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Areas of research
- Development of QAOA approach: new applications, scaling up 

size of instances, finding optimal parameters, compact ansatz 
design

- Development of VQE algorithm: compact ansatz design, new 
applications, resource estimation

- Development of quantum simulator QTensor to support 
research done for QAOA, VQE, QML, and quantum 
supremacy/advantage

- Other areas: modeling quantum devices i.e. developing accurate 
noise models, quantum machine learning, resource estimation, 
distributed quantum computing
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QAOA
- The parameter space is highly nonconvex and contains many low-quality, 

nondegenerate local optima
- Local optimizers get stuck in local optima



VQE
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Quantum Simulators
- Performance Evaluation and Acceleration of the QTensor Quantum Circuit 

Simulator on GPUs, Danylo Lykov, Angela Chen, Huaxuan Chen, Kristopher 
Keipert, Zheng Zhang, Tom Gibbs, and Yuri Alexeev, Proceedings for SC21 
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QTensor: Energy Calculations

The problem to solve is 
MaxCut with QAOA for p=3 
and d=3 on 56 Intel Xeon 
CPUs



Parallel Simulations
The code is parallelized using 
both OpenMP and MPI

We calculated the QAOA 
expectation value for a 
1,000,000 qubit circuit with 
depth p=6 in 1 hour and 20 
minutes. The simulations 
were performed on the Theta 
supercomputer with 512 
nodes.



QTensor: Energy Calculations



QTensor: GPU contractions

Merged indices backend



QTensor Features

● Qiskit integration (Qiskit circuit as input)

● Efficient simulation of probability amplitudes

● Simulation of batches of amplitudes for the same cost

● Efficient simulation of expectation values

● Parallelization support, both on CPUs and GPUs

● Automatic differentiation with respect to gate 
parameters
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