
Multiparty Asynchronous Session Types

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

Nobuko Yoshida

Imperial College London

1



Selected Publications 2015/2016
• [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 . 
• [FSTTCS’15] Romain Demangeon, NY: On the Expressiveness of Multiparty Session Types. 
• [OOPSLA’15] Hugo A. López, 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, NY: Meeting Deadlines Together. 
• [CONCUR’15] Marco Carbone, Fabrizio Montesi, Carsten Schürmann, NY: Multiparty Session 

Types as Coherence Proofs. 
• [CC’15] Nicholas Ng, Jose G.F. Coutinho, NY: Protocols by Default: Safe MPI 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.



Selected Publications 2015/2016
• [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 . 
• [FSTTCS’15] Romain Demangeon, NY: On the Expressiveness of Multiparty Session Types. 
• [OOPSLA’15] Hugo A. López, 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 Schürmann, NY: Multiparty Session 

Types as Coherence Proofs. 
• [CC’15] Nicholas Ng, Jose G.F. Coutinho, NY: Protocols by Default: Safe MPI 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.



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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Current: Communication is Ubiquitous

➤ The way to organise software is increasingly based on

communications (Cloud Computing, many cores,

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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Session Types Overview

` Properties
` Communication safety (no communication  mismatch)
` Communication fidelity (the communication follow the protocol)
` Progress (no deadlock/stuck in a session)















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

11 / 42



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;

} }

13 / 42



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;

} } }

14 / 42



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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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 [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] 



Message Passing Programming   
[CC’15, OOPSLA’15]
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Reduce(T)

Scatter-Gather protocol
● Distribute query to all nodes
● Nodes collect relevant records
● Results gathered and merged
● Display results to user

Example: Simple search engine

Worker[1]

Worker[1]

Worker[i]
......

Map(S)

Scatter-Gather protocol

const N = 2..max;
global protocol ScatterGather(role Worker[1..N])
{
  Init()    from __self    to __self;

  Map(S)    from Worker[1] to __All;
  Reduce(T) from __All     to Worker[1];

  Finish()  from __self    to __self;
}

7
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Example: search engine

#pragma pabble type S
  typedef void S; MPI_Datatype MPI_S = MPI_BYTE;
#pragma pabble type T
  typedef void T; MPI_Datatype MPI_T = MPI_BYTE;
#pragma pabble Init
  bufMap0_r = calloc(meta.buflen(Map), sizeof(S));

#pragma pabble Map
  bufMap0_s = pabble_sendq_dequeue();
  MPI_Scatter( …, MPI_S, Worker_RANK(1), … );
  free(bufMap0_s);
  pabble_recvq_enqueue(Map, bufMap0_r);

#pragma pabble Map
  bufReduce1_r = calloc(meta.buflen(Reduce)*meta.
nprocs, sizeof(T));

#pragma pabble Reduce
  bufReduce1_s = pabble_sendq_dequeue();
  MPI_Gather( … , MPI_T, Worker_RANK(1) …);
  free(bufReduce1_s);
  pabble_recvq_enqueue(Reduce, bufReduce1_r);

#pragma pabble Reduce
#pragma pabble Finish

Merging backbone with kernels

17

  
  typedef char *S; MPI_Datatype MPI_S = MPI_CHAR;
  
  typedef char *T; MPI_Datatype MPI_T = MPI_CHAR;

  load_data();
  bufMap0_r = calloc(meta.buflen(Map), sizeof(S));

  distribute_data();
  bufMap0_s = pabble_sendq_dequeue();
  MPI_Scatter( …, MPI_S, Worker_RANK(1), … );
  free(bufMap0_s);
  pabble_recvq_enqueue(Map, bufMap0_r);

  distribute_data();
  bufReduce1_r = calloc(meta.buflen(Reduce)*meta.
nprocs, sizeof(T));

  collect_records();
  bufReduce1_s = pabble_sendq_dequeue();
  MPI_Gather( … , MPI_T, Worker_RANK(1) …);
  free(bufReduce1_s);
  pabble_recvq_enqueue(Reduce, bufReduce1_r);

  collect_records();
  display_cleanup();
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Evaluation

Reusable protocols
● e.g. scatter-gather
● e.g. stencil

Berkeley Dwarfs [CACM’09]

● Representative
parallel computing
patterns

● 4 of 5 HPC patterns

Productivity: Flexibility

20

Repository Berkeley HPC Dwarfs

heateq stencil* Yes Structured Grid

nbody ring* Yes Particle Methods

wordcount scatter-gather* Yes

adpredictor scatter-gather* Yes

montecarlo scatter-gather* Yes

montecarlo-mw master-worker* Yes

LEsolver wraparound mesh Structured Grid

matvec custom Dense Matrix

fft64 6-step butterfly Spectral (FFT)
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Evaluation

Protocols in repository
● Use backbone directly
● Write kernel
● Effort = K / B+K

Custom protocols
● Write Pabble protocol
● Tool generate backbone
● Write kernel
● Effort = P+K / B+K

Effort ratio
● LOC savings
● Higher = more to write from scratch

Productivity: Effort

Pabble
LOC(P)

Backbone
LOC (B)

Kernel
LOC(K)

Effort

heateq stencil* 15 154 335 0.69

nbody ring* 15 93 228 0.71

wordcount scatter-gather* 8 76 176 0.70

adpredictor scatter-gather* 8 76 182 0.71

montecarlo scatter-gather* 8 76 70 0.48

montecarlo-mw master-worker* 10 82 70 0.46

LEsolver wraparound mesh 15 132 208 0.66

matvec custom 15 130 117 0.41

fft64 6-step butterfly 11 64 134 0.68

21



Language and Implementations

➤ Carrying out large-scale experiences with OOI, VMWare, Red Hat,

Congnizant, Pivotal, Amazon, AMQP, RabbitMQ

➣ JBoss SCRIBBLE [ICDCIT’10,COB’12,TGC’13] and ZDLC projects

➤ High-performance computing

Session Java [ECOOP’08,ECOOP’10,Coordination’11]

=⇒ Multiparty Session C and MPI

[TOOLS’12,Hearts’12,EuroMPI’12,PDP’14,CC’15,OOPSLA’15]

➤ Multiparty session languages Ocaml, Java, C, MPI, Python, Scala, Jolie,

Haskell, Erlang

➣ Effect and Concurrent Haskell [POPL’16]

➣ Practical interruptible conversations: Distributed dynamic verification

with session types and Python [RV’13,FMCD’15]

➣ Multiparty Session Actors [COORDINATION’14]

2



Multiparty Session Type Theory

➤ Multiparty Asynchronous Session Types [POPL’08,JACM]

➤ Progress

➣ Global Progress in Dynamically Interleaved Multiparty Sessions

[CONCUR’08], [Math. Struct. Comp. Sci.]

➣ Inference of Progress Typing [Coordination’13]

➤ Asynchronous Optimisations and Resource Analysis

➣ Global Principal Typing in Partially Commutative Asynchronous

Sessions [ESOP’09]

➣ Higher-Order Pi-Calculus [TLCA’07,TLCA’09,Info.&Comp]

➣ Buffered Communication Analysis in Distributed Multiparty Sessions

[CONCUR’10]

3



➤ Extensions of Multiparty Session Types

➣ Multiparty Symmetric Sum Types [Express’10]

➣ Trustworthy Pervasive Healthcare Services via Multi-party Session Types

[FHIES’12]

➣ Parameterised Multiparty Session Types [FoSSaCs’10, LMCS, SPLASH’15]

➣ Global Escape in Multiparty Sessions [FSTTCS’10]

[Math. Struct. Comp. Sci.]

➣ Dynamic Multirole Session Types [POPL’11]

➣ Nested Multiparty Sessions [CONCUR’12]

➣ Timed Multiparty Session Types [CONCUR’14]

➤ Dynamic Monitoring

➣ Monitoring Networks through Multiparty Sessions [TGC’11] [FORTE’13]
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➤ Automata Theories

➣ Multiparty Session Automata [ESOP’12]

➣ Synthesis in Communicating Automata [ICALP’13]

➣ From communicating machines to graphical choreographies [POPL’15]

➣ Meeting Deadlines Together [CONCUR’15]

➤ Denotational and Trace Semantics

➣ Expressiveness of Multiparty Session Types [FSTTCS’15]

➤ Petri Nets

➣ Multiparty Session Nets [TGC’14]

➤ Typed Behavioural Theories

➣ On Asynchronous Eventful Session Semantics [FORTE’11]

[Math. Struct. Comp. Sci.]

➣ Governed Session Semantics [CONCUR’13]

➣ Characteristic Bisimulations for Higher-Order Session Processes

[CONCUR’15]
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➤ Choreography Languages

➣ Compositional Choreographies [CONCUR’13]

➤ Logics

➣ Design-by-Contract for Distributed Multiparty Interactions [CONCUR’10]

➣ Specifying Stateful Asynchronous Properties [CONCUR’12]

➣ Multiparty, Multi-session Logic [TGC’12]

➣ Multiparty Session Types as Coherence Proofs [CONCUR’15]
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Session Type Reading List

➤ Home Page http://mrg.doc.ic.ac.uk/

➤ [ESOP’98] Language Primitives and Type Disciplines for Structured

Communication-based Programming, Honda, Vasconcelos and Kubo

➤ [SecRet’06] Language Primitives and Type Disciplines for Structured

Communication-based Programming Revisited, Yoshida and Vasconcelos,

ENTCS.

➤ [SFM’15] Gentle Introduction to Multiparty Asynchronous Session Types,

Coppo et al.

➤ [POPL’15] From communicating machines to graphical choreographies,

Lange, Tuosto and Yoshida.

7



➤ [COB’14,TGC’13] The Scribble Protocol Language, Honda et al.

➤ [ECOOP’08] Session-Based Distributed Programming in Java, Hu, Yoshida

and Honda.

➤ [FMSD’15] Practical interruptible conversations: Distributed dynamic

verification with multiparty session types and Python, Demangeon, Honda,

Hu, Neykova and Yoshida.

➤ [CC’15] Protocols by Default: Safe MPI Code Generation based on Session

Types, Ng, Coutinho and Yoshida.
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A rare cluster of qualities

From the team of OOI CI:

Kohei has lead us deep into the nature of communication and

processing. His esthetics, precision and enthusiasm for our mutual

pursuit of formal Session (Conversation) Types and specifically for

our OOI collaboration to realize this vision in very concrete terms

were, as penned by Henry James, lessons in seeing the nuances of

both beauty and craft, through a rare cluster of qualities - curiosity,

patience and perception; all at the perfect pitch of passion and

expression.
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