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Removing noise is difficult, but adding noise is easy. 

Mean-Shift PCA by Knockoff Mean 



Motivation: Why another “Robust PCA”?

• K-Largest Principal Components are too 
sensitive to noise! 

• A small proportion of mean-shift outlier 
can shift the first principal component 

• "Still" a open problem in high dimensions: 
no robust PCA algorithm can do it

PCA on Gaussian Data with one Mean-Shift Cluster.  
• Blue points : centered inlier component  
• Orange points: outlier component with a mean shift 
• Red line: the first principal component by PCA



Our contribution: an algorithm which can do it (in high dimensions)!

• A 2-fold PCA algorithm based on Random 
Matrix Theory (RMT) 

• Best Performance in Mean-Shift Mixture 

• Lowest Time Complexity among Robust 
PCA variants 

• Slogan: Adding Extra mean-shift Noise to 
Remove mean-shift Noise

Failure of Robust PCA in high dimensions with only 5% noisy samples 
• Blue : our algorithm based on RMT 
• RPCA: SOTA Robust PCA algorithm (AAP, Cai et al., 2019) 
• Green: cosine similarity of PC1 with true PC1



Performance VS Robust PCAs



Running Time VS Robust PCAs



Data Model: Spikes from Covariance and mean

• A introduces mean-spiked eigenvalues, 
parametrized by   

• P introduces covariance-spiked eigenvalues, 
parametrized by 

θ

ℓ



MS-PCA: find right spikes!



Only mean spikes MOVE after knockoff mean-shift!

• Stable eigenvalues (covariance spikes) 

          fluctuate with order  O(d− 1
2 )

Maximal Fluctuation of stable Eigenvalues

• After Knockoff mean-shift, mean spikes 

          move >> O(d− 1
2 )



Why we can do it?  Spike independence! (Covariance vs Means)

• Eigenvalues Order shifted after mean-shift 
• Covariance spike value no change



Why we can do it?  Spike independence! (Covariance vs Means)

We change again the mean spikes 

         by adding knockoff Mean-Shift! 



Why we can do it?  Spike independence! (Covariance vs Means)

Eigenvectors are asymptotically unchanged  

         so just find the stable eigenvalues!


