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Summary of the thesis project 

The project aims at designing short quantum codes and improving the associated decoding 

techniques in the context of quantum technologies: communication, cryptography, quantum 

computing. In the design domain, the attention will be focused on constructions based on 

known classical codes (Reed-Muller, BCH, ...) as well as on ad hoc constructions of LDPC and 

turbo quantum codes. From a decoding point of view, a part of the work will consist in adapting 

the algebraic decoding techniques of classical codes. Another part will focus on the 

improvement of iterative decoding techniques for LDPC and turbo codes. 

 

Description of the thesis: - Detailed subject 

Study Background:  
 
The field of quantum technologies is a very active research area as evidenced by the 
involvement of large entities such as IBM, Google and Intel, among others, at the global 
level. At the national level, ATOS is a major player and the major research centers such as 
CNRS, CEA and INRIA are strongly positioned on the subject and have recently created 
internal research teams dedicated to this field. The goal is to initiate the second 
quantum revolution via the quantum computer, which, thanks to the massive parallelism 
inherent in the description of quantum objects, might allow the rapid processing of 
calculations that are currently inaccessible to classical sequential computers. This 
breakthrough would affect a large number of industrial activities: transportation by 
optimizing travel, biology for the calculation of protein folding for example, semiconductors 
by improving the placement and routing of logic gates, linear programming and all its 
applications, etc. Commercial applications, such as the quantum credit card, are also 
being studied. Real applications in the field of tamper-proof digital communications 
have already been realized [1]. 
 
One of the problems encountered in the integration of operational quantum systems of 
sufficient size is the extreme sensitivity of quantum objects to ambient noise which can 
lead to the decoherence of the entangled objects. As in the case of classical digital 



communications, a proposed solution [2] is the use of error correcting codes. Our thesis 
proposal is based on this approach and aims at developing quantum codes dedicated to 
these applications as well as designing efficient decoding procedures for this type of 
codes. This is one of the main axis of action favored by the national observatory of 
scientific and technical innovation for security in the context of quantum technologies [3]. 
 
At the local level, the SI3 team of the Lab-STICC has been conducting research on this 
subject, in collaboration with the LMBA (Laboratoire de Mathématiques de Bretagne 
Atlantique - UMR CNRS 6205), for 4 years. This has led to 3 publications and two ongoing 
theses (one thesis on UBO institutional credits, which will be defended in 2023, and a 
CIFRE thesis with Thales, in the framework of the GIS Cormoran, which started in April 
2022). The two teams SI3 and CODES have also a long experience of 30 years in the field 
of classical information theory and iterative decoding codes such as LDPCs and 
turbocodes. 
 
The subject of the thesis, quantum short error correcting codes, is in line with the logic of 
the extension of the number of qubits in quantum computers with a view to a parsimonious 
increase in complexity. It should be noted that classical short codes are also a critical 
research topic for 5G communications and Internet of Things applications. The 
development of quantum short codes can therefore also benefit these topics in a 
transverse way and would then be crucial for the possible applications of quantum 
technology to these technologies. 

 
Scientific Content and Objectives:  
 
A number of constructions for quantum corrective codes have already been suggested. 
The first proposals use classical linear codes (Reed-Muller, BCH, ...) as internal bricks to 
define the quantum code. More recently, ad hoc codes with iterative decoding have also 
been proposed [4]. Each of these two approaches leads to specific problems. 
 
In the case of codes built on classical codes, the most commonly used decoding technique 
is the syndrome-based method. This method is efficient for correction codes with low 
correction power but quickly becomes prohibitive when the minimum distance of the code 
increases. In the case of classical codes, the solution generally adopted is to substitute 
algebraic decoding using the specific properties of the code for this method. In the 
quantum case and in the current state of research, the attention has been mainly focused 
on the construction of the codes and not on the decoding. A first work during this thesis will 
be to search for techniques to transpose advanced decoding techniques (majority 
decoding, Berlekamp-Massey, automorphism decoding ...) to this first family of quantum 
codes. 

 
The second line of research will focus on iterative decoding codes. Current research on 
this type of code is not very interested in the notion of minimum distance of the code. 
However, in the classical case, a certain number of works carried out by the SI3 and 
CODES teams of the Lab-STICC, involved in this thesis proposal, were explicitly 
concerned with the determination and optimization of this value. Here again, a part of the 
work will consist in adapting these techniques to the quantum case. Moreover, some of 
these codes exist only in the quantum case, such as topological codes. New techniques 
may be necessary for this type of code. A second point of the research will focus on 
decoding techniques. The reference algorithm is the belief propagation algorithm. It can 
give disappointing performances in particular in the case of short codes. A number of 
improvements have been recently proposed such as linear response or cavity unfolding. 
The work will therefore focus on the development of substitution algorithms taking into 
account the increase of complexity. Other approaches are also possible such as decoding 



by linear programming or algorithms used in statistical physics such as expectation 
propagation. 

 
To conclude, we can note that the problem of design and decoding of shorts is also a very 
studied subject in the case of classical codes in a perspective of applications to the 5G or 
the Internet of Things. The problems in this field are close to those of quantum codes. 
Any improvement could therefore potentially benefit both classical and quantum contexts. 
In the longer term, we can also imagine an application of quantum communications in the 
military domain to develop secure transmissions with drones. In this case, both 
classical and quantum approaches would be complementary and directly applicable. 
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