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Research Statement 

Tsung-Wei Huang, Assistant Professor at the University of Utah 

“My research streamlines the building of high-performance scientific computing applications.” 

1. Research Objective 

The overarching goal of my research is to create impactful software systems that assist researchers and 

developers to tackle the challenges of building high-performance computing (HPC) applications. As shown 

in Figure 1, we (“my research group: https://tsung-wei-huang.github.io/”) target an interdisciplinary area 

of machine learning (ML), quantum computing (QC), and computer-aided design (CAD). Since 2019, our 

software releases have accumulated over 1.5 million downloads and have been supported by over $2.15M 

research grants from NSF CAREER/TI/OAC/SHF, DARPA (ERI IDEA Program), Nvidia, NumFOCUS, 

etc. In addition to publishing our technical 

innovations in premier conferences (e.g., ICPP, 

HPDC, IPDPS, Euro-Par, DAC, ICCAD) and 

journals (e.g., TPDS, TCAD), we emphasize 

impacts. Specifically, many academic and 

industrial organizations are using our research to 

positively impact the society. For example, our 

open-source parallel and heterogeneous 

programming system, Taskflow 

(https://taskflow.github.io/), has been used by 

Xanadu Quantum Cloud, AMD Vivado FPGA 

Synthesis Software, Facebook ReAgent 

Reinforcement Learning Platform, ROS-

Industrial’s Robotics Planning Software, etc.  

With these successful results, my research plan for the next 3—5 years will explore HPC + QC and 

create scalable software systems for both classical and quantum scientific computing. I will target 

funding from DOE, DARPA, and NSF. Below, I discuss my ongoing research projects and future plan. 

2. Ongoing Research Projects 

Currently, four major NSF grants (CCF-2126672, OAC-2209957, CAREER-2144524, and TI-2229304) 

are supporting my research group to create scalable software systems for HPC, ML, QC, and CAD. 

2.1 HPC Programming Environments for Large-scale CAD Problems (CCF-2126672) 

This CCF grant ($419K; 10/1/2021—09/30/2024) aims to create novel programming environments to assist 

researchers to tackle the challenges of parallelizing CAD that otherwise cannot be executed efficiently by 

existing frameworks. The project has three objectives: (1) design a new parallel and heterogeneous task 

graph programming model that enables an end-to-end expression of parallelism using minimal 

programming effort; (2) establish an efficient system runtime to support our programming model with high 

performance across latency, energy efficiency, and throughput; (3) new heterogeneous algorithms and 

frameworks to speed up time-consuming physical synthesis tasks and timing closure flow. 

2.2 Heterogeneous Algorithms for Circuit Simulation (CAREER-2144524) 

This CAREER grant ($500K; 01/15/2022—12/31/2026) researches novel circuit simulation algorithms that 

deliver order-of-magnitude performance breakthroughs by harnessing the power of heterogeneous 

parallelism and machine learning. We design new GPU kernels and heterogeneous task partitioning 

algorithms to accelerate circuit simulation workloads on large designs. Furthermore, we establish a 

learning-based task scheduling algorithm to optimize the simulation performance. The research outcomes 

 

Figure 1: My research creates novel software systems to 

streamline the building of HPC applications. 
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will enable ultra-fast analysis and optimization algorithms over the current state-of-the-art and substantially 

improve both turnaround time and quality of results for design closure flows. 

2.2 Scalable HPC Systems using Machine Learning (OAC-2209957) 

This OAC grant ($488K; 07/01/2022—06/30/2025) aims to create automatic program transformation 

systems between different task graph programming models (TGPMs) that adapt performance optimization 

to different computing platforms. We investigate a new intermediate representation for task parallelism and 

design a source-to-source compiler atop LLVM to realize multidirectional transformations. To enhance the 

performance portability across different heterogeneous architectures, we leverage reinforcement learning 

to design an intelligent runtime that learns complex scheduling parameters in the given computing 

environment. The research outcomes will largely advance hardware utilization for task-parallel programs.  

2.2 Open-source HPC Ecosystem for Quantum, Media, and CAD (TI-2229304) 

This TI grant ($298K; 09/15/2022—08/31/2023) under the new NSF POSE program aims to establish a 
route to a long-term sustainable ecosystem for task-parallel programming using our open-source software, 

Taskflow. Specifically, we will discover an ecosystem based on three increasing applications of Taskflow, 

QC, multimedia, and CAD. The discovery effort consists of designing showcase software products and 

organizing workshops to pursue the optimal ecosystem for Taskflow. Then, we design a series of developer 

training programs to engage content contributors in developing Taskflow. Finally, we establish a 

transparent governance model to formalize the decision-making process of Taskflow. 

3. Future Research Plan: HPC + QC 

Motivation – In the past 10 years, we have seen a rapid growth of quantum technology (e.g., 2022 Nobel 

Prize given to quantum physics) which can tackle certain types of problems that are classically intractable, 

such as cryptography, chemistry simulation, and finance. As we are currently positioned in the noisy 

intermediate-scale quantum (NISQ) era, classical software support for QC is essential for researchers to 

understand quantum operations, design quantum algorithms, and validate quantum circuit functionality. 

However, building performant QC software is very challenging because it demands large computation and 

memory to evaluate state amplitudes of qubits. Therefore, in the next 3—5 years, we will leverage our 

existing research results and diverse funding support in HPC, ML, and CAD to tackle various 

computational challenges in high-performance QC software development.  

Current Results – One important topic in QC software we have successfully explored is classical quantum 

circuit simulation with incrementality, which has been largely ignored by existing QC research. We have 

recently introduced a novel task-parallel method to efficiently support incremental simulation when circuits 

begin to change. We have demonstrated 

5—9× speed-ups over the state-of-the-art 

and published our newest results in arXiv 

(https://arxiv.org/abs/2210.01076). Since 

incremental quantum circuit simulation is 

an integral part of quantum circuit 

optimization, we are collaborating with 

physicians from Rice and Univ. at 

Buffalo to design a cross-layer quantum 
circuit optimization framework atop 

photonic devices, as shown in Figure 2. A 

collaborative proposal has just been submitted to the new NSF FuSe program.  

Funding Plan – I believe my unique and versatile background in HPC, ML, QC, and CAD allows me to 

secure research funding from a variety of places during my entire academic career. In the next 3—5 years, 

I plan to submit grant proposals to NSF Quantum Programs, DOE CAREER, DARPA, and the industry. 

 

Figure 2: Quantum software-hardware co-design in our NSF FuSe 

proposal (with co-PIs from Rice and Univ. Buffalo). 
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As shown in Figure 3, the NSF Fiscal Year (FY) 

2023 budget request to congress has large 

investments in artificial intelligence ($369.8M), 

quantum information science ($24.28M), and 

microelectronics ($23.46M) in the Computer 

and Information Science and Engineering 

(CISE) area. Similar numbers can also be 

observed in DOE FY 2023 Financial Assistance 

Program (https://science.osti.gov/ascr/Funding-

Opportunities). Therefore, there are plenty of 

research opportunities to support my research in 

QC, HPC, ML, and CAD. My proposals will 

target the main research question of “How can we create scalable and robust software for researchers 

and developers to understand quantum operations and validate quantum circuit functionality?” To 

give some examples: How do we leverage classical HPC techniques to scale quantum circuit simulation to 

large numbers of qubits (e.g., 100 qubits)? How do we design effective noisy models (e.g., gate error, 

decoherence errors) that reflect the results of real circuits? How do we enable an end-to-end optimization 

flow for quantum algorithms? 

Long-term Vision – In addition to technical 

innovations, I emphasize research impacts in the long 

run. Specifically, we have spent a large amount of 

effort on making our research results open and 

accessible to the scientific computing community. A 

notable example is that many academic and industrial 

organizations (e.g., Xanadu Quantum, AMD, Nvidia, 

Facebook) are using our Taskflow system to generate 

large societal impacts. These achievements let NSF 

decide to fund our Taskflow system through the new 

POSE program to scope an ecosystem for task-parallel 

scientific computing, targeting quantum, multimedia, 

and CAD applications. I believe open source will 

continue to play a key role in advancing our technology 

because it enables an open platform for diverse people 

to share new findings and contribute. Besides, we are 

seeing an increasing number of funding opportunities 

for open-source development, such as Chan 

Zuckerberg Initiative (CZI) Essential Open-source Software for Science, Comcast Open-source 

Development Grant, NumFOCUS Development Grant, etc. With all my research accomplishments, my 

long-term vision is to seek center-level collaboration (e.g., NSF AI/Quantum Institutes) that brings 

HPC and QC closer, at scale and in practice, and offers high-quality open-source software to facilitate 

research and education for high-performance quantum computing. 

4. Conclusion 

With a strong set of research results and impacts, I am confident that my research plan can be accomplished. 

More importantly, my resilient and diverse background allows me to secure funding from a variety of places 

during my entire academic career. I have prepared my job talk, “Intelligent High-performance 

Computing: Classical and Quantum,” to share with you my research accomplishments and funding plan 

in HPC and QC. I am well-prepared to collaborate with your faculty and contribute to your department to 

raise its reputation. 

 

Figure 3: NSF FY 2023 budget request to congress 

(https://www.nsf.gov/about/budget/fy2023/toc.jsp). 

 

Figure 4: Our new NSF POSE Phase I award will 

support us to scope an ecosystem for task-parallel 

computing (classical + quantum). We are aiming 
Phase II to transition our research into a sustainable 

ecosystem which will largely impact the computing 

community in the long run. 
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