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‘Nothing takes place in the world whose meaning is not that of some maximum or minimum.’ 
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Technically speaking, what we will talk about today...
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cost | loss | objective function

domain  

decision variable solution 
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“In general, optimization problems are unsolvable” Y. Nesterov
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Game of Trade-offs 
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House Convex
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Reliable & 
Robust

Local opt = 
Global opt    

Often 
tractable
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Hierarchies in House Convex
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Semidefinite programming
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Example: Max-cut

Roadmaps
n ~ 1 million <> 4TB

Social networks
n~ 1 billion <> 4PB  
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Example: Fourier Ptychography 

1 MPix
n ~ 1 million <> 4TB
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Many examples: Quadratic assignment, Lipschitz estimation of NNs...

Special case: Traveling salesman problem

https://lions.epfl.ch


13Scalable SDP | Volkan Cevher | https://lions.epfl.ch 

From the archives...
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House Nonconvex
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Fast

Local opt =! 
Global opt    

Often 
tractable
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A key structure in weakly-constrained SDPs

Optimization solution needs storage square-root of d  times n vs n-squared!  

https://lions.epfl.ch
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State of the art

Barvinok (1995) “Problems of distance geometry and convex properties of quadratic maps”. Pataki (1998) “On the rank of extreme matrices in semidefinite programs and the multiplicity of optimal eigenvalues”. Burer, Monteiro (2003) “A 
nonlinear programming algorithm for solving semidefinite programs via low-rank factorization” | Burer, Monteiro (2005) “Local minima and convergence in low-rank semidefinite programming” | Kulis, Surendran, Platt. (2007) “Fast 
low-rank semidefinite programming for embedding and clustering” | (2012) Cartis., Gould, Toint, “Complexity bounds for second-order optimality in unconstrained optimization”| Boumal, Voroninski, Bandeira. (2016) “The non-convex 
Burer-Monteiro approach works on smooth semidefinite programs” | Bhojanapalli et al. (2018) “Smoothed analysis for low-rank solutions to semidefinite programs in quadratic penalty form” | Pumir, Jelassi, Boumal. (2018) “Smoothed 
analysis of the low-rank approach for smooth semidefinite programs” | Sahin et al. (2019) “An inexact augmented Lagrangian framework for non convex optimization with nonlinear constraints” | and many more….
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The Lagrangian approach
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An inexact augmented Lagrangian framework [Sahin et al, NeurIPS’19]
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Storage issues persists 

Waldspurger, Waters (2019) “Rank optimality for the Burer-Monteiro factorization” 

Challenge: Solve SDPs within storage to specify the problem and its solution

n = 80
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House Convex
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Reliable & 
Robust

Local opt = 
Global opt    

Often 
tractable
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Conditional gradient method
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Key feature: Rank-1 updates
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Dual conditional gradient method (CGM)
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Dual conditional gradient method (CGM)
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Dual conditional gradient method (CGM)
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Streaming linear updates

Key idea: 
Use single pass algorithms for low-rank matrix approximation
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Brief detour on sketching

[TYUC17a] Practical sketching algorithms for low-rank matrix approximation

[TYUC17b] Fixed-rank approximation of a positive-semidefinite matrix from 
streaming data

[TYUC19] Streaming Low-Rank Matrix Approximation with an Application to 
Scientific Simulation
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Nystrom sketch
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Result:
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Sketchy CGM
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Homotophy CGM
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Conditional Gradient Augmented Lagrangian (CGAL)

Yurtsever, Fercoq, Cevher  (2019) “A conditional gradient based augmented Lagrangian framework” 
Yurtsever, Tropp, Fercoq, Udell,  Cevher  (2020) “Scalable semidefinite programming”
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Numerical 
Evidence
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Max-cut

FP

QAP
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Max-cut

Waldspurger, Waters (2019) “Rank optimality for the Burer-Monteiro factorization” 
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Max-cut

GSet
DIMACS10
data groups
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Max-cut

GSet
DIMACS10
data groups
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Fourier Ptychography
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On the accuracy of solutions
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On the accuracy of solutions
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On the accuracy of solutions
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On the accuracy of solutions
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Quadratic assignment
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Conclusions 

● Extensions to stochastic SDPs
○ Locatello et al. NeurIPS 2019
○ Vladeran et al. ICML 2020

● Non-convex nonlinear programs 
○ Latorre et al. NeurIPS 2019
○ Sahin et al. under review

● Algorithm design with computational primitives
○ randomized linear algebra
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