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Solving generalized eigenvalue problems derived from quantum systems with exascale systems

Modeling special materials Ax = ABXx Derived systems of linear equations

Condustor 0 e Applying Sakurai—Sugiura or FEAST (zB—-—A)x=b—->A;x=0Db
to generalized eigenvalue problems

Properties of coefficient matrix
"Sparse

- Small diagonal entries
*[ll-conditioned

Source : Telecom Magazine
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Sample of the topological insulator
(SmB6)

Source : The electronic. properties. of graphene

Source : Nature
Hopes surface for exotic insulator

Objective : Developing an iterative solver for the ill-conditioned equations
Target of this study : ILU preconditioned Krylov subspace method with robustness and massive parallelism

For robustness For massively parallelism
Preferred c;llagf)nal dominant coefficient matrices Parallelize ILU preconditioner with multi—coloring (MC)
Regularizations o - | Have to parallelize MC algorithm without changing properties
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o - Solving all data sets o
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(63 data cases if we
choose best block size)

Figures show the result which MC algorithms are parallelized without changing properties.
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Number of nodes * Applying low—rank approximations
Conclusion

B Developing an ILU precoinditioner with highly robustness and massive parallelism
@ For highly robustness : Applying two regularizations (Blocking and diagonal shifting)

@ For massive parallelism : Proposing the hierarchical parallelization of MC algorithms
Supporting Fortran interface — Solved a graphene problem (500M Do) with 4800 nodes (76,800 cores)
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