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Last time

Session types: types for protocols

Core formal models for session types

→ Process calculus

→ Lambda calculus (Hypersequent GV)

Implementation in Links
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Today

Multiparty session types: types with multiple participants

→ Why do we need MPSTs?

→ Global and local types

→ Modern MPST calculi and their metatheory

→ Implementations and extensions
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What about protocols with multiple participants?

Classic (and somewhat maligned!) exam-

ple of MPSTs

Two buyers co-ordinate to purchase an ex-

pensive item (traditionally a book):

→ Buyer 1 requests title from Seller,

seller responds

→ Buyer 1 sends requested share to

Buyer 2

→ Buyer 2 either accepts, sending ad-

dress to seller and receiving delivery

date, or rejects
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Can we implement this using binary

session types?



Can we implement this using binary session types?

Buyer1(b2, s) ,
let s = send "In your defence" s in

let (price, s) = receive s in

let b2 = send price/2 b2 in
close b2; close s

Buyer2(b1, s) ,
let (price,b1) = receive b1 in
close b1;
let s = select address s in

let s = send "18 Lilybank Gardens" s in

let (date, s) = receive s in

close s

Seller(b1,b2) ,
let (title,b1) = receive b1 in
let b1 = send lookup(title) b1 in
close b1;
offer b2 {
case address 7→
let b2 = send 2024-07-25 b2 in
close b2

case quit 7→
close b2

}

Yes, but…
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Can we implement this using binary session types?

Buyer1(b2, s) ,
let b2 = send 100 b2 in
let s = send "In your defence" s in

let (_, s) = receive s in

close b2; close s

Buyer2(b1, s) ,
let s = select address s in

let (price,b1) = receive b1 in
close b1;
let s = send "18 Lilybank Gardens" s in

let (date, s) = receive s in

close s

Seller(b1,b2) ,
let (title,b1) = receive b1 in
let b1 = send lookup(title) b1 in
close b1;
offer b2 {
case address 7→
let b2 = send 2024-07-25 b2 in
close b2

case quit 7→
close b2

}

Deadlock!
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Key issue: no way of ordering
communication on different

channels



Multiparty session types

Idea: global types describe interactions

between participants, projected to local

types for typechecking

Key reference: K. Honda, N. Yoshida, M.

Carbone. Multiparty Asynchronous Ses-

sion Types. POPL’08.

Spawned a huge line of work; awarded

POPL most influential paper award in 2018
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MPSTs: Overview

Global type

Local type 

(Bob)

Local type 

(Alice)

Local type

(Carol)

Process 

(Bob)

Process 

(Alice)

Process 3 

(Carol)

Project
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Project

(Bob)

Project

(Carol)

Typecheck / 

Monitor

Typecheck / 

Monitor

Typecheck / 

Monitor

10



Two-Buyer Protocol: Types

Global type

Buyer1 → Seller : title(String) .
Seller → Buyer1 : quote(Int) .
Buyer1 → Buyer2 : share(Int) .
Buyer2 → Seller : {

address(String) .
Seller → Buyer2 : date(Date) .
end,

quit(Unit) . end
}

Buyer 1

Seller⊕ title(String) .
Seller& quote(Int) .
Buyer2⊕ share(Int) . end

Buyer 2

Buyer1& share(Int) . Seller⊕{
address(String) . Seller& date(Date) . end,
quit(Unit) . end }

Seller

Buyer1& title(String) .
Buyer1⊕ quote(Int) .
Buyer2&{

address(String) . Buyer2⊕ date(Date) . end,
quit(Unit) . end }
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Global types

G ::= p → q : {`i(Ai) . Gi}i∈I communication

| µt.G recursive type

| t recursive type variable

| end finished
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Local types

S, T ::= p&{`i(Ai) . Si}i∈I offer choice to p

| p⊕{`i(Ai) . Si}i∈I send selection to p

| µt.S recursive type

| t recursive type variable

| end finished
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Projection

q → r : {`i(Ai) . Gi}i∈I � p =


r⊕{`i(Ai) . (Gi � p)}i∈I if p = q

q&{`i(Ai) . (Gi � p)}i∈I if p = r

ui∈I(Gi � p) otherwise

(µt.G) � p = µt.(G � p)

t � p = t

end � p = end

Only interesting case is communication:

→ Projecting at sender role gives local selection type

→ Projecting at receiver role gives local branching type

→ Projecting a selection at neither sender nor receiver requires merge u
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Merging

Plain Merge

Idea: projections at all branches must

be the same.

S u S = S

(undefined otherwise)

Full Merge

Idea: Number of branches in offer type

don’t need to match; merge

overlapping ones

p&{`i(Ai) . Si}i∈I u p&{`i(Ai) . Tj}j∈J =
p&{`k(Ak) . (Sk u Tk)}k∈(I∩J)

∪ {`i(Ai) . Si}i∈(I/J)

∪ {`j(Aj) . Sj}j∈(J/I)

(remaining cases defined

homomorphically)
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Modern MPST Process Calculi



Less is More

MPST calculi have traditionally been brit-

tle, based on pointwise duality

Approach I will tell you about today based

on “Less is More” by Scalas & Yoshida,

POPL’19a.

Key idea is based around behavioural

properties of collections of local types

aA. Scalas & N. Yoshida. Less is More: Multiparty

Session Types Revisited. POPL 2019.
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(Some) typing context properties

Safety
→ Values exchanged have matching types, selected labels are supported

Deadlock-freedom
→ Either protocol is terminated or a communication can occur

Liveness
→ Each communication action can eventually be fired

Termination
→ Protocol always reaches final state after finite number of steps
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Properties via projection

Determining whether a collection of local types satisfies a given property

requires exploration of the state space

→ Either by enumerating and checking state space directly, or using a model

checker

→ Can also check properties using a model checker

However, local types arising from projection have some properties by

construction

→ Safety, liveness, deadlock-freedom
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Calculus

Variables x, y, z

Session names s

Names c,d ::= x | s[p]
Values V,W ::= n | b | c

Declarations D ::= X(
−→
x ) = P

Processes P,Q ::= 0 inactive process

| (νs)P session name restriction

| P ‖ Q parallel composition

| c[p]⊕ `(V) . P send to p
| c[p]&{`i(xi) . Pi}i∈I receive from p
| def D in P recursive process definition

| X〈−→V 〉 recursive process call

19



Typing rules (1)

un(Γ)

Θ; Γ ` 0

Inactive process typable under unrestricted

environment

Θ;Γ1 ` P Θ;Γ2 ` Q

Θ;Γ1 + Γ2 ` P ‖ Q

Parallel processes typable under disjoint en-

vironments (up to unrestricted types)

j ∈ I Γ1 ` c : p⊕{`i(Ai) . Si}i∈I

Γ2 ` Vj : Aj Θ;Γ3, c : Sj ` Pj

Θ;Γ1 + Γ2 + Γ3 ` c[p]⊕ `j(Vj) . Pj

Label must be in session type, payload’s

type must match; bind x to Sj in continu-

ation
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Typing rules (2)

Γ1 ` c : p&{`i(Ai) . Si}i∈I

(Θ; Γ2, xi : Ai, c : Si ` Pi)i∈I

Θ;Γ1 + Γ2 ` c[p]&{`i(xi) . Pi}i∈I

Receive branches must match session type;

bind payload type to xi and Si to c in con-

tinuation

Θ′ = Θ,X : 〈A1, . . . ,An〉
Θ′; x1 : A1, . . . , xn : An ` P Θ′; Γ ` Q

Θ;Γ ` def X(x1 : A1, . . . , xn : An) = P in Q

Bind parameters in type environment to

type P, also bind definition in recursion en-

vironment

X : 〈A1, . . . ,An〉 ∈ Θ
(Γi ` ci : Ai)i∈1..n

Θ;Γi ` X〈c1, . . . cn〉

Check that argument types match definition

in recursion environment
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Typing rules: name restriction

Γ′ = {s[pi] : Spi
}i∈I s 6∈ Γ ϕ(Γ′)

ϕ is a safety property Θ;Γ,Γ′ ` P

Θ;Γ ` (νs)P

Key idea: Collection of local types that satisfy some property ϕ
For type preservation, ϕ must be at least a safety property

→ The exact property can be tailored depending on the desired

behaviour

Write safe(Γ) if ϕ(Γ) for some safety property
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Reduction rules

(E-Comm)

s[p][q]⊕ `j(V) . P ‖ s[q][p]&{`i(xi) . Qi}i∈I −→ P ‖ Qj{V/xj} (if j ∈ I)

(E-Call)

def X(
−→
x ) = P in (X〈−→V 〉 ‖ Q) −→ def X(

−→
x ) = P in (P{−→V /

−→
x } ‖ Q)

P −→ P′

P ‖ Q −→ P′ ‖ Q

P −→ Q

(νs)P −→ (νs)Q

P ≡ P′ P′ −→ Q′ Q′ ≡ Q

P −→ Q
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Metatheory: Preservation

Theorem (Preservation)

If Θ;Γ ` P where safe(Γ), and P −→ Q, then there exists some Γ′

such that Γ −→ Γ′ and Θ;Γ′ ` Q.
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Metatheory: Using type-level properties to check process
behaviour (1)

Preservation is an important, but basic property

We want to show that if a protocol satisfies a property (e.g.,

deadlock-freedom), then so does the process

Session fidelity theorem shows that (under some conditions), any reduction

in the environment can be reflected by the process

Theorem (Session Fidelity (Informally))

If:

→ Θ;Γ ` P with safe(Γ)

→ Each basic subprocess has guarded recursive calls, and acts only on a single role

→ Γ −→ Γ′

then there exists some Q such that P −→ Q.
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Metatheory: Using type-level properties to check process
behaviour (2)

Deadlock-freedom on processes: P −→∗ Q 6−→ implies that Q ≡ 0.

Deadlock-freedom on typing contexts: Γ −→∗ Γ′ 6−→ implies un(Γ′)

Therefore:

→ only way a process cannot reduce is if the environment cannot reduce

→ since safe(Γ′), the only way the Γ′ cannot reduce is if un(Γ′)
→ since recursion guarded, only typable basic subprocesses under Γ′ are 0
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A note on asynchrony

We have so far considered a synchronous reduction semantics

In the synchronous setting, the typing context properties are decidable

→ The state-space is finite

It is also possible and often desirable to consider an asynchronous semantics

However, many context properties (e.g., safety) are undecidable in the

asynchronous setting

→ Global types can help here
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Implementations



The Scribble Protocol Description Language

global protocol TwoBuyer(role B1,
role B2, role S) {

title(String) from B1 to S;
price(Int) from S to B1;
share(Int) from B1 to B2;
choice at B2 {

address(String) from B2 to S;
date(Date) from S to B2;

} or {
quit() from B2 to S;

}
}

Scribble: language-agnostic protocol

description language

Based on MPST theory: validation, pro-

jection, monitor generation

More liberal syntax than global types

(e.g., joins after choice blocks)

Validation based on bounded model

checking
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νScr

νScr: more stripped down version of

Scribble, written in OCaml

Goal is to keep minimal and close to

theory

Try it out online: https://nuscr.dev

29

https://nuscr.dev


The API Generation Approach

Hybrid Session Verification through Endpoint API Gen-

eration. R. Hu & N. Yoshida. FASE’16.

Methodology for implementing MP-

STs in mainstream languages

Compile local types to endpoint FSMs

“dot-driven” approach to chain to-

gether API calls

“Hybrid” approach: runtime checks to

ensure no duplicate uses
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Implementation via typestate

D. Kouzapas, O. Dardha, R. Perera, and S. J. Gay.

Typechecking Protocols with Mungo and StMungo.

PPDP’16 & SCP.

Typestate: type discipline for OOP

which governs object methods that

can be invoked

Mungo: Typestate checker for Java

→ External specification of types-

tate FSMs, checked via tool

StMungo: Translation from Scribble

into typestates
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Implementations in Rust (1)

N. Lagaillardie, R. Neykova & N. Yoshida. Stay Safe

Under Panic: Affine Rust Programming with Multiparty

Session Types. ECOOP’22.

Encode MPSTs using a mesh of binary

channels

→ Built on Sesh (Kokke, 2019)

Tool: MultiCrusty

Adapts affine sessions approach to

support cascading failure
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Implementations in Rust (2)

Encode MPSTs using Rust’s type sys-

tem, using async/await

Key feature: safe message reordering

using asynchronous subtyping

→ Allows message reordering

where there is no causality

between communications

→ Async. subtyping is undecidable

in general

→ Sound & efficient approximation
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Extensions



Explicit Connection Actions

aux global protocol Pay
(role C, role A, role S) {

choice at C {
// C connects to S, sends pay

info
pay(Str) connect C to S;
// S returns a payment

reference
confirm(Int) from S to C;
// C forwards the payref to A
accpt(Int) from C to A;

} or {
reject() from C to A;

}
}

R. Hu & N. Yoshida. Explicit Connection Actions in

Multiparty Session Types. FASE’17.

Often does not make sense for all par-

ticipants to be instantiated at start of

session

→ e.g., when selecting a particular

chat room to join

Idea: Explicitly invite a participant mid-

way through a session

Protocol safety checking through 1-

bounded model checking
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MPSTs for Adaptable Actors

P. Harvey, SF, O. Dardha, S. J. Gay. Multiparty Session

Types for Safe Runtime Adaptation in an Actor Lan-

guage. ECOOP 2021.

Actor languages: explicitly ad-

dressable processes

Runtime adaptation:

→ Discover other actors

→ Communicate safely

→ Replace without breaking

communication guarantees

First statically-checked session

type system for actors, using

explicit connection actions to

support safe runtime adaptation
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Refinement types

F. Zhou, F. Ferreira, R. Hu, R. Neykova, and N. Yoshida.

Statically Verified Refinements for Multiparty Proto-

cols. OOPSLA’20.

Refinement types: Boolean predi-

cates on exchanged values

Extend global types with refinements,

implemented in F?

Inversion of control: user-specified

callbacks rather than direct-style pro-

gramming
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Explicit fault-tolerance

A. Barwell, A. Scalas, N. Yoshida, F. Zhou. Generalised

Multiparty Session Types with Crash-Stop Failures.

CONCUR 2022.

MPSTs typically assume lack of failure

Idea: define a set of reliable roles; as-

sume remainder can fail nondetermin-

istically

User guided to handle each failure

point
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Multiparty GV

J. Jacobs, S. Balzer, and R. Krebbers. Multiparty GV:

Functional Multiparty Session Types with Certified

Deadlock Freedom. ICFP 2022.

Multiparty session-typed λ-calculus

(like the one in the last lecture)

A multi-fork construct allows for

deadlock-freedom

Everything mechanised in Coq!

→ Uses connectivity graph ap-

proach
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Wrapping up



Conclusion

Today

→ Introduction to multiparty session types

→ Global & local types, and projection

→ Generalised MPST theory based on “Less is More”

→ Practical implementations and implementations

There is much more to session types than I can cover in 3 hours!

→ Dependent session types, subtyping, logical correspondence, sharing…

Happy to chat / answer questions through the week!

Enjoy the rest of SPLV!
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