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Road to Performance on KNL

» Part 1. Performance via compiler

» Part 2: Performance via intrinsics

» Part 3: Performance via search




LAMMPS

Large-scale Atomic—Molecular Massively Parallel Simulator

» Sandia National Labs
http://lammps.sandia.gov

» Wide collection of potentials

» Open source
Support for OpenMP, Xeon Phi,
and GPU (CUDA and OpenCL)



../IPCC-showcase/inputs/videoslow.mpg
http://lammps.sandia.gov

Part 1. Buckingham pair potential Rodrigo Canales
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Buckingham: vectorization, single thread

Speedup over LAMMPS’ OMP package
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Buckingham: vectorization, full node

Speedup over LAMMPS’ OMP package
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Buckingham: KNC vs. KNL

Single thread Full node
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Part 2: Tersoff multibody potential Markus Hohnerbach

for i in local atoms of the current thread do

for j in atoms neighboring i do

Gj <= 0;

for k in atoms neighboring i do

| G+ Gt Gk

E <« E+V(ij )

Fi — FI *ax,v(lvj,cu)y

Fj Fj=03V(i,J,G);

for k in atoms neighboring i do
Fi <~ FI - 5§ ' aX;C(iajv k))
Fj — FJ - 5C : aXJC(Iv./a k)y
Fk — Fk - 6< ' anC(iv.L k)y




Tersoff:

atom-ns/day/core

KNC

Thread Core Full
Cores 1 Cores 1 Cores 64
SMT 1 SMT 4 SMT 4
Atoms 32.000 Atoms 32.000 Atoms 512.000
Measurements in 1000 atom-ns/day/core.
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Tersoff:

atom-ns/day/core

KNL

Thread Core Full
Cores 1 Cores 1 Cores 64
SMT 1 SMT 4 SMT 4
Atoms 32.000 Atoms 32.000 Atoms 512.000
HBM Yes HBM Yes HBM Yes
Measurements in 1000 atom-ns/day/core.
80
60 |-
40 -
20 -
0
Thread Core Full

‘ IRefl DoubleBSingle I Mixed ‘




Tersoff: strong scalability
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Part 3: Tensor transposition Paul Springer
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Tensor Contraction Compiler (TCC)

KNC KNL

w

«
w
«
o

w

=}
w
1=
S

W o
o 25 o 250
=3 23
£ 20 £ 200
T b}
215 2 150
c c
& 100 & 100

u
=3

u

=}

=)
o

1 4 7 1013161922252831343740434649525558 1 4 7 1013161922252831343740434649525558
Test case Test case

Benchmark: 57 traspositions, 2D to 6D tensors, > 200MBs




Tensor Contraction Compiler (TCC)
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Bandwidth for the top 1, 10, 100 candidates generated by TCC.







TTC: KNC vs. KNL
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