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Motivation: New Detectors Allow Unprecedented  
Information Rate … But at a Cost
• 4D-STEM … in principle • 4D-STEM … in reality

Art: Sarah Tasseff, LANL
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Proposed Solution: Methods Housed in LANL CCS for  
Large Data Analysis Problems
• Quantum Computation

• Quantum Algorithms
− Ising Model embedding algorithm

− Problems require sparse connectivity

• Precedence for Solutions by Nga
− Classical (Darwin)
“Sparse coding of pathology slides compared to transfer learning with deep neural networks,” Will Fischer,  
Sanketh S. Moudgalya, Judith D. Cohn, Nga T. T. Nguyen, and Garrett T. Ken-yon, BMC Bioinfomatics 19, 489  
(2018), https://doi.org/10.1186/s12859-018-2504-8

− Quantum (Ising)
“Comparing Deep Learning with Quantum Inference on the D-Wave 2X,” Nga T. T. Nguyen and Garrett T. Kenyon,  
in Proceedings of 3rd International Workshop on Post Moore Era’s Supercomputing (PMES), November, 2018,  
https://drive.google.com/file/d/1PCFNJuHLo2L3WeQnpyWd9ITlDNy4S4_M/view

9/14/21 3



9/14/21 4

Information on Polycrystalline Metal by 4D-STEM

Information Contained in Diffraction
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Preparation for Analysis
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Next Steps / Opportunities

• AI/ML

• Sparse Feature Identification (can  
be done with quantum-friendly  
algorithms)

• Hybrid algorithms

https://doi.org/10.1186/s12859-018-2504
-8

https://ieeexplore.ieee.
o  
rg/stamp/stamp.jsp?tp
=  
&arnumber=8638596&t
a  g=1
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High resolution image of electron diffraction of a polycrystalline metal used with classical image  
processing algorithms. (inset) Sparse representation of the same diffraction data used with  
quantum algorithms.

Project Description. The goal of this project is to explore  
the possible ways and practicality of using a quantum annealer for  
a currently important and hard problem of materials  
characterization and design, namely searching for a material’s  
local orientation and structure, and identifying signatures of 
defects  such as grain boundaries using unsupervised machine 
learning.
This is an image analysis problem tied to machine learning in a  
very high-dimensional space, thus being difficult for 
conventional  computer algorithms as the datasets become 
increasingly larger.

Project Outcomes.
• New Collaboration between MPA and CCS bringing 

together  researchers from very different parts of the lab.
• Pre-processing routine for image analysis by quantum 

annealer.
• Preliminary data for more thorough follow on studies 

involving  methods built in CCS, i.e. AI/ML.PI: Michael Pettes (Co-PI: Nga 
Nguyen-Fotiadis)  Total Project Budget: 
$30,000
ISTI Focus Area: 2) Computing Platforms  
(including Quantum and Novel 
Computing)
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