
Denis Chaykin (Autor)
Verification of Semidefinite Optimization Problems
with Application to Variational Electronic Structure

Calculation

https://cuvillier.de/de/shop/publications/1032

Copyright:
Cuvillier Verlag, Inhaberin Annette Jentzsch-Cuvillier, Nonnenstieg 8, 37075 Göttingen,
Germany
Telefon: +49 (0)551 54724-0, E-Mail: info@cuvillier.de, Website: https://cuvillier.de



Contents

Contents vii

List of Tables ix

1 Introduction 1
1.1 Overview and motivation . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2 Theory and algorithms 6
2.1 Semidefinite programming . . . . . . . . . . . . . . . . . . . . . . . 6
2.2 Notation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.3 Interval arithmetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.4 Rigorous error bounds in semidefinite programming . . . . . . . . . . 13

2.4.1 Rigorous lower bound . . . . . . . . . . . . . . . . . . . . . 14
2.4.2 Rigorous upper bound . . . . . . . . . . . . . . . . . . . . . 19
2.4.3 Verification of ill-posed problems . . . . . . . . . . . . . . . 23

2.5 Certificates of infeasibility . . . . . . . . . . . . . . . . . . . . . . . 24

3 Rigorous error bounds for RDM variational problems 27
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.2 Reduced density matrices . . . . . . . . . . . . . . . . . . . . . . . . 29
3.3 N-representability . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
3.4 Eigenvalue bounds of the problem structures . . . . . . . . . . . . . . 34

3.4.1 Maximal eigenvalues of 1-RDMs and 2-RDMs . . . . . . . . 35
3.4.2 Maximal eigenvalues of other matrices . . . . . . . . . . . . 38
3.4.3 Considerations . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.5 SDP implementations . . . . . . . . . . . . . . . . . . . . . . . . . . 43

vii



3.5.1 Rigorous error bounds for the RDM method in “dual” SDP
formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

3.5.2 Numerical results . . . . . . . . . . . . . . . . . . . . . . . . 51
3.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4 Rigorous error bounds with verifiedSDP 59
4.1 Implementation of algorithms computing rigorous results . . . . . . . 60

4.1.1 Calculating a lower eigenvalue bound of an interval matrix . . 60
4.1.2 Solving linear systems rigorously . . . . . . . . . . . . . . . 62
4.1.3 Checking SDP infeasibility . . . . . . . . . . . . . . . . . . . 62

4.2 Numerical results for the SDPLIB . . . . . . . . . . . . . . . . . . . 63

5 Conclusions 70

A Phase I methods in semidefinite programming 72
A.1 Dual feasibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
A.2 Primal feasibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

B verifiedSDP quick reference 77
B.1 Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
B.2 Examples of use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

B.2.1 Stand-alone executable binary . . . . . . . . . . . . . . . . . 79
B.2.2 Using verifiedSDP library . . . . . . . . . . . . . . . . . . . 79

Bibliography 81

Lebenslauf 89


