
Quantum Software/Simulation/Tools

1

Ang Li
Pacific Northwest National Laboratory (PNNL)



Quantum Software Stack

2



Application-1: Power Grid

Solve large-scale linear systems of equations for power flow analysis
QML for contingency analysis on predicting bus voltage violation
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[1] Muqing Zheng, Yousu Chen, Xiu Yang and Ang Li. "Early Exploration of a Flexible Framework for Efficient Quantum Linear Solvers in Power Systems." arXiv:2402.08136, IEEE 
Power and Energy Society General Meeting, 2024.
[2] Yousu Chen, Zhenyu Huang, Shuangshuang Jin. and Ang Li, 2022. Computing for power system operation and planning: Then, now, and the future. iEnergy, 1(3), pp.315-324.

HHL components QML circuit example

IEEE 30-bus

Binary classification
Train: 20 cases
• 5-qubit QNN: 72.2%
• 4-layer, 256 neuron: 

72.4%
Comparable performance, 
but 97% less parameters



Application-2: Low-Energy Nuclear

4

Ang Li, Alessandro Baroni, Ionel Stetcu, and Travis S. Humble. "Deep quantum circuit simulations of low-energy nuclear states." arXiv:2310.17739, The European 
Physical Journal A. DOI:10.1140/epja/s10050-024-01286-7 (Accepted)



Library: Distributive Variational Quantum Algorithm
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Proposed an ensemble way of 
building up VQA backends

First DVQA training framework for DQC 
via classical interconnect
Using an analytical model for 
assessing the quality of returned 
gradients and update asynchronously

Evaluation on 10 IBMQ devices
Average 10X on VQE/QAOA training
Improved fidelity due to averaging-out 
machine-specific bias

[1] S. Stein, N. Wiebe, Y. Ding, P. Bo, K. Kowalski, N. Baker, J. Ang, and A. Li. "EQC: ensembled quantum computing for variational quantum 
algorithms." In ACM/IEEE International Symposium on Computer Architecture (ISCA), 2022, DOI: 10.1145/3470496.3527434.



Benchmark: QASMBench
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Benchmark coverage
Qubits from 2 to 1000
Gates from 4 to 2.3M
~80 circuits covering different domains

Each benchmark

Evaluated on IBMQ and IonQ
Propose circuit metrics

A. Montanaro "Quantum algorithms: an overview." npj Quantum, 2016

<= Circuit visualization 
<= OpenQASM code
<= IBM-Q result histogram

[1] A. Li, S. Stein, S. Krishnamoorthy, and J. Ang. "QASMBench: A low-level QASM benchmark suite for NISQ 
evaluation and simulation." ACM Transactions on Quantum Computing, 2022, DOI: 10.1145/3550488

ID Gate

Gate Density =15/20



Transpiler: QASMTrans
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NWQ-Sim Framework
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NWQ-Sim

DM-Sim [1]
(density-matrix)

SV-Sim [2]
(state-vector)

Frontend

Backend

Q#/QIR

Qiskit

QASM 2

X86/PPC
CPU

NV/AMD
GPU

Intel KNL

C++

Python

Theta

Cori

Summit

Frontier
[1] Li, Ang, et al. "Density matrix quantum circuit simulation via the BSP machine on 
modern GPU clusters." SC-2020. http://github.com/pnnl/DM-Sim 
[2] Li, Ang, et al. “SV-Sim: Scalable PGAS-based State Vector Simulation of Quantum 
Circuits”, SC-2021. http://github.com/pnnl/SV-Sim Supported by DOE, Quantum Science Center (QSC) 

Perlmutter

http://github.com/pnnl/DM-Sim
http://github.com/pnnl/SV-Sim


SV-Sim strong-scaling on Perlmutter

Performance strong-scaling on Perlmutter A100 GPUs
42-qubit state-vector simulation entirely on 4096 GPUs
On-average 4.2 gates/s at 42-qubit scale (32GB/GPU)
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SV-Sim strong-scaling on Summit

Performance strong-scaling on Summit V100 GPUs
40-qubit state-vector simulation over 16,384 GPUs 
(8GB/GPU)
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Density Matrix Simulation
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Teleportation Distillation Ising Simulation

Depolarization
Relaxation
SPMA

[1] A. Li et al, “TANQ-Sim: Tensorcore Accelerated Noisy Quantum System Simulation via QIR on Perlmutter HPC”, arXiv:2404.13184
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Moving Forward..

[1] Liu, Chenxu, Meng Wang, Samuel A. Stein, Yufei Ding, and Ang Li. "Quantum Memory: A Missing Piece in Quantum Computing 
Units." arXiv preprint arXiv:2309.14432 (2023).
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