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In quantum optics and quantum computing, the analytical equations to be solved are usually 
derived by hand, which limits the complexity of the level of description that can be achieved. 
Over the last years, we have developed a programmatic quantum algebra package [1] that 
can be used to automate this manual work and obtain analytic expressions of arbitrary order 
and complexity. Furthermore, the framework can automatically transform the final results 
into code that numerically implements the obtained equations within the Julia programming 
language [2], with versions of the code running either on the CPU or on GPUs (Graphical 
Processing Units), which offer much higher potential speeds than CPUs, in particular for 
operations where their inherently parallel nature can be exploited. This Master’s thesis will 
consist in exploiting this framework to explore applications to mixed systems of bosons (such 
as photons) and fermions (such as electrons), which appear, e.g., in the context of quantum 
optics, quantum simulation, and quantum computing, for example in the regime of strong 
light-matter coupling in nanophotonic cavities [3,4,5,6]. In particular, the method will be used 
for applications within the framework of the recently granted project Nanophotonics for 
Quantum Computing [7]. 
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