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• Education Background
• Chongqing University (2013-2019)
• University of Pittsburgh (2017-2019)
• University of Notre Dame (2019-2021)

• Research Interests
• Optimization
• HW/SW Co-Design
• Quantum Learning

Best Paper 
Nominations:

Best Paper 
Award:

https://jqub.ece.gmu.edu/
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Research Path was Shifting along with the Growth of Quantum
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IBM Quantum (Q Processor & Roadmap)
Google (Q Processor)
Rige� (Q Processor)

IonQ (Roadmap)

Condor Processor
(1121 Qubits)
Dec. 4, 2023

Why?Why?
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What is Classical AI Democratization & What is the Challenge?
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“It’s here to collaborate, to augment, to enhance human lives 

and productivity and make everybody's life better. And related 

to that, is to democratize A.I. in a way that everybody gets 

benefit. Not just a few, or a selected group.” Fei-Fei Li, 2017

AR/VR in Surgery

Medical AI Scenario

Medical Diagnosis COVID CT Segmentation Real-Time MRI Segmentation

AI Can Perform Medical Tasks

Let Doctors Design Neural Networks?
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Progress of Classical AI Democratization
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Google’s Initial Contributions
(Neural Architecture Search)

FNAS

Our Contributions
(Network-Accelerator Co-Design)

Controller 
(RNN)

Train NN to obtain 
accuracy A

Sample architecture NN 
with probability p

Compute gradient of p and scale 
it by A to update the controller 

Given:

Objective: • Automated search for NN (w/o human)
• Maximize accuracy on the given dataset

Dataset

Output: A neural network architecture

Given: (1) Dataset; (2) Target hardware, e.g., FPGA. 

Objective: • Automated search for NN and HW design
• Maximize accuracy on the given dataset
• Maximize hardware efficiency

Output: A pair of neural network and hardware design

[ref] Zoph, Barret, and Quoc V. Le. "Neural architecture search with reinforcement 
learning." ICLR 2017

[ref] Jiang, Weiwen, et al. "Accuracy vs. efficiency: Achieving both through fpga-
implementation aware neural architecture search." DAC 2019. (BEST PAPER 
NOMINATION)
[ref] Jiang, Weiwen, et al. “Hardware/software co-exploration of neural 
architectures”, TCAD 2020 (BEST PAPER AWARD)
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On-Going Research: System-Support AI for Science
NSF 2027539: RAPID: Collaborative Research: Independent Component Analysis Inspired Statistical Neural Networks for 3D CT Scan Based Edge 
Screening of COVID-19. ($98,349 in total, Co-PI with share $49,174)

Different skin Tones

Light Skin
81.56%

Dark Skin
50.62%

Problem and Challenge

• The Larger The Fairer? Small Neural Networks Can Achieve 
Fairness for Edge Devices --- DAC 2022

• Ensemble Learning for Multi-Dimension AI Fairness --- DAC 2023
• ViT-CNN for AI fairness --- ICCAD 2023

Solutions

Problem: Ultrasound CT Scan
Forward Modeling

Physics Approach

Data Driven

Neural Network

My first Ph.D. student, Yi Sheng.
Estimate graduation: Spring 2025

Student

Community building: Chair and Create ML Contest at ESWEEK’23

• 2 Tracks

• 72 Teams

• 702 Submissions

• 6 Winners

Solution:

• Physics-guided AI for co-optimize model 
and data --- Submitted to MICCAI

Challenge: Sparse data in USCT

Data Driven

Neural Network
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Bottlenecks in Classical Computing
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Perf. of classical computing stops increasingDeep neural network grows exponentially

Medical AI Scenario: (Input size exponentially grows from Radiology to Pathology Imaging)

Radiology Modality Avg. Size (MB)

CT Scan 153.4

MRI 98.6

X-ray angiography 157.5

Ultrasound 69.2

Breast imaging 38.8

Biopsy Type Compressed Size(MB)/Study Original Size (GB)
Dermatopathology 1,392 (20x compression) 27

Head and neck 1,965 (20x compression) 38

Hematopathology 40,300 (40x compression) 1574

Neuropathology 1,872 (20x compression) 37

Thoracic pathology 3,240 (20x compression) 63

Radiology Imaging Pathology Imaging

[ref] Lauro, Gonzalo Romero, et al. "Digital pathology consultations—a new era in digital imaging, challenges and practical applications." Journal of digital imaging 26.4 (2013).
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Optimization
Research
Task Mapping

HW/SW Co-Design
ML AcceleratorOutline
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• Background and Challenge in Classical Computing

• Potential of Quantum Computing
• Tasks Impossible for Classical Computing
• Today’s Quantum Computers

• Research on Quantum Computing @ JQub
• Performance, Stability, and Reliability
• Domain-specific Quantum Computing

• Messages to Send

HW/SW Co-Design
ML Accelerator Quantum
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Potential: Tasks Impossible for Classical Computing
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IBM Quantum (Q Processor & Roadmap)
Google (Q Processor)
Rige� (Q Processor)

IonQ (Roadmap)

Condor Processor
(1121 Qubits)
Dec. 4, 2023

The maximum qubits that supercomputers can simulate for arbitrary circuits is less than 47 qubits.
(1) Summit w/ 2.8 PB memory for 47 qubits;                      (2) Sierra w/ 1.38 PB memory for 46 qubits;
(3) Sunway TaihuLight w/ 1.31 PB memory for 46 qubits;  (4) Theta w/ 0.8 PB memory for 45 qubits.

[ref] Wu, Xin-Chuan, et al. "Full-state quantum circuit simulation by using data compression." Proceedings of the International Conference for High Performance Computing, 
Networking, Storage and Analysis. 2019.

47 qubits

The capacity of Classical Simulation
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NISQ Era @ 2017
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The Era of Utility means a 
focus on , 

 and 

The Era of Utility 
means , 
and 

QC 
ScientistQC
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Takeaway
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• Quantum Utility Era
is now coming

• Performance, stability, and reliability 
are keys to achieve Quantum Utility

• Domain users 
are expected to use quantum computers

IBM Quantum System II

IBM Quantum System I
Junction of Quantum-Classical 

Computer-Aided Design Lab 
(JQub)

Let Doctors Design Neural Networks?
Let Doctors Learn Quantum Computing?
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Outline
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• Background and Challenge in Classical Computing

• Potential of Quantum Computing
• Tasks Impossible for Classical Computing
• Today’s Quantum Computers

• Research on Quantum Computing @ JQub
• Performance, Stability, and Reliability
• Domain-specific Quantum Computing

• Messages to Send
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Ref: Zlatko K. Minev, IBM Quantum Our Observation:

Insight:
• Shorter circuit has higher fidelity.

Question:
• What are the breakpoints in the noisy optimization landscape?

Noise Changes the Optimization Surface 
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Motivation: Parameters Affect Circuit Length through Compilation
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Breakpoints?
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Quantum Neural Network Compression @ ICCAD’2022
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• Model compression in Classical ML is to improve hardware efficiency

• Model compression in Quantum ML can reduce circuit length, and thus, further provide high fidelity
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CompVQC Framework: Experiment Results
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• CompVQC can reduce 
circuit length by 2X

• The accuracy is higher 
in a noisy environment

Insights:

 CompVQC can improve robustness of QNN

× CompVQC is not aware of noise
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Unstable Quantum Noise Leads to Performance Changes
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Insight:
• Temporal reproducibility or reliability of a quantum learning model.
• Users may not be aware of the performance changes.
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Quantum Error Adaptation @ DAC 2023 
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Fluctuating Quantum Noise
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Observation: Compression can boost the performance of QNN than noise-aware training, but not enough

The accuracy of QNN on 4-class MNIST from August 2021 to August 2022 on IBM 
backend belem using Qiskit Simulation.

Observation: Fluctuating noise can collapse the model accuracy of a noise-aware trained QNN model
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Observation: Models Compressed on different noise levels (dates) have different performance on the same day 

Battle Against Fluctuating Quantum Noise

22  |  George Mason University

Observation: Models Compressed on one noise level have different performance on different days 

① Noise aware compression     ② Model Repository 
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Battle Against Fluctuating Quantum Noise
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Solution:  Offline + Online

Offline: 

• Use historic data to construct a repository 

by clustering

Online: 

• Select a model to do inference

• Maintain the repository: whether to 

generate new models into the model 

repository manager
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QuCAD: Experiment Results
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• Significantly improve the number of days for the desired accuracy

Accuracy > 80% (146 days in total)

• MINST: 24 -> 100
• Iris: 0 -> 84
• Seismic wave: 18 -> 133

Accuracy > 70% (146 days in total)

• MINST: 93 -> 134
• Iris: 0 -> 108
• Seismic wave: 70 -> 146

CompVQC
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Outline
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• Background and Challenge in Classical Computing

• Potential of Quantum Computing
• Tasks Impossible for Classical Computing
• Today’s Quantum Computers

• Research on Quantum Computing @ JQub
• Performance, Stability, and Reliability
• Domain-specific Quantum Computing

• Messages to Send
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Quantum Learning for Geophysics @ DAC 2024

26  |  George Mason University
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Outline
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• Background and Challenge in Classical Computing

• Potential of Quantum Computing
• Tasks Impossible for Classical Computing
• Today’s Quantum Computers

• Research on Quantum Computing @ JQub
• Performance, Stability, and Reliability
• Domain-specific Quantum Computing

• Messages to Send
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Messages
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• Research directions are NOT independent but entangled
• e.g., model compression from Classical ML to Quantum ML

• CS/CpE students CAN significantly contribute to Quantum Computing

• How to Take First step? Online Tools and Tutorials!

Quirk visible simulator
https://algassert.com/quirk 

Our Contribution:
VACSEN Noisy QC

https://vacsensystem.github.io/ 

Our Contribution:
QuantumFlow Tutorial

https://jqub.ece.gmu.edu/categories/QF/ 

https://algassert.com/quirk
https://vacsensystem.github.io/
https://jqub.ece.gmu.edu/categories/QF/
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Acknowledge
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Sponsors:

Academia Students and Collaborators

National Lab

OAC-2311949: An Integrated Framework for Enabling Temporal-Reliable 
Quantum Learning on NISQ-era Devices 

OAC-2320957: CyberTraining: Pilot: Quantum Research Workforce 
Development on End-to-End Quantum Systems Integration
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