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Semidefinite programming 

A reminder 



 Dual Semidefinite Programming Problem 

Primal Semidefinite Programming Problem 



•  Some users rate some movies they 
watched (or didn’t!) 

•  Predict the rating (1..5) for each user/ 
movie pair. 

•  Use this prediction to recommend users 
the movies that they would like 



Matrix completion problem, collaborative filtering 

Collaborative filtering: famous Netflix challenge 

Will user i like movie j? 

 

Complete the matrix based on partially 
filled information. 



Linear factor model 



Convex relaxation via nuclear norm  

•  Given the values for a subset of entries,  find the matrix 
with these entries and the smallest (or given) rank. 

•  NP-hard problem.  





Convex relaxation via nuclear norm 

•  Given the values for a subset of entries,  find the matrix 
with these entries and the smallest “nuclear norm”. 

•  Convex problem 

•  Convex Cone 



Trace norm properties 



Matrix Completion formulation 



Sensor network localization 

xi

xj



Sensor network localization 
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SDP relaxation of sensor network localization problem 

•  Given partial information on pair-wise distances find all 
distances and the exact locations of sensors. 

xi

xj



Convex relaxation via trace  

•  Given the distances between some elements, find the 
matrix with  a given rank ( 2 or 3) 

•  NP-hard problem.  



SDP relaxation for sensor network localization 



Metric multidimensional scaling 

Preserving the inner products xiTxj we preserve distances ||xi-xj||2 



Dimensionality reduction 

Principal Component Analysis 
Select few largest eigenvectors of Y=XTX/n 

? 

Multidimensional Metric Scaling 
Select few largest eigenvectors of Y=XXT 





Nonlinear dimensionality reduction 

•     Preserve pair-wise distances between neighboring 
points.  

xi

xj



SDP formulation for nonlinear dimensionality reduction 



Distance metric learning 



Gaussian Kernel 

Euclidean distance 

  

  

  



Gaussian Kernel 

Euclidean distance 

  

  

  



Gaussian Kernel 

Mahalanobis distance 

  

  

  



Distance Metric Learning 

S – the set of similarly labeled examples, card(S)~ O(n2) 

D – the set of differently labeled examples, card(D)~O(n2) 

IPM is too expensive, need a first order method approach 



Principal component analysis 



Principal component analysis 

Find direction of largest variance  



Sparse principal component analysis 

Find a sparse direction of largest variance  





Sparse PCA 

Principal component analysis 
Maximize the variance explained by factor x 

Sparse principal component 
analysis 
Maximize the variance explained by a 
factor x with bounded cardinality 








