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Many problems are “"MMM”

Population Genomics

~Length of DNA Sequence
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k-Nearest Neighbours
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Leveraging BLIS
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g Mellon
Population Genomics

Same Genomic Matrix on Intel Haswell (3.5GHz) Performance for #threads > #cores
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Application of (Partial) Model

Convolution Neural Nets Large m-D FFTs

Performance on Intel Haswell QT | \E ;@: \ E \ \ E \

% of Peak pooing poaing e t0 t1 t2 t3
100%
80% +
60%
40%
20%

0%

1 2 4 5

3
Layers of AlexNet
B OpenBLAS + Layout Change M OpenBLAS GEMM B Customed Convolution

Finite Field Linear Algebra Microcontrollers

Performance of different FF Algorithms
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“Can we do it on a GPU?”
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Our initial attempt

% of peak Linkage Disequilibrium on GTX 980
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GTX 980 in a nutshell

1 of 16 SMs

 1warp=32threads

* 4 clusters of 32 (SP) FMA cores

* Each cluster with 8 SFU cores
(popcnt)

* 64k registers per SM (255/thread)

* 48K/96K shared memory
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e e Velon
GTX 980 in a nutshell

1 of 16 SMs

 1warp=32threads
* 4 clusters of 32 (SP) FMA cores

e Each cluster with 8 SFU cores
(popcnt)

* 64k registers per SM (255/thread)

* 48K/96K shared memory

e Latency of FMA = 8 cycles

e Latency of Popcnt = 12-13 cycles

* Popcnt seems to be pipelined
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Applying the model

* Minimum size of kernel
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Applying the model

* Minimum size of kernel
Zaaze 2 NPopcntLPopcnthec
256 4 clusters 8 cycles 8 threads

e Maximum size of kernel

64k
2—56 >255 registers/thread
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Applying the model

* Minimum size of kernel
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Our initial attempt

% of peak Linkage Disequilibrium on GTX 980
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With Shared Memory

% of peak Linkage Disequilibrium on GTX 980
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