan(f) = for

send(c, x) = for

receive(c) = ¢ ()
close(c) = ¢
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Channel operations as macros

fork an(f) 2 fork(f)
send(c, x) = fork(Ac’. ¢ (¢/, x))
receive(c) = ¢ ()

close(c) = ¢ ()

letc’ : [ !Int. ?Bool. End ]| = fork(Ac : [ ?Int. !Bool. End ].
let (c: [ 'Bool. End ]|, n: Int) = receive(c) in
letc:[[ End ]| = send(c, nmod 2 =0) in
close(c))

letc’: [ ?Bool. End ]| = send(c’, 3) in

let (¢’ : [ End ], msg : Bool) = receive(c’) in

close(c’)
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Session types as linear function types

[End] £1 —o 1

['ts] =[Sl xt— 1

[?ts] 21— [s]l xT
[s1 @ s5], [s1 & 5] = (see paper)
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Session types as linear function types
[End] £1 —o 1
['ts] =[Sl xt— 1
[2ts] =1 —o[s] xT

[s1 @ s2l, [s1& 5] = (see paper)

fQrkchan
close
send
receive

:([s] —0 1) —o [S]
: [End] — 1

:['t.s] x T —o [S]
:[?2ts] —o[s] xT

= Ax. fork(x)

Zxc.c()

£ A(e, x). fork(Ac’. ¢ (¢’, x))
2 Ac.c ()
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Session types as linear function types

[End] £1 —o 1
[lts]2[s] xT—o01
[2ts] =1 —o[s] xT
[s1 @ s5], [s1 & 5] = (see paper)
forkcpan : (ISl — 1) — [S] = Ax. fork(x)
close : [End] —o 1 2 Ac.c ()

send: [!t.s] xT—o[s] £ A(c, x). fork(Ac’.c (c’,x))
receive: [?t.s] o [s]xT =Ac.c )

Theorem. If GV program is well-typed, then macro
expanded A program is well-typed
Theorem. Macro expanded A program simulates GV

program
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Deadlock freedom: linearity

let x’ = fork(Ax. ())inx’ 0 Deadlock!
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Deadlock freedom: linearity

let x’ = fork(Ax. ())inx’ 0 Deadlock!

Ruled out by linear typing

But what about cycles?
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Deadlock freedom: acyclicity
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Mechanized proofs in Coq

Meta theory of & + recursive types + non-linear types
> Global progress:
(e:1)AN{0—e}~p = pcanstepVp={}
» Partial deadlock freedom (see paper)

> Memory leak freedom (see paper)
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Mechanized proofs in Coq

Meta theory of & + recursive types + non-linear types
> Global progress:
(e:1)AN{0—e}~p = pcanstepVp={}
» Partial deadlock freedom (see paper)

> Memory leak freedom (see paper)
» Mechanized in Coq (1229 lines)

> Earlier GV mechanization: 2139 lines
> (Both use graph library of 5000 lines + Iris/stdpp)

Session types in A
» Compiler from GV to A
» Proof that output A program is well-typed
» Proof that output A program simulates GV program
» Mechanized in Coq (568 lines)
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fork : (0 —o ) —0 1) —o (B —o &)

7

Session ty;)res distilled
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Lots of related work and details
in the paper and mechanization

Questions?

mail@julesjacobs.com
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