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SESSION TYPE: MOTIVATION

Can we have types that describe the communication, not the computation?

How to formally describe/specify and practically describe/implement 
communications?



SESSION TYPES: OVERVIEW

Since their appearance, session types have developed into a 
significant theme in programming languages.  

Computing has moved from the era of data processing to the 
era of communication.  

Data types codify the structure of data and make it available 
to programming tools.  

Session types codify the structure of communication and 
make it available to programming tools.



PROCESSES 
or how to formally implement protocols



WHAT CAN GO WRONG?



SESSION CHANNELS
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Distinguish session and shared channels!
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SESSION CALCULUS: SYNTAX

session initiation

interact in a session

other constructs

shared channels a, a’, …
used to initiate a sessions

session channels:  s, s’, …
used for session communication 



SESSION CALCULUS: SYNTAX

As before the system is a parallel composition of processes



SESSION CALCULUS: SEMANTICS
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ERRORS 



SESSION TYPES
or how to formally specify protocols



A Theory of Type Polymorphism in Programming (Milner 1978)

“well-typed programs cannot go wrong”



“well-typed channels cannot go wrong”



“well-typed channels are free from communication errors”



SESSION TYPES ON ONE SLIDE



SESSION TYPES:SYNTAX



SESSION TYPES: SYNTAX EXPLAINED 



FROM SESSION CALCULI TO SESSION TYPES

Session Types are types for session channels 
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FROM SESSION CALCULI TO SESSION TYPES

P is typable:



DUALITY 

where where



DUAL TYPES
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FROM SESSION CALCULI TO SESSION TYPES

P is typable:



TYPING JUDGEMENT 

process environment
Θ is a mapping from process 
variables to sorts and types. 
Example: 

typing environment

Γ is a mapping from share 
channels and variables to sorts.  
Example:        ; x: S , 

session environment 
mapping from session 
channels to session types.             
Example: 

The typing judgement reads as: 

Under the environment Θ and Γ , the process P has typing ∆ 
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TYPING DERIVATION



?



TYPING THE VARIABLE PROCESS



























DERIVATION TREE

✅ ✅



EXERCISE



EXERCISE: IS IT WELL-TYPED?
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✅

✅

✅
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EXERCISE: TYPING RECURSIVE PROCESSES



Receiving a session channel 

Sending a session channel 

TYPING DELEGATION



SESSION TYPES
properties  

or how to verify protocols



ERRORS: REVISITED 



PROPERTIES

Communication safety  

No communication mismatch  

Session Fidelity 

The communication sequence in a session follows the 
scenarios declared by the types 

Progress  

No deadlock/stuck in a session



SUBJECT REDUCTION 

Yields: Communication Safety and Session Fidelity



PROPERTIEAS

Subject Reduction  

session fidelity  

communication safety  

error-freedom: no communication mismatch on session 
channels  

linearity: session channels are used linearly (exactly 
once)  

Type Safety  

a typable program never reduces to an error



SUMMARY

Session calculus: a conservative extension of pi-calculus  

Session Types: types for session channels 

Key features:  

Duality: the relationship between the types of opposite 
endpoints of a session channel   

Linearity: each channel endpoint occurs exactly once in a 
collection of a parallel processes  

A session is a structure sequence of interactions   

Properties: communication safety, session fidelity, progress
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EXERCISE: IS IT WELL-TYPED?


