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Tony Hoare (Takes Over PRG 1977-1999) 



Hoare was a prolific 
computer scientist. His 
biggest achievements 
are Hoare Logic & CSP, 
but he is also known 
for quicksort (and, 
infamously, null 
pointers) 
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Christopher Strachey 

• Sequential and functional computation 

‣Types = abstract     

‣Structured     

• Session  

‣Structured programming = protocols 
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Programming languages 
are tools which offer 
frameworks of abstraction 
for such activities ʹ
promoting or limiting them

� Imperative
� Functional
� Logical





UNSTRUCTURED: STRUCTURED: 



Quicksort in pure lambda: Quicksort with combinators:



Quicksort in ML:



What is a concept of Types in Programming?
• Types can avoid runtime error 
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What is a concept of Types in Programming?
• Types can avoid runtime error 


Boolean, Natural Number (Data Types) 

100 x 200     Correct 

100 x true      Wrong 

Types for Protocol?







ENCODING



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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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
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Distributed systems are: 

focus on the 
communication

  not on     
computation



Types for distributed processes

send(int).receive(bool)

• Primitives – send, receive, internal and external choice, 
recursion 

• How to combine types (hint: specify the communication flow): 

 What kind of errors does this prevent? 
 communication errors = communication mismatch + deadlock

 Challenge – when types are compatible ? 
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Types for distributed processes

send(int).receive(bool)

• Primitives – send, receive, internal and external choice, 
recursion 

• How to combine types (hint: specify the communication flow): 

 What kind of errors does this prevent? 
 communication errors = communication mismatch + deadlock

 Challenge – when types are compatible ? 

send(int).
send(int).
receive(bool)

receive(int).
receive(int).
send(bool)

Deadlock! 
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Some Applications on Multiparty Session Types
More Applications

Robotics

Zooid

Distributed Tracing

Mechanisation



Zak Cutner, NY and Martin Vassor

Deadlock-Free Message Reordering with Multiparty Session Types 
[PPoPP 2022]

Multiparty Session Types in      
Rust
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Introduction
Rust Language

• Modern systems language focussed on safety and performance

• “Most loved language” for past fifl

• Particular emphasis on safe concurrency using message passing

• Affine type system is well-suited to session types
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• It’s small and easy to modify


• Available on opam


• opam install nuscr


• Available on GitHub


•  https://github.com/nuscr


• Available on the web


• https://nuscr.dev

νScr An Extensible Toolchain for Multiparty Session Types

https://github.com/nuscr
https://nuscr.dev


Scribble 
Protocol Description Language 

global protocol Ring(role A, role B, role C) { 
    Add(i32) from A to B; 
    choice at B { 
        Add(i32) from B to C; 
        Add(i32) from C to A; 
        do Ring(A, B, C); 
    } or { 
        Sub(i32) from B to C; 
        Sub(i32) from C to A; 
        do Ring(A, B, C); 
    } 
}
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Summary
Multiparty Session Types in Rust  

• Multiparty session type description language 


‣         nuScr https://github.com/nuscr


• Applications of multiparty session types using communicating automata


‣         https://github.com/zakcutner/rumpsteak


‣ More on Rumpsteak: 1st August Huawei Workshop on Formal Methods 

‣ [ECOOP 2024] Refinements for Multiparty Message-Passing Protocols: 
Specification-agnostic theory and implementation  https://zenodo.org/
records/12731834

🍖

https://github.com/nuscr
https://github.com/zakcutner/rumpsteak
https://zenodo.org/records/12731834
https://zenodo.org/records/12731834
https://zenodo.org/records/12731834
https://zenodo.org/records/12731834


Protocol Conformance of Collaborative 
Federate Query using Multiparty 
Session Types 

Ari Hernawan & NY TASE 2024
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Conclusion
Specification Guided Concurrent and Distributed Programming

• Christopher Strachey and Structured Programming 


• Introduction of Session Types 


• Introduction of Multiparty Session Types 


• Case Study: Multiparty Session Types in Rust 


• Case Study: Federate Query with Multiparty Session Types 
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