Modular Multiparty Sessions
with Mixed Choice




» Simple MultiParty Sessions: a typing approach to multiparty session types;
» Extending SMPS with mixed-choice;

P> Taming sessions with mixed-choice: a type system for modular sessions.

«4O0> «F>» « >

« =

DA



» Simple MultiParty Sessions: a typing approach to multiparty session types;
» Extending SMPS with mixed-choice;

» Taming sessions with mixed-choice: a type system for modular sessions.

«O>» < Fr «=)r» «=)»

DA



OVERVIEW

» Simple MultiParty Sessions: a typing approach to multiparty session types;

» Extending SMPS with mixed-choice;



OVERVIEW

» Simple MultiParty Sessions: a typing approach to multiparty session types;

» Extending SMPS with mixed-choice;

» Taming sessions with mixed-choice: a type system for modular sessions.



Description /Verification of concurrent systems

Global description

faithful /property-preserving

Implementation




Choreographic formalisms for description /verification of systems

Global description

Local (single component) behaviours




Two particular approaches to the Global-Local relationship

MPST: MultiParty Session Types (Honda,Yoshida et al.)

SMPS: Simple MultiParty Sessions (Dezani et al.)



» No Delegation;

» Syncronous communications.
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The SMPS and MPST approaches to Global <+ Local

SMPS MPST
“verification oriented” “correct-by-design oriented”
Global description Global Type Global Type
i Typing: Projection: f
Local behaviours abstract Processes ~ Local Types



SMPS




Processes

P =9 0 | pl{\;.Pi}tics | P?{Ai.Pitics
Multiparty Sessions

M = p1[P1] || -+ [| pa[Pn]

(synchronous) Operational Semantics
telCJ

pla{\i.Pitier] || alp?{N;. Qi }jes] | M 2255 p[Py] || a[Qf] || M
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The Calculus of Multiparty Sessions (SMPS local views)

Processes

P :::coind 0 ’ p!{A,'.P,'},'E/ | p?{)\i-'Di}iGI

Multiparty Sessions
M = pi[P1] || -+ [l Pa[Pn]

(synchronous) Operational Semantics
telCJ

plat{A-Pi}ie] Il alp?{- Qiljes] | M 2% plP] || alQi] || M




(o

Da



A type discipline for multiparty sessions




Global Types

G ::=c0ind gng | p—q:{\.Gi}ies
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A type discipline for multiparty sessions

Global Types
G ::=c0ind gng | p—a:{\.Gi}lies

Typing Rules
End F p[0]

GiFp[Pi] | alQ] | M prt(G;) \ {p.q} = prt(M) Viel
p— q:{\.Gi}ier F pla{Ai-Pi}ier] | alp?{);-Q}jes] | M




SMPS with Mixed-Choice
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Processes
P ::=coind 0 | Licim;.P; o=

p?A | pIA
Multiparty Sessions

M = pa[Pi] || -+ [l Pa[Pn]

(synchronous) Operational Semantics
plal\.P+ P alp?A.Q + Q|| M

pAq

—

plP] Il a[@] || M
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Processes
P:Z:COindO ‘ z,'elﬂ','.P,' ™ =

Multiparty Sessions
M = pa[P1] || -~ [| PalPn]
(synchronous) Operational Semantics

plat\.P+ P lalp?A.Q+ Q]| M 25

pIP] [ alQ] || M
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More expressive behaviours with Mixed Choice
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More expressive behaviours with Mixed Choice

Processes

P ::=coind 0 | Yo7 P; m o= ptA | plA

Multiparty Sessions
M = pa[Pr] [| - [l Pa[Pa]

(synchronous) Operational Semantics

plal\ P+ P alp?AQ+ Q]I M 2% [Pl || q[Q] | M




Try and discipline that!
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The election session

E = a[P.] H blA] ” clP] H d[ P4l ” e[P.] ” s[Fe]
where P, =  elleader
+b?leader.(c\leader + dNeader.slelect)
+s?del
and (with some abuse of notation)
Pi = ZEicfabedel (x?elect.ExE{a;b7c7dae}x!del)




A simple mixed-choice version of standard SMPS typing
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A simple mixed-choice version of standard SMPS typing

Gi = p[P] [l q[@] || M
p— q:{A.Gi}ies Fpla{Ni-Pitier] || alp?{\;-Qj}jed] | M

essentially corresponds to

G; F M; M Ny M; {Ai}ie; = reductions involving p € M

NO WAY! ¥ ;/A;.G; would not capture the overall behaviour of the Election Session.



G; - M; . ﬂ) ;
ZiGIA’-.Gi i

[m]
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G FM;, MM
TiciA.G; - M

It would work for the Election Session

BUT

A global type would not “factorise” anything.
It would correspond to the complete reduction-tree
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MODULARISATION

Complex (software) systems can be decomposed — to some extent — into
smaller, loosely coupled modules.
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Modular Election




Modular Election

B = BB Bs | G
where, for 1 <i<3,
E: = a[P] || bilB,] | cilPe] || dilPa] || eilPe] || silPs]

with P, = eilleader
+ b;MNeader. (c,-!/mder+d,-‘?[amfer.s,-!sze(‘f.(si?tqi(fmier + s,-?im))
+ sidel

and P, = er{ai_bi,chd:._ej}x?ele(*r.(gs‘?glmdﬂ‘.x!gic’a(ler.Q,- + gs‘?no.x!no.Q;)

with Q; = er{a,-‘b!v,c,-,d,-‘e,-}X!d(‘)i

G = wilPy,]l| w2lPu,] || w3lPu3] || gs[Pes]
with R, = wi o ! leader
+ wiy1eader.gs!gleader
+ gsdel
and Fs = Z,-E{l13‘3}w,-?g[e(ul€r.s,-!glmdw‘.s,grl!izt}.s,»g!nu.(Z;E{Itz‘g}wi!dcl)



Partitionable sessions such that

» Unrestricted mixed-choice can be used inside the modules;

» Inter-module communication through connectors;

» Connectors can interact using one-to-one mixed choice.
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Modular Election

E = @IIEI©
where, for 1 <i<3,

E: = alP]IblA] [ il || dilPa] || eilFe] [If silFs]

with P, = eilleader
+ b;MNeader. (C,‘”(’U(!(’F+d,‘?l’(,’(l(f(?f‘.si!(?f(’(‘f.(Si?tl{f(’('l[l(’f‘ + s,-?im))
+ sidel

and P, = er{ai_bi,chdj_ej}x?ele(*r.(gs‘?glead()f‘.x!gic’mk}r.Q; + gs‘?lm.x!no.Q;)

with Q; = er{a,-‘b,‘,c,-,d,-‘e,-}X!d(‘)i

G = wilPw,] || walPu,] || walPus] |||es[Pes]
with R, = Wi ! leader
+ w1 eader.gs!gleader
+ gsdel
and P, = Z,-E{l13‘3}w,-?g[€(ulm‘.s,-!glmdw‘.s,grl!il(}.sf+3111().(256{113‘3}%!1/61)
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Gi - M;

M 2y M; {Ai}ie; = reductions involving p € M
YNNG F M
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M;

{NAi}ie; = reductions in a module of modularisation P
YicNi.Gi FP M
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» Modularisation is preserved by reduction;

» Typability does depend neither on the module one starts with

nor on the chosen modularisation.
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Some properties of modularised typing

» Modularisation is preserved by reduction;

» Typability does depend neither on the module one starts with
nor on the chosen modularisation.






» Subject Reduction;

» Session Fidelity;

» Lock Freedom.
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Subject Reduction

FGF? Mand M 2 M, then G' 2 M and G 2 G’ for some G.

Global Types LTS - coinductive [Dezani et al.]

[E-cOMM] B jel

G; 2 G. Accap(G;) prt(A)nprt(A) =0 Viel

[I-comM] X ,
Yict\i.G; = Kt .G;



FGFMand G2 G, then M 2 M and G' + M for some M.
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If M is typable, then M is lock free.
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Lock Freedom
If Ml is typable, then M is lock free.
Definition (Lock-freedom)

A session M is lock free if Ml 2o M with o finite and p € prt(M') imply

M’ Gr—'Axfor some ¢’ and A such that p & prt(c’) and p € prt(A).



» Typing modular sessions with mixed choice and asynchronous
communications

» Inspiration for conditions enabling to compose systems of
Communicating Finite State Machines (mixed-choice harmful for that)

» What about projection?
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