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The Signal Processing Pipeline

Sensing, Compression

Denoising, Deblurring, Superresolution

Source Separation, Error Correction

Inference, Prediction

The pursuit of low-dimensional structure is a universal task!



Historical Context: Quest for Low-Dimensionality

Fourier

Wavelets

X-lets: Curvelets, Contourlets, Bandelets, ...

Learned Dictionaries

Learned Reconstruction Procedures

A continuing quest for sparse signal representations
leveraging mathematics + massive data and computation!



Historical Context:Sparsity in Neuroscience

Dogma for natural vision [Barlow 1972]: \... to represent the input as
completely as possible by activity in as few neurons as possible."

Find sparsef x i g such that

y =
nX

i =1

x i a i + � 2 Rm ; (1)

[Nature, Olshausen and Field 1996.]



Historical Context:Sparse and Low-d in Statistics

Principal Component Analysis
Linear correlations in data (low-rank model! )

[Pearson 1901], [Hotelling 1933], [Eckart and Young 1936]

Best Subset Selection
Select a few relevant predictors (sparse model!)

[Hocking, Leslie, and Beale 1967], Stagewise pursuit [Efroymson 1966],

Lasso [Tibshirani 1996], Basis pursuit [Chen, Donoho, and Saunders 1998]



Historical Context:Estimation, Errors, Missing Data



The Modern Era:Massive Data and Computation



Motivating Issues I:Correctness?

How can wecorrectly compute withlow-dimensional structure ?

Sparse Vectors Low-rank Matrices Nonlinear Manifolds

Low-d. structure leads to principled answersandpractical methods!



Motivating Issues II:Computational E�ciency?

Computational Tractability : easy vs./ hard problems:

Convexity Benign Nonconvexity

E�cient, scalable methods leveraging problem geometry:



Motivating Issues III:Resource E�ciency?

Data E�ciency : How many samples? How many labels?
Architecture E�ciency : How deep? How wide? What operations?

Low-d. structure of data sets fundamental resource requirements
for sensing and learning.



Motivating Issues IV {Robustness?

Robustness: to errors, outliers, missing data:

Robustness and deep networks?

From [Goodfellow, Shlens and Szegedy, 2015]

Low-d structure of signal and error can lead to principled ap-
proaches to robustness.
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