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Introduction

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

§ 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.
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Choreography

Local TypeiLocal Type1 Local Typen

ProcessiProcess1 Processn

Validate Validate Validate

Project Project Project

§ Choreography-driven development, cf. Multiparty Session Types
top-down approach (POPL’08 & ESOP’12)

§ Not applicable without a priori knowledge of a choreography

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

Two main objectives:

§ Sound Condition for Safety: generalised multiparty compatibility

If S “ pM1, . . . ,Mkq 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

S “ pM1, . . . ,Mkq ” pGç1, . . . ,Gçkq
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The Plan

1. Build TSpSq, the transition system of all synchronous executions
2. Check for safety on TSpSq 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 TSpSq, relying on
§ the theory of regions, and
§ Petri nets.
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1. Synchronous Transition System of CFSMs

J. Lange
Building Graphical Choreographies from Communicating Machines



Synchronous Transition System (TSpSq)
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2. Check for Safety: Generalised Multiparty Compatibility (GMC)

1. Representability

2. Branching Property
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Checking Compatibility (i) – Representability

Representability
§ For each participant: projection of TSpSq « original machine
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Checking Compatibility (ii) – Branching Property

Each branching
n1

e e1 in TS must be either
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Checking Compatibility (ii) – Branching Property

Each branching
n1

e e1 in TS must be either

§ commuting:

n1

n2 n3

n4

e e1

e1 e
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Checking Compatibility (ii) – Branching Property

Each branching
n1

e e1 in TS must be either

§ or, each last node nk

n1 n2 nk
e e1 e e1 e e1

e1 ek´1

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

§ there is a unique sender

Last node,
reachable

from n1, from
which e and e1

can be fired.
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pA0,B0,C0,D0q

pA0,B0,C2,D1q pA1,B0,C1,D0q

pA1,B0,C4,D1q

pA1,B1,C0,D0q

pA1,B1,C2,D1q pA1,B2,C3,D0q

pA1,B2,C5,D1q pA2,B0,C3,D0q

pA3,B2,C0,D1q

pA2,B0,C5,D1q

pA4,B0,C0,D1q

CÑD :busy

AÑC :cwin
AÑB :bwin

AÑC :cwin AÑB :bwin

CÑD :busy

CÑB :blose

CÑB :blose

CÑD :busy
BÑC :close

BÑC :close CÑD :busy BÑA :sig

BÑA :sig

CÑA :msg
CÑD :busy

CÑA :msg

BÑA :sig

AÑD : free

A : AB!bwin‰ AC!cwin B : AB?bwin‰ CB?blose
D : not involved in the choice C : AC?cwin‰ BC?close
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pA0,B0,C0,D0q

pA0,B0,C2,D1q pA1,B0,C1,D0q

pA1,B0,C4,D1q

pA1,B1,C0,D0q

pA1,B1,C2,D1q pA1,B2,C3,D0q

pA1,B2,C5,D1q pA2,B0,C3,D0q

pA3,B2,C0,D1q

pA2,B0,C5,D1q

pA4,B0,C0,D1q

CÑD :busy

AÑC :cwin
AÑB :bwin

AÑC :cwin AÑB :bwin

CÑD :busy

CÑB :blose

CÑB :blose

CÑD :busy
BÑC :close

BÑC :close CÑD :busy BÑA :sig

BÑA :sig

CÑA :msg
CÑD :busy

CÑA :msg

BÑA :sig

AÑD : free

A : AB!bwin‰ AC!cwin 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
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1: From TS to Petri Net

pA0,B0,C0,D0q

pA0,B0,C2,D1q pA1,B0,C1,D0q

pA1,B0,C4,D1q

pA1,B1,C0,D0q

pA1,B1,C2,D1q pA1,B2,C3,D0q

pA1,B2,C5,D1q pA2,B0,C3,D0q

pA3,B2,C0,D1q

pA2,B0,C5,D1q

pA4,B0,C0,D1q

CÑD :busy

AÑC :cwin
AÑB :bwin

AÑC :cwin AÑB :bwin

CÑD :busy

CÑB :blose

CÑB :blose

CÑD :busy
BÑC :close

BÑC :close CÑD :busy BÑA :sig

BÑA :sig

CÑA :msg
CÑD :busy

CÑA :msg

BÑA :sig

AÑD : free

p1

AÑB :bwin

p3

BÑC :close

p5

BÑA :sig

p7

AÑC :cwin

p4

CÑB :blose

p6

CÑA :msg

p8

AÑD : free

p2

CÑD :busy

p9

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.
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2: From Petri Net to One-source Petri Net

p1

AÑB :bwin

p3

BÑC :close

p5

BÑA :sig

p7

AÑC :cwin

p4

CÑB :blose

p6

CÑA :msg

p8

AÑD : free

p2

CÑD :busy

p9

p1

AÑB :bwin

p3

BÑC :close

p5

BÑA :sig

p7

AÑC :cwin

p4

CÑB :blose

p6

CÑA :msg

p8

AÑD : free

p2

CÑD :busy

p9

t0

p0
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3: From One-source Petri Net to Joined Petri Net

p1

AÑB :bwin

p3

BÑC :close

p5

BÑA :sig

p7

AÑC :cwin

p4

CÑB :blose

p6

CÑA :msg

p8

AÑD : free

p2

CÑD :busy

p9

t0

p0

p1

AÑB :bwin

p3

BÑC :close

p10

t2

p5

BÑA :sig

p7

AÑC :cwin

p4

CÑB :blose

p6

CÑA :msg

p8

AÑD : free

p2

CÑD :busy

p9

t1

p11

t0

p0
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4 & 5 : From Joined Petri Net to Global Graph

p1

AÑB :bwin

p3

BÑC :close

p10

t2

p5

BÑA :sig

p7

AÑC :cwin

p4

CÑB :blose

p6

CÑA :msg

p8

AÑD : free

p2

CÑD :busy

p9

t1

p11

t0

p0

p1

AÑB :bwin

p3

BÑC :close

p10

t2

p5

BÑA :sig

p7

AÑC :cwin

p4

CÑB :blose

p6

CÑA :msg

p8

AÑD : free

p2

CÑD :busy

p9

t1

p11

t0

p0

AÑC :cwin

CÑB :blose

AÑB :bwin

BÑC :close

CÑD :busy

BÑA :sig

CÑA :msg

AÑD : free
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Prototype Implementation

https://bitbucket.org/julien-lange/gmc-synthesis
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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
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Meeting Deadlines Together (CONCUR 2015)
Laura Bocchi, Julien Lange & Nobuko Yoshida
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From Communicating Timed Automata
to Timed Choreographies

U1

U0

U2

UW!task
x ă 1
x :“ 0

AU?result
x ď 20

W0 W1 W2
UW?task
y “ 1

y :“ 0, y 1 :“ 0

WA!data
y ă 2^ y 1 ă 10

y :“ 0

WA!stop
y ă 2

A0 A1 A2

WA?data
z “ 3
z :“ 0

WA?stop
z “ 3
z :“ 0

AU!result
z ď 5

User pUq Worker pWq Aggregator pAq

§ Each machine owns several clocks (not shared)
§ Time elapses at the same pace for each clock
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U (x ă 1 |x :“ 0)

task

W (y “ 1 |y :“ 0,y 1 :“ 0)

W (y ă 2^ y 1 ă 10 |y :“ 0)

data

A (z “ 3 |z :“ 0)

W (y ă 2)

stop

A (z “ 3 |z :“ 0)

A (z ď 5)

result

U (x ď 20)

§ Construction as in the untimed setting

§ Additional safety checks for time constraints
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Safety checks for CTAs

§ MC: (Generalised) Multiparty Compatibility

§ IE: Interaction Enabling

§ CE: Cycle Enabling

Property S „ pTSpSqçpqpPP Safety Progress Non-Zeno Eventual Reception
MC X X 7 7 7
MC+IE X X X 7 7
MC+CE X X 7 X 7
MC+IE+CE X X X X X

L. Bocchi, J. Lange, and N. Yoshida. Meeting Deadlines Together.
More at www.doc.ic.ac.uk/˜jlange/cta/
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Static Deadlock Detection for Go by Global Session Graph
Synthesis (CC 2016)

Nicholas Ng & Nobuko Yoshida:

J. Lange
Building Graphical Choreographies from Communicating Machines



Choreography Synthesis for Go (i)

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)
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Choreography Synthesis for Go (ii)

Go has a runtime deadlock detector, but it is very limited!
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Choreography Synthesis for Go (iii)

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

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

§ An algorithm based on the theory of regions.

§ 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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Thanks!

Any questions?

https://bitbucket.org/julien-lange/gmc-synthesis
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : ε
CB : ε
AC : ε
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : ε
CB : ε
AC : ε
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : apple
CB : ε
AC : ε
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : apple
CB : ε
AC : cabbage
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : apple
CB : ε
AC : ε
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : apple
CB : date
AC : ε
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : apple
CB : date
AC : ε
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : apple
CB : ε
AC : ε
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : apple
CB : ε
AC : ε
BA : banana
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : apple
CB : ε
AC : ε
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : apple ¨ cake
CB : ε
AC : ε
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : cake
CB : ε
AC : ε
BA : ε
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : cake
CB : ε
AC : ε
BA : biscuit

J. Lange
Building Graphical Choreographies from Communicating Machines



Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : cake
CB : ε
AC : ε
BA : biscuit

ORPHAN MESSAGE CONFIGURATION!
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : cake
CB : ε
AC : ε
BA : biscuit
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Violating the no-race condition

AB!apple

AC!cabbage

BA?banana

AB!cake

AC!carrot

BA?banana

AB!apple

BA?biscuit

AB?apple

CB?date

BA!banana

AB?cake

CB?date

BA!banana

AB?apple

BA!biscuit

AC?carrotAC?cabbage

CB!date

A B C

AÑB :apple

AÑC :cabbage

CÑB :date

BÑA :banana

AÑB :cake

AÑC :carrot

CÑB :date

BÑA :banana

AÑB :apple

BÑA :biscuit

AB : cake
CB : ε
AC : ε
BA : biscuit
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