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How to Become Faster

Where we come from:
»> Molecular Dynamics Simulations (MDS) on HPC Clusters in Jiilich
> project FMHub (FMSolvr — Laura Morgenstern)

Computation:

> use faster/more processors > apply efficient communication

; hem
> improve methods schemes
. > i
> improve resource awareness iaonaa(;yze the impact of message

> adaptive algorithms

struggle with communication
overhead

> adaptive algorithms
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Structure

1. Particle Simulation
2. Communication
3. Modeling

4. Summary

TUC - 19. September 2022 - Theresa Werner 3/17

osg.informatik.tu-chemnitz.de


osg.informatik.tu-chemnitz.de

SOERE Optimization of Communication-bound Applications
bgz) TU Chemnitz

TECHNISCHE UNIVERSITAT
IN DER KULTURHAUPTSTADT EUROPAS

CHEMNITZ

Particle Simulation
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Sparse particle system Dense particle system
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‘ Particle Simulation

Cut-off Radius Rt

b
(a) (b) (c)
Import area (light blue) of the dark blue target box with different Ry
(a) Rcut < b
(b) Rcut =b
(€) Reut >0
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Communication
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‘ Communication

Categorization [Werner et al., 2022]

Data

Commu- . trivial comm.
N mm VS.
nication Shift Comm. e.g. broadcast
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(a) (b) (¢) (d)

Full-Shell Shift: (a) start of data distribution of blue box
(b) data distributed along dimension 1

(c) accumulated row data distributed along
dimension 2

(d) accumulated plane data distributed
along dimension 3
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Communication

A Communication-Optimal N-Body Algorithm for Direct Interactions

[Driscoll et al., 2013]

n particles ————————————— Team Shift:
Lo Toe[oe == Toe[oo [oe [oo [oo oo oo oo oo o] (a) Team Shift for atom
decomposition
) i (b) team Shift for spatial
\ decomposition

P/c processor teams ————————————————{ (a)

nparticles ———f

ol Lo [ [ B e e [ Lo [ oo e

——————— P/c processor teams ———————>1 (b)
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‘ Modeling

Petri Nets

2, ™M > '5“ 2,
1

local view on data/
time dependency of
node 0 and its neigh-
bors

global view requires
a net where all nodes
are connected or
folding
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Modeling

(max,+) Algebra

(max,+)

(max,+) and Matrices

a®b=>b®da=max{a,b} e
Z aik ® by
k=1

A®B =

a®b=b®Ra=a+b

(max,+) Matrices and Petri nets

» path from place z to place y — A,, = transition time
> calculate longest path of lengthn:  A* . Z =7

k
WithA* =T@ A0 A2® ...© A" where AF = ® A
7=l
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Summary

Current goals:

> finding efficient communication schemes for MDS v/
> being able to formally compare them

We have:

> Shift and Team Shift
> local model of Shift and Team Shift with Petri nets and (max,+) algebra

WERYES

> global model of Shift and Team Shift with Petri nets and (max,+) algebra

> in the long run: an (adaptive) communication module for the FMSolvr
(especially for the P2P and M2L stages)
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Thank You
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