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Context

Jasmin is a low-level programming language supporting the development of high-assurance cryptography
libraries (Almeida et al. 2017). This language features an equilibrium between the high-level abstractions that
ease the implementation of programs and reasoning about them on one hand, and on the other hand access
to low-level features together with the predictability of the compiler that give control on performances to the
programmer.

The Jasmin infrastructure has been used to provide formal security guaranties on efficient implementations
of the SHA-3 hash function (Almeida et al. 2019) and of the ML-KEM post-quantum primitive (Almeida et
al. 2023). The correctness proof of the compiler (mechanized in the Coq proof assistant) justifies the formal
reasoning done at the source level.

Objective of the internship

Register allocation is one on the numerous passes performed by the Jasmin compiler. In accordance with the
design principles of the language, this compilation pass never introduces any spilling operation. In its current
implementation, the compiler translates the register allocation problem into a NP-hard graph coloring problem
and attempt at solving it (in polynomial time) using an approximate algorithm. The aim of the internship is
to study the opportunity of using an exact algorithm for optimal register allocation in the Jasmin certified
compiler. To this end two lines of work shall be explored.
A first family of algorithms exploit the structure of control-flow graphs, such as their small tree-width or

other grammatical decompositions. Indeed, when restricted to specific classes of graphs, register allocationmay
be solved in polynomial time (Thorup 1998). In spite of their appealing asymptotic complexity, these algorithms
often have a high cost in practice and have been so far restricted to target architectures with few registers.
However, recent works suggest that these algorithms may be practical, even when the target architecture
features many registers (Conrado, Goharshady, and Lam 2023). Since by design of the programming language,
Jasmin programs are structured and the compiler should not introduce any spill, these algorithms appear to
be well suited there.
A second approach to optimal register allocation rely on constraint solving: the allocation problem is

encoded as a set of constraints that are then solved by an off-the-shelf solver. This methodology has shown to
be successful even for other compilation passes such as instruction scheduling (Lozano et al. 2019). Bringing
the expressivity of constraint programming into the Jasmin compiler —in addition to immediate impact on
register allocation— would pave the way to generically solve harder problems such as aliasing of registers in
Neon architectures.

More precisely, the intern will:
• study two algorithms for register allocation: one that exploit the structure inherent to control-flow
graphs, and one that builds up on constraint programming;

• adapt them to the Jasmin programming language and implement them in its compiler;
• compare them and evaluate them experimentally both in terms of compile-time performance and quality
of the generated code.

1

https://team.inria.fr/pesto/
https://www.loria.fr/en/
mailto:Vincent.Laporte@inria.fr
mailto:yannick.toussaint@loria.fr


Expected ability of the student

We expect mathematical maturity, basic knowledge in logic, basic theoretical computer science, some under-
standing of compilation. Knowledge in security and cryptography is not mandatory. Ability to program in
OCaml would be appreciated.
Note that there is funding available to extend this internship towards a PhD, would the candidate be

interested.
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