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I Last time

Session types: types for protocols

Core formal models for session types

— Process calculus
— Lambda calculus (Hypersequent GV)

Implementation in Links



I 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



I What about protocols with multiple participants?

Classic (and somewhat maligned!) exam-

le of MPSTs
Buyer1 Seller Buyer2 P
< — - [Link] — — 1= — - [Link] — — > Two buyers co-ordinate to purchase an ex-
fitle ———| pensive item (traditionally a book):

<—— quote quote ————»| .
4 — Buyer 1 requests title from Seller,
quote div2 —N—m |
. S seller responds
e address — Buyer 1 sends requested share to
date ——»| f Pranch Buyer 2
R quit <------ — Buyer 2 either accepts, sending ad-

v dress to seller and receiving delivery
date, or rejects



Can we implement this using binary
session types?



I Can we implement this using binary session types?

Buyer1(b2,s) £
lets = send "In your defence"sin
let (price, s) = receive sin
let b2 = send price/2 b2 in
close b2; close s

Buyer2(bl,s) £
let (price,bl) = receive bl in
close b1;
let s = select address sin
lets = send "18 Lilybank Gardens"sin
let (date, s) = receive sin
close s

Yes, but...

Seller(b1,b2) =

let (title,bl) = receive bl in
let bl = send lookup(title) b1 in
close b1;
offer b2 {
case address —
let b2 = send 2024-07-25 b2 in
close b2
case quit —
close b2



I Can we implement this using binary session types?

Buyer1(b2,s) £ R
let b2 = send 100 b2 in Seller(b1,b2) =

lets = send "In your defence" sin let <t|t|e, bl) = receivg blin )
let (_,s) = receive s in let bl = send lookup(title) b1 in

close b2; close s close bl;
. offer b2 {
Buyer2(bl,s) = . case address —
lets = selectaddresssin let b2 = send 2024-07-25 b2 in
let (price,bl) = receive bl in close b2
close bl; . case quit —
lets =send "18 Lilybank Gardens" sin close b2
let (date, s) = receive sin }

close s

Deadlock!



Key issue: no way of ordering

communication on different
channels



Multiparty session types

Idea: global types describe interactions

Multiparty Asynchronous Session Types between participants, projected to local
e e types for typechecking

kohel @dos.qmul.ac.uk

Key reference: K. Honda, N. Yoshida, M.
Carbone. Multiparty Asynchronous Ses-
sion Types. POPL'08.

v, 2006, 2007; WS-CDL; Sparkes 2006; Honda

u by th al-
and Seller sends back the delivery date (a date):

Spawned a huge line of work; awarded

Above  denotes an output of a value of type i, dually for % @

mton e POPL most influential paper award in 2018

eriptors D3.1 [Progr



I MPSTs: Overview

Global type
Project /Pro|ject\ Project
(Alice) (Bob) (Carol)
Local type Local type Local type
(Alice) (Bob) (Carol)

I I I
Typecheck / Typecheck / Typecheck /
Monitor Monitor Monitor
! ! !
Process Process Process 3
(Alice) (Bob) (Carol)




I 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

}



I 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

}

Buyer1
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}



I Global types

G ::

p— q: {t(A) . Gi}ie
ut.G
t

end

communication
recursive type
recursive type variable
finished



I Local types

P &{Li(Ai) - Sitiel
p B{Li(A) . Sitiel

offer choice to p

send selection to p
recursive type
recursive type variable
finished



I Projection

ro{b(A) . (GiTp)la ifp=g
r{G(A) . Glia Ip = (9&{4(A). (G plia ifp=r
Mici(Gi | p) otherwise
(tG)Ip = pt(GIp)
tip =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 11



I Merging
Plain Merge

Idea: projections at all branches must
be the same.

SMS=S

(undefined otherwise)



I Merging

Plain Merge

Idea: projections at all branches must
be the same.

SMS=S

(undefined otherwise)

Full Merge

Idea: Number of branches in offer type
don’t need to match; merge
overlapping ones

p&{ﬁ ( ) Sl}lel M p&{gi(Ai) : Tj}jeJ =
P &{4(Ak) - (Sk T Ti) bke(iny)
U {E( |) Si }IE(I/J)
U {f( J) S'}je(J/l)

(remaining cases defined
homomorphically)



Modern MPST Process Calculi



I Less is More

MPST calculi have traditionally been brit-
tle, based on pointwise duality

Less Is More: Multiparty Session Types Revisited

ALCESTE SCALAS, Imperial College London, UK
NOBUKO YOSHIDA, Imperial College London, UK

Approach | will tell you about today based
Vit S T 05D i o i i e i e on “Less is More” by Scalas & Yoshida,
a given multiparty sessian protocol, without errors. In this paper, we propose a new, generalised MPST theory.

Our contribution is fourfold. (1) We demenstrate that a revision of the thearctical foundations of MPST is P O P L"I 93
necessary: classic MPST have a limited subject reduction property, with inherent restrictions that arc casily .
overlooked, and in previous work have led to flawed type safety proofs: our new theory removes such
restrietions and fixes such flaws. (2) We contribute a new MPST theory that s less complicated, and yet more
general, than the classic one: it does ot require global multiparty session Iypes nor binary session type duality

— instead, it is grounded on general behavioural type-level properties, and proves type safety of many more Key | d ea | S ba sed aroun d be haviou ra I

protocols and processes. (3} We produce a detailed analysis of type-level properties, showing how, in our new
theary, they allow to ensure decidability of type checking. and statically guarantee that processes enjoy, e.g.

deadlock-rcedom a Bveness at runcHime. () We sho b ur mew heoey can itegrate type and model propertjes of collections of local types

checking: type-level properties can be expressed in modal p-caleulus, and verified with well-cstablished tools.
€CS Concepts: - Theery of computation — Process caleuli; Type structures; Verification by model

checking: . . .
Mdmniall(w Words and Phrases: session types, duality, deadlock-freedom, liveness aA. Scalas & N‘ YOShIda' LeSS IS More: MU|t|party
Session Types Revisited. POPL 2019.




I (Some) typing context properties
Safety

— Values exchanged have matching types, selected labels are supported
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I (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



I 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



I Calculus

Variables X,Y,Z
Session names S
Names c,d
Values V, W
Declarations D
Processes P,Q

c[p)&{6i(x) - Pikic
defDinP

X(V)

inactive process

session name restriction
parallel composition
sendtop

receive from p

recursive process definition

recursive process call



I Typing rules (1)

un(I')

o;I'-0

Inactive process typable under unrestricted
environment

20



I Typing rules (1)

un(I')
o;I'-0

;I +P 0;I2 FQ

O;T1 +TaFP | Q

Inactive process typable under unrestricted
environment

Parallel processes typable under disjoint en-
vironments (up to unrestricted types)

20



I Typing rules (1)

un(I')
o;I'-0

O;I1 P ©;I2FQ
©; I+ FP[Q

jel Iy Fc:pa{b(A) . Sitia
]._‘2|_Vj:Aj @;Fg,C:Sjl—Pj

O;T1 + T2+ gk c[p] @ 4(V)) . P

Inactive process typable under unrestricted
environment

Parallel processes typable under disjoint en-
vironments (up to unrestricted types)

Label must be in session type, payload’s
type must match; bind x to S; in continu-
ation

20



I Typing rules (2)

1t c:p&{L4i(Ai) - Sitiel
(©;T2, i : Aj,c: S F Pyig

;11 + Iy F c[p]&{4i(xi) - Pi}iel

Receive branches must match session type;
bind payload type to x; and S; to ¢ in con-
tinuation

21



I Typing rules (2)

TiFc:p&{L(A) . Sitia Receive branches must match session type;
(©; T2, % : A, C: Si - Pyiey bind payload type to x; and S; to c in con-

©;I'1 + 'y = c[p]&{4i(Xi) - Pi}iel tinuation

0 = 0,X: (Al,..., A Bind parameters in type environment to
;%1 1 Ay, ;(n - A, F’ p ’ @:T'+FqQ typeP, alsobind definition in recursion en-

O:T F def X(x; : Al,..., % : Ay) = PinQ Vironment




I Typing rules (2)

1t c:p&{L4i(Ai) - Sitiel
(©;T2, i : Aj,c: S F Pyig

;11 + Iy F c[p]&{4i(xi) - Pi}iel

O =0,X:{A1,...,Ay)
O x1 AL, ... Xy Ap P o I'+Q

O;T Fdef X(x; : A,.... X : Ay) =PinQ

X: (AL,...,A)) €O
(Ti F ci: Aier.n
O; I - X{(c1,...¢n)

Receive branches must match session type;
bind payload type to x; and S; to ¢ in con-
tinuation

Bind parameters in type environment to
type P, also bind definition in recursion en-
vironment

Check that argument types match definition
in recursion environment

21



I Typing rules: name restriction

" = {s[pi] : Sp.}ier sl p(T)
v is a safety property O:I'T"FP

O;'+ (vs)P

Key idea: Collection of local types that satisfy some property ¢

For type preservation, o must be at least a safety property

— The exact property can be tailored depending on the desired
behaviour

Write safe(I") if o(I") for some safety property

22



I Reduction rules

(E-Comm)
slpllal @ 4(V) - P || s[q][p]&{¢i(xi) - Qitier — P Q{V/x}

(ifjel)

23



I Reduction rules

(E-Comm)
slplla] @ (V) . P | s[a][p]&{4i(xi) - Qitiet — Pl Q{V/x} (ifjel)
(E-Call)
def X(X) =Pin (X(V) | Q) — defX(X)="Pin(P{V/X}| Q)

23



I Reduction rules

(E-Comm)
siplla] @ 4(V) . P || s[a][pl&{ti(xi) . Qtiee — P Q{V/x} (ifjel)
(E-Call)
def X(X) =Pin (X(V) | Q) — defX(X)="Pin(P{V/X}| Q)
PP P—Q p=p P_-5Q Q=Q

PIQ—PQ (vs)P — (vs)Q P—Q

23



I Metatheory: Preseruation

Theorem (Preservation)

If ©; " - P where safe(I"), and P — Q, then there exists some [
suchthatI' — IMand ©; IV F Q.

24



I 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

25



I 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:
— ©;T' I P with safe(T")
— Each basic subprocess has guarded recursive calls, and acts only on a single role
— I — T

then there exists some Q such that P — Q.

25



I Metatheory: Using type-level properties to check process
behaviour (2)

Deadlock-freedom on processes: P —* Q /— implies that Q = 0.
Deadlock-freedom on typing contexts: ' —* I /— implies un(I")

Therefore:
— only way a process cannot reduce is if the environment cannot reduce
— since safe(I"), the only way the I cannot reduce is if un(I")
— since recursion guarded, only typable basic subprocesses under IV are O

26



I 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

27



Implementations



I The Scribble Protocol Description Language

global protocol TwoBuyer(role B1,
role B2, role S) {
title(String) from Bl to S;
price(Int) from S to B1;
share(Int) from Bl 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

28



vScr

g vScr live

Global protocol

module twobuyer . TwoBuyer;

type <java> "java.lang.Integer”
type <java> "java.lang.String"

from "rt.jar" as

from e ar a5 String;

type clave> -test tuobuyer Address” fron
(es(/tnohuyer/AddresS Jjava" as Addre:
type <javas *iest.twobuyer-Date" from -iest/twobuyer/bate. java®

global protocol TwoBuyer(role A

title(int) from A to S;
Tlquote(ine) from $ to A, 8;
ot currently supported

Tint"eron A ko 8;

choice at B

ok(int) from B
empty1(int) from S to B;

or

, role 8, role S)

// EFSM building for multicast

toS; @'z >y - 2"

{
) quit() from B to S; @'z < y - 2"

‘examples/annot/TwoBuyer.nuscr

v Analyse

Local types
+ A@TwoBuyer [ Project ][FSM]
+ B@TwoBuyer [ Project ][FSM]

« S@TwoBuyer [ Project ] [FsM]

Projected on to AaTwoBuyer :
title(int) to s;

quote(x: int) fron s;
quoteByTwo(z: int) to B;
end

[BlquoteByTwo(z int)

vScr: 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
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I The API Generation Approach

Hybrid Session Verification through
Endpoint API Generation

Methodology for implementing MP-
STs in mainstream languages

Raymond Hu and Nobuko Yoshida

Imperial College London

Abstract. This paper proposes a new hybrid session verification method- C om p | | e I oca I ty p es to en d poi nt Fs M S

ology for applying session types directly to mainstream languages, based
on generating protocol-specific endpoint APIs from multiparty session
types. The API generation promotes static type checking of the be-
havioural aspect of the source protocol by mapping the state space of
an endpoint in the protocol to a family of channel types in the tar-
get language. This is supplemented by very light run-time checks in the

generated API that enforce a linear usage discipline on instances of the “ d ot _d rive n” a pproac h to c h a in to-
channel types. The resulting hybrid verification guarantees the absence

of protocol violation errors during the execution of the session. We have

implemented our methodology for Java as an extension to the Scrib- gether API calls

ble framework, and used it to implement compliant clients and servers
for real-world protocols such as HTTP and SMTP. The API genera-
tion methodology additionally provides a platform for applying further

features from session type theory: our implementation supports choice “Hyb rid” a pproac h: runtime checks to

subtyping through branch interface generation, and safe permutation of

1/0O actions and affine inputs through input future generation. ensure no d u p I i Cate uses

Hybrid Session Verification through Endpoint APl Gen-
eration. R. Hu & N. Yoshida. FASE"6.



&) SmtpClientjava 53 N
» {5 scribble-core b & srcstest/scrib b @ demo.smtp » () SmitpClient » @ run() : void

L

68 512 = s20.receive(SMTP._250);

69 break;

70 }

71 case _501:

72 {

73 s20.receive(SMTP._501).send(SMTP.S, new Quit());

74 System.exit(@);

75

76

77 s12.send(SMTP.S, new Rcpt("my.friend@imperial.ac.uk"))

78 //.async(SMTP._25@)
5 79 .send(SMTP.S, new Data())
. 80 .async(SMTP._354) a The method send(S, Data) is undefined for the type SMTP_C_

81 .send(SMTP.S, new Subject("test™)) | 2aquickfues availeble: )
. 82 .send(SMTP.S, new Dataline("body") &iLZ“;TfZ":ZZZTffcfSZf’ ntpe SMTEC 1L
. 83 .send(SMTP.S, new EndOfData()) RS
| 84 .receive(SMTP._250, new Buff<>()) 2
. 85 .send(SMTP.S, new Quit());

RA 3

< >

i1 Problems 53 @ Javado Declarat Sea Unit & Console & Console

1 error, 320 warnings, 0 others (Fitter matched 101 of 321 items)
Description Resource
4 © Errors (1item)
& The method send(s, Data) is undefined for the type SMTP_C_16 SmtpClientjava



I Implementation via typestate

Science of Computer Programmirg

Contents lists available at ScienceDiract

Science of Computer Programming

www.elsevier.comlocate/scico

Typechecking protocols with Mungo and StMungo: A session m
type toolchain for Java e

Dimitrios Kouzapas?, Ornela Dardha ", Roly Perera <, Simon J. Gay"

that our
Protocol (SMTP).

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

32



I Implementations in Rust (1)

Stay Safe Under Panic: Affine Rust Programming
with Multiparty Session Types

Nicolas Lagaillardie &

Department of Computing, Imperial College London, UK
Rumyana Neykova &

Department of Computer Science, Brunel University London, UK
Nobuko Yoshida &

Depatiomst f Compin, mpectal Cleg Lo, U Encode MPSTs using a mesh of binary
Communicating systems comprise diverse software components across networks. To ensure their

—— Abstract Channe|S
robustness, modern programming languages such as Rust provide both strongly typed channels,

whose usage is guaranteed to be affine (at most once), and cancellation operations over binary B 1 | S h K | | 2019
Chamncls Tor o cometly comminienio and i cnch — Built on Ses OokKe,

other, we use the structuring mechanism from multiparty session types, extending it with affine

communication channels and implicit /explicit cancellation mechanisms. This new typing disciplin,

affine multiparty session types (AMPST), ensures. i of multiple, i

running components and guarantees that communication will not get stuck due to error or abrupt H

it Gttt AT, e gl o st oo o (e sCrese) ot Tool: MultiCrusty
Rust APIs associated with cancellation termination algorithms, by which the Rust compiler auto-

detects unsafe programs. Our evaluation shows that MultiCrusty provides an officient mechanism

for it and of the i of ion for arbitrary

processes. We have implemented several usecases, including popular application protocols (OAuth,

NI, ot i ncwo hanhin et (cpo. s, ot o) Adapts affine sessions approach to

2012 ACM Subject Classification Software and its engineering — Software usability; Software and

e Comensrons prmsain s Tecey of compotaton o oo ool support cascading failure

Keywords and phrases Rust language, affine multiparty session types, failures, cancellation

N. Lagaillardie, R. Neykova & N. Yoshida. Stay Safe
Under Panic: Affine Rust Programming with Multiparty
Session Types. ECOOP22.



I Implementations in Rust (2)

Encode MPSTs using Rust’s type sys-
tem, using async/await

Deadlock-Free Asynchronous Message Reordering in
Rust with Multiparty Session Types Key feature: safe message reordering

Zak Cutner Nobuko Yoshida Martin Vassor

e using asynchronous subtyping

m., e e — Allows message reordering
e o e e where there is no causality

imﬁ;f:“};m between communications
] — Async. subtyping is undecidable
in general

— Sound & efficient approximation

ssed on performance
¢ Rusts promis to provde
opers fequently cxplon o

To guarantee deadlock-freedom by construction, we present
RumpsTEAK: a new Rust framework based on multiparty ses-
sion types. Previous session type implementations in Rust are
‘upon synchronous and blocking communication
limited to two-party interactions. Crucially, none




Extensions



I 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. FASE7.

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

35



I MPSTs for Adaptable Actors

Multiparty Session Types for Safe Runtime
Adaptation in an Actor Language

Paul Harvey &
Rakuten Mobile Innovation Studio

Simon Fowler 2

School of Computing Seience, University of Glasgow
Ornela Dardha &

School of Computing Science, University of Glasgow
Simon J. Gay &

Sehool of Computing Science, University of Glasgow

Abstract
Human fallibility, unpredictable operating environments, and the heterogeneity of hardware devices
are driving the need for software to be 2
Unf mainstream languages do not. readily allow a

e to adapt as scen in the Internet of Things o telecom-

nse and respond to its operating environment, by discavering, replacing, and

¥
is problem by using sion type
formalism used to model protocols. By

connection actions, a type
session types with
software components, the discovery process can check protocol compatibility and, when required,
correctly replace components without jeopardi

oty

sential use of recent advances in non-classical multiparty session types.

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

36



I Refinement types

Statically Verified Refi

FANGYI ZHOU, Imperial College London, United Kingdom
FRANCISCO FERREIRA, Imperial College London, United Kingdom
RAYMOND HU, University of Hertfordshire, United Kingdom
RUMYANA NEYKOVA, Brunel University London, United Kingdom
NOBUKO YOSHIDA, Imperial College London, United Kingdom

With distributed computing becoming ubiquitous in the modern era, safe distributed programming is an open
challenge. To address this, multiparty session types (MPST) provide a typing discipline for message-passing
concurrency, guarantecing communication safety propertics such as deadlock freedom.

While originally MPST focus on the communication aspects, and employ a simple typing system for
communication payloads, communication protocols in the real world usually contain constraints on the
payload. We introduce refined multiparty session types (RMPST), an extension of MPST, that express data
dependent protocols via refinement types on the data types

‘We provide an implementation of RMPST, in a toolchain called SEsSION*, using SCRIBBLE, a toolchain for
‘multiparty protocols, and targeting F*, a verification-oriented functional programming language. Users can
describe a protocol in ScrzpLE and implement the endpoints in F* using refinement-typed APIs generated
from the protocol. The F* compiler can then statically verify the refinements. Moreover, we use a novel
approach of callback-styled API generation, providing static linearity guarantees with the inversion of control.
We evaluate our approach with real world examples and show that it has little overhead compared to a naive
implementation, while guaranteeing safety properties from the underlying theory.

CCS Concepts: - Theory of computation — Automated reasoning; Distributed computing models; - Soft-
ware and its engineering — Source code generation.

G =A — B : Count(count : int{count > 0}).
pt(eurr:int{curr > 0 A curr < count}){curr := 0).
Hello(it : int{curr < count A it = count}).t{curr := curr + 1)
B— R .
Finish(it : int{curr = count A it = count}).end

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 Fx

Inversion of control: user-specified
callbacks rather than direct-style pro-
gramming

37



I Explicit fault-tolerance

Generalised Multiparty Session Types with
Crash-Stop Failures

Adam D. Barwell &

Imperial College London, UK

Alceste Scalas &
DTU Compute, Technical University of Denmark, Lyngby, Denmark

Nobuko Yoshida &
Tmperial College London, UK

Fangyi Zhou &
Tmperial College London, UK

—— Abstract
Session types enable the specification and verification of communicating systems. However, their
theory often assumes that processes never fail. To address this limitation, we present a generalised
‘multiparty session type (MPST) theory with crash-stop fuilures, where processes can crash arbitrarily.
Our new theory validates more protocols and pracesses w.r.t. previous work. We apply minimal
syntactic changes to standard session 7-calculus and types: we model crashes and their handling
semantically, with a generalised MPST typing system parametric on a behavioural safety property.
We cover the spectrum between fully reliable and fully unreliable sessions, via optional reliability
assumptions, and prove type safety and protocol conformance in the presence of crash-stop failures.
Tntroducing crash-stop failures has non-trivial consequences: writing correct processes that
handle all crash scenarios can be difficult. Yet, our generalised MPST theory allows us to tame this
complexity, via model checking, to validate whether a multiparty session satisfies desired behavioural
properties, e.g. deadlock-freedorm or liveness, even in presence of crashes. We implement our approach
using the mCRL2 model checker, and evaluate it with examples extended from the literature.

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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I Multiparty GV

Multiparty GV: Functional Multiparty Session Types with
Certified Deadlock Freedom

JULES JACOBS, Radboud Univessity Nijmegen, The Netherlands
STEPHANIE BALZER, Carnegie Mellon University, USA
ROBBERT KREBBERS, Radboud University Nijmegen, The Netherlands

Session types have recently been integrated with functional languages, bringing message-passing concurrency
to functional programming. Channel endpoints then become first-class and can be stored in data structures,
captured in closures, and sent along channels. Representatives of the GV (Wadlers “Good Variation®) session
type family are of particular appeal because they not only assert session fidelity but also deadlock freedom,
inspired by a Curry-Howard correspondence to linear logic. A restriction of current versions of GV, however, is
the focus on binary sessions, limiting concurrent interactions within a session to two participants. This paper
introduces Multiparty GV (MPGV), a functional language with multiparty session types, allowing concurrent
interactions among several participants. MPGV upholds the strong guarantees of its ancestor GV, including
deadlock freedom, despite session interleaving and delegation. MPGV has a novel redirecting construct for
‘modular programming with first-class endpoints, thanks to which we give a type-preserving translation from
binary session types to MPGV to show that MPGV is strictly more general than binary GV. All results in this
paper have been mechanized using the Cog proof assistant.

CCS Concepts: - Software and its engineering — C ing language:

Additional Key Words and Phrases: Session types, message-passing concurrency, deadlock freedom

ACM Reference Format:

Jules Jacobs, Stephanie Balzer, and Robbert Krebbers. 2022 Multiparty GV: Functional Multiparty Session
Types with Certified Deadlock Freedom. Proc. ACM Program. Lang. 6, ICEP, Article 107 (August 2022), 30 pages
hittps://doi.org/10.1145/3547638

J. Jacobs, S. Balzer, and R. Krebbers. Multiparty GV:
Functional Multiparty Session Types with Certified
Deadlock Freedom. ICFP 2022.

Multiparty session-typed \-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



I 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 | can cover in 3 hours!
— Dependent session types, subtyping, logical correspondence, sharing...

Happy to chat / answer questions through the week!
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I 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 | 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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