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Least Squares in Action with “Communities and Crime” Dataset

• Data with socio-economic data, law enforcement data and 
crime data 

• Conducted by US census, LEMAS survey and FBI 

•   features and  citiesn = 100 m = 1993
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Solution to Linear Regression

β* = arg min
β∈ℝn×1

∥y − Xβ∥2
2

Fitting Error = ∥y − Xβ*∥2
2



Solution to Linear Regression (Credits to Minhe Cui)

Fitting Error ≈ 33



Sparse Linear Regression
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Sparse Linear Regression

min
β∈ℝn×1,q∈{0,1}n

∥y − Xβ∥2
2

s.t.
n

∑
i=1

qi ≤ k

s.t. −M ⋅ qi ≤ βi ≤ M ⋅ qi



Sparse Linear Regression (with Quadratic Regularization)
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Sparse Linear Regression (with Quadratic Regularization)
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Sparse Linear Regression (with Quadratic Regularization)
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Solution to Sparse Linear Regression

•  

• Selected Variables:  

• “racepctblack” 

• “MalePctDivorce” 

• “PctIlleg” 

• “PctPersDenseHous”

λ = 5,M = 0.4,k = 4



Appendix: Variable Information
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Sparse Linear Regression in Reality 
In a MRI system, we have measurement in the form of 

b = Ax + ε
• : image of interest 

•  measurement noise 

•  measurement matrix

x ∈ ℝn2

ε ∈ ℝm :

A ∈ ℝm×n2 :



Linear Regression with L1-Norm Regularization
•  is typically sparse  finding the sparsest solution 

• -norm minimization 

 

• Nonconvex, difficult to solve 

• Compressive sensing: -norm minimization 

 

x ⟹

L0

min
x∈ℝn

λ ⋅ ∥x∥0 + ∥Ax − b∥2
2

L1

min
x∈ℝn

λ ⋅ ∥x∥1 + ∥Ax − b∥2
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MRI and Compressive Sensing Results



Code Demo (Run test2d_lasso.m)
, , n2 = 1282 = 16384 m = 12288 k = 8040


