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Application motivation

B Many energy resources located far below the surface
B Costs for geothermal projects largely governed by wellbore construction
B Large cost driver non-productive time and unexpected problems

B Many challenges caused by lateral drill string vibrations and non-optimal
cuttings transport

B Due to challenging in-situ measurements, simulation based approach
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Experimental study
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Dimensioning of components
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Background of Screw Conveyor Dimensioning

B Sizing often based on simplified
technical standards (e.g. DIN
15262)

B Simplified setup requires defined
lower particle loads

B Difficult to parametrize the
simulation regarding, e.g. adhesion

B More accurate estimations based
on Discrete Element Method (DEM)
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Particle Simulation Software LIGGGHTS®

LAMMPS Improved for General Granular and Granular Heat Transfer Simulations

Open Source Simulation Software

Implementation of Discrete Element Method

Based on the molecular dynamics code LAMMPS

LAMMPS is a classical molecular dynamics simulator

PUBLIC version developed by DCS Computing GmbH and JKU Linz since 2009
Commercial successor of PUBLIC version Aspherix®since 2019

Actively developed PFM-fork at JKU Linz since 2015

Can be coupled to OpenFOAM®using CFDEM® coupling
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Motivation for IO-Characterization

B Large computational cost

B Performance engineering of the utilized software
B Understanding the 10-patterns

B Vision for porting to GPUs
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Evaluated Tools

B Evaluated for profiling and tracing: Score-P, Extrae, and Darshan

B MPI functions only traced with Score-P and Extrae

B Consistent results of two tools
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Execution on 3 processes
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Overhead in 3 Processes

Accumulated Exclusive Time per Function Group
20005

1,0005 o5
MPI Collective Communication

5.347085| MP1 Management
0.452359 5| MPIPointto-point Communication
0.411564 5| MPI Request Handling
2.644e-05 5| Others (1)

Figure: 2 Processes
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Figure: 3 Processes
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Communication on 2 and 3 Processes

B Significant communication load on Rank 0, while Rank 1 is mainly
computational.

= [ - node dell-patrick
4537.92 MPI Rank 0
33.48 MPI Rank 1

B Communication load heavily shifted to Rank 1. Ranks 0 and 2 are still
involved in communication, but Rank 1 shows a dramatic increase
compared to the 2-process setup.

= [ - node dell-patrick
4261.04 MPI Rank 0
O 1.07e4 MPI Rank 1
[ 6463.22 MPI Rank 2
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Number of Invocations

=

sum 8,719,014
Function Group [llMPI Collective Communication
Value 8,718,862

Function Group | |MPI Management

Value 114

Function Group || MPI1 Paint-to-point Communication
Value 32

Function Group | [EISEELITEIGREL LI

Value 6

Figure: Number of invocations - 2 Processes
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sum 13,078,499
Function Group [llMPI Collective Communication
Value 13,078,271

Function Group Hmpi Management

Value 174

Function Group [ ] MPI Point-to-point Communication
Value 46

Function Group [_|MPI Request Handling

Value 8

Figure: Number of invocations - 3 Processes
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Domain Decomposition: Processors 11 2
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Key Observations:

B Thread 0: Dominated by MPI operations, indicating a heavy communication
load.

B Thread 1: it's more focused on computation.
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Computation on 2 Processes

B - machine Linu

~ O - node dell-patrick
O 1695.46 MPI Rank 0
6199.89 MPI Rank 1

Key Observations:
B Rank 0: Spent 1695 seconds on MPI communication, which is a small
fraction compared to its total computation time.

B Rank 1 is primarily focused on computation, with less emphasis on MPI
communication than Rank 0.
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Communication Pattern

High Volume of 28kiB Messages suggests a specific communication pattern in
the application

Message Summary 2
Average Message Transfer Time per Message Size

1,000 s 500 ps ops
Number of Messages per Message Size 12.008514 MiB
3.5k 3.0k 2.5k 2.0k 1.5k 1.0k 0.5k 0.0k 0.000501867 s 4B
L fatecatng [XTIELENERS 2.23764 MiB
X ! i
3af a8 0.000226427 s [ 51478125 KiB
”ll B 0.0 281.015625 KiB
1| 12.008514 MiB -
s 0.000132571 s [l 286.40625 KiB
1| s14.78125kiB.

1| 286.40625 ki

oB
1| 281.015625kiB. N
1 | 63.515625 KiB 4.4323e-05 SI 63.046875 KiB
1] 63 046875 xiB 2.6419¢-05 s |} 28.640625 kiB
1 I 1.40625 KiB 1.8502e-05 5| 4808
1] 4508 ]
1|245 1.15588{)55' 28.101563 KiB
1|38

7.017e-06 5| 248
5.378¢-06s| 13B
2.585¢-06 5| 1.40625 KiB

Figure: Number of messages per message size

Figure: Avg message transfer time
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Workload Distribution: Visits (occ)

B The nature of the tasks differs across ranks
B with some subdomains likely being more computationally intense

B This suggests a load imbalance in computational cost, despite the even
division of work by the number of tasks

~ O - node dell-patrick
O 4.40e6 MPI Rank 0
O 4.40e6 MPI Rank 1
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Summary and Future Work

B These are the first steps and initial observations
B Capturing more I/O data
B Experiment with other Profiling/Tracing tools

B Scale up the simulation’s size to consider the impacts of parallelization
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