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Introduction Our objective is to develop a type system framework parametric over suit-
able separation algebras [3] (taking inspiration from Iris [11]) to facilitate the creation of new
type systems that statically guarantee memory safety, thread-safety, and avoid memory leaks,
in concurrent languages featuring asynchronous programming.1 We desire to strike a balance
between proof ease and expressiveness, while having built-in support for crucial features:

1. The ability to distinguish between affine and linear resources. The former would be
allowed to be “dropped” and disposed by a garbage collector, while the latter would need
to be explicitly disposed to prevent memory leaks.

2. The ability to distinguish between thread-local and thread-shared resources, allowing
thread-local data to be accessed without synchronization.

3. Allow one to perform non-frame-preserving updates (for example on thread-local data)
that break assumptions made by other parties sharing the same underlying state, and
then permit one to restore consistency before changes become visible to others (similar
to how one can open an invariant and then close it after restoring it).

4. Allow one to reason about fictional (weak) separation and real (strong) separation of
resources, or even other degrees of separation.

We believe the proposal addresses concrete limitations in the state of the art. First, recent
logics, such as Iris, have usually preferred to use affine resources. Although there are encodings
to allow precise tracking of resources in affine logics, such as Iron [1], and even though there is
work extending Iris with linear resources [10], it would be useful to have both notions as built-in
and principled features. For example, even in garbage-collected languages, it is still important
to guarantee that resources, like sockets, are closed, even though there is no instruction to
actually free memory. So, one could imagine parameterizing the framework with separation
algebras to reason about typestated objects [16, 7, 8], whose protocol must be completed, but
allowing other non-typestated objects to be treated as affine resources.

Second, there is some work on capabilities which distinguish between thread-local from
thread-shared data [19, 6, 5], but the set of available capabilities is fixed and there are limitations
to how data may be transferred between threads. In Iris, it is possible to encode “thread-local
invariants” which can be opened non-atomically [9], but doing the encoding is non-trivial and
requires expertise. Combined with the ability to perform non-frame-preserving updates on
thread-local data, one could leverage these features to reason about asynchronous programming
in languages such as JavaScript [15], where control is only yielded from a task to another at
specific points (i.e., we have concurrently without preemption [17]). Knowing that there is no
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interference when a task is running (in a single-thread), one can avoid the use of synchronization
primitives to ensure mutual exclusion.

Finally, although there is work that supports, simultaneously, the distinction between fic-
tional (weak) separation and real (strong) separation [2], one could generalize and develop a
framework parametric over separation degrees, in the same way there are now separation logic
frameworks parametric over separation algebras [11, 3].

Preliminary results To achieve our goal, we have started by developing a core separation
logic framework, parametric over a separation algebra, with the usual separation logic connec-
tives. This approach is very similar to Iris, but with some differences at the outset. First, we
simplify the setting by remaining in the first-order realm, and avoid step-indexing.

Second, we allow one to define affine and linear resources by letting the user supply a pre-
order relation over resources, following the approach by Cao et al. [4] and Krebbers et al. [12].
If a ⊑ b, then a proposition that holds for a, also holds for b (i.e., we can always add affine
resources without invalidating a proposition). If ϵ ⊑ a, then it means a is completely affine.

Third, we allow the separating conjunction, the magic wand connectives, and the update
modality (inspired in Iris), to be parameterized with separation degrees, which are relations
over any two resources, following some properties. Naturally, we can derive a notion of “degree
subtyping”, defined mathematically as set inclusion. For example, real (strong) separation
would be a “subtype” of fictional (weak) separation. We have also demonstrated the following
distributivity property (like in [2]): If l ⊆ l′, then (A ∗l′ B) ∗l (C ∗l′ D) |= (A ∗l C) ∗l′ (B ∗l D).

Finally, we have specified a weakest-precondition, defined Hoare triples in terms of weakest-
preconditions, proved that triples are sound and ensure safety, and derived a frame rule. These
preliminary results have all been mechanized in the Rocq proof assistant.

Future work The plan is to then extract a decidable fragment of this core separation logic
framework, and use it to create a type system framework. With the given safe and sound
foundation, the type safety property of type systems, created with this framework, is naturally
derived. Moreover, if more complex verification scenarios arise, one should be able to “drop
down” to the core separation logic framework, and do the required proofs there.

However, the work is not complete. Namely, a crucial feature we are interested in is the
ability to perform non-frame-preserving updates. For this, we are studying a new kind of update
modality. Although there is already work on a non-frame-preserving update modality [18], the
critical aspect we want to develop is the ability to recover consistency.

For this feature, we need some key ingredients. First, we need to track the resources that
were under a non-frame-preserving update, and that must be restored. Second, we must “hide”
resources that may be affected by a non-frame-preserving update. This approach is heavily
inspired in the work my Militão [13] on Rely-Guarantee Protocols. In that work, one performs
protocol steps by “focusing”, and then “defocusing”, where “focusing” produces a “guarantee”
that must be fulfilled upon “defocus”. In the middle of a step, inconsistencies are not visible
to other parties sharing the same state. To allow for modular proofs, Militão presents a ver-
sion of a frame rule that extends the memory footprint using a special operator that “hides”
inconsistent resources to avoid reentrancy (i.e., those that share underlying memory with re-
sources currently being modified). However, this “hiding” is coarse-grained. To address this,
Militão [13] suggests to distinguish data that is fictionally separated from data that is truly
separated, and then only “hiding” the former - a proposal that we plan to implement leveraging
on the “separation degrees” we previously discussed. Finally, Militão’s approach is syntactic,
while we are interested in having a semantic model for these kinds of updates.
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