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Description /Verification of concurrent systems

Global description

faithful /property-preserving

Implementation
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Description /Verification of concurrent systems

Global description

H dimension step
Local behaviours

abstraction step
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Description /Verification of concurrent systems

Global description

H Rg_L‘ (A “Global-Local" relation)
Local behaviours

abstraction step
Local behaviours

abstraction step
Local behaviours




Global description

. Rgr

Local behaviours




What expecting from Rg.,7?

Global description

Rg-r

Local behaviours

Rg- such that

> it faithfully represents the overall collective comportment of local behaviours

> its properties entail the collective properties of local behaviours.



MultiParty Session Types [Honda-Yoshida-Carbone 2008]

Global Type

Projection

Local Types T

Typing







The Shopaholic protocol (a.k.a. buyer-seller-carrier)

A buyer can keep on ing goods - sold by a seller - in his shopping cart an unbounded
number of times, until he decides to the shopping cart’s content. In the latter
case, the seller informs the carrier for the ment by sending him the list of goods.



The Shopaholic protocol (a.k.a. buyer-seller-carrier)

G = pt. b — s : {add:(String).t, buy:({)).s — c: ship([String])}

N. YosHiDA, L. GHERI: A Very Gentle Introduction to Multiparty Session Types.
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The Shopaholic protocol (a.k.a. buyer-seller-carrier)

G = pt. b — s: {add:(String).t, buy:({ )).s — c: ship([String])}
Ty = pt. @ sl{add:(String).t, buy:(())} Ts = pt. &b?{...}

Py, = pX. if Again? then sladd(pickone).X else s!buy( ) Ps=... Pc



Focusing on the Global-Local relation

G = pt. b — s: {add:(String).t, (())s—c: ([String])}
Global description
Rg-r
Local behaviours
Ty = pt. @ sl{add:(String).t, (N} Ts = pt. &b?{...}

Py, = pt. if Again? then sladd(pickone).t else s!buy( )

Ps



Consider only one layer of local view

G = pt. b — s: {add:(String).t, (())s—c: ([String])}

Global description

Rg-r

Local behaviours

Ty = pt. @ sl{add:(String).t, (N} Ts = pt. &b?{...} Te=...



Disregarding values carried by messages

G =pt. b—s: {add.t, .s—cC: }

Global description

Rg-r

Local behaviours

Tp = pt. @sl{add.t, } Te = pt. &b?{...} Te=...



Local Behaviours as abstractions for Processes

G =pt. b—s: {add.t, .s—cC: }

Global description

Rg-r

Local behaviours

Pp = pt. @ sl{add.t, } Ps = pt. &b?{...} Pe=...



Disregarding actual representation of infinite structures

—___‘,End
......... ,S—¢ L End
G= Thos ,s—c’ > End
b—>s$ ___________ ,S—¢
b—s

Global description
Rg.rc

Local behaviours

Py, = sl < _~»0 Ps

Pc



A different perspective on the Global-Local relation

..» End
......... ,s—¢ - 1> End
G= bs Ly s—c’ ... End
b—s ~dd  buv ,S—¢
b—s
Global description
Typing
Local behaviours
. 0
__________ —r
Pb — sl /‘,\ ‘‘‘‘‘ by 50 PS = PC =
sl b 50
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SMPS: Simple MultiParty Sessions

» Global descriptions ~ Global types as in MPST
but - no types of values carried by messages
- (possibly) infinite terms.
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SMPS: Simple MultiParty Sessions

» Global descriptions ~ Global types as in MPST
but - no types of values carried by messages
- (possibly) infinite terms.

» Local behaviours ~> Abstract processes (akin to MPST local types)

» Global-Local relation ~> Typing

» Single channel, i.e. No “standard” delegation (internal delegation instead)
» Communication model ~~> Synchronous or Asychronous

» Semantics of Global Types via a coinductive LTS



Processes

P:=<"0 | pl{\i.Pi}icsr | p?{\i-Pities
REGULAR terms only.
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Processes and Multiparty Sessions

Processes '
P =m0 | pl{\i.Pilics | pP?{\i-Pi}ics

REGULAR terms only.
Behaviours of components (participants) of systems.

Multiparty Sessions: parallel compositions of named processes.

M= Pl[Pl] H H pn[Pn]

Structural congruence: || is commutative, associative and with unit p[0] (for any p)



Processes and Multiparty Sessions

Processes '
P =m0 | pl{\i.Pilics | pP?{\i-Pi}ics

REGULAR terms only.
Behaviours of components (participants) of systems.

Multiparty Sessions: parallel compositions of named processes.
M = pi[P1] || -+ [ Pa[Pn]

Synchronous Operational Semantics

kel ClJ

pla!{\i-Pi}ier] | alp?{);-Q}jes] | M === p[Pu] || a[Qu] || M

[S-ComM]



G ::=°nd Eng | p—=q:{.Gi}lies
REGULAR terms only.



End

et

John — Lucy

U.go — Pia John — Lucy End

Ugo — Pia John — Lucy



cough.G
ciao. John — Lucy : hello. End

G=Ugo—>Pia:{

End

X

John — Lucy End
Ugo — Pia John — Lucy End

Ugo — Pia John — Lucy
/ei’a/oY

Ugo — Pia

/



cough.G'
ciao. John — Lucy : hello. End

G = John — Lucy : hello.G' G = Ugo — Pia: {



cough.G’
ciao. John — Lucy : hello. End

G = John — Lucy : hello.G/ G' = Ugo — Pia: {

End
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LTS for Global Types
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LTS for Global Types
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LTS for Global Types
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LTS for Global Types
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A coinductive LTS for Global Types
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A coinductive LTS for Global Types
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A coinductive LTS for Global Types
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A coinductive LTS for Global Types
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A coinductive LTS for Global Types
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The SMPS Global-Local relation: Typing

Judgements of the form G = M are coinductively derived by the type system below, by
considering sessions up to structural congruence:

End F p[0] [T-END]

Gi = plP]alQ] M prt(G)\{p,q} =prt(M) VielCJ
p—q:{)i.Gi}ties F plal{)i-Pi}ie/] | alp?{)j-Pi}jed] || M

[T-CoMM]




The SMPS type system

Judgements of the form G = M are coinductively derived by the type system below, by
considering sessions up to structural congruence:

End F p[0] [T-END]

Gi = p[P] 1 ql@] M prt(Gi)\ {p.q} = prt(M) V"<fCJ>

p—a: { NGy plal{ i -PiEl alp? PR | M

[T-Comu]

more inputs in q allowed than branches in G
same outputs in p as branches in G (getting a strong version of Session Fidelity)



The SMPS type system

Judgements of the form G = M are coinductively derived by the type system below, by
considering sessions up to structural congruence:

End F p[0] [T-END]
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p—q:{)i.Gi}ties F plal{)i-Pi}ie/] | alp?{)j-Pi}jed] || M

[T-ComM]




The SMPS type system

Judgements of the form G = M are coinductively derived by the type system below, by
considering sessions up to structural congruence:

End F p[0] [T-END]

Gi = p[Pi] [ a[Qi] 1M Cprt(Gi)\ {p,a} =prt(M) ) VielCJ
p—q:{\i.Gilics = pla{ - Pitien Talp{\j-Ptjed] | M

[T-ComMMm]




The SMPS type system

Judgements of the form G = M are coinductively derived by the type system below, by
considering sessions up to structural congruence:

End F p[0] [T-END]

G p[P] 1 alQ] 1M Cprt(G)\ {p,a} =prt(M) ) VielCJ
p—a: {\.Gitier = pla{ N PTaT Talpt{ Pt | M

[T-Comu]

Otherwise p[P] || q[Q] || r[s?)'] TYPABLE with G =q — p:)\.G
where P = q?)\.P and Q@ = p!\.Q



G = b[B] || s[5] || <[C]

where
G=b—s:{add.G, buy.s— c:ship}

and
B =s!l{add.B, buy} S =b?{add.S, buy.clship} C = s?ship



Typing the shopaholic system

etc. End I- b[0] || s[0] || c[0]
: s—c: = b[0] || s[c!ship] || c[s?ship] End + b[0] || s[0] || c[0]
Gpse F Mpsc s—c: = b[0] || s[c!ship] || c[s?ship] End - b[0] || s[0] || c[0]

Gpsc - Mpsc s—c:ship F b[0] || s[c!ship] || c[s?ship]
Gbsc F Mpsc




Typing the shopaholic system, and more

etec. End - b[0] || s[0] || c[0]
: s—c: = b[0] || s[c!ship] || c[s?ship] End + b[0] || s[0] || c[0]
Gpse - Mpse s—c: = b[0] || s[c!ship] || c[s?ship] End - b[0] || s[0] || c[0]
Gpse ™ Mpsc s—C: = b[0] || s[c!ship] || c[s?ship]
Gbsc F Mbsc

The “benchmark” examples of Less-is-More [Scalas-Yoshida] are also typable

e OAuth2 Fragment

e Recursive Two-Buyers

e Recursive Map/Reduce

e Independent Multiparty Workers



Theorem: Session Fidelity and Subject Reduction

If
GFM

then
G 2% @ — M2 M G- M

GXY @ GFM — M 25 v

If G+ M then G and M are bisimilar (they have the same computational content).
If both G and G’ type the same M, then they are bisimilar.



Theorem: Typability implies Lock-freedom

If
GFM

then
M is lock-free

A session M is lock free if
M % M’ and p € prt(M)

4

M 7 for some o and A such that p & prt(o’) and p € pr(A).



Typability is independent from the interaction taken into account

D,
Gi = p[Pi] || al@] || M || r[s!{\n-Rn}icn] || s[r?{ k-Sk}kek] vielcJ
p—a:{\i.Gi}ier I plal{2i-Pitici] || alp?{2-PiYies] || ML r[sH -Ra}icn] || slr?{) &Sk} kek]

4

D,
G; = plal{i-PiYier] | alp?{2.PiYjes] | M| r[Ra] || s[Sh] Vhe HC K
r— s {0h.Ghlaen F oplal{0-Pitici] I alp?{j-Pitjes] || ML rst{ 2y ReYien] || sr?{ 7Sk }rex]

by Subject Reduction



Typability completely characterises Type Safety

» M is stuck if M # p[0] and M /4
» M gets stuck (stuck(M)) if for no stuck M': M —* M/
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M typable < —stuck(M)




Typability fully characterises Type Safety

M typable < —stuck(M)

=): by Lock Freedom

<=): 1. Any reduction strategy is mimicked by a type reconstruction;

2. Any type reconstruction of an untypable session fails in a point
where we try to type a stuck session.



MPST < ?— SMPS




MPST «+?— SMPS

pZG

Glp=0
Gilp=P; Viel Gilp=P;, Viel
(p—s:{i-Gitier)lp = sH{\i.Pi}ie (r—=p{1i-Gi}tier)lp = r?{\i.Pi}ies

Gilp=P; Viel [lgPi=P
(r—=s:{\i.Gitier)lp =P
where the (full) merge P @ is the partial operation coinductively defined by
PNQi=R Viel
0m0=0 a'{A\i-Pitier Ma{\i.Qitier = a{\i-Rities
Phm@Qn=Ry YhelnlJ
q?{i-Pitier Ma? {0 Qities = q?{\i.Pi, 2. Qjy MRy | i € I\ J,j € J\I,he InJ}

(pe Gandp¢{rs})




MPST «+?— SMPS

D Endlc=0 010=0
D = Gpslc=5s? (s—ciship)le =s? s? Ms? =s?
Gpsclc =57

and moreover
Gbsr: l— Gbsc Lb H Gbsc lS H Gbsc LC = I\/Hbsc



MPST «+?— SMPS

The preorder < on processes is coinductively defined by

- P < Qi viel
[5us-00 g < 0 sumou al{Ai-Pitier < a{)i-Qities

P,' < Q,’ Viel
a?{i-Pitieius < q?{)i.Qi}ies

[suB-IN]




MPST «+?— SMPS

Define
MM if prt(M) = prt(M’) and Vp. p[P] € M and p[P'] e M' imply P < P’

and
GeM if GJ is defined and M < G|
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Define
MM if prt(M) = prt(M’) and Vp. p[P] € M and p[P'] e M' imply P < P’

and
GoM if G| is defined and M < G|

a simplified version of association (Hou-Yoshida-Kuhn: Less is more - rivisited)
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MPST «?— SMPS

Define
MM if prt(M) = prt(M’) and Vp. p[P] € M and p[P'] e M' imply P < P’

and
GoM if G| is defined and M < G|

Equivalence between typability and projectability:

GFM < GpM

Hence Type Safety is fully characterised by the existence of a projectable global type



Adding layers to the local view.

p!{A,-.P,'},'E/ is an internal choice i.e. abstraction for conditionals.

Concrete Processes

P :::coindo
| pli(e).P
| p?{Ni(xi).Pities
| case e of vi->plii(e1).P1;...,vp=>plh,s(en).Py other plhyii(ent1).Poia

Multi-layered local view - as in MPST
Multiparty Sessions as MPST (simplified) Typing Contexts.
A type system for

P[P || -+ [l PalPn] - pi[P1] [ -+ [l pa[Pn]

where communication properties are preserved.
F.BARBANERA, U.DE’LIGUORO: Multiparty Sessions Made Simple, Springer BehAPI



A starting point

PARTIAL
TYPING

WA



PARTIAL
TYPING




Definition (p-Lock)

M’ is a p-lock if the participant p is willing to progress in M’ but cannot do that in any
continuation of M.




Definition (Lock-freedom)

M is lock-free if, for each participant p,
M —* M’ implies M is not a p-lock

hafteminck pom - 1 FEIRATIS



If

GFM

then
M is lock-free



> Article 1 All system components must be developed equal in dignity and rights.
They are endowed with communication capabilities and should interact towards
one another in a spirit of cooperation.

> Article 2 Any system component is entitled to all the good communication
properties like lock freedom, without distinction of any kind, such as programming
paradigm, language or interaction model.

> Article 3 [..]
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Any client-server setting is biased:

The customer is always right.

— Hﬂ-".v'u/ Gerden Seié-’a,éd"gc. —
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A non egalitarian system

A buyer can keep on ing goods - sold by a seller - in his shopping cart an
unbounded number of times, until he decides to the shopping cart’s content. In
the latter case, the seller informs the carrier for the ment, where the carrier is

able to serve an unbounded number of shipments.

M = b[B] || s[S] || <[C]
with
B = sl{add.B, }
S =b?{add.S, .c! }
C = s?ship.C

Not typable. In fact it is not c-lock free
M —~ b[0] || s[0] || <[C]

Do we actually care about s and c?




We are interested in b’'s lock-freedom, not s's and c's

FRANCO BARBANERA, MARIANGIOLA DEZANI:

Partially Typed Multiparty Sessions. |CE 2023

FRANCO BARBANERA, VIVIANA BONO, MARIANGIOLA DEZANTI:
Open compliance in multiparty sessions with partial typing. JLAMP, 2025

A type system such that if
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We are interested in b's lock-freedom, not s's and c's
FRANCO BARBANERA, MARIANGIOLA DEZANTI:
Partially Typed Multiparty Sessions. 1CE 2023
FRANCO BARBANERA, VIVIANA BONO, MARIANGIOLA DEZANI:
Open compliance in multiparty sessions with partial typing. JLAMP, 2025

A type system such that if

Gl M

then lock-freedom ensured only for participants other than s and c.
For our example this is possible for

G=b — s:{add. G, buy}



[End]

Endl gpg -y p[0]

Gi p p[Pi] || a[Qi] | M
(prt(G)) UPi)\ {p,q} = prt(M) VielCJ

p—a:{Ni.Gi}ties by, p Pla{Ai-Pi}ied] [l alp?{X;-Qi}jes] | M

G F/P1 My
[WEAK] P = prt(My) # 0
G Fp,up, My || M2
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[End] m [En

Gi p p[Pi] || a[Qi] | M
(prt(G)) UPi) \ {p,q} = prt(M) VielCJ

P—a:{AiGitier Fy, p; Plat{A-Pitier] || alp?{A;- Qjtjes] | M

G bp, M
[WEAK] P> = prt(Mz) # 0
G Fpup, My || Mo
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[End] m [End]

Gj Fp; p[Pi] || a[@i] || M
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[End] m [End]

Gj Fp; p[Pi] || a[@i] || M
(prt(G)) UPi) \{p.q}t =prt(M) VielCJ

p—a: {N.Gitier b7, Pl N Piticr] || alp?{)- @ }jed] | M

G bp, My
[WEAK] P> = prt(Ms) # 0
G Fpup, My || Ma




Theorem (Classist lock-freedom)

If GFpMandp¢gP then M isp-lock free




d]

End g bl0]
o D End F(s ¢y b[0] || s[c!ship] || ¢[C]
G sy b[B] || s[b?{add.S, clship}] || ¢[s?ship.C]
where G = b — s:{add. G, }

B = s!{add.B, buy}
S = b?{add.S, buy.clship}
C =s?ship.C

[WEAK]

Hence the Buyer-Seller-Carrier system is b-lock free
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—————— [End]
End k¢ b[O]

D - D Enar g b0 [slil el
G Foc) bIB] || sIb7{20d.5, pay.clsnip}] || cls?ship.C]
where G = b — s:{add. G, }

B = sl{add.B, buy}
S = b?{add.S, buy.clship}
C =s?hip.C

AK]
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——— [End]
End F@ b[O]

D - D Enar g b0 [slil el
G Foc) bIB] || sIb7{20d.5, pay.clsnip}] || cls?ship.C]
where G = b — s:{add. G, }

B = sl{add.B, buy}
S =b?{add.S, buy.clship}
C =s?ship.C

AK]

Hence the Buyer-Seller-Carrier system is b-lock free
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SMPS with internal delegation
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pE delegation acceptance €p resume from delegation



SMPS with internal delegation

Processes:
p:=<eind 0 | pl{\i.Pi}ies | p?{\i.Pi}icr | €P | DpiP | PEP | p2;P
€p delegation request pE delegation end

pE delegation acceptance €p resume from delegation

Synchronous Operational Semantics:

[com]  plaH{Ai-Pitici] | alp?{- Qlies] M 2% p[Py] [ q[@n] | M helCJ

_. %
[DELSTART] p[€q; P] || qlp&; Q] || M LN q[P] ] p[@] | M

* >
[DELEND] alepiPlpla2Q] M =% plP] |l qlQ] | M
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SMPS with internal delegation

A customer order an to a seller and pays by sending the credit card number (
The seller, after receiving the order, delegates to the bank the reception of

c[slitem.slcen] || s[c?item.€b;2s] || b[s&;c?ccn.b 3]
J citems
c[slccn] || s[€b;2s] || b[s&;c?cen.bD]
1 seb
%
c[slcen] || b[s] || s[c?cen.b3]
J ccens
%
o] | b[@s] | s[b3]

J b3s

cfo] [ s[o] [ b[0]
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SMPS with internal delegation and partial typing

A partial type system

GhpM

guaranteeing
» (‘P-biased) Subject Reduction,
> Session Fidelity
» (P-biased) Lock Freedom

Recall: Normal typing C Partial typing
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Multiparty Sessions
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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
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Processes
P =coind Q | YicimiP; m ou= p?mA | plmA

Multiparty Sessions
M = pa[Pi] || -+ [ Pa[Pn]

(synchronous) Operational Semantics

Aq
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Processes

P =coind 0 | ¥cimiP; o= p?mA | plmA

Multiparty Sessions
M = p1[P1] || -+ || pn[Pn]

(synchronous) Operational Semantics
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Processes with Mixed Choice

Processes

P ::=ceind | Yicmi. Pi T o= pimA ’ pImA

d
\\‘\\\\\. %

Multiparty Sessions
M = p1[P1] || -+ || pn[Pn]

(synchronous) Operational Semantics

mA
prdg,

platmA.P + P a[p?mA.Q + Q|| M PIPT Il alQ] [| M




Try and discipline that!

B WAl ~ARPPENTEDR ~ O N R NN



Much expressive power

KIrSTIN PETERS, NOBUKO YOSHIDA:
Separation and Encodability in Mixed Choice Multiparty Sessions. LICS 2024.







Usual approach to typing does not work

Example from by

KIrRSTIN PETERS, NOBUKO YOSHIDA:
Separation and Encodability in Mixed Choice Multiparty Sessions. LICS, 2024.

inspired by

CATUSCIA PALAMIDESSI:
Comparing the expressive power of the synchronous and asynchronous pi-calculi.
MSCS, 2003.

inspired by

Luc BOUGE:
On the existence of symmetric algorithms to find leaders in networks of communicating
sequential processes. Acta Inf., 1988.



Usual approach to typing does not work

Leader election

plalleader + r?leader.slelect + s?del]

s[p?elect.qldel 4+ q?electrldel + r?elect.pldel]

r[plleader + q?leader.slelect + s?del] q[r!leader 4 p?leader.slelect + s?del]



Leader election

p[0]

s[p?elect.qldel 4+ q?electrldel + r?elect.pldel]

r[p!leader + q?leader.slelect + s?del] q[s'elect]



Leader election

p[0]

s[rldel]

r[plleader 4+ g?leader.slelect 4+ s?del] q[0]



Leader election

p[0]

s[0]

r[0] q[0]
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A naive mixed-choice version of standard SMPS typing

Gi = p[P] [l q[@] || M
p— q:{mA.Gj}ies Fpla{mAi.Pi}ici] || alp?{mA;.Q;}jes] | M

essentially corresponds to

G; F M; M Dy M; {Ai}ic; = reductions involving p € prt(M)

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

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

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

and P, = er{ai_bi,chdj_ej}x?('le(*r.(gs‘?glmder.x!gic’rnler.Q,- + gs‘?no.x!no.Q;)

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

G = wilPy,]l| w2lPu,] || w3lPu3] || gs[Pes]
with R, = wi o ! leader
+ wiy1eader.gs!gleader
+ gsdel
and Fs = Zie{l12‘3}W;?g[(?(l([(’l'.5,'!gl()({(f()l'.SH,l!ll().S,’+2!N{).(Z’-E{Itz‘g}w,’!llt’l)
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» Connectors can interact using one-to-one mixed choice.
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where, for 1 <i<3,
E: = a[P] || bilB,] | cilPe] || dilPa] || eilPe] || silPs]
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+ b;MNeader. (c,-!/mder+d,-‘?[(*(ufer.s,-!sze(‘f.(si?tqi(fmier + s,-?im))
+ sidel

and P, = er{ai_bi,chdj_ej}x?('le(*r.(gs‘?glmder.x!gic’rnler.Q,- + gs‘?no.x!no.Q;)

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

G = wilPy,]l| w2lPu,] || w3lPu3] || gs[Pes]
with R, = wi o ! leader
+ wiy1eader.gs!gleader
+ gsdel
and Fs = Zie{l12‘3}W;?g[(?(l([(’l'.5,'!gl()({(f()l'.SH,l!ll().S,’+2!N{).(Z’-E{Itz‘g}w,’!llt’l)



Modular Election

B = @IEIEIO
where, for 1 <i<3,

E: = alPy]| bilP,] || cilPe] || dilPa] || eilPe] || silPs]

with P, = eilleader
+ b;Neader. (c,-!lmder+d,-‘?[em’fer.s,-!yfe(‘f.(si‘?gimzier + s,-?im))
+ sidel

and P, = er{aiqbi,Cf,dfqei}x?ele(*r.(gs?glmder.x!gim('ler.Q,- + gs‘?m).x!no.Q,-)

with Q; = er{af‘bi‘q‘df‘ei}x!a’ei

G = wilPy,]l| w2lPu,] || w3lPu3] || gs[Pes]
with R, = wi o ! leader
+ wiy1eader.gs!gleader
+ gsdel
and Fs = Zie{l.’2‘3}Wj?g[(‘.’(l(]("r.5j!gl()((d(’r.SH,l!/TU.S,’+2!IIU.(Z"E{I.’z‘g}w,’!dﬁ’l)



Modular Election

B = @IEIE)IO
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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G; F M M 2y M; {Ai}ic; = reductions involving p € prt(M)
TG F M




G; FP M M ﬂ) M; {Ai}ier = reductions in a module of modularisation P

YicNi.Gi FP M




> Modularisation is preserved by reduction;

» Typability does depend neither on the module one starts with
nor on the chosen modularisation.
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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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i.e. “system independent”: the composition mechanism
- is not part of the system
-allows to consider any system as potentially open



Good composition methods
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» SAFE

Guaranteeing not to “break” relevant properties of
the single systems we compose.



Good composition methods

They should be
» CONSERVATIVE

» FLEXIBLE
» SAFE



Composition Methods for MPST: Some proposals

LORENZO GHERI, NOBUKO Y OSHIDA:

Hybrid Multiparty Session Types: Compositionality for Protocol Specification through
Endpoint Projection. OOPSLA, 2023.

CLAUDE STOLZE, MARINO MICULAN, PIETRO DI GIANANTONIO:
Composable partial multiparty session types for open systems. Softw.Syst.Model. 2023.



Composition Methods: the “participants-as-interfaces” (Pal) approach

A very general idea applicable on systems with message-passing, when

participant behaviour system interface

where  interface = description of possible interactions with an outer system.



G

G




The “participants-as-interfaces” (Pal) approach

We abstract here from the way communications are performed and from the logical
order of the exchanged messages



The “participants-as-interfaces” (Pal) approach

Ch's behaviour can be looked at as what can be offered by an outer system
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The “participants-as-interfaces” (Pal) approach

s, Sz

Cq Cv Cw
Cs CJ Cd
k
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Ck offers what C;, requires
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| h k o
DR i T
/H/ \H\

! T

Ch and Cy are “complementary” interfaces: an h's input is a k's output, and vice versa
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The “participants-as-interfaces” (Pal) approach

[ 8hK) Ewikch)y
i e——
/H/ &n\

Composition via gateways:
the interface participants become forwarders dubbed gateways



The “participants-as-interfaces” (Pal) approach

51045,
G
G, G
G G; Ca
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The “participants-as-interfaces” (Pal) approach

S1hkS,
Cq
C, (0%

G G G
[ B0k ewkrhy
i R

G A MR z

the compatible interfaces have been
replaced by the corresponding gateways
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» Conservative
Just one participant per system becomes a forwarder

> Flexible
formalism independent, as far as based on message-passing

> Safe?
Safety is formalism dependent.
Safe for SMPS
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Simultaneous multiple connections

The composition via gateways trivially extends to simultaneous multiple system
composition.

Issues: e Many different “connection policies”.
e Which connection policies get safe composition?
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-+ || h[g?a.p!c] ! k[rla.s?b] || - -
|

<o || v[t!b.u?a] wli?h.z?cila] || ---






Connection Policies formalised as sessions
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Connection Policies formalised as sessions

CP = hlklaw?c] | k[h?7a.v!b] || vw?b.w!a] || w[v!b.hlc.v?3]

CP is typable, i.e. in the type system we can derive

GFCP

where G=h = kia.w = v:b.k = v:ib.w = h:ic.v = w:a

We can get a safe composition via gateways out of a typable connection policy.
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Safety of Pal Composition of SMPS systems

Let M,..., M, be typable (and hence lock-free) sessions, and let CP be a
typable connection policy.

Then the composition of My,..., M, via the connection policy CP is typable
(and hence lock-free).
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Formalising Asynchronous communications in SMPS
plat{\iPikied 1M Q2% plP M| Q- (b, \nsa) hel [son]
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Asynchronous Global Types

G =" pql{)\;.G;}ies | pq?)\.G | End

Splitting communications in global types

F.DAGNINO, P. GIANNINI, M. DEZANTI:

Global types and event structure semantics for asynchronous multiparty sessions CoRR (2021),
Fundamenta Informaticae (2024)
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G =" pql{);.G;}ies | pa?).G | End

Splitting communications in global types

Type Configurations Gl Q

Subject Reduction and Session Fidelity relate reductions on Session to reductions on
Type Configurations.



Type System(s)

[T-Exp] End = p|[0]

G EplP] M| Q- (p,)i,a) Viel
pa!{\;.Gi}ier F pla!{\i.Pities] | M || ©

[T-SEND]

GFplP]IM]| Q kel

pa? k.G = pla!{\i.Pitiei] | M || {p, Ak, q) - @
with suitable conditions on participants due to infinite derivations.

[T-Rev]

Extensions dealing with PARTIALITY and (internal) DELEGATION



Forcing:

» Existential B-boundedness
» k-synchronisability
> ..






e
Asynch.-MPST <-?— Asynch.-SMPS
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PLACES ‘26 - M.Dezani’s talk:
Asynchronous Multiparty Sessions with Mixed Choice

_\«




Possible use of mixed choice: Fault Tolerance
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Many works on CFSM-MPST correspondence.

For instance
JULIEN LANGE, NOBUKO Y OSHIDA:

Verifying Asynchronous Interactions via Communicating Session Automata. CAV (1) 2019
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Many works on CFSM-MPST correspondence.

Roughtly: Getting requirements (ensuring good properties) on CFSM from MPST
theory.
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What about CFSM-SMPS?

CFSM systems = Asynchronous Multiparty Sessions
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What about CFSM-SMPS?

h[H] [| KIK] [ v[V] [| w[W]
where

H=w?ckla.H K=vlbh?7a.K V =(w?b+k?b)wla.V W = (h?c+v?b)v?a.V
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CFSM \(L/ Asynch—Sl\/lPS

What is an SMPS asynchronous global type in the CFSM setting?

F. StuTrz, E. D’OSUALDO:

An Automata-theoretic Basis for Specification and Type Checking of Multiparty Protocols.
ESOP, 2025

They propose a new general formalism for (finite-control) global description of
protocols: Protocol State Machines (PSMs).

PSMs = Asynch.Global Types
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CFSM \“/ Asynch—SMPS

pqlm 1 q < p?F’n-l qbr!l r<qfil TP p!l‘l

p>qlmg < p?mo qbrll r<q?1 r>plug

O O O
>~
q <lp?mg q>r!3 r<q?3 p b rlvg
paqlmg O 'O 'O 'O -

A PSM

1.qp?mz.qr!l.rq?l.rplvy.pr?vy.End
G = pq! 2.gp?mo.qrll.rq?1.rplvs.pr?vs.End
3.9p?ms.qr!3.rq?3.rplvs.rp?v3.G

The corresponding asynch. global type



Vast prairies yet to be explored!
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Anything IN-BETWEEN?

DaviD CASTRO-PEREZ, FRANCISCO FERREIRA, SUNG-SHIK JONGMANS:
A Synthetic Reconstruction of MultiParty Session Types. POPL, 2026

A typing approach where single participants are typed

A nice step towards a compositional verification approach via typing
(drawback: all participants are typed with the same G)

A conjecture: participants separately typable iff whole session typable in SMPS
(by abstracting their processes)

A compositiona verification in MPST
L. GHERI, N. YOSHIDA: Hybrid Multiparty Session Types: Compositionality for Protocol
Specification through Endpoint Projection, OOPSLA (2023)
Possible direction: SMPS for Gheri-Nobuko hybrid types
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