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Lossy Data Compression using Machine Learning

•  
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Bias Correction and Error Estimation of Lossy Reconstruction

•  



  49/13/21   49/13/21

Statistical Error Increase due to Bias Correction

•  
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Numerical Study with ML Compression Algorithms

•  

• Principal Component Analysis (PCA)
− Compression by saving the first Nz 

coefficients of the principal components
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Numerical Study with ML Compression Algorithms

• Data
− Two different sets of simulation results in lattice quantum chromodynamics (QCD)
− Describing the interactions between a nucleon and external currents
− Vector length: D = 16
− Data size: N = 12800
− Correlation pattern:
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Effect of Bias Correction

• 16 components of the data 
compressed using Autoencoder 
with Nz =1

• Reconstruction without bias 
correction is biased

• Bias correction (yellow and blue) 
removes bias but increases 
statistical error

• The more bias correction data (Nbc) 
gives the smaller statistical error
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Statistical Error Increase for Different Compression Qualities

•  
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Expected Statistical Error Increase

•  

Figures: Compression of 16 floating-point  
numbers into N

bit
 binary bits with three 

different compression algorithms
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Unbiased Reconstruction of Lossy-compressed Statistical Data

Reconstruction of lattice QCD data from a lossy compression with and without bias correction.  
Bias correction (yellow and blue) removes bias but increases statistical error accounting for the 
reconstruction quality of the compression algorithm. The more bias correction data gives the 
smaller statistical error.

Project Outcomes
- Showed that the bias correction algorithm 

removes the bias in the lossy reconstruction 
- Demonstrated that statistical error increase 

due to the bias correction is small for good 
compression algorithms

- Paper in preparation

PI: Boram Yoon (CCS-7)
Total Project Budget: $30K
ISTI Focus Area: Computational and Data Integrity

Project Description
Demonstration of a novel bias correction 
algorithm for the reconstruction of 
lossy-compressed statistical data 
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