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In this project we developed a substantial new version of our popular library QuTiP, the
Quantum Toolbox in Python. To enable QuTiP to become one of the most popular in
the world we enabled support for complex data formats like Google’ s JAX and Nviidia’ s
CuQuantum, developed a quantum information processing package to support noisy
pulse—level simulations, added new solvers (including a non—-Markovian method), and
developed a new optimal control library.
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QuTiP is now one of the most popular toolkits for modelling quantum computers in the
world, seeing an increase during this project of more than 3.5 downloads. We published

three papers documenting the new feature set developed in the remit of this project, and



saw QuTiP’s use grow across research and educational fields. The extensive backend
development, and support for powerful GPU libraries, will enable us, in the next years,
to push QuTiP to the forefront of high—performance computing, and see its use on high—

performance platforms, like Fugaku and Fugaku—next, grow substantially.
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Over the past five years, we have advanced distributed fault—tolerant quantum
computing through protocol design, simulation, and hardware—aware optimization. We
executed extensive resource estimations for Hamiltonian simulations using Cirq, defined
distributed quantum error correction (QEC) RuleSets, designed optimal switching
networks, modeled cosmic-ray error avoidance and developed fault—tolerant
implementations of a qRAM. We created detailed circuits for optimization and other
simulation circuits. Our results were published multiple peer-reviewed papers for
Physical Review Letters, IEEE Quantum Week, and QCNC 2026, while fostering
international collaborations with NICT, the Chicago Liang group, and researchers in
Thailand.

iR :
These efforts provided a solution to the critical issue of catastrophic cosmic ray events
in quantum computers, without which long computations are impossible. They provide
fault—tolerant and resource—efficient implementation of quantum RAM (qRAM), as well
as significantly optimized resource allocation and reduced cross—layer vulnerabilities in
quantum networks. Our system-independent solution employs a distributed error
correction scheme to address chip—level catastrophic errors, which have long been seen
as obstacles to performing useful computational tasks on practical quantum processors.
Additionally, we utilize an innovative hybrid hardware—software approach to tackle
catastrophic cosmic ray events. By introducing pieceable bucket—brigade schemes, we
have significantly reduced the overhead associated with fault—tolerant quantum RAM
(QRAM). Ultimately, these concrete architectures pave the way for scalable quantum

multicomputer deployments.

AREHERER : Van Meter, Rodney (BEISFEFAKT)
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