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400+ University Clubs
and Socileties




67% of all
graduate
students are
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History of the Oxford
University Computing
Laboratory



1956 Oxford buys a
Ferranti Mercury




1957 NAG

(Numerical Algorithms Group)
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Together with Danna
Scott, Strachey’s
Denotational Semantics
Approach has proved
foundational to
Programming Language
Theory




[Int] = Int [Bool] =Bool [Unit] =Unit

V7 Y1(0) = px] =Vr = [y] =[] =[] aSIS or our
[Cap p 71 12 k1 k2] = [11] = ([2] = [x1]) — [x:]
|
[/ 0] = Va.([z] - @) —
[#/ 51 = k2l = (7] = [ D) — [ea] -

[p1: k11 = K12 © pa : ka1 = k2] = Va.((@a = [x21]) = [x22]) = ((@ = [x1:]) — [xi2])

[n] =n
[0] = Aa.Am.m
[e: ® e;]] = Aa.Am.e; a (e; a m)

[T|pt# returno: k] = Ak.k [¢]
[T | p+ val x =s; s1: k] = Ak.[x0] (Ax.[s] k)
[T 1 p+oolpo; e](o) : k] = [oo]l [po]l ]l (o]
[T 1 p+dovlel(v) : k] = [e]l [x] ([wo]l [v1D

try {[r,n](c) = so} with

[[“P"{

. k] = (Ar.AnAc[so]) [x] (LIFT) (Ax.Ak.[s1]) (Ay.Ak.k [s2])

c(x, k) = s1, returny = sz}

[x]=x [1]=1
{77 71(x T 1) at p = s}] = Ar.AnAx.[[s]




Tony Hoare (Takes Over PRG 1977-1999)
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Christopher Strachey



Christopher Strachey

1916-1975

e Sequential and functional computation



Christopher Strachey

1916-1975

» Types = abstract and digest computation (data types, polymorphism)



Christopher Strachey

1916-1975

» Structured programming = High-level programming



Christopher Strachey

1916-1975

* Session types (concurrency & communication)



Christopher Strachey

1916-1975

» Structured programming = protocols
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Programming languages
are tools which offer
frameworks of abstraction ° P ross ?mscr. F’t‘of\ OS
for such activities — \’03
promoting or limiting them
* Imperative
* functional
* logical
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UNSTRUCTURED:

STRUCTURED:

Cﬂpl mt-x Y&'dlgxajp& - -
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. \ v .
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end




Quicksort in pure lambda:
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Quicksort with combinators:
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Quicksort in ML:

T
;f_y_n N hFQIFnT list =nil

l‘lS (x:r) :_‘fj l/_a_:Q small =
filter (4m 4= y<x )i
and large =
filter (fm 4= $o=x)
n 9s sma"@CxJ@qs large
end

‘f‘_ti\_ filter P nid = nil

I. +ilter p (x =r)=-
if px then x:= filter pr
T else filter pr




What is a concept of iIn Programming?

* [ypes can avoid runtime error

100 x 200

100 x true



What is a concept of /ypes in Programming?

* [ypes can avoid runtime error

100 x 200 Correct

100 x true Wrong

Types for Protocol?
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Communications are Ubiquitous

e Increasingly, communications are the
way to organise software and
systems.

e Industry trend — programming
languages with explicit message-
passing primitives.

microservices

| o

ERLANG

€9 - pgthon“ #Scala

APl

<E> A akka



Problems: Ambiguity

RFC 821 August 1982

e Protocol descriptions are ambiguous simple Mail Transfer Protocol

e SMTP: simple mail transfer protocol taoLe or covteTs

. . . f 1. INTRODUCTION 4 vveeoveeonssnnessssnassssassnsssssnssssssssnsssss 1
o They are written in English, often very long Lo EHE SHEB MODEL v e v e e e :
3 THE SMTP PROCEDURE it e eeeecescssscssssscsssssssssssssssssssssssscass 4
b O | L. I o e 4
3.2. FOrwardinNg .ccecesscsscccscsssscssssssssssssssssssssssssssass 7
3.3. Verifying and EXpandinNg ..cececeessccccssssscccscssssscssasss 8
S.4. Bending And MAllING ...ccccnusssnsnsnesssrscutsne s nnesnsse 11
3.5, Opening and ClOSING seceessssccssssssssssssssssssssssssas 13
3:6: ROLAYING ccccccccccccccsssssscccssscscsssscccssccscsssscssssss 14
3.7. DOMALINS ceveccsssssssssssssssssssssssssssssssssssssssssass 17
3.8 Changing ROLES ..cceeccccccsscssssssssssssssssssssssssnss 18

4. THE SMTP SPECIFICATIONS .t cecceccesccccssscscsscsscssssssssssnssssnsas 19
4.1l. SMTP CommMANAS cccccccccsccccssccssscscsnsscscsssssccssssenssss 19
d.1l.1l. Command SamANEION cassscsssscsssssasssnessnnasnsnasnnse 19
4.1.2., Command SYNtAX ceccccccccccccssscsssssssssssssssssssnss 27
4.2 SMTP RODLIGE .cccccvcscsnnccsnnsccnssccsnncscssnsscsnssssanse 34
4.2.1 Reply Codes by FUNCtion GrOUP .eseesssssccssssssssssanns 35
4.2.2 Reply Codes in NumericC Order ....cceeesccccsssccscnnans 36
4.3. Sequencing of Commands and RepliesS ....cevvccccsscsscnnas 37
4.4, State DIiaAgramsS ..cescecesssssssssssssssssssssssssssssssas 39
4.5, DOtALLS cccccccccccccsssccccsscccssrecsscecsssocsseccsseee 41
4.5.1. Minimum Implementation ....eeeessscssscsscssssssassnnas 41
4.5.2. TranSpar@nCy ccccccccccccsccccsssssssscscsssssssssscsssssss 41
4:.5.3. B1ZOB cccccccccvcccsscccsssccsssccssssccssssssssscsnnse 42




Problems: Ambiguity

e Protocol descriptions are ambiguous

e SMTP: simple mail transfer protocol
o They are written in English, often very long

3.1. MAIL

There are three steps to SMTP mail transactions. The transaction
is started with a MAIL command which gives the sender
identification. A series of one or more RCPT commands follows
giving the receiver information. Then a DATA command gives the
mail data. And finally, the end of mail data indicator confirms
the transaction.

The first step in the procedure is the MAIL command. The
<reverse-path> contains the source mailbox.

MAIL <SP> FROM:<reverse-path> <CRLF>

This command tells the SMTP-receiver that a new mail
transaction is starting and to reset all its state tables and
buffers, including any recipients or mail data. It gives the
reverse-path which can be used to report errors. If accepted,
the receiver-SMTP returns a 250 OK reply.

The <reverse-path> can contain more than just a mailbox. The
<reverse-path> is a reverse source routing list of hosts and
source mailbox. The first host in the <reverse-path> should be
the host sending this command.

The second step in the procedure is the RCPT command.
RCPT <SP> TO:<forward-path> <CRLF>

This command gives a forward-path identifying one recipient.

If accepted, the receiver-SMTP returns a 250 OK reply, and
stores the forward-path. If the recipient is unknown the
receiver-SMTP returns a 550 Failure reply. This second step of
the procedure can be repeated any number of times.



Problems: Concurrency Bugs

e Communications increase concurrency bugs

O SUI’VG)’ of 4k users [golang.org] *

o Analysis of 6 large software systems [aspLos 19] docker  kubernetes . =X

JAEGER
)
@ @ Google (2001) & czi ) y\»]
The Go Gopher
Do not communicate by sharing memory;
® / share memory by communicating

— Go Philosophy

10



Problems: Concurrency Bugs

e Communications increase concurrency bugs

O SUI’VG)’ of 4K users [golang.org] deadlock
o Analysis of 6 large software systems [aspLos 19]

channel errors

More than a half of concurrency bugs in Go

are caused by communications.
7 N,

D

The Go Gopher



Problems: Concurrency Bugs

e Communications increase concurrency bugs
O SUI’VG)’ of 4k users [golang.org] dea( 0 '
o Analysis of 6 large software systems iaseios 1o ;

cniqnne; crrors

More than a half of concurrency bugs in Go |
(® — 4

are caused by communications. . @

T

: ‘ |

@ Session Types

* Prevent concurrency bugs.

v
v f

»
-
fs

* Can abstract, implement and manage communications as Protocols.
* Clean, Cheap and Retrofittable.



Why Session Types, Why Now?

Significant academic and industry interests via fundamental breakthroughs

Milner, Binary Session Types | ESOP’98 m
Honda, NY l

\/7
C‘% Joined W3C Standardization @ 2002



Why Session Types, Why Now?

Significant academic and industry interests via fundamental breakthroughs

Binary Session Types | ESOP’98 m

Joined W3C Standardization 2002

|

C% Multiparty Session Types POPL 08




Choreography Description Language (W3C)

package HelloWorld {

roleType YouRole, WorldRole;

participantType You{YouRole}, World{WorldRole};
relationshipType YouWorldRel between YouRole and WorldRole;
channelType WorldChannelType with roleType WorldRole;

choreography Main {
WorldChannelType worldChannel;

iInteraction operation=hello from=YouRole to=WorldRole
relationship=YouWorldRel channel=worldChannel {
request message I ype=Hello;



Why Session Types, Why Now?

Significant academic and industry interests via fundamental breakthroughs

Binary Session Types | ESOP’98 m

Joined W3C Standardization 2002

|

Multiparty Session Types POPL’ 08

largest open source \ ‘

company in the world Red Hat @ Scribble %




Why Session Types, Why Now?

Significant academic and industry interests via fundamental breakthroughs

Binary Session Types | ESOP’98 m

Joined W3C Standardization 2002

25M US$ l |
large cyber : : , middleware
infrastructures Multiparty Session Types POPL 08 standardisations

5@1 a

N P2~ RedHat @ Scribble .  gyRabbit

10



Why Session Types, Why Now?

Significant academic and industry interests via fundamental breakthroughs

Binary Session Types | ESOP’98 m

Joined W3C Standardization 2002

ﬁ Multiparty Session Types POPL’ 08 ﬁ

= & OQL (. scribbl |
,  Red Hat ribble  pyRrabbit

= 5 Zscala Ackka <> o NPl ) ”‘

= p TypeScript
<-> y = ERLANG OCaml




Why Session Types, Why Now?

Significant academic and industry interests via fundamental breakthroughs

ETAPS Test Time Award 2019 Binary Session Types | ESOP’98 m

Joined W3C Standardization 2002

|

POPL Influential Paper Award 2018 Multiparty Session Types POPL 08

5 l N AMQP
= @ QAL S e | python
Java Red Hat O oCribble  pyRabbit

v

ERLANG

TPl DG ol

= <—> $Scala 4 akka <>



Distributed systems are:
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communication

1IVL Vi

computation
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Types for distributed processes

* Primitives — send, receive, internal and external choice,
recursion

* How to combine types (hint: specify the communication flow):

send(int).receive(bool)

» What kind of errors does this prevent?
communication errors = communication mismatch + deadlock
» Challenge — when types are compatible ?

send(int). receive(int).
send(int). ' receive(int).
receive(bool) & . send(bool)




Types for distributed processes

* Primitives — send, receive, internal and external choice,
recursion

* How to combine types (hint: specify the communication flow):

send(int).receive(bool)

» What kind of errors does this prevent?
communication errors = communication mismatch + deadlock
» Challenge — when types are compatible ?

send(int). receive(int).
send(nat). receive(int).
receive(bool) send(bool)



Types for distributed processes

* Primitives — send, receive, internal and external choice,
recursion

* How to combine types (hint: specify the communication flow):

send(int).receive(bool)

» What kind of errors does this prevent?
communication errors = communication mismatch + deadlock
» Challenge — when types are compatible ?

send(int). receive(int).
(int). receive(int).
receive(bool) send(bool)



Types for distributed processes

* Primitives — send, receive, internal and external choice,
recursion

* How to combine types (hint: specify the communication flow):

send(int).receive(bool)

» What kind of errors does this prevent?
communication errors = communication mismatch + deadlock
» Challenge — when types are compatible ?

send(int). receive(int).
send(int). receive(int).

=feceive(Eeai— send(bool)
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Multiparty Session Types
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Moh?l’""'y Session Types [ronds, Yoduda, Grbone 2005 ]
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Some Applications on Multiparty Session Types
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Multiparty Session Types In
Rust &

Deadlock-Free Message Reordering with Multiparty Session Types

Zak Cutner, NY and Martin Vassor



Introduction

 Modern systems language focussed on and



Introduction

 “Most loved language” for past five years on StackOverflow



Introduction

* Particular emphasis on safe concurrency using



Introduction

. type system is well-suited to session types



Ring Protocol

G:,ut.A%B:{add(iBQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}



Ring Protocol

G:ut.A%B:{add(iSQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}



Ring Protocol

G:ut.A%B:{add(iBQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}



Ring Protocol

G:ut.A%B:{add(iBQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}



Ring Protocol

G:ut.A%B:{add(iBQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}



Ring Protocol

G:,ut.A%B:{a,dd(iBQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}



Ring Protocol

G:,ut.A%B:{a,dd(iBQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}

C?add(i32) Cladd(i32)

a Bladd(i32) G a A?qdd(132) a

C?sub(i32) Clsub(i32)




Ring Protocol

G:,ut.A%B:{a,dd(iBQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}

C?add(132) Cladd(i32)

a Bladd(i32) G a A?qadd(132) a

C?sub(i32) Clsub(i32)




Workflow




Workflow




Workflow




Workflow




Workflow




Ring Protocol

G:,ut.A%B:{add(iBQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}



Ring Protocol

G:,ut.A%B:{a,dd(iBQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}



Ring Protocol

G:,ut.A%B:{a,dd(iBQ).B%C:{ add(i32).C — A : {add(i32).t} }}

sub(132).C — A : {sub(i32).t}

C?add(i32) Cladd(i32)

a Bladd(i32) G a A?qdd(132) a

C?sub(i32) Clsub(i32)




Ring Protocol

Cladd(i32)

Clsub(i32)




Ring Protocol

Al|B|]|C
Cladd(i32)
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Ring Protocol

Al|lB|]|C
Clsub(i32)
Al|lB|]|C
e A?add(i32) G A
Al|lB|]|C
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Cladd(i32)
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vScr

n vScr live X nuscr/nuscr: A toolkit to man X +

“— ® © & https://nuscr.github.io/nuscr/ Uy C IN ®@ © 0 <« & 8 @ Hl & © =

g vScr Documentation GitHub

vScr live

e |t’s small and easy to modify

Global protocol Local types

. dule Adder; a i
e Available on opam rodute Adder e e ]

type <java> "java.lang.Integer" from "“rt.jar" as int;

global protocol Adder(role C, role S)
{

rec Loop {
Py HELgo(u:int) from C to S;
choice at C
{

ADD(w:int) from C to S;
ADD(v:int) from C to S;
RES(f:int) from S to C;

* Available on GitHub A

¢ SIBYE()S!ADD(w: int) ~ [S?RES(f: int)
BYE() from C to S;
} BYE() from S to C;
® } }
 Available on the web
Y/
Load an example j

o Analyse


https://github.com/nuscr
https://nuscr.dev

Scribble

global protocol Ring(role A, role B, role C) {
Add(i32) from A to B;
choice at B {
Add(i32) from B to C;
Add(i32) from C to A;
do Ring(A, B, C);
} or {
Sub(i32) from B to C;
Sub(i32) from C to A;
do Ring(A, B, C);
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#[derive(Role)]
#[message(Label)]
struct B(#[route(A)] Receiver, #[route(C)] Sender):
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Ring Protocol

Clsub(i32)

Q A?add(i32) G

Cladd(i32)

#[derive(Message) ]
enum Label {
Add (Add),
Sub(Sub),
s

struct Add(i32):
struct Sub(i32):



Ring Protocol

Clsub(i32)

A?add(132)

Cladd(i32) #[session]
type RingB = Select<(C, RingBChoice>;

#[session]

enum RingBChoice {
Add (Add, Receive<A, Add, RingB>),
Sub(Sub, Receive<A, Add, RingB>),
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Ring Protocol

async fn ring_b(
role: &mut B,
mut 1input: 132,
) —> Result<Infallible> {
try_session(role, |[mut s: RingB<'_, _>] async {
loop {
let x = 1nput x 2;

Clsub(i32)

s = if x > 0 {
let s = s.select(Add(x)).await?;
let (Add(y), s) = s.receive().await?;
input = y + X;
S
} else {
Cladd(i32) let s = s.select(Sub(x)).await?;
let (Add(y), s) = s.receive().await?;
input =y — X;
S

A?add(i32)

&
})

.awailt
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loop {
let x = 1nput x 2;

Clsub(i32)

s = if x > 0 {
let s = s.select(Add(x)).await?;
let (Add(y), s) = s.receive().await?;
input = y + X;
S
} else {

let s = s.select(Sub(x)).await?;

let (Add(y), s) = s.receive().await?;
input =y - X;

S

A?add(i32)

Cladd(i32)

&
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Clsub(i32)
let s = s.select(Add(x)).await?;
— . ' . ] 7;
a A?add(i32) G let (Add(y), s) = s.receive().await
A4




Ring Protocol

Clsub(i32)

e 2,
let (Add(y), s) = s.receive().await?;

0000000000000 000000000 o

method not found in rumpsteak::Select<'_, B, C, RingBChoice<' , B>>"




Summary @

* Multiparty session type description language

> cg nuScr https://github.com/nuscr

* Applications of multiparty session types using communicating automata
> ‘Q‘, https://github.com/zakcutner/rumpsteak
> More on Rumpsteak: 1st August Huawei Workshop on Formal Methods

Refinements for Multiparty Message-Passing Protocols:

Specification-agnostic theory and implementation https://zenodo.org/
records/12731834


https://github.com/nuscr
https://github.com/zakcutner/rumpsteak
https://zenodo.org/records/12731834
https://zenodo.org/records/12731834
https://zenodo.org/records/12731834
https://zenodo.org/records/12731834

Protocol Conformance of Collaborative
using Multiparty

Session Types

Ari Hernawan & NY TASE 2024



Retrieving drug targets for human enzymes involved in sterol metabolism






SPARQL and RDF

1 SELECT ?x ?y /# return wvariables */
2 WHERE {
3 ?x rdf:type foaf:Person . /* graph pattern is evaluated on local dataset */
4 SERVICE <https://remote>{
5 ?x foaf:knows 7y . /* graph pattern is evaluated on remote dataset */
6 }
Tk
T,y
‘ Q, Q' == A (triple pattern or atom)
Q1 NS.Q2 | S.Q" (service federation)
. s | @A Q' (group of basic graph pattern)

(x, rdf:type, foaf:Person)  S. (z,foaf:knows, y)
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SQT Generation with a Global Type

Local Type rhea

d =

SQT generation

Query rhea

Qr

uniprot

A Global Type

wikidata

uniprot | Q)

Pro Jecuj/ o \\

local

wikidata

Qv




Broadcasting Global Specifications

I = {rhea,uniprot,wikidata}
+ = local — rhea{l; : local — uniprot{l; : local — wikidata{l; : (-;}}}ier

[Sais = 1oeal - rhes i anthryet s rhes 1)

wikidata — uniprot : [U]; end

(‘uniprot = rhea — wikidata : [U|;wikidata — uniprot : [U];
local — uniprot : [U|;wikidata — uniprot : (U

(+wikidata = rhea — wikidata : U unlprot — rhea : |U];

local — wikidata: [U]




Algorithm for Constructing
SPARQL Query Template

Algorithm 1 Construct SPARQL Query Template

1: function SQT(¢ [ p,q) > begin with p = ¢ where p,q € pt() \ {local}
2 while (' \ local 4 s) | p#end;l =qdo s = gi(G)) | local}l
3: if 7, = r?[{U] then > p # r;r € pt(&)
4 if r = local then

5 Qq < [?|U]] > local query @
6 else

7 Sr. (Qq) + SQT(¢ [ r,q) > federated query S.Q
8: end if

9: end if

0 e — O NS Os o D S0 > Conjunctive query
1 end while

2 return Q)

1 3: end function




Experiments

Table 2: Construction time for single query

Time (second)

Projection SQT
Number of participants in - (total) (average)
10 participants 0.445 0.321
30 participants 2.720 0.724
60 participants 30.624 1.429

Table 3: Query elapsed time from different global protocol

Elapsed time

Query Template (second)

1. [(Gi\1 S r,u,w) [ r] = Qr A Su.Qr A Si.Q: 23.160
2. [(G1\1 = r,u,%) [u] = &.Qu A Qu A Su.Qu 12.255
3. [(Gi\1 S r,u,w) [ W] = S:.Qu A Su.Qs A Qs 11.334
4. [(Go\1 S ryu,w) [r] = Qr ASu(Qr A Si.Qr) 24.500
5. [(G2\1 = r,u,w) [ u] = Su(Sr.Qu) A Qu A Ss.Qu 14.824
6. [(Co\1 S r,u,w) [ w] =S (QuASu.Qu) AQy 13.076
7. [(G3s\1 3 ryu,w) [ r] = Qr A Su(Su.Qr A Qr) 23.084
8. [(Ga\1 > r,u,w) [u] = 5;.Qu A Qu A S (Ss.Qu) 19.786
9. [(G3\1 S r,u,w) [ w] = Su(Se.Qu A Qu) A Qu 4.241




rhea : r | uniprot : u | wikidata : w |

(a) Case 1: local (1) act as rhea
= 1?|U];u?|U];w?|U|;end

1t
Ty = r!|U];end
Ty = r!|U|;end

Treaction,protein Name,treatedLabel

Q' AN Quikidata

= e

thea A Quniprot TtreatedLabel
T reaction Wp?‘oteinName 0<Dwikidata)

U(Drhea) U(Duniprot)
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b) C

r

*ﬂjﬂ

=

SH

wikidata : w |

uniprot : u| rhea : r |

Su-(Se.Qu N'Qu)

u!|{U];end

.U.
?|U;

w!|U|;end

:1?7|U];end

ase 9 : local (1) act as wikidata

Tlreaction,protein Name,treatedLabel

Q' AN Quixidata

= o

thea N\ Quniprot TtreatedLabel
Treaction 7-"p'l‘oteifrz]\fcwne 0<Dwikidata)

U(Drhea) U(Duniprot)\ /
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Conclusion

* Christopher Strachey and Structured Programming
* |ntroduction of Session Types

* |Introduction of Multiparty Session Types

* Case Study: Multiparty Session Types in Rust

 Case Study: Federate Query with Multiparty Session Types
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CFS MS 12U 7 1 ITU notatton SDL - MSCS -
ACFSM M= (.,C, 40, 3, §)

Q. a fmite set of states

C=¢tP}e Parﬁapavu&zl P#9 B
g0 mttal State

57, o fintte alphabet of messages

6 C QX(CX(!,?SXZ)XQ, a fintte set of
Ttransitions
CS 5 = ( rl P) P€ Parﬂ'dpan'r



B




So l—buffer €X€(§ioh 1“\\ (* ] o) ,

i Mo does action R

then  (M; )d.e P\t do uction ,Q
after some Annay




\‘/\\)\—h‘)()\r‘\'y COth(/\‘h bi \ | \7

DL{'\V\K’Y!O‘/\ Sy § fem S= (MP)re]’ 's M C "f
<or OVNY \"bOUV\d reaChable State. SE RS/ (S),
'a/\d ar\)/ OU+PUT ACTION) P? c’& '6’0}’14 S n MP ,

Yoy e oS  an alfevnation @.t hom s 7
. s stem where act () = pgfa and P act (y)

\vw\ o T“V\)Q



t
’ Conf'?ﬁumﬁo\/\ = = (Efi W )
Stofes  queéues

Send W pq!Q N "
(g e D €9 Wi )

Re ceive 20
(..Qq 3 L+ Wpq - P9 /.



Basic CFSMs
| A CFSM s Basic if deterministic

directed, hos no mixed States




k-Multiparty Compatibility [cavi19;

.
k-0BI and 1BI Communicating Session Automata

3S-k-bounded (Def. 23)

N\

3-k-bounded (Def. 22)
k-synchronisable (Def. 24)

k-exhaustive (Def. 9)

'Eventual reception (Def. 4 (1))
‘Stable (Def. 5)
‘Safe (Def. 4)

® ® ® @

k—mic (Def. 10)




