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Gaussian Elimination

ÅSolve ὃὼ ὦ

ÅFactor ὃinto ὒ, Ὗtriangular matrices

ÅProblems:

ÅZeros on the diagonal

ÅGrowth factors (O cancellation in finite precision)

ÅStandard solution: partial pivoting

ÅSwap largest value in column onto diagonal

ÅIntroduces expensive data movement
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Butterfly Matrix
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Recursive Butterfly Transform
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Recursive Butterfly Transform
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Relation to the Fast Fourier Transform

ÅFFT is a RBT followed by a permutation
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RBT-based Solver

ðrecursive butterfly transformsם,ל

Write ὃὼ ὦas ל ὃםם ὼ ὦל

1. ὃ םὃל

2. ὦ ὦל

3. ὒὟ ὃ

4. ὼ Ὗ ὒ ὦ

5. ὼ ὼם
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Overheads

ÅτὨὲFLOP to apply a 2-sided RBT

ÅςὨὲFLOP to apply an RBT to a vector

ÅὨὲelements to store per transform
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Implementation Details

ÅUsing SLATE (Software for Linear Algebra Targeting 
Exascale)

ÅDistributed, GPU-accelerated, dense linear algebra

ÅSuccessor to ScaLAPACK

ÅRecursive transform depth of 2

Å1 step iterative refinement
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Implementation Details

ÅMatrix might not be a multiple of ς

ÅDistribution may not align to butterflies
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Implementation Details

ÅMatrix might not be a multiple of ς

ÅDistribution may not align to butterflies

ÅMinor modification to avoid
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Accuracy results
ὲ ρπππππ,  ÅÒÒÏÒ

ẗ
Partial pivoting RBT Solver

Refined

RBT Solver No pivoting

Refined

No pivoting

Random [0,1] ςȢστρπ ςȢφφρπ σȢωχρπ ςȢςσρπ ρȢρπρπ

Random [-1, 1] σȢςσρπ σȢρψρπ ρȢτσρπ ωȢπψρπ χȢωτρπ

Random Normal τȢχτρπ ςȢχτρπ ςȢπυρπ σȢπρρπ χȢψχρπ

Random {0,1} σȢσωρπ ςȢσχρπ ρȢψτρπ NA NA

circul ρȢςψρπ ωȢχπρπ φȢτχρπ ωȢψυρπ ρȢφωρπ

fiedler ρȢπρρπ τȢυωρπ ρȢωωρπ NA NA

gfpp NA ςȢχωρπ υȢπφρπ NA NA

orthog υȢχπρπ ρȢπφρπ ρȢρτρπ φȢρφρπ χȢυωρπ

riemann σȢρχρπ τȢρχρπ ςȢπψρπ τȢτχρπ ωȢχςρπ

ris ρȢυσρπ ρȢςσρπ ρȢςσρπ ρȢςσρπ ρȢςσρπ
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Performance results
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Å8 nodes of ORNLõs Summit

ÅDouble precision reals

ÅMean runtime of 3 tests

Å95% confidence interval

Å1.34x to 2.08x speedup



Conclusions

ÅRecursive Butterfly Transforms can replace pivoting in 
Gaussian Elimination

ÅOften as accurate

Å1.34x to 2.08x speedup

17/17



Acknowledgements

ÅThis material is based upon work partially supported by the National 
Science Foundation under OAC Grant No. 2004541.

ÅThis research used the computational resources of the Oak Ridge 
Leadership Computing Facility at the Oak Ridge National Laboratory, which 
is supported by the Office of Science of the U.S. Department of Energy 
under Contract No. DE-AC05-00OR22725, provided by the Exascale 
Computing Project (17-SC-20-SC), a collaborative effort of the U.S. 
Department of Energy Office of Science and the National Nuclear Security 
Administration.





Experiment Configuration

Å8 nodes of Summit

ÅEach node

Å2 processes

Å2 22-core IBM POWER 9 CPUs

Å6 NVIDIA Volta V100 GPUs

ÅDouble precision reals

ÅSpectrum MPI 10.3.1.2, ESSL 6.1.0-2

ÅGCC 8.1.1, CUDA 10.1.243
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