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Computing Lower Bounds for QAPs
via SDP relaxations and matrix splitting

Summary of results from

H. D. Mittelmann, J. Peng, Estimating Bounds for Quadratic
Assignment Problems Associated with the Hamming and Manhattan
Distance Matrices based on Semidefinite Programming,
SIAM J. Optim.20, 3408-3426 (2010)

J. Peng, H. D. Mittelmann, X. Li, A New Relaxation Framework for
Quadratic Assignment Problems based on Matrix Splitting,
Math. Prog. Comp. 2, 59-77 (2010)

X, Wu, H. D. Mittelmann, X. Wang, and J. Wang, On Computation of
Performance Bounds of Optimal Index Assignment,
IEEE Trans. Info. Theory 59, 3229-3233 (2011)

Work partly supported by AFOSR under grant FA9550-12-1-0153.
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Reduce memory consumption
w/o sacrificing quality of bounds

Reason for the large memory consumption:

I Solution of the SDP relaxations via interior point methods that
employ direct numerical algebra (Cholesky decomposition)

I Problems are not necessarily sparse
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Reduce memory consumption
go iterative!

Key paper for both resource issues:

X.Y. Zhao, D.F. Sun, and K.C. Toh, A Newton-cg Augmented
Lagrangian method for Semidefinite Programming,
SIAM J. Optimization 20, 1737-1765 (2010)

Code available from K.C. Toh

This needed to be combined with CVX in place of SDPT3/SeDuMi
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Cut CPU time for very large problems
go iterative!

The Newton-cg method is also faster, requiring fewer and cheaper
iterations compared with the IPM

Example to be given with real-life problem in next section
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Compute guaranteed bounds
in case SDP solved incompletely

A key paper is here:

C. Jansson, D. Chaykin, and C. Keil, Rigorous error bounds for the
optimal value in semidefinite programming,
SIAM J. Numerical Analysis, 46 (2007/08), 188-200.

I Both rigorous lower and upper bounds computed

I Employs interval-arithmetic ideas

I Minor post-processing effort
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High precision SDP bounds for binary codes

D. C. Gijswijt, H. D. Mittelmann, and A. Schrijver,

Semidefinite code bounds based on quadruple distances,

IEEE Transactions on Information Theory 58(5), 2697-2705 (2012)

◮ A(n,d) is maximum number of binary words of length n, any two

having Hamming distance at least d

◮ Classical Delsarte bound yields huge SDP which can be reduced

to small LP

◮ In 2005 Schrijver generalized to SDPs of sets of size at most 3

◮ They can be reduced to small SDPs with block-diagonalization

◮ New work generalizes to quadruples of words. Reduced SDPs are

still large

◮ They are ill-conditioned and require high precision
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