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Abstract

Type equivalence. At the heart of every compiler lies
a type equivalence algorithm. While this algorithm is rel-
atively straightforward for nominal type systems, where
simple checks on type names suffice, it gets more complex in
structural type systems, where the structure of types must
correspond in a certain sense. For the simple types of A7 [5],
this algorithm merely descends on their abstract syntax tree:
there is, after all, little difference between what is meant by
structure and by syntax. But this gap builds up as we move
along increasingly expressive type systems:

1. System F [8, 14] introduces variables and quantification,
requiring a-equivalence;

2. System F* [7] introduces equirecursion, requiring an equiv-

alence relation that is preserved under unfolding;
3. System F’, [4] introduces type-level abstraction and ap-
plication, requiring a/f/n-equivalence.

Type equivalence in F!, is at least as expressive as equiv-
alence for deterministic context-free languages, for which
no practical algorithms are known; however, if recursion is
restricted to proper types—F!, —the complexity is reduced
to that of equivalence for regular languages [4].

Why do we need grammars then? Simply because we
are dealing with an even more expressive system, obtained
by incorporating F/," into FREEST [1, 2, 6], a functional pro-
gramming language based on F¥ with session types. This
type discipline provides safe concurrency by describing and
enforcing structured message-passing protocols on hetero-
geneous and bidirectional channels [9, 10, 15]. Furthermore,
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session types in FREEST are context-free, allowing the se-
quential composition of arbitrary protocols [16]. We conse-
quently progress in the hierarchy to:

4. System F4" introduces context-free session types, requir-
ing an equivalence relation that respects the algebraic
properties of sequential composition.

Introducing sequential composition lifts the restriction to tail
recursion, but in turn precludes the use of a least fixed-point
construction to decide type equivalence for context-free ses-
sion types. The type equivalence problem in this setting
is reduced to the bisimilarity of simple grammars [11], an
amenable subset of context-free grammars. However, F(’Z,*
types and context-free session types cannot be dealt with sep-
arately: sessions may carry functions, and functions may act
on sessions. As such, we need a type equivalence algorithm
that seamlessly deals with both. Reducing type equivalence
in F" to simple grammar bisimilarity is the way to go.

How do we do it? First, we need an appropriate notion of
bisimilarity for F5," types that subsumes the standard type
equivalence relation for F/," types. This is defined by means
of a weak bisimulation on types that takes into account bind-
ings, recursion, reduction and sequential composition [12].

Next, we define a procedure to convert types into a simple
grammar. At the core of the procedure lies a function, word,
that maps a type to a sequence of nonterminal symbols, intro-
ducing their corresponding productions in the process. This
conversion procedure should be fully abstract: a type and its
corresponding word should have the exact same transitions.
This guarantees soundness and completeness for grammar
bisimilarity with respect to type bisimilarity [12].

Finally, given two types, we decide whether their corre-
sponding words are bisimilar using a simple grammar bisim-
ilarity algorithm. The goal of such algorithms is finding a
finite set of pairs of nonterminals, called a basis, from which
a bisimulation, even if infinite, can be induced. Throughout
the development of FREeST, two algorithms have been used.
The first, proposed by Almeida et al. [3], took a basis-refining
approach and ran in 2-EXPTIME. The current one, proposed
by Pocgas et al. [13], takes a basis-updating approach and
runs in polynomial time; it is due to appear in print, along
with an implementation as a standalone Haskell library.
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