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Agenda
• Step 1 : the types  

• Step 2 : the processes  

• Step 3 : the properties of well-typed processes 

• Step 4 : advanced topics (delegation, static vs run-
time verification, asserted session types, relationships 
with automata, session types for real-time systems)



Motivation
• Why multiparty sessions? 

• Why a theory of multiparty sessions?



Web service coordination
• Web services : not just web-based RMI  
• Choreographies (WS-CDL Version 1.0 in 2005)

https://www.w3.org/TR/ws-cdl-10-primer/

global  
protocols

modular  
software development

https://www.w3.org/TR/ws-cdl-10-primer/


Choreography & realisation
“Using the Web Services Choreography specification, a contract 
containing a global definition of the common ordering conditions and 
constraints under which messages are exchanged, is produced [...].  
Each party can then use the global definition to build and test solutions 
that conform to it. The global specification is in turn realised by 
combination of the resulting local systems […]” [W3C’s WS-CDL]

global 
definition

WS-CDL
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Origin of Multiparty Session Types
Binary Session Types [CONCUR’93,PARLE’94,ESOP’98]  

Milner, Honda and Yoshida joined W3C WS-CDL (2002) 

Formalisation of WS-CDL [ESOP’07] 

Scribble at π4 Technology  

Multiparty Session Types [POPL’08] 



WS-CDL & Global types & Scribble 

By Nobuko Yoshida (Bertinoro SFM) in 2015 <— by Dr Gary Brown (Pi4 Tech) in 2007



You ! World : hHelloi. end

WS-CDL & Global types & Scribble 

By Nobuko Yoshida (Bertinoro SFM) in 2015



Motivation
• Why multiparty sessions? 

• Why a theory of multiparty sessions?



Binary Sessions (recap) 
Buyer Seller

title

ok

quote

T =!String ; ?Int ; �{ok : !String ; ?Date; end, quit : end}
T =?String ; !Int ; &{ok : ?String ; !Date; end, quit : end}

address
date

quit

(branching)

If P and Q have dual types (e.g., T and T , respectively) then P | Q is typable.



Alice Seller

title

ok

quote

address
date

(branching)

Bob

quote
quote

ok

quit

Can you model this using binary types?

Binary vs Multiparty



Binary vs Multiparty

Alice Seller

title

ok

quote

address
date

(branching)

Bob

quote
quote

ok

quit

1 2
3

… for example by combining binary session …



Binary vs Multiparty

Alice Seller

title

ok

quote

address
date

(branching)

Bob

quote

quote

ok

quit

1 2

3

No. Causalities may not be preserved across sessions



Therefore…
• Having session involving more than two roles allows to 

model protocols that we could not model with binary 
session types 

• The challenges of Multiparty Session types: 
• asynchrony + distribution 
• network configuration 
• extending duality to multiparty specifications 
• realizability



Essential reading list

Coppo,Dezani-Ciancaglini,Padovani,Yoshida@SFM’15 
“A Gentle Introduction to Multiparty Asynchronous Session Types” 

Bettini et al.@CONCUR’08 
“Global Progress in Dynamically Interleaved Multiparty Sessions”

Honda,Yoshida,Carbone@POPL’08 
“Multiparty asynchronous session types” 



Multiparty Session Types : the method

global 
type project!

local  
type

local  
type

local  
type

!ShStringi.
?S(Int).
!BhInti.
. . .

type check!

type check!

type check!

program

program

program



global 
type project!

local  
type

local  
type

local  
type

type check!

type check!

type check!

program

program

program

Some considerations …

• Top down approach (global types known/agreed beforehand)  

• Local verification of global properties: session fidelity, communication 
safety, progress 

• Tractability



Global types : syntax
Interaction 
Branching 
Recursion 
Type variable 
End

U ::= Int | String | Bool | . . . | T | G

G ::= p ! q : hU i.G
| p ! q : {li : Gi}i2I

| µt. G
| t
| end



Three buyers protocol: global type



• Not directly given in [Honda,Yoshida, Carbone@POPL’08] 
and [Bettini et al.@CONCUR’08] (but via local types) 

• Given in [Deniélou&Yoshida@ICALP’13]  

• Key characteristics: asynchrony and distribution

Semantics of global types

Deniélou,Yoshida@ICALP’13 
“Multiparty Compatibility in Communicating Automata:  
Characterisation and Synthesis of Global Session Types.” 



• Messages in transit stored in FIFO unbounded queues 
• assume two channels for each pair of roles*

Communication channels

AB

AS

SA

BS

SB

B

A S

BA

* [Honda,Yoshida, Carbone@POPL’08] gives explicit account of channel’s usage and requires 
additional checks to prevent races. Above we follow [Bettini et al.@CONCUR’08]



Asynchrony
• Each interaction is made of a send action and a 

(separated) receive action"

• We will use the following (transition) labels 

` ::= pq!U | pq?U | pq! l | pq? l

p sends q  
a message  
of type U

q receives  
from p a  
message  
of type U

… and the 
same with 
branching 
labels…



Asynchrony : example
A ! S : hStringi.
S ! A : hInti.
S ! B : hInti.
A ! B : hInti.
G0

AS!String
A S : hStringi.
S ! A : hInti.
S ! B : hInti.
A ! B : hInti.
G0

S ! A : hInti.
S ! B : hInti.
A ! B : hInti.
G0

AS?String



Distribution
• Participants have a limited knowledge of the global state 

• Below, S and A act independently

S ! B : hInti.
A ! B : hInti.
G0

S B : hInti.
A ! B : hInti.
G0

S ! B : hInti.
A B : hInti.
G0

SB!Int

AB!Int

which action(s) can be 
executed from here?

can                be  
executed from here

AB?Int



On the order of actions
• The subject of an action is the role who performs that 

action subj (pq!U ) = p

subj (pq?U ) = q

• In an execution, it is possible to swap two contiguous 
actions unless:  

1. they have the same subject 

2.they are corresponding send and receive actions 
(e.g., of the form             and            )pq?Upq!U



p ! q : hU i. r ! s : hU i. end

• Which executions are possible? 

pq?U rs?Urs!Upq!U

Exercise

pq?U pq!U rs?Urs!U

pq?U rs?Urs!Upq!U

pq?U rs?Urs!U pq!U

a.

b.

c.

d.



• Enumerate all the possible executions of the 
global type below:

Exercise

p ! q : hU i. q ! r : hU i. end



Multicast vs point to point



Unbounded buffers
G ::= p ! q : hU i.G

| p ! q : {li : Gi}i2I

| µt. G
| t
| end

G[µt.G/t]
`�! G0

µt.G
`�! G0

Exercise: think of an example of unbound buffers  
(use the rules below)

G
`���! G0 p, q 62 subj (`)

p q : hU i.G `���! p q : hU i.G 0



• Global types come with a concise notation 

• … but the syntactic order may differ from the  
execution order

Wrapping up



Multiparty Session Types : the method

type check!

project!
type check!

type check!

global 
type

local  
type

program

local  
type

local  
type

program

program

• Projection yields a local type for each role 
• Why bother?  

• formal model for (modular) verification 
• check that the global type is realisable



Local types

Send 
Receive 
Select 
Branch 
Rec 
Call 
End

G ::= p ! q : hU i.G
| p ! q : {li : Gi}i2I

| µt. G
| t
| end

Global Types Local Types



Projection
(p ! p0 : hU i.G 0

) � q =

8
><

>:

!hp0,U i.G 0 � q if q = p,

?hp,U i.G 0 � q if q = p0,

G � q otherwise.

(p ! p0 : {li : Gi}i2I) � q =

8
>>><

>>>:

�hp0, {li : Gi � q}i2Ii if q = p,

&hp, {li : Gi � q}i2Ii if q = p0,

Gi0 � q if p, p0 6= q, i0 2 I, and

Gi � q = Gj � q for all i, j 2 I.

(µt.G) � q =

(
µt.(G � q) if G � q 6= t,

end otherwise.

t � q = t

end � q = end

If none of the conditions above applies, then G is not projectable

‘
?(p,U ).G0 � q

�hp0, {li : Gi � q}i2Ii
&(p, {li : Gi � q}i2I)



Projection: example
G = A ! S : hStringi.

S ! A : hInti.
S ! B : hInti.
A ! B : hInti.
B ! S : {ok : B ! S : hStringi.

S ! B : hDatei.end,
quit : end}

G � A = !hS,Stringi. ?(S, Int). !hB, Inti. end



Projection : exercise

G � M ::= !hW, taski. ?hA, ?i.

G � W ::= ?hM, taski. � hA, {ok :?hA, datai.end, stop : end}i

G � A ::= &hW, {ok :?hW, datai.?hM, resulti.end, stop :?hM, error codei.end}i

G ::= M ! W : htaski.
W ! A{ ok : W ! A : hdatai. A ! M : hresulti.end,

stop : A ! M : herror codei.end }



Exercise : branching
• Is G projectable on M?

G ::= M ! W : htaski.
W ! A{ ok : W ! A : hdatai. A ! M : {ok : A ! M : hresulti.end},

stop : A ! M : {stop : A ! M : herror codei.end} }

• Not with the projection rules we have seen 

• But it is projectable with a more powerful definition of projection 
which include “mergeability” [Deniélou&Yoshida@POPL’11]  
• in all branches the “third party” must receive a label from the same sender  
• different labels are merged 
• same labels need to have same-continuation 



Three buyer protocol with notification
A ! S : hStringi.
S ! {A, B} : hInti.
A ! B : hInti.
B ! {S, A} : {ok : B ! S : hStringi.

S ! B : hDatei.end,
quit : end}

A ! S : hStringi.
S ! {A, B} : hInti.
A ! B : hInti.
B ! S : {ok : B ! A : {ok : B ! S : hStringi.

S ! B : hDatei.end},
quit : B ! A : {quit : end}}

see extras for 
more on 
merge…



type check!

project!
type check!

type check!

global 
type

local  
type

program

local  
type

local  
type

program

program

What’s next



Recap
type check!

project! type check!

type check!

global 
type

local  
type program

local  
type

local  
type

program

program

photos by http://nasa.gov/

http://nasa.gov/


type check!

project! type check!

type check!

global 
type

program

program

program

local  
type

local  
type

local  
type

type check!

• Global and local types specify types of sessions 
• Programs are 

• code implementing roles in one or more sessions 
• executed —> processes

Recap



Programs
P ::= u[p](y).P

| u[p](y).P
| c!hp, ei.P
| c?(p, x).P
| c� hp, li.P
| c&(p, {li : Pi}i2I)
| c!hhp, s0[p0]ii.P
| c?((p, y)).P
| if e then P else Q

| P | Q
| 0
| (⌫a)P
| def D in P

| Xhe, ci

The system is a parallel 
composition of processes



Programs
P ::= u[p](y).P

| u[p](y).P
| c!hp, ei.P
| c?(p, x).P
| c� hp, li.P
| c&(p, {li : Pi}i2I)
| c!hhp, s0[p0]ii.P
| c?((p, y)).P
| if e then P else Q

| P | Q
| 0
| (⌫a)P
| def D in P

| Xhe, ci

establish sessions

interact in sessions

other constructs



service channels  a, a’, …                      !
• used to initiate sessions  

• shared

Establishing sessions

a[n](y).Pn | a[1](y).P1 | . . . | a[n� 1](y).Pn�1

�! (⌫s)(P1[s[1]/y] | P2[s[2]/y] | . . . | Pn[s[n]/y] | s : ;)

session channels :  s, s’, …                

• for session communication 

• private

Coppo et al.@SFM’15

[Init]



Processes
programs

run-time processes

P ::= u[p](y).P
| u[p](y).P
| c!hp, ei.P
| c?(p, x).P
| c� hp, li.P
| c&(p, {li : Pi}i2I)
| c!hhp, s0[p0]ii.P
| c?((p, y)).P
| if e then P else Q

| P | Q
| 0
| (⌫a)P
| def D in P

| Xhe, ci
| (⌫s)P
| s : h

queue of messages in transit: 
!
!(q, p, v)

(q, p, l)



Processes
P ::= u[p](y).P

| u[p](y).P
| c!hp, ei.P
| c?(p, x).P
| c� hp, li.P
| c&(p, {li : Pi}i2I)
| c!hhp, s0[p0]ii.P
| c?((p, y)).P
| if e then P else Q

| P | Q
| 0
| (⌫a)P
| def D in P

| Xhe, ci

interact in sessions



• What you need  

• a process that is ready to send/select 

• an established session (hence a queue)

Sending a message

s[p]!hq, ei.P | s : h �! P | s : h · (p, q, v) (e # v)



• What you need  

• a process that is ready to send/select 

• an established session (hence a queue)

Sending a message

s[p]!hq, ei.P | s : h �! P | s : h · (p, q, v) (e # v)

• What you get  

• a message is placed in the queue 

• the process reduces to its continuation



Communications within sessions (1/2)

s[p]!hq, ei.P | s : h �! P | s : h · (p, q, v) (e # v)[Send]

[Rcv]

Coppo et al.@SFM’15

s[p]?(q, x).P | s : (q, p, v) · h �! P [v/x] | s : h

s[p]?(q, x).s[p]!hq, x+ 1i.0 | s : (q, p, 5)

• Exercise: give the reduction of the process below



Communications within sessions (2/2)

s[p]� hq, li.P | s : h �! P | s : h · (p, q, l)[Sel]

[Bra]
(j 2 I)

Coppo et al.@SFM’15

s[p]&(q, {li : Pi}i2I) | s : (q, p, lj) · h �! Pj | s : h



PA

PS

PBs

Recall (queues)
• Recall: we assume two queues for each pair of roles

s : h1 · (p, q, v) · (p0, q0, v0) · h2 ⌘ s : h1 · (p0, q0, v0) · (p, q, v) · h2

if p 6= p0 or q 6= q0.

message permutation

s
AB  
BA  
BS"
SB"
SA  
AS

: (A, B, v).(A, C, l)…

• FIFO must be preserved for messages “in the same queue” 
• The others may need to be swapped to allow reduction



Example (1/2)
s[A]!hC, “chocolate”i.s[A]!hC, 10i.0

| s[B]� hC, l1i.0
| s[C]?(A, x).s[C]?(A, y).s[C]&(B, {li : 0}i2{1,2,3})
| s : ;

s[A]!hC, 10i.0
| s[C]?(A, x).s[C]?(A, y).s[C]&(B, {li : 0}i2{1,2,3})
| s : (B, C, l1) · (A, C, “chocolate”)

s[C]?(A, x).s[C]?(A, y).s[C]&(B, {li : 0}i2{1,2,3})
| s : (B, C, l1) · (A, C, “chocolate”) · (A, C, 10)



Example (2/2)

• which of the following permutations are allowed?

s : (A, C, “chocolate”) · (B, C, l1) · (A, C, 10)

s : (A, C, 10) · (A, C, “chocolate”) · (B, C, l1)
s : (A, C, “chocolate”) · (A, C, 10) · (B, C, l1)

s[C]?(A, x).s[C]?(A, y).s[C]&(B, {li : 0}i2{1,2,3})
| s : (B, C, l1) · (A, C, “chocolate”) · (A, C, 10)



Programs
P ::= u[p](y).P

| u[p](y).P
| c!hp, ei.P
| c?(p, x).P
| c� hp, li.P
| c&(p, {li : Pi}i2I)
| c!hhp, s0[p0]ii.P
| c?((p, y)).P
| if e then P else Q

| P | Q
| 0
| (⌫a)P
| def D in P

| Xhe, ci

other constructs



A ! S : hStringi.
S ! {A, B} : hInti.
µt.A ! B : hInti.

B ! {S, A} : {ok : B ! S : hStringi.
S ! B : hDatei.end,

more : t,
quit : end}

T 00 =?(S,String).!hS,Datei.end

Example : recursive three buyer protocol

T 0 =!hS,Stringi.?(S,Date).end

G � B =?(S, Int). µt. ?(A, Int).� ({S, A}, {ok : T 0,more : t, quit : end})

• Focusing on Bob



An implementation of Bob
T 0 =!hS,Stringi.?(S,Date).end

G � B =?(S, Int). µt. ?(A, Int).� ({S, A}, {ok : T 0,more : t, quit : end})



T 0 =!hS,Stringi.?(S,Date).end

G � B =?(S, Int). µt. ?(A, Int).� ({S, A}, {ok : T 0,more : t, quit : end})

An implementation of Bob



T 0 =!hS,Stringi.?(S,Date).end

G � B =?(S, Int). µt. ?(A, Int).� ({S, A}, {ok : T 0,more : t, quit : end})

An implementation of Bob



T 0 =!hS,Stringi.?(S,Date).end

G � B =?(S, Int). µt. ?(A, Int).� ({S, A}, {ok : T 0,more : t, quit : end})

An implementation of Bob



T 0 =!hS,Stringi.?(S,Date).end

G � B =?(S, Int). µt. ?(A, Int).� ({S, A}, {ok : T 0,more : t, quit : end})

An implementation of Bob



A bit of semantics by examples

*



Semantics of recursion
def X(x, y) = P in (Xhe, s[p]i | Q)

�! def X(x, y) = P in (P [v/x][s[p]/y] | Q)

[ProcCall]

Coppo et al.@SFM’15



Semantics of recursion

…ignoring the context and assuming (A,B,5) is in the queue…



Semantics of conditional

Coppo et al.@SFM’15

[If_T]
[If_F]

if e then P else Q �! P (e # true)
if e then P else Q �! Q (e # false)



Semantics of conditional

…ignoring the context…



Back to recursion

• P is executed again, within the same session 
s[B], but with a different value for x 



More on the semantics…

• See extra at the end for quick reference!
• See (better) the whole paper!!

[Coppo et al.@SFM’15]



Wrapping up
• Today we have seen 

• types 

• processes 

• some hints on types-process “correspondence” 

• Next time we will see  

• typing 

• properties guaranteed by typing
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Global semantics (part 1)
p ! p0 : hU i.G 0 pp0!U���! p p0 : hU i.G 0

p p0 : hU i.G 0 pp0?U����! G0

p ! q : {li : Gi}i2I
pq!li���! p q : {li : Gi}

p q : {li : Gi}
pq?li���! Gi

[Snd]

[Rcv]

[Sel]

[Bra]

[Rec] adapted from 
Deniélou,Yoshida@ICALP’13

G[µt.G/t]
`�! G0

µt.G
`�! G0



8j 2 I Gj
`���! G0

j p, q 62 subj (`)

p ! q : {li : Gi}i2I
`���! p ! q : {li : G0

i}i2I

[Async1]

[Async2]

Global semantics (part 2)

adapted from 
Deniélou,Yoshida@ICALP’13

G
`���! G0 p, q 62 subj (`)

p q : hU i.G `���! p q : hU i.G 0

G
`���! G0 p, q 62 subj (`)

p ! q : hU i.G `���! p ! q : hU i.G 0

Gi
`���! G0

i p, q 62 subj (`)

p q : {li : Gi}
`���! p q : {li : G0

i}

[Async1’]

[Async2’]



8j 2 I Gj
`���! G0

j p, q 62 subj (`)

p ! q : {li : Gi}i2I
`���! p ! q : {li : G0

i}i2I

[Async1]

Applying the global semantics

adapted from 
Deniélou,Yoshida@ICALP’13

G
`���! G0 p, q 62 subj (`)

p ! q : hU i.G `���! p ! q : hU i.G 0
[Async1’]

Exercise : Which labels can be produced by applying rule 
[Asynch1] to G ?

G = p ! q : hU i. p ! r : hU i. s ! t : hU i.G 0



Global semantics (part 3)
• A local semantics is also given 

• each local type can make a send/receive step by 
“interacting” with a queue 

• when one local type makes a step then the whole 
system make a step (interleaved semantics)

Deniélou,Yoshida@ICALP’13



More on channels
• ln [Honda,Yoshida,Carbone@POPL’08] channels are 

defined explicitly and each can be used by different 
participants  

• This creates risk of races on channel and requires extra 
checks that channels are used linearly (with no races).

Honda,Yoshida,Carbone@POPL’08



Example: sending type G
((⌫a)a0[1](y).y!h2, ai.a[2](y0).P ) | a0[2](y).y?(1, x).x[2](y0).Q)
�!

(⌫s)(((⌫a)s[1]!h2, ai.a[2](y0).P ) | s[2]?(1, x).x[2](y0).Q | s : ;)
�!

(⌫s)(((⌫a)a[2](y0).P ) | s[2]?(1, x).x[2](y0).Q | s : (1, 2, a))
�!

(⌫s)(⌫a) a[2](y0).P ) | a[2](y0).Q) | s : ;
�!

(⌫s)(⌫a)(⌫s0) P [s0[2]/y0] | Q[s0[1]/y0] | s : ; | s0 : ;



Mergeability

ti2IGi � q

merge!

Deniélou,Yoshida@POPL’11

• Basically:  
• the first action of q in all Gi must be receiving a label from a 

unique role 
• the  merge will include the union of the labels in all Gi (each 

with the respective continuation) 
• if two or more Gi have the same label then their type 

(projected on q) must be the same



Equivalence

Coppo et al.@SFM’15



Semantics

Coppo et al.@SFM’15


