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[LICS 2018 TEST OF TIME AWARD)]

A fully abstract game semantics for general references
Samson Abramsky Kohei Honda Guy McCusker

LFCS, University of Edinburgh St John’s College, Oxford
{samson, kohei} @dcs.ed.ac.uk mccusker@comlab.ox.ac.uk

Abstract

A games model of a programming language with higher-order store in the style of ML-references is introduced. The category
used for the model is obtained by relaxing certain behavioural conditions on a category of games previously used to provide
Sfully abstract models of pure functional languages. The model is shown to be fully abstract by means of factorization
arguments which reduce the question of definability for the language with higher-order store to that for its purely functional

fragment.
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Programming languages
are tools which offer
frameworks of abstraction . preser
for such activities — . P""%"‘“ ' ?
promoting or limiting them

* Imperative

* Functional

* logical
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Quicksort in
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Quicksort in ML:

j:__U_i_'_l gs hil:int list =nil
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Dialogue between Industry and Academia

Binary Session Types [PARL 94, ESOP’98]

Y
Milner, Honda and Yoshida joined W3C WS-CDL (2002)

4
Formalisation of W3C WS-CDL [ESOP’07]

4
Scribble at T4 Technology




CDL Equivalent

* Basic example:

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,

interaction operation=hello from=YouRole to=WorldRole

relationship=YouWorldRel channel=worldChannel {
request messageType=Hello;

Dr Gary Brown (Pi4 Tech) in 2007



Scribble Protocol

e "Scribbling is necessary for architects, either physical or computing, since all
great ideas of architectural construction come from that unconscious
moment, when you do not realise what it is, when there is no concrete
shape, only a whisper which is not a whisper, an image which is not an
image, somehow it starts to urge you in your mind, in so small a voice but
how persistent it is, at that point you start scribbling” - Kohei Honda 2007

e Basic example:

protocol HelloWorld {

role You, World;
Hello from You to World;



Dialogue between Industry and Academia

Binary Session Types [PARL 94, ESOP’98]

Y
Milner, Honda and Yoshida joined W3C WS-CDL (2002)

4
Formalisation of W3C WS-CDL [ESOP’07]

4
Scribble at T4 Technology

4

Multiparty Session Types [POPL 08]

4
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Dialogue between Industry and Academia

Binary Session Types [PARL 94, ESOP’98]

Y
Milner, Honda and Yoshida joined W3C WS-CDL (2002)

4
Formalisation of W3C WS-CDL [ESOP’07]

4
Scribble at T4 Technology

4
Multiparty Session Types [POPL 08]

OQL (S scribble % SAVARA
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Our recent work Fencing off Go:
Liveness and Safety for Channel-
based Programming was
‘summarised on The Morning
Paper blog.

2Feb 2017

Weizhen passed her viva today,
congratulations Dr. Yang!

24 Jan 2017

Mariangiola Dezani-Ciancaglini, a
long-term collaborator with our
group working on Session Types
turns 70 today, more details here.

23 Dec 2016

Rumyana passed her viva today,

, Session Types research at Imperial College

SELECTED
PUBLICATIONS

2017

Raymond Hu , Nobuko Yoshida : Explicit Connection Actions in Multiparty
Session Types. To appear in FASE 2017 .

Julien Lange , Nicholas Ng, Bernardo Toninho , Nobuko Yoshida : Fencing
off Go: Liveness and Safety for Channel-based Programming. POPL 2017 .

Rumyana Neykova , Nobuko Yoshida : Let It Recover: Multiparty Protocol-
Induced Recovery. CC 2017 .

Julien Lange , Nobuko Yoshida : On the Undecidability of Asynchronous
Session Subtyping. To appear in FoSSaCS 2017 .

http://mrg.doc.ic.ac.uk/

Academic Staff
Nobuko Yoshida
Research Associate
Raymond Hu
Julien Lange
Nicholas Ng

Xinyu Niu

Alceste Scalas
Bernardo Toninho
PhD Student
Assel Altayeva
Juliana Franco
Rumyana Neykova

Weizhen Yang
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¢ [ECOOP’17] Alceste Scala, Raymond Hu, Ornela Darda, NY: A Linear Decomposition of
Multiparty Sessions for Safe Distributed Programming..

¢ [COORDINATION’17] Keigo Imai, NY and Shoji Yuen: Session-ocaml: a session-based
library with polarities and lenses.

¢ [FoSSaCS’17] Julien Lange , NY: On the Undecidability of Asynchronous Session
Subtyping.

¢ [FASE’17] Raymond Hu , NY: Explicit Connection Actions in Multiparty Session Types.

¢ [CC’17] Rumyana Neykova , NY: Let It Recover: Multiparty Protocol-Induced Recovery.

¢ [POPL’17] Julien Lange , Nicholas Ng , Bernardo Toninho , NY: Fencing off Go: Liveness
and Safety for Channel-based Programming.

¢ [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 API
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 .
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I0-subtyping , Lmear types, Secure Information Flow, ..

(> Correctness
of Enced Mo

M
@ LTmit environment

= Equate more
processe §

Composittona |
P



\ ! W Dzmrfrros W i Nobuko W #
% Kouzapas Yoshida 72

Flasgow Imperaal
Co (lea-e Llondon



Usecase. : UC.R2.13 “Acgire Data from Instrument”
$rom Ocean Observatories Inttiative (OOI)

Insmnn:d Agent a User Al —>U:<pd?
N A2 = ): <pd).
end

1 Al A2 U




Usecase. : UC.R2.13 “Acgire Data from Ins +”
$rom Ocean Observatories Initiative (00T )

Insm-m:d Agent d User Al = U:<pd),
ack AQ_M) <Pd>.
end
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Www.scribble.org

Home Getting Started Downloads Documentation ~ Community ~

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 ol Project & 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 tOO]. . http://scribble.doc.ic.ac.uk/

module examples;

- global protocol HelloWorld(role Me, role World) {
hello() from Me to Worldj
v choice at World {
goodMorningl() from World to Me;
v }ror{
goodMorningl() from World to Me;
}
}

Load a sample & Check Protocol: examples.HelloWorld  Role: Me

Project

Generate Graph
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1« TCS’16: Monitoring Networks through Multiparty Session Types. Laura Bocchi ,
; Tzu-Chun Chen , Romain Demangeon , Kohei Honda , Nobuko Yoshida
| * LMCS’16: Multiparty Session Actors. Rumyana Neykova, Nobuko Yoshida
‘q « 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 Ngykova , Nicholas Ng




Dynamic Monitoring
[RV°13, COORDINATION’14, FMSD’15, LMCS’17, CC’17]

Global Type
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Local Type Local Type Local Type
s s z
Dynamic Dynamic Dynamic
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Program Program Program
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Type Checking
[OOPSLA’15, ECOOP’16, ECOOP’17, COORDINATION’17]

Global Type
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(Generation

Projection

Code Generation
[CC’15, FASE’16, FASE’17]
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Synthesis
[ICALP’13, POPL’15, CONCUR’15, TACAS’16, CC’16]

Global Type
Synthesis
Local Type Local Type Local Type
3 A A
Type : Type Type
Inference Inference Inference ,
s ' o e ' o s . N
Program Program Program
Alice Bob Carol
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Session Actor

ONTLR
G, scribble

#. puthon LL

(¥, 1]
avA
NM Logs.
M RAME
Application
Logs » NEY
YPRY
cosoL
System logs. TANCEM
DB Logs ORAQLE 08
[

SCRIBBLE

ZDLC: Process Modeling

UML & BPMN2
Model

MPI code generations

Communication protocol
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~ Sequential code

Output(s)
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Interactions with Industries

Strange Loop

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

’ w ., Adam Bowen @adamnbowen - Sep 15 .
g | 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 . . .
20 July 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 I
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
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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 vore

Current State

* behaviors can be composed both sequentially
and concurrently

Dr. Roland Kuhn » effects are not yet tracked

@rolandkuhn — CT0 of Actyx » Scribble generator for Scala not yet there

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

actyx




Java API Generation [FASE'16] /U

RFC 821 August 1982
Simple Mail Trans¥er Protocol
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EndSocket.java
\J] Smtp_C_1_Future.java
\J| Smtp_C_1.java
Smtp_C_10.java
\J) Smtp_C_11_Cases.java
Smtp_C_11_Handler.java
\J] Smtp_C_11.java
\Jl 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, Mail m) : Smtp_C_11 - Smtp_C_10
@ send(S role, Quit m) : EndSocket - Smip C 10




Scribble - Proving a distributed design

1 Estafet

= Innovate | Deliver | Transform
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1. All design work takes place in ABACUS, v
DCC's enterprise architecture tool. This s
can export standard XMl files ABACUS
(an open standard for UMLS) 7 Generate
2. XMl is converted into exception report and
OpenTracing format for send back to DCC

consumption by managed service /

o — RPavA
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3. OpenTracing files are 4. Model holds types 5. Scribble compiler 1 6. Issues highlighted E
combined to build a rather than instances to identifies inconsistency, | graphically in Eclipse |
model in Scribble understand behaviour change & design flaws !
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