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Manifold Hypothesis

• Often, high dimensional data can be modeled to lie in the vicinity of a 
low dimensional manifold. 

• In such cases, the manifold hypothesis is said to hold true.



Outline of talk

• An Instance: Cryo EM

• Testing the manifold hypothesis

• Finding a putative manifold.



Measurements can lie near a manifold



A single Cryo EM image has 40,000 pixels (shown in the previous slide). 
Thus each data point is a vector in 40,000 dimensional Euclidean space.

Assuming the noise is small, these points approximately lie in an orbit 
of SO_3 which is a 3 dimensional Lie group.

Assuming the molecule is “generic”, the orbit would be a 3-dimensional 
manifold diffeomorphic to SO_3.



Typical preprocessed cryo-EM images



Data on a manifold with additive Gaussian 
noise



Testing the Manifold Hypothesis

• How can we test the Manifold Hypothesis?

• How many samples do we require to perform the test?

• Answers to these questions were provided in [Fefferman-Mitter-N, 
JAMS’16].



• We would like to infer the manifold from noisy samples.
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Testing the Manifold Hypothesis [Fefferman-Mitter-N, 
JAMS’16]



Sample Complexity of testing the manifold hypothesis 



Fitting manifolds
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Algorithmic question 









Comparison with prior work:





































Quantitative implicit function Theorem:



Quantitative implicit function Theorem:





Conclusion

• We bring down the Hausdorff distance between the true and output 
manifolds to                    while bringing down the sample and 
computational complexities to depend only on the intrinsic 
dimension.



Thank You!


