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Extended-Sparsification



Gaussian elimination
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Gaussian elimination
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Everything fills!
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Solution? Low-Rank!
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Solution? Low-Rank!
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Hierarchical Extended-Sparsification
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Merge

Merge nodes following bissection tree
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Compress

Low-Rank approximation for far-field interactions
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Eliminate
Usual LU/Cholesky elimination




Merge-Compress-Eliminate
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Merge-Compress-Eliminate
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Merge-Compress-Eliminate
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Merge-Compress-Eliminate
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Merge-Compress-Eliminate
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Application to Extruded Meshes
& lce-Sheet Modeling



Ice-sheet modeling

* Incompressible, low-Reynold numbers viscous flow

( . ds

—V - (2ueq) tpgo—-=0
< . ds

—V - (Que) +pgo-=0
\ y

ou ov 1,0u O0v ,
@

Exx = x’ ) Eyy = @'Exyzi 6‘_y+a

_lou |
= 29277 292

10v



Ice-sheet modeling
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Ice-sheet modeling: solution
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Vanilla algorithm

64 km



Vertical clustering

64 km
32 km 25 26 22 21 17
16 km 50 52 44 37 28

8 km 107 107 33 71 35



Diagonal scaling

We have a choice to make
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Diagonal scaling

64 km 9 5
32 km 25 21 12 3 5
16 km 50 37 14 7 5
8 km 107 54 16 8 6

4 km 190 99 22



Diagonal scaling (solve time)

64 km 0.7 1.3
32 km 6.1 7
16 km 51 44

8 km 562 268



Near-nullspace preservation
Nullspace without BC’s
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Near-nullspace preservation
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Near-nullspace preservation: how?

* QR Factorization to have exact range/nullspace

UiR = [¢x  Axydy] K, = Ul Ay,
* Do SVD (or other) to approximate the rest

UKy ~ (I — U1U1T)Axy

* Low-Rank approx is
Axyy = UKTqby

KT
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Near-nullspace preservation

Nullspace + Scaling

64 km
32 km 25 13 11 3
16 km 51 18 11 8
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