PhD position

A quantum programming language with coherent control

The development of quantum programming languages that include quantum control primitives is one of the
most important problems in quantum computing [1,2,3]. Quantum control is a central feature in quantum
computing that allows programming quantum operations based on quantum data: during program
execution, quantum control can allow quantum superpositions of evolutions that depend on a quantum state
and, therefore, provides all the quantum functionality that a programmer may want to access.

One of the major difficulties to face when dealing with the development of such programming languages is
to ensure the feasibility of programs. This consists in checking that the written programs do not violate the
laws of quantum mechanics. A fundamental example of quantum control is the quantum switch [4] which
inputs two quantum evolutions U and V, and a control qubit, and consists in applying U followed by V or V
followed by U depending on the state of the control qubit. The quantum switch cannot be arbitrarily applied
to any quantum evolution on two qubits, as the corresponding program may have no physical meaning.
Consequently, an important issue is to design programming languages with suitable restrictions,
guaranteeing their valid evolution.

In this PhD, we would like to solve this issue by contributing to the development of programming languages
with both quantum control and physical meaning. The studied restrictions can be of distinct nature, e.g.,
syntactic constraints, specific set of generators, or type systems. As an illustrative example, one could think
of a type system ensuring that a multi-qubit operation is non-signaling, that is, the operation can be
expressedas A ® B> A' ® B' and no information can flow from Ato B' or from B to A'.

We would like also to consider a compilation process to a relevant low-level model to be determined, e.g.,
quantum circuits [5] or the PBS-calculus [6], thus providing physical implementations of high-level
programs. ldeally, the considered model will have nice complexity properties and allow us to represent
programs efficiently. Successful completion of this thesis should lead to a better understanding of the
physical limits of programming languages, and to progress towards the development of higher-order
programming languages with quantum control.
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