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Types as grammars



Motivation — FreeST
FreeST is a functional programming language with message-passing concurrency 
governed by session types.

main : ()
main =
  let (i, o) = channel @(?String; Wait) ()
  in fork (\_ -> send “hello, world!” o |> close);
     recv i \s -> putStrLn s; wait

(Almeida et al. 2022)



Session types are a type discipline for safe message-passing concurrency.
They describe communication protocols on heterogeneous, bidirectional channels.

Motivation — session types
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(Honda et al. 1998)
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Context-free session types uncouple messages from sequential composition.

Motivation — context-free session types

regular context-free

send

receive

sequential composition

no-op

e.g., tree serialization

(Thiemann & Vasconcelos 2016)



FreeST features polymorphism, equi-recursive types and context-free session types.
We are adding type operators to it.

Type operators

Simple types

Polymorphism

Equi-recursive types

Context-free session types

Motivation — type operators

data Tree a = Empty 
            | Node a (Tree a) (Tree a)

type SendTree a = 
  !{ Empty: Skip
   , Node : !a; SendTree; SendTree
   }

!



Problem — type equivalence
“Are two types interchangeable under any context?”
Any typechecker needs a way to answer this question

Simple types

easy — syntactical equality

!



Problem — type equivalence
“Are two types interchangeable under any context?”
Any typechecker needs a way to answer this question

Simple types

Polymorphism

bound variable names are not important — 𝛼-equivalence

!



Problem — type equivalence
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! 𝜇-types are equivalent to their unfolding
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“Are two types interchangeable under any context?”
Any typechecker needs a way to answer this question

Problem — type equivalence

!

Simple types

Polymorphism

Equi-recursive types

Context-free session types

equivalence preserves the algebraic laws of (;)

Identity

Associativity

Distributivity

Absorption



(Problem — context-free session type equivalence)



Forget syntax, look at behavior
Define an LTS for types
(Including functional types)

(Solution — behavioral equivalence)



(Solution — type equivalence as bisimilarity)



By reduction to bisimilarity of BPA processes

(Solution — decidability)

=
words in context-free grammars (in Greibach normal form)

LTS:

Lemma (full abstraction). The LTS of a type and its word coincide.



No practical algorithm for general BPA/CFG bisimilarity.

Over the years, our team has developed 2 algorithms 
for simple grammar bisimilarity:

- Almeida et al., 2020: doubly-exponential time*
- Poças et al., 2025: polynomial time*

But context-free session types are deterministic
I.e., they correspond to deterministic CFG in GNF

  i.e., simple grammars.

(Solution — algorithms)



Problem — type equivalence
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Problem — type equivalence
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equivalence preserves type reduction — 𝛽/𝜂-equivalence

!



Problem — type equivalence
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!

only proper types     recursive

(Cai et al. 2016)



Problem — type equivalence
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!



Solution — silent actions

silent actions
call-by-name reduction

unfolding
session type normalization

observable actions
actual structure (functional types)

actual behavior (session types)



Solution — weak bisimilarity



Solution — example



Solution — syntax

Constants

Types Kinds

Kinds of proper types

Abbreviations



Solution — LTS part I: silent actions

call-by-name reduction

unfolding

session type normalization



Solution — LTS part II: observable actions

fully-applied constants

fully-applied variables

type operators

sequential composition



Solution — grammar: constants & variables

when



Solution — grammar: recursion, T, type operators

when

when

when

where



Solution 

Theorem (full abstraction). The LTS of a type and its grammar word coincide.

Which means we can still use our simple grammar bisimilarity algorithms to 
decide type equivalence for          !

But a similar result that takes into account silent actions.



Thank you! 

for more information:
freest-lang.github.io


