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

j:__U_i_'_l gs hil:int list =nil

I‘IS (xzr) = let val small =
filter (fm y= y<x)r
and large =
filter (fm 4= $>=x)
n qs Smn”@txJ@qs large
end

fun filter p ml = nill

| filter p xzr) =
if px then z:= filter pr
- else filter pr
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Session Type Mobility Group

e | T E) Y5
| 1 IL BT & Iy, )

www.mrg.doc.ic.ac.uk



Selected Publications 2015/20168 U

e [FPL’16] Xinyu Niu , Nicholas Ng , Tomofumi Yuki , Shaojun Wang , NY, Wayne Luk : EURECA
Compilation: Automatic Optimisation of Cycle-Reconfigurable Circuits.

e [ECOOP’16] Alceste Scala, NY: Lightweight Session Programming in Scala

e [CC’16] Nicholas Ng, NY: Static Deadlock Detection for Concurrent Go by Global Session Graph
Synthesis.

e [FASE’16] Raymond Hu, NY: Hybrid Session Verification through Endpoint APl Generation.

e [TACAS’16] Julien Lange, NY: Characteristic Formulae for Session Types.

e [ESOP’16] Dimitrios Kouzapas, Jorge A. Pérez, NY: On the Relative Expressiveness of Higher-Order

Session Processes.

e [POPL’16] Dominic Orchard, NY: Effects as sessions, sessions as effects .

e [FSTTCS’15] Romain Demangeon, NY: On the Expressiveness of Multiparty Session Types.

e [OOPSLA’15] Hugo A. Lopez, Eduardo R. B. Marques, Francisco Martins, Nicholas Ng, César
Santos, Vasco Thudichum Vasconcelos, NY: Protocol-Based Verification of Message-Passing Parallel
Programs .

e [CONCUR’15] Dimitrios Kouzapas, Jorge A. Pérez, NY: Characteristic Bisimulations for Higher-Order
Session Processes .

e [CONCUR’15] Laura Bocchi, Julien Lange, NY: Meeting Deadlines Together.

e [CONCUR’15] Marco Carbone, Fabrizio Montesi, Carsten Schirmann, NY: Multiparty Session Types

as Coherence Proofs.

e [CC’15] Nicholas Ng, Jose G.F. Coutinho, NY: Protocols by Default: Safe MPl Code Generation

based on Session Types.

e [PPoPP’15] Tiago Cogumbreiro, Raymond Hu, Francisco Martins, NY: Dynamic deadlock verification

for general barrier synchronisation.

e [POPL’15] Julien Lange, Emilio Tuosto, NY: From communicating machines to graphical

choreographies.




Selected Publications 2015/2016 /U

[FPL’16] Xinyu Niu , Nicholas Ng , Tomofumi Yuki , Shaojun Wang , NY, Wayne Luk : EURECA
Compilation: Automatic Optimisation of Cycle-Reconfigurable Circuits.

[ECOOP’16] Alceste Scala, NY: Lightweight Session Programming in Scala

(CC’16] Nicholas Ng, NY: Static Deadlock Detection for Concurrent Go by Global Session Graph
Synthesis.

[FASE’16] Raymond Hu, NY: Hybrid Session Verification through Endpoint APl Generation.
‘TACAS’16] Julien Lange, NY: Characteristic Formulae for Session Types.

ESOP’16] Dimitrios Kouzapas, Jorge A. Pérez, NY: On the Relative Expressiveness of Higher-Order
Session Processes.

POPL’16] Dominic Orchard, NY: Effects as sessions, sessions as effects.

FSTTCS’15] Romain Demangeon, NY: On the Expressiveness of Multiparty Session Types.
(OOPSLA’15] Hugo A. Lopez, Eduardo R. B. Marques, Francisco Martins, Nicholas Ng, César
Santos, Vasco Thudichum Vasconcelos, NY: Protocol-Based Verification of Message-Passing Parallel
Programs .

'CONCUR’15] Dimitrios Kouzapas, Jorge A. Pérez, NY: Characteristic Bisimulations for Higher-Order
Session Processes.

[CONCUR’15] Laura Bocchi, Julien Lange, Nobuko Yoshida: Meeting Deadlines Together.
[CONCUR’15] Marco Carbone, Fabrizio Montesi, Carsten Schirmann, NY: Multiparty Session Types
as Coherence Proofs.

[CC’15] Nicholas Ng, Jose G.F. Coutinho, NY: Protocols by Default: Safe MPl Code Generation
based on Session Types.

PPoPP’15] Tiago Cogumbreiro, Raymond Hu, Francisco Martins, NY: Dynamic deadlock verification
for general barrier synchronisation.

[POPL’15] Julien Lange, Emilio Tuosto, NY: From communicating machines to graphical
choreographies.




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



The Scribble Protocol Language E

| Scnbble adapts and extends MPST as an engmeermg Ianguage for _
{ 'describing multiparty message passing protocols

global protocol MyProtocol(role A, role B, role C) {
ml(int) from A to B;
rec X {
choice at B {
m2(String) from B to C;
continue X;
} or {
m3() from B to C;

}r}

}\ Communication Model

» asynchronous, reliable, role-to-role ordering

» Scribble sessions can be conducted over
any transport that supports this model




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



Open Problems

2. Relationship with Other Frameworks
2 Linear Logic
2> Communicating Automata
2 Petri Nets

3. Outreach '

1. Behavioural Theories and Session Types l

2 Industry
2> Developers
> Education




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

~

J




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,







Typed Semantics n ﬁ 1991 >

IO‘SUl)fypfns , LMmear types, Secure Information Flow, ...

(o Correctness
of Ehccclt‘nﬁ

M
(® Limit environments

=> Equate more
Frocese g

(9 Compositiona |



Mu'fi'paﬂy Sesste n Tjrpes
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. Hany Multiparty Sesstons can mterleave
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Myl party Session Brsimylations

Standard MultTparty Sessiorn Bistmuylattons ~Cs

MEPsA

Shared SessTown
Env channels

Env . o
Governed Multiparty Sesstow Bisimulations g

E.NtP> A
Global Type

EV\\I a mapping from sesston to 3Iobal types

Sl:erll S’-:G[Z, /S"h: Grq,\




Governed Bisimu lations

P COMPostﬂoml ?  Goincides with Contexwwal Equiv?

?. What 7s a difference between s and Q"Z-?

?

? | Uncler wlnwt condrtionN 9\."5 and 33 Can coincide (

? Applications ¢

Lo G S2% G,



Theorem 3

o If for all E E,FFP!’AIQS. P2l
'l'he'l r‘" PI’A| :\,\'s EszAz

o If TP .Y g szA'Z
then for all E  E,MFP 24 g ProA,




“Theorem 4' (CotnclJCMC ) no Thterleaved Sessiong

V4
Assume Py and Po are simple . If thow exists
Est E,NMEPoA =g avby, then
PEPeA s Par A,



_n"eorem 4' (Cotnctlemc ) no Thfet-leaved sessions

V4
Assume Py and Po are simple . If thow exists
Est E,NMEPoA =g havby, then
PEPeA Xs Par A,



Behaviour Theory of Higher-Order Pi Calculus

( Bridging functions and concurrency

e First expressivity results for HO

7 . HO7+
process calculi with session types / \

e Different calculi with functional and HOx™ HO7

concurrent features, tightly connected \ /
e Session types guide encodings, and >HO7T<
/ \ -

induce strong forms of correctness ;

-
— —
S " o — — — —

e Several other results in the paper

— — —_— = = —————

I o S 7 ' . S ' - ]
~* ESOP’16: On the Relative Expressiveness of Higher-Order Session Processes.
. Dimitrios Kouzapas , Jorge A. Perez , Nobuko Yoshida }
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Synthests and Characterisation of
‘ Hu'ﬁpar't)' Sesston Tyres

ICALP’13

Nobuke Yoshide Prerre ~Malo  Denteldy,
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Communfcamuj Avtomata [1980s ]




; 'Ok ?
. Deterministic '“CH 'OKC{‘),G i
9. No- Mixed State Q?A . Q
faate, | '
3. Compatible @ dual dm

[GOUda et al |qg6} Two ComPaﬂble machimes
without m7xed States u}'h]‘ch are deterministic

saﬁsw‘y deadlock - freedom.



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
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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
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