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Current: Communication is Ubiquitous

➤ The way to organise software is increasingly based on

communications (Cloud Computing, many cores,

message-passing parallel computation, ...)

➤ Question

➣ How to formally abstract/specify/implement/control

communications?

➣ How to apply mobile processes and their type theories to

real distributed applications and programming languages?
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message-passing parallel computation, ...)

➤ Question =⇒ Multiparty session type theory

➣ How to formally abstract/specify/implement/control

communications?

➣ How to apply mobile processes and their type theories to

real distributed applications and programming languages?

=⇒ large-scale cyberinfrastructure for e-Science
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Multiparty session types

I Global Types and End Point Projection (Abstract Choreography)
I Potential errors:

◊ Communication mismatch: e.g. receiver is sent an unexpected message
◊ Protocol violation: executed interaction does not follow the protocol
◊ Deadlock: e.g. all endpoints blocked on input

G

LA
. . . LC

PA

. . .
PC

Projection

Conformance
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A B CT1

T2

T3

G = A æ B : T1.

B æ C : T2.

C æ A : T3

Projection (Good)

A :!ÈB, T1Í.?(C , T3)
B :?(A, T1).!ÈC , T2Í
C :?(B, T2).!ÈA, T3Í

Bad (Deadlock)

A :?(C , T3).!ÈB, T1Í
B :?(A, T1).!ÈC , T2Í
C :?(B, T2).!ÈA, T3Í















Program 
Alice

Program 
Bob

Program 
Carol

Global Type

Local Type Local Type Local Type

Projection

Dynamic  
Monitoring

Dynamic  
Monitoring

Dynamic  
Monitoring

Dynamic  Monitoring 
[RV’13, COORDINATION’14, FMSD’15]
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Buyer: A local projection



OOI agent negotiation 1/5

I https://confluence.oceanobservatories.org/display/syseng/

CIAD+COI+OV+Negotiate+Protocol
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OOI agent negotiation 2/5
type <yml> "SAPDoc1" from "SAPDoc1.yml" as SAP;

global protocol Negotiate(role Consumer as C, role Producer as P) {

}

12 / 42



OOI agent negotiation 3/5 (choice)
type <yml> "SAPDoc1" from "SAPDoc1.yml" as SAP;

global protocol Negotiate(role Consumer as C, role Producer as P) {

propose(SAP) from C to P;

choice at P {

accept() from P to C;

confirm() from C to P;

} or {

reject() from P to C;

} or {

propose(SAP) from P to C;

} }
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OOI agent negotiation 4/5
type <yml> "SAPDoc1" from "SAPDoc1.yml" as SAP;

global protocol Negotiate(role Consumer as C, role Producer as P) {

propose(SAP) from C to P;

choice at P {

accept() from P to C;

confirm() from C to P;

} or {

reject() from P to C;

} or {

propose(SAP) from P to C;

choice at C {

accept() from C to P;

confirm() from P to C;

} or {

reject() from C to P;

} or {

propose(SAP) from C to P;

} } }
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OOI agent negotiation 5/5 (recursion)
type <yml> "SAPDoc1" from "SAPDoc1.yml" as SAP;

global protocol Negotiate(role Consumer as C, role Producer as P) {

propose(SAP) from C to P;

rec X {

choice at P {

accept() from P to C;

confirm() from C to P;

} or {

reject() from P to C;

} or {

propose(SAP) from P to C;

choice at C {

accept() from C to P;

confirm() from P to C;

} or {

reject() from C to P;

} or {

propose(SAP) from C to P;

continue X;

}

}

}
15 / 42



Local protocol projection (Negotiation Consumer)

// Global

propose(SAP) from C to P;

rec START {

choice at P {

accept() from P to C;

confirm() from C to P;

} or {

reject() from P to C;

} or {

propose(SAP) from P to C;

choice at C {

accept() from C to P;

confirm() from P to C;

} or {

reject() from C to P;

} or {

propose(SAP) from C to P;

continue START;

} } }

19 / 42

// Projection for Consumer

propose(SAP) to P;

rec START {

choice at P {

accept() from P;

confirm() to P;

} or {

reject() from P;

} or {

propose(SAP) from P;

choice at C {

accept() to P;

confirm() from P;

} or {

reject() to P;

} or {

propose(SAP) to P;

continue START;

} } }



FSM generation (Negotiation Consumer)

20 / 42
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Turtles: Protocol-Based Foundations for 
Distributed Multiagent Systems



Applications

Protocol Verification

OOI Governance

MPI code generations

ZDLC: Process Modeling



Program 
Alice

Program 
Bob

Program 
Carol

Global Type

Local Type Local Type Local Type

Projection

Dynamic  
Monitoring

Dynamic  
Monitoring

Dynamic  
Monitoring

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



Program 
Alice

Program 
Bob

Program 
Carol

Global Type

Local Type Local Type Local Type

Projection

Type  
Checking

Type  
Checking

Type  
Checking

Type Checking  
[ECOOP’16, OOPSLA’15, POPL’16]



Program 
Alice

Program 
Bob

Program 
Carol

Global Type

Local Type Local Type Local Type

Projection

Generation GenerationGeneration

Code Generation [CC’15, FASE’16]



Program 
Alice

Program 
Bob

Program 
Carol

Global Type

Local Type Local Type Local Type

Synthesis

Type  
Inference

Type 
Inference

Type  
Inference

Synthesis
[ICALP’13, POPL’15, CONCUR’15, TACAS’16, CC’16]



Scribble SMTP



Yuxin Deng, Matthew Hennessy, ICALP 2011 =>


ICALP’13!





http://www.zdlc.co/faq/



Zero Deviation Life Cycle Platform



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

[ESOP'10,ESOP'12,CONCUR'12,CONCUR'14] 



Contributions

Static deadlock detection tool dingo-hunter

Deadlock detection based on session types

Infer session types as Communicating Automata

Synthesise global session graphs from CA



Go and Concurrency

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. " 
-- E�ective Go (developer guide)



Session Type Mobility Group

www.mrg.doc.ic.ac.uk


