MU'TFPOYTY COmPaﬂbi’H}l n CO"""UhTCaTTnj

AuTo matq

Synthests and Characterisation of
Multiparty Sesston Types

Nobuko Yoshida Prerre =Malo Dehi’e‘o/u




The Kohei Honda Prize for Distributed Systems aueen mary, University of Londor

Posted with permission from QN n ec 2013. Original article written by Edmund Robinson

This prize was instituted in 2013 and is awarded annually to one undergraduate student and one postgraduate student in recognition of their achievement in applying the highest
quality scientific and engineering principles in the broad area of Distributed Systems. This is the area in which Dr Honda concentrated most of his teaching, and it is also the area in
which he conducted his research. Its primary funding comes from a donation from his family, who wished to commemorate Dr Honda in this way. Additional funding has come from Dr
Honda's own ETAPS Award. This prize is sponsored by Springer Verlag, and awarded annually by the ETAPS committee in recognition of an individual's research contribution. Dr
Honda received the first such award posthumously, and the awarding panel expressed a wish that the funding be used to supplement this prize fund. The laudation for this award,
written by Dr Honda's colleague, Prof Viadimiro Sassone is included later.

About Dr Honda

Kohei Honda was born and lived the first part of his life in Japan. Like many scientists he was fascinated by the idea of finding basic |
explanatory theories, like the physicists looking for grand unified theories of the universe. Kohei, though, was passionately
interested in finding the right basic explanatory theory for the process of computation. Most academics agree that the basic theory
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2013 winner (Undergraduate) source: QUL 2013 winner {Postgraduate) source: GMUL
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OOQOI Collaboration

( ) OCEAN OBSERVATORY INITIATIVE

|
;‘ Tzu-Chun Chen , Romain Demangeon , Kohei Honda , Nobuko Yoshida
|i e LMCS’16: Multiparty Session Actors. Rumyana Neykova, Nobuko Yoshida
| « FMSD’15: Practical interruptible conversations: Distributed dynamic verification
with multiparty session types and Python. Romain Demangeon , Kohei Honda ,
Raymond Hu , Rumyana Neykova , Nobuko Yoshida
- TGC’13: The Scribble Protocol Language. Nobuko Yoshida , Raymond Hu ,

Rumyana Neykova , Nicholas Ng
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Session Types Overview

Global Type

> Global session type
Projection
G=A—->B:(U1).B— C:(Uz).C— A: (U3
Local Type Local Type Local Type
H " H > Local session type
e Type e > Slice of global prqtocol relevant to one role
Checking +  Checking Checking >~ Mechanically derived from a global protocol

Program Program Program L }

> Process language
> Execution model of I/O actions by session
participants
>~ Mechanically derived from a global protocol

Pa = a[A](x). x!(B, ul) x?(C,y)

> (Static) type checking for communication safety and progress



www.scribble.org

Home Getting Started Downloads Documentation ~ Community v

Scribble: Describing Multi Party Protocols

Scribble is a language to describe application-level protocols among communicating systems. A protocol
represents an agreement on how participating systems interact with each other. Without a protocol, it is hard to
do meaningful interaction: participants simply cannot communicate effectively, since they do not know when to

expect the other parties to send data, or whether the other party is ready to receive data. However, having a
description of a protocol has further benefits. It enables verification to ensure that the protocol can be
implemented without resulting in unintended consequences, such as deadlocks.

Describe ¢* Verify uls Project X Implement = Monitor Q

Scribble is a language for Scribble has a theoretical foundation, Endpoint projection is the Various options exist, including (a) using Use the endpoint

describing multiparty based on the Pi Calculus and Session term used for identifying the endpoint projection for a role to projection for roles defined

protocols from a global, or Types, to ensure that protocols described the responsibility of a generate a skeleton code, (b) using session within a Scribble protocol,

endpoint neutral, using the language are sound, and do not particular role (or type APIs to clearly describe the behaviour, to monitor the activity of a

perspective. suffer from deadlocks or livelocks. endpoint) within a and (c) statically verify the code against the particular endpoint, to

protocol. projection. ensure it correctly

implements the expected
behaviour.




On].lne tOOl . http://scribble.doc.ic.ac.uk/

module examples}

~ global protocol HelloWorld(role Me, role World) {
hello() from Me to Worldjs
v choice at World {
goodMorningl() from World to Mej
- }or {
goodMorningl() from World to Mej
}
}

Load a sample a Check Protocol: examples.Helloworld  Role: Me

Project

Generate Graph



Interactions with Industries

Strange Loop

SEPTEMBER 15-17 2016 / PEABODY OPERA HOUSE / ST. LOUIS, MO

, w, Adam Bowen @adamnbowen - Sep 15 .
x | didn't even know that session types existed an hour ago, but thanks to Nobuko Nobuko Yoshida
. Yoshida's great talk at #pwlconf, | want to learn more. Imperial College, London

DoC researcher to speak at Golang UK conference , _ rocking on
by Vicky Kapogianni ' . .
20ty 2016 about static deadlock detection in

_
g UK Conference

DoC researcher to speak at industry-focused Golang UK Click here to add content Th G |
conference on results of concurrency research e O a




Interactions with Industries

F#unctional Londoners Meetup Group

6 days ago - 6:30 PM
Session Types with Fahd Abdeljallal

« “ [ [ ”»? 4 :
s 1 _". : é %“_‘ N
LS Y = i -

43 Members

Synopsis: Session types are a formalism to codify the structure of
a communication, using types to specify the communication
protocol used. This formalism provides the... Learn more

Current State

* behaviors can be composed both sequentially
and concurrently

Dr. Roland Kuhn » effects are not yet tracked

@rolaeE I /X » Scribble generator for Scala not yet there

* theoretical work at Imperial College, London
(Prof. Nobuko Yoshida & Alceste Scalas)

actyx




Dynamic Monitoring
[RV'13, COORDINATION'14, FMSD’15]

Global Type
Projection
Local Type Local Type Local Type
0 A A
Dynamic Dynamic Dynamic
Monitoring ! Monitoring Monitoring
a ' B f ' a s ' 2
Program Program Program
Alice Bob Carol
\ y \ ) \ y




Type Checking
[ECOOP'16, OOPSLA15, POPL'16]

Global Type
Projection
Local Type Local Type Local Type
3 Y i
Type : Type Type
Checking Checking Checking .
— 4 : “ e —
Program Program Program
Alice Bob Carol
\ Y . ) \ y




Code Generation [CC'15, FASE'16]

Global Type

Projection

(Generation

Local Type

A

v

Program
Alice

-

\_ J

Local Type

S

Generation ,

* )

(

N

Program
Bob

J

Local Type

¢

GGeneration ,

v

-

\_

Program
Carol

~
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Synthesis
[ICALP'13, POPL'15, CONCUR'15, TACAS' 16, CC'106]

\ /

Global Type
Synthesis
Local Type Local Type Local Type
3 3 A
Type : Type Type
Inference Inference Inference
) — “ s —
Program Program Program
Alice Bob Carol
\_ J \_ Y,
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Bfnar}' Session Types: Buyer - Seller Protoco|




Binary Sesston Types :  Bojer - Seller Protocel

ﬂ(B;yer) CSeller_)l

L retry-—»|-
wt! Title ; ? Quote; ! {OK: YAdd;? Date, remry: ¢ |
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Multiparty Sesston Types
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M”h:?"fy SCSSIon -lyres [Honda, Yoshida, Carbone '2008]
Bl s 82 Bg|—S I STEFI

"G' ) Wrrte Global T
H‘j &) § — B2 Char "



M”h‘ m SCSSIO'\ -'-’”s [Honda, Yoshida, Carbone 2008;
> Bl =S Int STEP |

Write Global T
H:% C S -§B2 Char /P
STEP 2

ProJec‘Fi @ B, ?lnt. B2Y Char Project to Local

| v q Types
T1 T Ty



M"h:?ﬂ"ry SQSSIOY\ -"7”5 [ Honda, Yoshida, Carbone 2008:}

Bl S B2 B' __’S Ink STEP |
' f Write Global Type.

j S - B2 Char

STEP 2

Jprojectt |\ (T) B ?Plnt. B2! Char Project o Local
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ATMS Buildnwj od Understanding

o Buﬂdl’nj Global Types from
Communt caﬂvg Avuto maTq ( CA )

® Sound and Comple‘tz Charactertsation
of CA which can Build Global
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(P——’P’-‘ {a;.GJ5eT )Fq
= f PpUHa. GsliSsey  9=P

H?{a}. Gy j;e] q=p
~ G,'l rq = G"J_ FC} Vd‘_ej otherwise




Projection fom G onto g Gl
(P—%P’:{a&.ﬁr&hej )Fq
= (P Hau Gslises  9=7

Ro{%. Galy Jzes 9=°7/
“Gify =Gl Wpe oterwse

Bad A-B:{aC—Dic, b.C(—D:d]

Good A—B: da. C-oD:C, b.C— D:ic)



'S Local lYPeS = PCI.'a/ Mla
L

?a; _
e IE q?{ac.—rt jl‘c—l - ¢
C’,’{QZ. ICJEEI — |t —— ’

2 /
T[T/ ]ST

=

mt. T 2 ¢
-‘. -—d e
(T' - que’:)e j
i Py 4 T/ e W
Send Tp — Ip ) ‘ ( ’D
b s o Pq
(oo Tpow s —

114

/;> ' — —r )
ive L — T oy m ?
Recetv .
(- Tg- )2



LTS G'lobal TYPGS prrsp’s g {ac. GiYter

‘T
pot P FP": {a. GiJeex =" popty {an Gerer
P
get Pm>P':d:{a:.thte1 g G
4
3 G — Gz
vjel Gz— 9z p,q ¢ Sub(f) q& sub() VieI\f GT =Gt

Q , )
o p’: {ar. Gryer — PP {ar. G ) ex p~q:j fat.GeSter
R P~ G ] $05. Qi




A——> B:a. A'%Bb A—C:C
|{#BYa jovT
A~ B:a.A —>Bb A— C:C
| (A7 N
{hB! bF oo
A~s B:b A= C:c

| /87 b 12N



C A-Ba. A— Bb. A— Cic
A— Ba. A—Bb, A—C: B A
L ABVQ L ouT ABla;
L {ABI b ouT
AwBaA_}Bb " J Actc et
J, As?a “IN s .
a. A~ Y
A—)BbADCC e \LAUC IN
J/ AB' b ouT
A — C 4 A D B Q. AW B b
A~ [R:b : | dara
¥ AB7b

A“D . L AWBb



basic

-
-
"
g ;
<
I 4
>y
-




CFSMS 12U L ITU rotation SDL - MSCS -
ACFSM M= (.C, 90, 2,5 )

Q a fmite set of states

C=¢P}e Powﬁctpavuél P#9 5
q0 imttal State

57, o fintte alphabet of messages
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transitions
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Receive
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Basic CFSMs
| A CFSM s Basic rf determinis tic

directed, has no mixed States
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Soundness and Com':lef!hess betwee
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a global type and local types
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Muh'ifany Com pati Mﬁy

A B C /@%
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| - buffer execution
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-Thmm (Sﬂﬁ?"‘y } SUP/)OSG S'7s basic and multiparty Compatibe
Then S is free from the fa//awr‘nj ervors, Let S=(q ;W )
Dead 'OCK T'F W= -5-’ and not ‘Fiha/, each 9p IS 'QfefyMj
Ophan Message  all q are fimal , but W #E
UnSpG(i‘f‘TGd Receptionn (9p.p74, 9; rmplres [Wpl 71 and

Proposlﬂon Sovrdness A({ Glp } pe Participant ) IS

multiparty compati ble . projection

Proposttion  Muhtiparty Compatt bilrty 7s decrdable .
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wt . A—B:{a. B2C:{d. C2A:{c:end ¥}
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Theorem Suppose S is basic and compatible.
Then +here Ts an algortthm to build a well-formed G
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Lemma I S s basic and multiparty compatible
then Tr(S) X~ Tr(S2) mmplies Tr (S )= 7;,(52)

Theorem (ompleteness

Tr(G) %Tr({T:}tc—I) Global & Loca |
=1 Tr(S) Synthesis
~ Tr (S) LemmQq

| Suppose S Ts basic and compatible, Then there €Xists G s.t.
| GrS. If G 1s projectable, then Fhone exists a multiparty
| romm'ﬁb!e basic § st S 7s S:afe and GQﬁS'
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“Theorem (uniqueness )
There Ts only one unique mapptng trom L 1o MP |

whtCh preserves U cut-free process”  (modulo bijective reamty

—I—hQOVGM ( Tnterconnectton Nﬁwork)
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[Multicut by PMC |
PE A, xih, xaihn QFA, 2AY, - 2o A

C:[ \Parﬁa& MC/ CT

fusable

oD(PlQ) F A, N

Theoremn  No Dead lock + Termrnations

5.0 More lypable Terms than LConcur/IS/ Concur ‘16 ]

sine PMC s more fine—gratned.

e No Need of Mediator or Annotations - ¥,



From Communicating Machines to Graphical
Choreographies [POPL’1S5, CONCUR’15]

AClscore

ABlbwin

:

|

[C—»D :busyj

X
D

BC?close AC?score

Carol

[A—>C:cwinj [A—»B :bwin]

[C —B :blosej [B —C :closej

(B—A:sig) T‘

[A—>C:score]

Dave

[ESOP'10,

-SOP'12,CONCUR'12,CONCUR'14]



Contributions

e Static deadlock detection tool dingo-hunter
e Deadlock detection based on session types
e Infer session types as Communicating Automata

e Synthesise global session graphs from CA

Is multiparty
~  compatible?

Global Session Graph

¥ 1
Synthesis

J

> deadlock

‘ Goroutine Automata

Channel Automata

-~ *

2 | Convert E

‘ Local Session Types |" ---| 3 |Link participants with channels’
1 |infer This work

SSA IR (go/ssa)

Go source code




Go and Concurrency

e Developed by Google for multi-core programming
e Concurrency model built on CSP (process calculi)

e Message-passing communication over channels

" Do not communicate by sharing memotry, instead, share memory by communicating. "
- Effective Go (developer guide)



Java API Generation [FASE’16] E

RFC 821 August 1982
Simple Mail Trans¥er Protocol

TABLE OF CONTENTS

TR R — 1
Be TE TP FlEL cocooerornscsenessrsssrennsssosss soss sssssssnsses 2
3. THE SMTP PROCEDURE ... . .. iiiiiicrnaccnannnnscnnannnannnns -
3.2. Forwarding .... e 7
3.3. Verifying and E para-ng P |
3.8 Sendang ang Mailang ... ... AL
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3.6. Rela,-'g...,... ve pr
3.8. Chawg-’g Ro le R | -
4. TE TP PEERENES ...ccccccccccnsscssssscsssnsss pp—. 19
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4.2.1. Reply Codes by Function AR -
4.2.2. Reply Codes in Numeric Order .. ... ................ ce. 38
4.3. Seguencing of Commands and Replies ...... ... ... ........... 37
4.4, Stave Diagrams .. .. ... iiiiiiiiiaciaaceaaaa.. 39
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d

¥ ([ channels
= C
» [ +ioifaces
EndSocket.java
J| Smtp_C_1_Future.java
J| Smtp_C_1.java
J) Smtp_C_10.java
J| Smtp_C_11_Cases.java
J) Smtp_C_11_Handler.java
J) Smtp_C_11.java
J| Smtp_C_12.java

.send(Smtp.S, new DatalLine("Session
.send(Smtp.S, new EndOfData())
.receive(Smtp.S, Smtp._250, new Buf

S
© send(S role, Mailm) : Smtp_C_11 - Smtp_C_10

@ send(S role, Quit m) : EndSocket - Smip C 10




