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Sparse Linear Systems

We want to solve
!" = $

When ! of size %×% is large, SPD and sparse

Bottleneck in many physical applications



Sparse Linear Systems



Sparse Linear Systems
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Nested Dissection



Nested Dissection

Issue: separators are small, but still too big on typical 3D problems

Separator: !"
Cost: !"⋅$ = &"



Sparsification
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Sparsified Nested Dissection

For level ℓ, from leaves to top
Eliminate interiors at level ℓ
Sparsify (Scale & Compress) interfaces at level ℓ



Sparsified Nested Dissection

We effectively build a preconditioner ! such that

We then use ! as a preconditioner for CG or GMRES.
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Different from fast-algebra techniques



Low-Rank Compression: three variants
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Low-Rank Compression: three variants
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Schur Complement over (n,n)
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Low-Rank Compression: three variants

Interpolative, no scaling
Interpolative, with scaling
Orthogonal, with scaling

! = 10%& → 10%(



All SPD problems from SuiteSparse



A very ill-conditioned problem



A ’cubic-like’ problem

Top separator bloc 
would be 32 GB 
otherwise!



Profiling: RRQR takes (lots) of time
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