2 " U.S. DEPARTMENT OF

Reducing data motion of lattice Boltzmann simulations through application @ eENERGY
CLEMSON of boundary conditions on GPUs \ %ﬁ&%&‘%&f&%ﬁ‘&%ﬁ

U NI V E R S I T 'Y

%OAK RIDGE

National Laboratory

Griffin Dube’-¢, John Gounley?
'Clemson University, Clemson, SC, USA 29631; “Oak Ridge National Lab, Oak Ridge, TN, USA 37830

¢ Lattice BOltZInann SimU.lati()nS arc COmm()nly used fOI‘ o We measure perf()rmance on Oak Rldge National ¢ COmmunicatiOn Overhead iS an iSSlle in

solving many computational fluid dynamics problems. Laboratory’s Summit; focusing on the D3Q19 velocity N.ode 2 IBM POWERS CPUs the CPU-GPU hyb.rid version of our
. . . . , , , , Architecture | 6 NVIDIA V100 GPUs application leading to poor
* Main computation of many of these simulations can be set and using a common lattice Boltzmann simulation , 9
. . . . . .. . . unpredictable performance.
broken into two parts: collision and streaming of points, performance metric: millions of fluid lattice updates | . .. 21.504 to 29.816.640 , o
. . opin i » 0 27,619, * OQur version of the application offers
and application ot boundary conditions [1]. per second (MFLUPS). Sizes fluid points
| | o . hod ) 4 for computine particle p speedup between 2x and 49x greater
* Data motion caused by excessive communication WO methods - were - uscd 1ot computing - parti than other versions of the application.
between CPU and GPU leads to degraded performance. distribution function information: two-grid, which From: . We reduce the runtime spent on

reads from one array and writes to another, and one- | Density Flow 0=1.01top=1.00

* We propose a solution by performing all simulation , , , , .
PP Y P S orid, which writes to a single array but uses alternating

computation steps on the GPU, applying 1t to a lattice

communication from 92% to 2%,
reducing the possibility of contention

. . operations in even and odd time-steps [2]. Table 1: Experimental Configurations. o
Boltzmann proxy application to evaluate the impact on P ps [2] for communication resources.
performance. 4 Ok ) MFLUPS Value as Simulation Size Increases * Reduced communication and increased
8300-Word Feias 5 parallelism from the GPUs greatly
e I AL - | S—p—— .
Summary o N E 104 ] ________,f,:'::ﬂ"'" - 1ImMprove performance and prevent
- Sy — ~100e E : fx==" unpredictable results.
- 1,008 2
- p %
l e % Version Pattern
1004 o —— CPU-Only —8— One-Grid References
MethOdS e % H}"I:]ﬂd I:FLI_G PU _.-. TWE}—Grid _
— 1.00e+00 ﬁ 107 - * — GPU-Only . :
e Our GPU-only version removes the need to transfer . . . LI 1] T. Kruger et. al. 2016.The Lattice Boltzmann
. . Figure 2. Density field after 100 time- = Method - Principles and Practice.Springer. Etc.
data between CPU and GPU during time-steps by steps. & [2] Markus et al Wittmann. 2013. Comparison of
performing collision and streaming and application of GPU-onl . £ th Licat; S — o Different Propagation Steps forLattice Boltzmann
o o o - o () i - &
boundary conditions on the GPU. JrL-only Vem;’ln o1 elap,p ieation 2 : e Y A Methods.Comput. Math. Appl.(2013), 924-935.
- : improves as the simulation size |= — _ - R 00 S 5=
* We port boundary conditions to the GPU using CUDA, rcf)ws because the benefit of | & 102 {  jammp——
dividing fluid points among GPU threads for ;gncrease d parallelism provided by =
' = Ack led t
computation. ] ] T cknowledgements
CPlI.)J GPU Hvbrid GPU-Onl the GPU 1s not negated by excessive 10° 10° 107
= y Il y - - b CPU d Simulation Size (# of Fluid Points) ,
communication between an . . . — Contact Information:
S Sl Start Simulation 1 Figure 3. MFLUPS values as simulation size increases for one- -
GPU, providing speedup between *'&" | | .  1C Griffin Dube
7% and 49x orid and two-grid propagation patterns with std. deviations. edube@g.clemson.edu
T fer Dat . Transfer Data: . . . . . .
[ rans i Data: | ‘ Start Timestep ]ﬁ [ ransier Dt H Start Tlmestep ]H * Increased data motion results in unpredictable results during multiple runs, shown by the ~ Wi E|
f : l d T standard deviation ot the CPU-GPU hybrid version’s MFLUPS values. Personal a_ ,.'-“h.-,
Transter Data: Collision an ollision an . . . . . . . : : 5 o o
[ GPU —>CPU H Streaming ] [ Streammg ] * By applying boundary conditions and collision and streaming in a single location we minimize Webpage ‘™
- l
— e Boun - communication between CPU and GPU, resulting in improved reproducibility. 9 Eh‘.l!-:'l..- 3
Apply Boun ary] Yes [ ] Yes . : . . 0 0
C d -
[ Condtlons ondtions * GPU-only version reduces percentage of runtime spent on communication from 92% to 2% This work was supported in part by the U.S. Department of Energy
Office of Science, Office of Workforce Development for Teachers
Tran sfer Data- and Scientists (WDTS) under the Science Undergraduate Laboratory
[ CPU — GPU ]—»[ End Timestep ] End Tlmestep | _ _ | Internship program. This research used resources of the Oak Ridge
l Bl Computation Communication B Setup Bl Profiler Overhead Leadership Computing Facility at Oak Ridge National Laboratory.
This manuscript has been authored by UT-Battelle, LLC under
: Contract No. IF))E—ACOS-OOOR22725 Wi}'][h the U.S. Department of
. L Hybrid I 153.27s Energy. The United States Government retains and the publisher, by
Transfer Data: | No ISt <= _ Transfer Data: | No BUss — accepting the article for publication, acknowledges that the United
GPU — CPU maxTimestep GPU — CPU maxTimestep GPU-E’IHW’ _ 12.31s States Government retains a non-exclusive, paid-up, irrevocable,
i i v;/lprld—wide license to Il)lublish }(l)r reprodélce the Fubl{iihgddforsm of
this manuscript, or allow others to do so, for Unite tates
G End Simulation 0 20 40 60 80 100 Government purposes.
0 The Department of Energy will provide public access to these results
F'EI'EE'I'ItEIQE' { %) of feder%lly sponsored r%gearchpin accofdance with the DOE Public
Fi gure 1. Data flow dU.I'iIlg simulation time—steps. Figure 4 Percentages of runtime spent on simulation operations. Access Plan (http://energy.gov/downloads/doe-public-access-plan).




	Reducing data motion of lattice Boltzmann simulations through application of boundary conditions on GPUs

