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Overall goal

Define a permissive type system for multiparty asynchronous sessions,

e allowing syntactic input races in processes (= choices of inputs from
different senders)

@ provided they do not hinder lock-freedom.
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Global Types

Global types ensure global properties of multiparty sessions

Classical Structure of Typing

global type
d projection
local /session types
J type checking
processes
V.

@ Projectability is the main tool to enforce good properties,

@ Projectability imposes restrictions on the choices that can be used in a
protocol.

o It is difficult to accommodate protocols with input races!
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Example 1: A “fake” input race

Bob'arr;Bob?arr;( Bob!tellC;Carol!wArr
D
Bob!yTellC

)
Bob Alicel!arr;Alice?arr;( Alice?tellC,

+
Alice?yTellC;Carol!wArr

)
(Alice?wArr + Bob?wArr)
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Example 2: A “confluent” input race

Carol!arr;...

Bob Carol!arr;...

(Alice?arr;Bob?arr;.. + Bob?arr;Alice?arr;...)
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Objective and Approach

Define global types for multiparty sessions such that
@ typable multiparty sessions enjoy lock freedom

@ protocols such as the ones of the previous examples be typable

Approach
@ define more expressive global types: split outputs and inputs

@ bypass projection by matching directly the global type with the
multiparty session imposing restrictions on the global type
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Processes

P =, Dicipi¥s; Pr | Zicipi?éi; Pi [0

coinductive definition, processes are regular terms

@ Pjcipil¥;; P; = internal choice/output
@ X ;c/pi?¢;; P; = external choice/input

@ 0 = inactive process

Example
P=qll1;q745; P Q=p!llp?l;Q
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Multiparty Sessions

No=pi[Pi] |l --- || pal Pnl
where p; # p; if i # j. Players(N) = {p | p[P] € N A P # 0}

M :::®| <pa£7q> M

where (p, ¢, q) is a message from p to q with label ¢

we consider queues modulo an equivalence =

M1'<pa£15q>'<r7€27s>'M2 = M1'<r7€27s>'<p7£1aq>'M2 if p ?é rorq 7& S)

network + queue N || M
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LTS for Asynchronous Sessions

ROIES

[Send]

pl@icraittss P IIN | M E22 o[ Py ] (| N || M-(p, L4, an) h € I
[Rev]

Al Zjes02 Q1 I N 1| (o, Chr @) M S22 gL QT [N | M e J

Example
P=qll1;q?70;P Q=p!l;p?{1;Q
P[P al QT 0 ™™ p[q? i P11l alp! t2ip? 61 Q1 Il (P 1, )
Sy olq? 62 P11 alp? 61 QT || (P, f1,a) - (g, L2, )
P o[ P [ alp?6: Q1 || (p. 1, )

Sl o[ P] L QT 1 0
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Asynchronous Global Types

G ::=, pHai-li; Gi}ier | p?{qi-ti; Gi}ies | End J

global types are regular terms

@ pl{qi.li; Gi}ics = output choice (p sends to q; a label ¢;)
@ p?{q;.li; Gi}ies = input choice (p receives from q; label ¢;)
@ End = termination
Example
G =plq.l1;q!p.L2; p?q.£2;q?p.l1; G
P[PPI al QT IO
P=qll1;q?6;P Q=pllsp?l;Q

What could we do with standard global types?
Gi=p—=qli;q—=ple; Gt or Gax=q—ple;p—q.ls; G

But neither of them projected on p and q is a type for p[P] || a[ Q]-
Need to add asynchronous subtyping.
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Typing (1)

Typing judgement

GFN| M )
[End] TE============—
End - p[O] || @
G; Fp[ P; N || M- (p,¥i,q;) Viel
Ou PLAPT NI M- (p & ai) )
p'{qili; Gi}ier F p[Dicsailti; P | N || M )

the side condition (x) is
Players(G;) = Players(p[ Pi] | N) Viel

where
Players(End) = ()

Players(p!{q;.li; Gi}ic1) = Players(p?{q;.li; Gi}ic1) = {p} U U;¢, Players(G;)
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Typing (2)

We do not want

GEp[PIlal @I NIRRT IO

where

P=ql¢ P Q=p?¢Q G =plq.l;q?p.¢; G
and R could be anything.

Without the side condition

GEp[PTllal@T I f[RTII®
a?pl;GEP[P] lalp? & QTIIFIRI I (P, 4 a)

pla.t;q?p.t; G pla! G PT | alp? 4 QT I ([RT IO

In

Out]
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Typing Rules: the Difficult Rule

f\
\./

] GiFp[PTIINIM UG,M) VjeJ J rm({m;}ic;, M)
par5 Gilies - oL Zperantlns PrTIN [ M = Ammadner M)

o Let my = (qk; Lk, P)-

@ The indexes of ready messages of a set of messages {m;};c; w.r.t a queue
Mis

rm({m,-};e/,./\/l) = {i el | M=m;- ./\/l,}

Branches indexed by J are live branches and the others are dead branches

Execution of live branches should not resuscitate (unchecked) dead branches

@ G is inactive for M (does not produce a message in M)

L(End,M) L(p7{q,£,, G/}/G/,M) if //(G,,M) Viel
L(pHa;ili; Gitier, M) if (p,¢;,q;) € M and L(G;,M) Vi€l

Here M = {(q«, %k, p) | k € {UH)\ J & qx # q; ¥j € J}.
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We need ¢(G, M)!

Consider the multiparty session N || {p, ¢, r) where

N=s[r¢'] || r[p?¢;s?¢ +s?2¢';p?¢']
we expect N || (p, £, r) not to be typable, since it can reach a deadlock.

Nl (p.tr) 2 r[p2t;s20 + 52 p20 ] || (p, £,1) - (s, €', 1)

r?s.¢’

— (7] {p,6i1)

Let G =r?{p.l;sIr.l/;r?s.l’ | s.l/;sle .t/ r?pl'}.

End - r[O] || 0
[In]
rsl = r[s?] || (s, 2,r) |
ut
slel ;s =s[el ] || r[s?¢'] ]| 0 (n]
In

r{p.l;sird!;r2s.l sl sie s r7p '} EN || {p, £, r)

Checking L(s!r.t/;r?p.t’, {{s,¢',r)}) we fail to apply [In]
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Paola Giannini Asynchronous Sessions with Input Races



LTS for Type Configurations

GIMEL e | M B=plq.l or B=q7p.t J
[Top-Out] hel

p{ai.li; Gitier || M Planbh, Gy [l M- {p,2n,qn)

[Top-In] = hel
p?{ai.li; Gitier || (an, €n, p) - M 2205 Gy || M

B 1 ’ .
G || M- {p,¥4i,q; Gi[| M- {p,¥4i, q; Viel
[Inside-Ou] l (P, 4i,qi) — ,3H (p : ai) l/ o % play(8)
p!{q,-.é,-; Gi}fel || M = p!{q,-.f,-; G[}ie/ H M

/ PR p # play(3)
GIMEG M vies J=rm({{ai, &, p)}ici, M) £ 0

B #q'ptl VIe I\J

[Inside-In] 5 p ;
p?{aili; Gi}ier || M = paiti; Gities || M G =G, ked Viel\J
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If GF N || M and G is bounded (each p € Players(G) occurs at bounded
depth in all paths of G), then we can prove the properties

@ Session Fidelity
@ Subject Reduction

o Lock Freedom
However
@ The type system is undecidable.

A decidable restriction can be defined giving a (standard) inductive
definition.

Paola Giannini Asynchronous Sessions with Input Races INRIA 26/3/2024 16 /19



Related Work

Our global types extend those of [1] by allowing input races.

In [2] and [3] sessions are synchronous.
@ None of the papers below can type the session of Example 1.

@ Example 1 omitting the initial exchange between Alice and Bob can be
typed in [2] and [4] but not in [3]

@ Example 2 is typed in [3] but not in [2] and [4].

[1] F. Dagnino, M. D.-C. & P.G. (2021): Deconfined Global Types for Asynchronous
Sessions.

[2] R. van Glabbeek, P. Héffner & R. Horne (2021): Assuming Just Enough Fairness to
make Session Types Complete for Lock-freedom.

[3] S. Jongmans & N. Yoshida (2020): ExploringType-Level Bisimilarity towards More
Expressive Multiparty Session Types.

[4] R. Majumdar, M. Mukund, F. Stutz & D. Zufferey (2021): Generalising Projection in

Asynchronous Multiparty Session Types.
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Conclusions and Future Work

@ We defined a type system for multiparty asynchronous sessions,
allowing syntactic input races and ensuring lock-freedom.
@ There are several directions for future work:
o weaken the predicate L(G, M) taking into account the order of
messages sent by G
e strengthen our typing in order to forbid orphan messages
e weaken our typing in order to allow optional participants in the
branches of choices, following some previous work on “connecting
communications”
e and more....

Paola Giannini Asynchronous Sessions with Input Races INRIA 26/3/2024 18 /19



INRIA 26/3/2024 19/19



