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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 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 (0) statically verify the code againstthe particular endpoint, to

protocol. projection. ensure it correctly

implements the expected
behaviour.
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module examples;

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

Load asample [¢J Check Protocol: examples.Helloworld  Role: Me Project

Generate Graph
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Go concurrency verification research at DoC
grabs headline

A paper by DoC researchers at POPL on Go concurrency
verification was featured in a tech blog and generates a
buzz outside of the research community.

A paper by researchers at the department was recently featured in the
morning paper, a blog by venture capitalist Adrian Colye, which
summarises an important, influential, topical or otherwise interesting
paper in the field of computer science every weekday in an easily
digestible way by non-researchers. On the 2 Feb 2017 issue of the
morning paper, It was highlighted as "the true spirit of POPL (Principles
of Programming Languages)".




Selected Publications 2016/2017 70

¢ [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.

e [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.

e [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 .



Selected Publications 2016/2017 70

¢ [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.



Imperial College
London

Building Graphical Choreographies

from Communicating Machines
Principles and Applications

Julien Lange
based on works with L. Bocchi, N. Ng, E. Tuosto, and N. Yoshida

May 2017

J. Lange

Building Graphical Choreographies from Communicating Machines



Imperial College
London

alignment
separation cohesion
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Single bird ~ local behaviour ~ CFSM
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Flock ~ global behaviour ~ choreography
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Introduction

v

Parts of distributed systems change/evolve, not always in a
coordinated way,

v

these changes are often not documented.

» Service oriented systems are sometimes composed dynamically,
» it is often unclear how complex the overall system has become.

» Cognizant’s Zero Deviation Lifecyle.

A global point of view of a distributed system is essential for top-level
management.

J. Lange
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Validate

Process;

Choreography

Local Typey frreweeseeeees

Process;

Process,

» Choreography-driven development, cf. Multiparty Session Types
top-down approach (POPL08 & ESOP’12)
» Not applicable without a priori knowledge of a choreography
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Choreography

N

Local Type1 |- Local Type; |-

Validate Validate

Process; Process; Process,

» Choreography-driven development, cf. Multiparty Session Types
top-down approach (POPL08 & ESOP’12)

» Not applicable without a priori knowledge of a choreography

» Our goal: from Communicating Finite-State Machines to Global
Graphs

J. Lange
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Background: CFSMs
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Global Graphs
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Global Graphs

2Blbwin

AD?free

> Calmsg ®@®
Q Clblose @ Dave

cD!busy
cD!busy.
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Objectives

Two main objectives:
» Sound Condition for Safety: generalised multiparty compatibility

If S= (Mi,...,My) is compatible then S is “safe”, i.e.,
every sent message is eventually received and no deadlock.

» Construction of a Global Graph:
If G is the global graph constructed from S, then

SI(Ml,...,Mk) = (GLly"’7GLk)

J. Lange
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The Plan

1. Build TS(S), the transition system of all synchronous executions
2. Check for safety on TS(S) to

» ensure equivalence between original system and the projections
of the choreography,
» guarantee safety (no deadlock, no orphan message)

3. Build a choreography (global graph) from TS(S), relying on

> the theory of regions, and
> Petri nets.

J. Lange
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1. Synchronous Transition System of CFSMs

J. Lange
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Synchronous Transition System (TS(S))

& Asy
L
Bob
Dave
Four Player Game (CFSMs) Synchronous Transition System (TS(S))
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2. Check for Safety: Generalised Multiparty Compatibility (GMC)

1. Representability
2. Branching Property

J. Lange
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Checking Compatibility (i) — Representability

Representability
» For each participant: projection of TS(S) ~ original machine

C—D:busy

(20.Bo, Co, Do)

(A1,B0,C1,Do) (21,B1,Co,Do)

C—D:busy
5 C:close

(R1,B1,C2,D1) (A1,B2,C3,D0)

~D:busy B—Aa:sig
B—A:sig

(23,B2,Co,D1)

(R0,Bo,C2,D1)

C—B:blose a—D:free

©,

, BAlsig
AB?bwin,
o
CB?blose
@ BClclose

(24,B0,Co,D1)
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Representability
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©,

, BAlsig
AB?bwin,
o
CB?blose
@ BClclose

(24,B1,C2,D1) (21,B2,C3,00)

5—C:close ~>D:busy B—A:sig
B A:sig

(23,B2,Co,D1)

C—B:blose
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Checking Compatibility (i) — Representability

Representability
» For each participant: projection of TS(S) ~ original machine

C—D:busy

(20.Bo, Co, Do)

(Ro,Bo, C2,D1) (21,Bo,C1,Do) ) (R1,B1,Co,Do) AD-free
C—D:busy
B— C:close

(24,B1,C2,D1) (21,B2,C3,00)

5—C:close ~>D:busy B—A:sig
B A:sig

(R2.Bo,Cs,Dq) _y CDibusy
c—aimsg

(%3,B2,Co,D1)

(o) ) A—Ciowin
o) BAlsig
AB?bwin, ~
X c
CB?blose (21,B0,Ca,D1)
a BClclose @

Bob

C—B:blose

(2 —B:bwin) | =AB?bwin
(B—A:sig)|s =BAlsig
(C—D:busy) |z =

(24,B0,Co,D1)
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Checking Compatibility (ii) — Branching Property

n
Each branching ,V 1 \Q/ in TS must be either
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Checking Compatibility (ii) — Branching Property
Each branching ,V ™ \Q/ in TS must be either

P2 1\s’n
o

» commuting: pn,

J. Lange
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Checking Compatibility (ii) — Branching Property

Last node,
reachable
from nq, from
which e and &’

> or, each last node ny can be fired.

€1 €k—1
> o

/\/\/\Q

must be a “well-formed” choice, i.e.,
» for each participant

> it receives a different message in each branch, or
> it is not involved in the choice

n
Each branching ,V ! g in TS must be either

> there is a unique sender

J. Lange
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C—D:busy

(Ro,Bo, C2,D1) (21,B4,Co,Do)

A—C:cwin : B— C:close

(A1,B0,Ca,D1) (A1,B2,C3,Do)
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C—D:busy

Cloozoo20)

(20,B0,C2,D1) CﬂB:blose

: C—D:busy
© A—C:cwin A—>Bibwin
C—D:busy

(A1,B0,Ca,D1) (A1,B1,C2,D1)

(21,B4,Co,Do)

B—C:close

(21,Bg,C3,D0)

B—C:close

C—B:blose
(A1,B2,Cs,D1)

A: ABlbwin # AClcwin B: AB?bwin # CB?blose
D : not involved in the choice C:AC?cwin # BC?close
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3. Build a global graph

J. Lange
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1: From TS to Petri Net

P

We use the work of Cortadella et al. (1998), based on the theory of
regions, to derive a safe and extended free-choice Petri net from the
Synchronous Transition System.

J. Lange
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2: From Petri Net to One-source Petri Net
Po
P1 T o
e
o N C—D:busy] -

P3O PAT

J. Lange
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3: From One-source Petri Net to Joined Petri Net

Po

Ps

B acsig

P Q) O ps

J. Lange
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4 & 5 : From Joined Petri Net to Global Graph

J. Lange

Aﬂc 2 C:owin)

usy) * (c—B:blose b\ose\ \Eﬂ <close)

(BHA sig)

~—

9
g

(C—D:busy)
[ bwm)
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Prototype Implementation

FovEpuTs
state graph

Ticeo 1 ! bwin alicel
liced 2 | cwin alicel
lice1 17 sig alice2
lice1 2 ! score alice:
licez 2 ! score aliced
lice3 1 7 sig aliceq
liced 3 1 free aliceo
| marking aticee

l-outputs
|state graph

b0 © 2 buin bobl
ob1 2 ! close bob2
0bd 2 2 blose bob2
0b2 © 1 s1g bobe
[-marking bobe

lend

outputs
|-state graph

arole 1 7 close carol:
arole 3 1 busy carolz
arole @ ? cwin caroll

arols 6 7 score carol
| marking carole
l-end

L outputs
|-state graph
aved 2 ? busy davel
ave1 0 ? free daved
l-marking daves

g

https://bitbucket.org/julien-lange/gmc-synthesis

J. Lange
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Applications of choreography synthesis

1. Timed systems:

Meeting Deadlines Together (CONCUR 2015)
Laura Bocchi, Julien Lange & Nobuko Yoshida

2. Deadlock detection in Go:

Static Deadlock Detection for Go by Global Session Graph
Synthesis (CC 2016)
Nicholas Ng & Nobuko Yoshida:

3. Analysis of Erlang libraries:

Choreography-Based Analysis of Distributed Message
Passing Programs (PDP 2016)
Ramsay Taylor, Emilio Tuosto, Neil Walkinshaw, & John Derrick

J. Lange
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Meeting Deadlines Together (CONCUR 2015)
Laura Bocchi, Julien Lange & Nobuko Yoshida

J. Lange
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From Communicating Timed Automata
to Timed Choreographies
Unl task WAldata WA?stop
x <1 y<2ay <10 ,=3
l x:=0 y:=0 z:=0 ~
é Q 0 & AUlresult @
@ & Un?task % Walstop @ WA?data 78
AU?result y=1 y<2 z=3
x <20 y:=0,y:=0 z:=0
User (V) Worker (W) Aggregator (2)

» Each machine owns several clocks (not shared)
» Time elapses at the same pace for each clock

J. Lange
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Wy <2ay <10|y:=0)
data
}

A(z=3|z:=0)

» Construction as in the untimed setting
» Additional safety checks for time constraints

J. Lange
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Safety checks for CTAs

» MC: (Generalised) Multiparty Compatibility
> |E: Interaction Enabling
» CE: Cycle Enabling

Property | S~ (TS(S)lp)per  Safety  Progress  Non-Zeno  Eventual Reception
MC v v X X X
MC+IE v v v X X
MC+CE v v X v X
MC+IE+CE v v v v v

L. Bocchi, J. Lange, and N. Yoshida. Meeting Deadlines Together.
More at www.doc.ic.ac.uk/~jlange/cta/

J. Lange
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Static Deadlock Detection for Go by Global Session Graph
Synthesis (CC 2016)
Nicholas Ng & Nobuko Yoshida:

J. Lange
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Choreography Synthesis for Go (/)

Some Go facts:
» Developed by Google for multi-core programming
» Concurrency model built on CSP (process calculi)
» Message-passing communication over channels

“Do not communicate by sharing memory; instead, share
memory by communicating” — Effective Go (developer guide)

J. Lange
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Choreography Synthesis for Go (/i)

func deepThought(replyCh chan int) {
time.Sleep(75 * time.Millisecond)
replyCh <- 42

}

func main() {
ch := make(chan int)
go deepThought(ch)
answer := <-ch
fmt.Printf("The answer is %d\n", answer)

Go has a runtime deadlock detector, but it is very limited!

J. Lange
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Choreography Synthesis for Go (iii)

is multiparty
—
0K ‘—‘compatible? Global Session Graph deadlock

44
Synthesis

I Goroutine Automata } { Ch: | Automata
i

z Convert E

l Local Session Types ]‘ S ' Link participants with channels’

Infer This work
SSA IR (go/ssa)

Go source code

https://www.doc.ic.ac.uk/~cn06/pub/2016/dingo
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Summing up

v

An effective way of checking properties of CFSMs, and whether
one can construct a global graph from them.

v

An algorithm based on the theory of regions.

v

A CFSMs characterisation of well-formed generalised global
types.

» Applications:

> An extension for communicating timed automata

» Deadlock detection in Go
> Analysis of Erlang libraries
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Violating the no-race condition

| |
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AClcabbage BA?banana CB?date Balbanana AC?cabbage ( ) Ac?carrot
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O

ABlcake BA?biscuit AB7cake BA!biscuit
A B C

A—B:apple /\A— C:carrot

A—C:cabbage C—B:date AB ©
CB €

C—B:date B— A:banana AC €

B— A:banana A—B:apple BA €

A—B:cake B — A: biscuit
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