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1. Introduction 4. Bridging Approach

Problem statement

e Bridging native and simulated executions refers to creating a connection between two pillars of science, i.e., experimentation Amount of computation (FLOP)

and simulation Node ID

Computation event

_ // worker allocates memory for data structure ™~
/ Amc;mt of computation (FLOP) allocate struct = SD_task _create_comp_seq("allocate struct", NULL , 210381.9);
I I I I I I // r ive dat iz
e Many native experiments are needed in the process of optimizing the performance of an application on a high performance 4.1. Expression of Applications in SimGrid (steps) ', compute 210381.900000 receeisg_seizga:ss_t:sk_create_comm_eze(::receive_sizg::, NULL, 1%4);
computing (HPC) system 1. Representation of the computing system in simu- } compute 3>3470.700000 ?}lggizeﬁgb%o:dggatgz?é;eate‘comp‘seq( 2ttocate obyty NULL, 124523909.1);
Nati _ b . . f b| d . d ' b| d o ' d Al th Iation as g platform file i zz;vpu(iel1124523909.100000 . . - receive_x = SD_task create_comm_e2e("receive x", NULL, 82626\6‘*8);
e Natlve experiments can pe time consuming, not reasible due to hardware unavailapility, and it Is very hard to control all the 4 recv 0 826266 0——» Data type: O double 1. Express|on of the apphcat'on 1/ schedule task on worker Amount of communication (B)
parameters that aifect the performance 2. Simulation of the application using SimGrid-SMPI #oreev (826260 0 1 int Sh_task_schedulel(allocate_struct, 1, hosts[4]);
. _ : . : ~ " —~— de |
e Simulation uses abstractions and can alleviate certain limitations encountered in native experimentation and the platform file that represents the com-  Simulation with source node I\, mher of communicated elements faskname tode D
puting system SimGrid-SMPI Communication event
Advantages of the proposed bridging methodology described in Section 4 are . . . . i i i
J Prop I Y 3. Generation of a time independent trace (TiT) of Slmulgtlop with
e |t separates the concerns in the representation and the verification of the application software and of the computing hardware the application execution using SimGrid-SMPI Native | | | | SimGrid-SimDag
| | | | o | | | | application code | | Transformation o_f mfor.matlon from the time-
e It reduces the effort needed to bridge the native and simulated executions of a parallel application on an HPC system 4. Analysis of the TiT and comparison against the Time- independent trace into SimDag application tasks -
S . % 9 app Simulated
application source code ————— independentf ——44—¥———o—0o0o—o—o—o—o—o—o—o—> application
2. Native and Simulated Experimental Setups 5. Creation of the SimGrid-SimDag computation and Simulated e
1. Parallel Application communication tasks that represent the applica- computing system
tion using the information obtained from the TiT . — Simulated
e The parallel spin-image algorithm (PSIA) [3] is a parallel version of the spin-image algorithm (SIA) [4] Network bifﬂ‘;\g"ﬁ‘"Scm?)li'/z;a:::?or" computing system
e SIA applications: 3D object recognition, categorization, and 3D face recognition [2] bagan o r027635762135817214120:0. 109544041862978; 17405:0. 147468996 Native execution
o _ <prop id="smpislat_factor ~ Network latency calibration
e SIA converts a 3D object to a set of 2D images which describes that 3D object 4.2. Verification of Computmg Systems Represen- value="0:1.86552641485221;4120:6.36118640922012;17408:12.72043871415 .
tation (steps) °! /:/copfig> | Number of cores per node _ Nafuve
e The time to generate a single spin-image is not constant per and among workers and depends on the input data | o | | A AN e e cuffixe application code
1. Execution of the application natively and reporting radical="0-23" core="20"-Speed="38.3Gf" bw="100Gbps" lat="100ns" Simulated
° i\r/1agnt?r?1|2:[s,y of spin-image generation time results in unbalanced load among worker processes and uneven processors’ finish- its performance Node iDs* t°p°‘°9y‘f—TREE topo/parameters= 2'1212'1'2'2 12%/> oerformance
2. Simulation of the application using SimGrid-SMPI Network topology Network bandwidth Ngtlve measurements
and the platform file that represents the com- Core speed Network latency computing system
Load imbalance in the execution of PSIA puting system
3. Comparison of the performance of native and sim-
3 — .
ulated executions . .
. . Comparison and refinement of
4. Tunipg the representation of the computing sys- Simulated the system representation Native
5 6 - tem in the platform file performance performance
C ] ] ] ]
ts — 5. Using SimGrid-SMPI calibration tool to obtain the measurements 2. Verification of the computing system measurements
% calibration factors for the simulated network and
< 4 — MPI functions _ _ _ , _ , o
< Legend Native experimentation Simulated experimentation Bridging step
@,
; 3 —
2 — Figure 2: Methodology for bridging the native and simulated executions of parallel applications on HPC systems
1 I
; : , . 0 e 0 a0 ae - 5. Results of Native and Simulated Executions 6. Conclusion and Future Work
Parallel execution time (s) e The simulation of the PSIA using SimGrid-SMP! is repeated 20 times and the simulated execution time per worker MPI rank e The intermediate step of simulation using the SimGrid-SMPI, separates the concerns in the verification of software and
- | is reported. The average error between all the 20 runs is 1.3% hardware representation and reduces the uncertainties incurred in the process of representing the application execution
ative execution
e Information from time-independent traces, generated with SimGrid-SMPI, is used in the representation of the application flow
Figure 1: The performance of the parallel execution of PSIA for generating 8,000 spin-images using eight workers and one . L . . . and the size of its tasks in I:?he SimGrid—Sin?Da simulation P PP
master Native execution time vs. simulated execution using g
SimGrid-SMPI and SimGrid-SimDag e The proposed methodology is a first step towards automating the process of bridging the native execution of parallel applica-
2. Native Computing System Hardware 8 M tions on HPC systems with their corresponding simulated execution
e Processor: Intel Xeon Broadwell E5-2640 v4 7 o H e The verified simulated experiments can be used to evaluate the performance of different scheduling methods in simulation
Q —
e Main memory: 64 GB DDR4 ~ 6 i R .
g . - 7. Reproducibility of This Work
o Network: single level fat tree OmniPath interconnection fabric 5 2 :
= A e The information on the software and the hardware of the computing systems used in this work is summarized below
3. Experimental Setup g
o 3 ' —— : : : C
: : = Table 2: Native and simulated platforms’ characteristics
a. Native Experiments
2 T Software Hardware
* Each MPlrankis pinned to a single core, on an individual compute node . T Simulation toolkit ~ SimGrid v.3.15 [1] Processor Intel(R) Xeon(R) CPU E5-2640 v4
e PSIA generates 8,000 spin-images of the Ramesses object [5] Compiler GNU GCC v. 6.3 Number of cores 20
0 5 10 15 20 25 30 35 40 45 50 55 .
e Generation of spin-images is equally distributed using straightforward parallelization by the master among eight worker MP! parallel execution time (s MPI OpenMP] v.2.0.2 Main memory 64 GB DDR4
ranks Native execution Complllatlon flag -03 | Topology Single Iev.el fat t.ree |
e The native execution of the PSIA is repeated 20 times Simulated execution using SimGrid-SMPI Operating system CentOS Linux release 7.2.1511 | Network Intel OmniPath interconnect fabric

Simulated execution using SimGrid-SimDag

e The average difference between the ranks execution time and the average ranks execution time for all the 20 runs is 3.7% . . L . .
The raw results, scripts to run experiments, and the source codes of the application and the simulation can be

Figure 3: Comparison between the native execution time of PSIA and its simulated execution time using SimGrid-SMPI and accessed by scanning the QR code

. Simul Experimen ) A . . . L
b. Simulated Experiments SimGrid-SimDag. Error bars represent the differences between the native and simulated execution times of 20 runs for each

e The native experimental setup is reproduced in the simulated experimental setting experiment.
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