
Session types serve as both theoretical and engineering 

foundations of communication-centred programming 

languages and systems and software, so that the society can 

use safe concurrent systems and distributed services.
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Communications are Ubiquitous

● Increasingly, communications are the 
way to organise software and 
systems. 

● Industry trend – programming 
languages with explicit message-
passing primitives.
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microservices



Problems: Ambiguity 

● Protocol descriptions are ambiguous

● SMTP: simple mail transfer protocol 
○ They are written in English, often very long 
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Problems: Concurrency Bugs  

● Communications increase concurrency bugs 
○ Survey of 4K users [golang.org] 

○ Analysis of 6 large software systems [ASPLOS 19] 

More than a half of concurrency bugs in Go 

are caused by communications.
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The Go Gopher



● Communications increase concurrency bugs 
○ Survey of 4k users [golang.org] 

○ Analysis of 6 large software systems [ASPLOS 19] 

More than a half of concurrency bugs in Go 

are caused by communications.

Problems: Concurrency Bugs  

• Prevent concurrency bugs.

• Can abstract, implement and manage communications as Protocols.

• Clean, Cheap and Retrofittable.
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Significant academic and industry interests via fundamental breakthroughs

Binary Session Types ESOP’98

Joined W3C Standardization    2002
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Why Session Types, Why Now?
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Significant academic and industry interests via fundamental breakthroughs

Binary Session Types 

Multiparty Session Types 

ESOP’98

POPL’ 08

Joined W3C Standardization    2002

25M US$
large cyber 
infrastructures

middleware 
standardisations
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Significant academic and industry interests via fundamental breakthroughs

Binary Session Types 

Multiparty Session Types 

ESOP’98

POPL’ 08

ETAPS Test Time Award 2019

POPL Influential Paper Award 2018

Joined W3C Standardization    2002

PLDI’19, ICSE’18, CC’18, CAV’19
POPL’19, POPL’19, POPL’19, 
ECOOP’19, ESOP’19, ESOP’18
CONCUR’19, FOSSACS’19,
LICS’18, FOSSACS’18
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Research Conclusion

The Mobility Reading Group at Imperial College
Our research group is specialised in π-calculus and session
types — both theory and applications

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

I TACAS’20: Coq Mechanisation. EMTST: Engineering the Meta-theory
of Session Types. David Castro-Perez, Francisco Ferreira and NY

I ESOP’20: Theory. Exploring Type-Level Bisimilarity towards More
Expressive Multiparty Session Types, Sung-Shik Jongmans and NY

I CC’20: Parallel Programming (Best Paper Award) Compiling
First-Order Functions to Session-Typed Parallel Code, David Castro-Perez and NY

I ECOOP’20: Go Language. Static Race Detection and Mutex Safety and
Liveness for Go Programs, Julia Gabet and NY

I ECOOP’20: OCaml. Multiparty Session Programming with Global
Protocol Combinators, Keigo Imai, Rumyana Neykova, NY and Shoji Yuen

I OOPSLA’20: Cost Analysis using Multiparty Session Types. CAMP:
Cost-Aware Multiparty Session Protocol, David Castro-Perez and NY

I OOPSLA’20: Go Language. Featherweight Go, Robert Griesemer and Raymond Hu

and Wen Kokke and Julien Lange and Ian Lance Taylor and Bernardo Toninho and Philip Wadler and NY.

I OOPSLA’20: Robotics. Multiparty Motion Coordination: From
Choreographies to Robotics Programs, Rupak Majumdar, NY and Damien Zufferey.

I OOPSLA’20: F?. Statically Verified Refinements for Multiparty
Protocols, Fangyi Zhou, Francisco Ferreira, Raymond Hu, Rumyana Neykova and NY
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Research Conclusion

Case study (I): Network Protocols with Scribble

DEMO:

Scribble and RFC 5321
(“Simple” Mail Transfer Protocol)
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Research Conclusion

Case study (II): Ocean Observatories Initiative
Collaboration: use session types on top of OOI network to
guarantee global safety
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Research Conclusion

Case study (III): Motion Session Types for Robotics
Interactions [ECOOP’19,OOPSLA’20]
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How Many Robots? 

Arm

Cart

Carrier

Cart & Arm:
Two robots attached together that
act as “one” robot (communication)
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Research Conclusion

Case study (III): Motion Session Types for Robotics
Interactions [ECOOP’19,OOPSLA’20]
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Handover: Global Type

6 / 9



Research Conclusion

Case Study IV Golang research

Go is a popular industrial systems language developed by Google
(5th GitHub language). Go’s design is inspired by CSP, but more
akin to the π-calculus.

Our MRG group has several research projects involving Go:

I Static verification framework for Go [CC’16,POPL’17,
ICSE’18,ECOOP’20].

I Distributed programming in Go based on MPST [POPL’19]

I Introducing polymorphism in Go, in collaboration with
Google [OOPSLA’20].
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Research Conclusion

Case Study IV Golang research

Robert Griesemer Ian Lance Taylor

I want to thank you and your team for all the type theory work on
Go so far – it really helped clarify our understanding to a massive
degree. So thanks! (Robert Griesemer)
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Research Conclusion

Conclusion

Session types allow to:

1. formalise protocols for concurrent/distributed systems

2. verify concurrent and distributed programs at
compile-time

3. and also implement automatic run-time monitoring

This leads to two main uses:
I spot protocol violations and deadlocks at compile-time
I and detect and report protocol violations at run-time

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

. . . and get in touch for enquiries and a reading list!
(n.yoshida@imperial.ac.uk)

Questions?
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