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Why yet another (digital) quantum simulator?

• Learning tool
• Flexibility (e.g., add support for qudits, density matrices, . . . )
• Open source
• High performance of Julia
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• Long-term goal: full quantum computing software stack

M. Schuld et al. “Evaluating analytic gradients on quantum hardware”.arXiv:1811.11184v1
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Qaintessent.jl

• Supports statevector or density matrix simulation with standard gate sets and arbitrary unitary
gates

• Supports unitary matrix decomposition

• Rudimentary graph-based optimization
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M. Plesch et al. “Quantum-state preparation with universal gate decompositions”. arXiv:1003.5760
F. Vatan et al. “Optimal quantum circuits for general two-qubit gates”. 10.1103/PhysRevA.69.032315
Y. Nam et al. “Automated optimization of large quantum circuits with continuous parameters”. arXiv:1710.07345v2
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Qaintellect.jl: Backward Pass

Customized adjoints calculate quantum states “on-the-fly” instead of storing them, idea from Yao.jl –
extended to function with mixed states (density matrix representation).

Gradients of parametrized gates calculated via by tracing out unaffected qubits.
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X. Luo et al. “Yao.jl: Extensible, efficient framework for quantum algorithm design”. arXiv:1912.10877.



Qaintellect.jl: QAOA Algorithm
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Qaintellect.jl: QAOA Algorithm
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Qaintensor.jl

Supports conversion from arbitrary circuit/ unitary matrix to Tensor Network representation
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Qaintum: planned features and future perspectives

• Improved circuit optimization

• Interface to actual quantum devices

• Long term goal: Full quantum computing software stack

Q. Huang | Qaintum: A Julia-based Simulation Framework for Quantum Circuits | March APS 2021 9



References

Luo, Xiu-Zhe u. a. (2020). “Yao.jl: Extensible, Efficient Framework for Quantum Algorithm Design”. In:
Quantum 4, S. 341. ISSN: 2521-327X. DOI: 10.22331/q-2020-10-11-341. URL:
http://dx.doi.org/10.22331/q-2020-10-11-341.
Nam, Yunseong u. a. (2018). “Automated optimization of large quantum circuits with continuous
parameters”. In: npj Quantum Information 4.1. ISSN: 2056-6387. DOI: 10.1038/s41534-018-0072-4.
URL: http://dx.doi.org/10.1038/s41534-018-0072-4.
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