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EXPERIMENTAL METHODOLOGY RESULTS

INTRODUCTION

ST SR G A Sl G TS o e e s S o  We ran three sets of experiments, each set examined a different dimension of how Computational Kernels: Microbenchmarks > Analysis Proxies [all figures] Applications: miniAMR and HPCG most impacted [all figures]

these enormous corpora of data requires domain scientists to use sophisticated analysis simulationiwerkioaasmigiteespace shatcamwithianalysisicooes: * Microbenchmark tasks (e.g,. allreduce, bursty copy, copy) have the greatest impact on  * miniAMR and HPCG experience the largest degradation in performance

tools. However, the cost (in both time and energy) of exchanging data between the * The results of these experiments are shown in Figures 1-3. application performance * LAMMPS-lj, LAMMPS-crack, and miniFE experience relatively minor degradation in performance
simulation and the analysis codes through a global filesystem is becoming prohibitive. As a PRNH el peateith eSelen pETimEntslCEa CIo N EXIVEWOTKIoatSIdES CElINATA BIEIZ B * Analysis proxy tasks (e.g. FFT, pi, k-means, voronoi) have a relatively minor impact on  nNumber of Spacehog Tasks: fewer spacehogs = better performance [Figures 2.1-2.5]

* For all of our experiments, we ran these workloads on 84 application processes.

Zisr:]ﬂr’:;o\r/]v.orkﬂows that use in situ analytics to process output data are becoming more S S SN G N ST TR appllcatlor.1 performance | " * Fewer spacehog processes almost universally improves performance
Table 3P Process Density: more processes per node may degrade (HPCG) or improve (miniAMR) performance g stem Architecture: Volta = better network performance, Chama = better memory performance
* Insitu analytics require that resources be shared between the simulation and the analysis * Except where otherwise specified, the results presented were collected on Volta. [Figures 1.1-1.5] [Figures 3.1-3.5]
 Data collected for each experiment over five independent trials: height of bars = mean, * Fewer processes per node + memory-sensitive application (e.g., HPCG) = better performance e Space-sharing memory-sensitive applications (e.g., HPCG) & memory-intensive benchmark (e.g.,
* Two common types of sharing resources: whiskers = min, max. * Fewer total nodes + space-sharing communication-sensitive applications (e.g., miniAMR) & copy, bursty copy) = better performance on Chama
o Time-sharing * All of the results are normalized to the application time-to-solution when space-shared communication-intensive benchmark (e.g. allreduce) = better performance '

* Space-sharing communication-sensitive applications (e.g., miniAMR) & communication-intensive

- Simulation and analysis run on the same set of resources with the busy wait analytics task. N

- Each is granted intervals of exclusive access to the computational resources
Process DenSity Experiments performed by varying the total number of processes per node

o Space-sharing
- Both are given exclusive use of a fraction of the total resources Figure 1.1

- Divides the computational resources between the simulation and analysis

o L] L] L3
LAMMPS lj: Process Density Variation Flgu re 1 ° 2 LAMMPS crack: Process Density Variation Flgu re 1 ® 3 miniFE: Process Density Variation F Igu re 1 '4 miniAMR: Process Density Variation F Igu re 1 ° 5
cesses a esses -

B 2 nodes x 48 processes
B 4 nodes x 24 processes
EEE 8 nodes x 12 processes

HPCG: Process Density Variation

[ 2 nodes x 48 processes
[ 4 nodes x 24 processes
B0 8 nodes x 12 processes

e Space-sharing can introduce the possibility for contention over these shared resources:
o Memory (cache and DRAM)
o Memory bandwidth
o Network bandwidth
o Filesystem bandwidth
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 To evaluate application sensitivity to the use of shared resources, we used a set of

microbenchmarks

Slowdown relative to space-sharing with Busywait
Slowdown relative to space-sharing with Busywait
Slowdown relative to space-sharing with Busywai
Slowdown relative to space-sharing with Busywai
=
2N
Slowdown relative to space-sharing with Busywait
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Allreduce Bursty Copy Copy File I/0 FFT k-means Clustering Pi Voronoi Tessellation Allreduce Bursty Copy Copy File I/0 FFT k-means Clusterin: g Pi Voronoi Tessellation : Allreduce Bursty Copy Copy File I/0 FFT k-means Clustering Pi Voronoi Tessellation Allreduce Bursty Copy Copy File 1/0 FFT k-means Clusterin g Pi Voronoi Tessellation : Allreduce  Burst) y Copy Copy File /0 FFT
Spacehog Task Spacehog Task Spacehog Task Spacehog Task Spacehog Task

« We examine how the application’s performance is affected by space-sharing with each

member of a set of analysis proxies—computational kernels that -repre.sen.t 'res.ource -usage Number of Spacehog Tasks S EE TS TG [ vEin e i el murlber of sresaies ek
patterns that are representative of analytics that may be used with scientific simulation.

Figure 2.1 Figure 2.2 Figure 2.3 Figure 2.4 Figure 2.5

LAMMPS_lj: Number of Spacehog Tasks Comparision LAMMPS_crack: Number of Spacehog Tasks Comparision miniFE: Number of Spacehog Tasks Comparision miniAMR: Number of Spacehog Tasks Comparision HPCG: Number of Spacehog Tasks Comparision

I Number of Spacehog Tasks = 28 [ Number of Spacehog Tasks = 28 B Number of Spacehog Tasks = 28 B Number of Spacehog Tasks = 28

. . . .
'he contributions of this poster include: B umber of Spacehog Tasks = 12 o ey Spcee T = 22 S NumberofSpacehog Tasks - 12 = NumberofSpacehog Tasks = 12 B umer of Spacehog Tasks - 12
. [ Number of Spacehog Tasks = 12

I Number of Spacehog Tasks = 6 I Number of Spacehog Tasks = 6 [ Number of Spacehog Tasks = 6 B Number of Spacehog Tasks = 6
B Number of Spacehog Tasks = 6

 The description of a software library that facilitates the evaluation of the performance f f . | ,
impact of space-sharing MPI applications with analysis tasks.

* An examination of how space-sharing MPI| applications with different computational
workloads may impact application time-to-solution. : o £ oo

* An analysis of how the characteristics of the execution environment affect the impact of ‘
space-shared in situ analytics on application performance
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+ The analytics tasks used in this study are modeled using a library called libspacehog. Architecture Experiments performed by comparing results between two different systems: Volta (Cray XC30) & Chama (Infiniband cluster)
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ThIS Ilbra ry uses the MPI prOfIIIng Interface to Intercept a“ MPI Ca”S transparently. Flglo{sre 3.1 LAMMPS_lj: Architecture Comparision Flglo{sre 3'2 LAMMPS_crack: Architecture Comparision Flgure 3‘3 miniFE: Architecture Comparision Flgure 3'4 miniAMR: Architecture Comparision Flgure 3.5 HPCG: Architecture Comparision
* This library sets aside the requested number of dedicated MPI processes for analytics = o] S e | S o | T | e
proxies and returns the remainder of the compute resources for the application. | T
* The user can request a number of options for this library. These includes: 1.) the layout of i
the dedicated resources for the analytics proxy; 2.) the analytics proxy (or hog task) listed
in table 1P; and 3.) parameters for each of these hogs, for example the volume data copied :
or processed. 1 | J o |
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i \ Allreduce Bursty Copy Copy FMeI/OSpacehog e FFT k-means C Justering ] Voronoi Tesse liation reduce ursty Copy Py ile spacehog Task || oo g P VoronoiTessellation : ‘Allreduce Bursty Copy Copy F”e{/OSpacehog ek FFT k-means C lustering Pi Voronoi Tessel llation - Allreduce Bursty Copy Copy File VoSpacehog e FFT k-means Clusterint g Pi Voronoi Tessellation - Allreduce Bursty Copy Copy HIeI/OSpacehog e FFT k-means Clustering Pi Voronoi Tessellation
Processes Table 1P: Descriptions of the analysis tasks used. Table 2P: Descriptions of the workloads used for evaluation. Table 3P: Descriptions of the two architectures used.
\ o . o L] . L4 L4 . .
[ & ﬁ & & @ & Analysis Task Description Application | Description System Configurations References
BUSY Wait Just checks for simulation completion LAMMPS A ClaSSicaI m0|eCU|ar dynamics SimUIatOr from Sandia [1] St.eve Plimpton. 1995. Fast Parallel Algorithms For.Short-Range M.oleculzf\r Dynamics. Journal of Comptftz.sltional Physics 11.7, 1 (1_995), 4—19. N
F . . . . | T | [2] Michael A Heroux, Douglas W Doer er, Paul S Crozier, James M Willenbring, H Carter Edwards, Alan Williams, Mahesh Rajan, Eric R Keiter, Heidi K
Allreduce Performs a sequence of MPI Allreduce operations. National Laboratories [1] The data presented in this Thornquist, and Robert W‘Numrich. Improving.performance via min?—applications. Sandia National L‘aboratories,‘Tech. Rep S'AND2009—5574 (2099).
— paper are from experiments that use the Lennard- Cray XC30m £:3] Cfourtenay Vgluglgan&Rlcha? Barzr(()a;ts, Enab7I|:6g t;g;table exploration of the performance of adaptive mesh refinement, in: 2015 IEEE International
* . . . . onference on Cluster Computing, , Pp. 746-752.
F g g @ @ & & I\/Ilcrobenchmark Copy COﬂtIﬂUOUSly copies data from one memory a”Ocathn to anOther' Jones (LAMMPS-']) and CraCk (LAMMPS'Crack) ; 155 tOtal5 nongeBS : dge) [4] Sandia National Laboratories. HPCG High Performance Conjugate Gradient Benchmark. https://software.sandia.gov/hpcg/html/index.html.
) 2.4 GHz Intel Xeon E5-26¢€ Ivy Bridge
| e | Tasks Bursty Copy Alternates intervals of sleep and intervals of copying memory. potentials 2 sockets x 12 cores
. . . . .. . . . 24 cores/node (Hyperthreading enabled)
L Ry @ '5 & re & File /0 Analysis tasks write random data to a POSIX file. miniFE A proxy appgcatloln thfat captlures the kjy bfanIOFS of 24 cE SEED (1855 M) PRERme
U U U . . unstructured implicit finite element codes [2]. c ot : - (
\ FFT Parallel computation of the fast Fourier transform (FFT) on an array P [nterconnect: Cray Aries DragonkFly
of random data . . o .
\ . miniAMR A mini-application that captures the key behaviors of PP
Spacehoa Task Application Process K-mear?s Parallel clustering of random data adaptive mesh refinement (AMR) codes [3]. Linux Cluster P -
P g Proxy Tasks Clustering 1232 total nodes o
] ] 2.6 GHz Intel Xeon E5-2670 (Sandy Bridge) @ vl
Pi Monte Carlo computation of it HPCG A benchmark that generates and solves a synthetic 3D 2 sockets x 8 cores © )
) . . Contor t e M s DY
sparse linear system using a local symmetric Gauss- 16 cores/node (Hyperthreading jusabled) Center for Computing Research
: < \/i ; ; ; ’ ; ; i iti i . . . . 64 GB DDR3 (1600 MHz) DRAM/node
Flgure 4: Visual representatlon of the Ilbspacehog Ilbrary S functlonallty. Voronoi ) Parallel partltlon of a plane based on randomly selected pomts Seidel pl"eCOHdItIOI’IEd conjugate gradlent method [4] Interu’“on(nef*t' Inf)iniband Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering Solutions of Sandia,
Tessellation - — LLC., a wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy's National Nuclear Security Administration

under contract DE-NAO003525.




