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1 Background

The measurement-based quantum calculus [DKP07] is an alternative approach to the circuit-
based formalism for describing quantum computation. It is less used but equivalent to it.

Computations in MBQC are sequences of two primitive operations, entanglement and mea-
surement. This formalism is well -suited for describing analyses and optimisations of quantum
computations, for verifiable blind quantum computation (VBQC, where the computation is dele-
gated to a server without leaking information about what is actually computed) [BEK09, [FK17]
LMEKO21], for benchmarking (some computations are universal and therefore at least as hard as
any computations of a given size), and for targeting various kinds of hardware, such as trapped-
ion and photonic platforms [GYCT 11, [BKBT12, [LJZ™13].

We call an MBQC pattern an actual sequence of MBQC operations: qubit preparations,
entanglements, and measurements. A given MBQC computation can be implemented by many
patterns, which differ in their space (how many simultaneous living qubits they require), their
depth (how long is a computation), and their lifetime (how long qubits have to remain alive).
These are important trade-offs to consider in order to make the patterns runnable on actual
hardware. Even if optimal results are known for some particular cases [HHFI1S8|, optimising
MBQC patterns for space, for instance, is shown NP-hard via a reduction from interval thickness.

Interval thickness is a well-studied optimisation problem in compilation theory, especially for
register allocation: a remarkable result is that, for a fixed maximum number of registers, finding
a register allocation or proving that none exists can be performed in linear time [BGT98]. The
problem of optimising MBQC patterns for space is slightly more general, however, and whether
similar linear-time procedures exist remains open.

2 The Graphix Project

In the QAT team we are developing the Graphix library [GMU25|, a platform for MBQC com-
pilation, simulation and analysis. This platform supports a large part of our research activity.
State-of-the art algorithms have been implemented for finding flows [MB24], and for optimal
space minimisation in the case of a causal flow. Nevertheless, we are still looking for better
heuristics in the general case.

3 The Internship Assignment

This internship focuses on discovering such heuristics and on investigating how results such
as [BGT98] could be generalised to the context of MBQC patterns. The assignment involves
combinatorial optimisation and some graph theory.



The team is looking for candidates with a strong interest in working at the boundaries between
several research fields. Knowledge of quantum computing is not mandatory for this project.
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