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Goal: green aviation ‘#7
DLR

EU FlightPath 2050

* 75 % CO, reduction
* 90 % NO, reduction

* 65 % noise reduction

=> Radically different aircraft designs needed

Aircraft development & certification

Flight envelope analyses requires:
« >10,000 data points
« > 1,000 flight hours
« > 100 steady-state, high-fidelity simulations
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Motivation for simulations ‘#7
DLR

 Simulations with acceptable accuracy may replace
costly/unfeasible testing

5.5 Engineering Analysis. An engineering analysis that includes the effects of the ice accretions as defined in Part Il of
Appendix C and Appendix O to CS-25 may be used to substantiate the performance and handling characteristics. The

 Aeroelastic problems can be modelled with

fluid-structure interaction simulations:

» CFD solver

» CSM solver
 Interpolation

* Mesh deformation

« High-performance computing can be exploited to reach
acceptable time-to-solution of high-fidelity simulations
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Trend in HPC computational resources ‘#7
DLR
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* Schwammborn et al “The DLR TAU-code:
recent applications in research and industry,” ECCOMAS 2006
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Measurement platform

CARO

y

each node:
« 2xAMD EPYC 7702 (64 cores)
« RAM: 256 GB DDR4
» 16 cores per NUMA domain
* 16 MB L3 cache shared among 4 cores

+ DLR HPC System CARO node )
e 174,592 cores . g
« #135 Top500 (11/2021) | }‘i*"
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FlowSimulator 2
DLR

Simulation frameworks for multidisciplinary
analyses and optimizations

Innovative simulation softwares
> for high-fidelity predictions on HPC

MDAO
Control

Data

FSNumpy gsafnesh ?A i Mesh Handler
et eform it | B FSOM
FSAdap FSNastran FSMesh o Plug-Ins
tation Interface Quality
Ongoing
Extensions
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Test case

DLR
_ o _ Aerodynamic loads
Steady aeroelastic equilibrium of LANN wing* — | —
Pressure coefficient [-] : 1 Diplasesnecti.DisglecenenZ f
semispan=1 m, chord=0.361+0.144 m o 0-8 Y » B -
e CFD mesh: 108 elements, 1.2 108 nodes CED

CFD-CSM COUPLING ITERATION = 1

 CSM mesh: 860 elements, 1260 nodes (’W}) \

undeformed

CSM

o non-linear Mesh ]
ggg"ne'ar CFD.CSM deformation |  Structural displacements
meshes solve Solon solution
= - interpolate
s _{ compute I l lr;toem;rpglze ' il stﬁ:ral deformation deform l ' non-linear ]
CSM loads CSM mesh debormetion to CFD CFD mesh CFD solve

mesh

Y
No & I gs)

“Firth, George C. "LANN wing design." NASA. Langley Research Center Cryogenic Wind Tunnel Models (1983).
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FlowSimulator code structure and Score-P Python binding ‘#7
DLR

Score-P
Scalable performance mea
infrastructure for parallel ¢

isurement
odes

py-scorep-binding
can profile and trace
complex simulation toolchains:

Control

python -m scorep script.py

Deform.
Transfer

B v

B Load trace with Vampir

oEEses

T

VAMBIR

Il

Runtime
Flow Simulator overview with

# AIRBUS _SNSf2

amost NO €ffort

“Reimer et al "Virtual Aircraft Technology Integration Platform:
Cristofaro et al — IPTW 2024 Ingredients for Multidisciplinary Simulation and Virtual Flight Testing." AIAA 2021




py-scorep-binding compiler problem
DLR

On CARO:

> spack load py-scorep-binding

> module load flowsim

> python -m scorep script.py : command ['/usr/bin/cc', '-c’, '../scorep init.c', ..] failed
Problem:

py-scorep-binding wants to use /usr/bin/cc, but

> which cc : /usr/bin/cc

> which gcc : /sw/rev/23.05/1linux-rocky8-zen/gcc-8.5.0/gcc-10.4.0-x0zig6/bin/gcc
Workaround:

In subsystem.py under py-scorep-binding installation folder add:
cc.set executable("compiler", "gcc")

cc.set executable ("compiler so", "gcc")
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Only Python wrapping (no instrumentation)

DLR
Ready to use sbatch:

spack load py-scorep-binding
module load flowsim
srun python -m scorep --mpp=mpi --thread=omp script.py

Master thread:0

o r,\ﬂvn_,nﬁ(ﬁ; womrﬁq_ho(cﬁrs‘\ovg TITIXIY ;_rm‘;rp_ﬁoc(wr)ho@ nx} V0000000000000 04 TTIYTTIIIXIIITY (-g, CC&“ 00000000080

mam :<module>

1

2
3
4 FSDLRControl.Scenarios CFDCSMCouplingScenario.CFDCSMCouplingSTEADYRUn
5 [FSDLRControl.Scenarios.CFDCSMCouplingScenario. CFDCSMCouplingSTEADY:nitCFD ~ FSDLRControl.Scenarios.CFDC...ngSTEADY:CFDCSMCouplingLoop
6 ] F..n FSDLRContr...Steady:Run F...n FSDLRContr...Steady:Run
YA FSDLRCor . FSDLRContr...Steady:Run FSDLRContr...Steady:Run
g [FSDLRCor .
0 jreouce| Gl lEVELS: MBI FSDLRContr...:ChainRun _ [EBFSDLRConr...:ChainRun
11 4§ - .

12 Source code file:

1 Iesocl Qyerhead:

16 '

17 ) 50 oop

18 ||tau python:tau_solver _inner_loop |tau_python:tau_solver_inner_loop

19 |

20 i I

21 i || I

22 || u |

23 | Ii I

24 || || |

25 || || ||
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Runtime distribution (2 MPI1 x 4 OpenMP) 4#7
DLR

Accumulated Exclusive Time per Function

« MPTI* filtered out MeshDeformation [757.538 s (6.35 %)]

« Most time consuming
simulation blocks:
- CFD
* MeshDeformation

* Negligible simulation blocks:
* Meshlmport
« CSM
* Interpolation
» MeshExport

CFD [3 hours 181 s (92.09 %)]
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Strong scaling of steady aeroelastic simulation ‘#7
DLR

1500 . .
| mCFD (Tau)
| @ CSM (Modal)
® Mesh deformation (EA)
1000 3 | | “Manual” measurements need:

Predict relevant simulation blocks
Print runtimes
Extract for plotting

Runtime [s]
([

N
S
e}

o) o ™ S o
v \ & @ 3 S
#MPI-ranks

Cristofaro, et al. “Accelerating the FlowSimulator: Improvements in FSI
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Strong scaling with only Python wrapping

From 2 MPIs to 512 MPIs

* main blocks runtime decrease:
« CFD
 MeshDeformation

* new blocks appears:

« importlib (one time)
« MeshOps for reading meshes (one time)

« MeshSelection for interpolation
(mostly init phase)

v

Not analysed with “manual”
scaling measurements

s Cristofaro et al — IPTW 2024

1 node x 2 MPI x 4 OpenMP

MeshDeformation [757.538 s (6.35 %)

| CFD [3 hours 181 s (92.09 %)]}

16 node x 32 MPI1 x 4 OpenMP

Interpolation [0.549134 s (0.32 %)]
MeshSelection [1.96813 s (1.14 % |

MeshDeformation [4.92606 s (2.86 % V\\
: : 0 AN
\ \\\l“

importlib [5.87125 s (3.41 %)]
MeshSelection [10.8759 s (6.31 %)]

ICFD [86.5959 s (50.23 %)] |

MeshOps [20.1922 s (11.71 %)] | ‘

importlib [22.1007 s (12.82 %)]




Missing info in Cpp plugins

Master thread:0

DLR

. ITITXITIY T 000000000000 000D 000000000000 :%w:»;-‘c-'o«nr;-)w?c’-‘:!nc—;%»@t-rc«.v:)r.-:whﬁca'n?'s
| _main_:
FSDLRControl.Scenarios.ScenarioDriver.ScenarioDriver: call
FSDLRControl.Scenarios.ScenarioDriver.ScenarioDriver:Run

tFSDLRControl.Scenarios.CFDSolverBase.CFDSolverTAUSteady:Run ...Steady:Run FSDLRContr...Steady:Run

FSDLRControl.PluginControl.APIMethod:|
rol. TauC... TauControl:Solver

enaroDriver:  call
enarioDriver:Run

verTAUSteady Run 3 FSDLRCor
FSDLRControl PluginControlL APIMethod InternalWrapper

emalWrapper FSOLRContre

emalWrapper sMeshDeformation eshDeformation. LinearElasticity. Deform FSDLRContre

FSDLR e
FSDLRContre

emalWrappert

rLoop

Cristofaro et al — IPTW 2024




Cpp instrumentation for Score-P 2
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Cpp plugins tracing requires:

 Score-P wrapper should work with all plugins build systems
(implementation effort)

 Re-build everything with Score-P wrapper
(a few hours)

* Define Score-P filters to limit trace size
(automatic with scorep-score —g or manual)
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Traces with no code Instrumentation

Master thread:0

°®
|_main__:<module>
FSDLRControl.Scenarios.ScenarioDriver.ScenarioDriver: call

FSDLRControl.Scenarios.ScenarioDriver.ScenarioDriver:Run

F...n FSDLRContr...Steady:Run

it
2
3
4
5
6
A FSDLRControl.Scenarios.CFDSolverBase.CFDSolverTAUSteady:Run DLRContr...Steady:Run FSDLRContr...Steady:Run

8

M FSDLRControl. PIungontroI APIMethod InternalWrapper FSDLRContr nalWrapper

10 |FSDLRCon__‘ ) ' '
11 FSDLRControI PIuglnC

enaroDriver:  call
enarioDriver:Run

verTAUSteady Run a0 FSDLRContre
FSDLRControl PluginControL APIMethod InternalWrapper

- emalWrapper FSOLRContre
' ¢ ] FSI RC ot

emalWrapper FSMeshDeformation FSMesh

Trace size: 138 MB —
Overhead: 1%
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Traces with Cpp instrumentation

Master thread:0

DLR

JW main__:<module>
Al FSDLRControl.Scenarios.ScenarioDriver.ScenarioDriver:  call
El FSDLRControl.Scenarios.ScenarioDriver.ScenarioDriver:Run

4
5
6
7 FSDLRControI.Scenarios.CFDSoIverBase.CFDSoIverTAUSteady:Run ...Steady:Run FSDLRContr...Steady:Run
8
9 FSDLRCo trol.PluginControl.APIMethod:InternalWrapper
10 |FSDLRControl.TauControl.TauControl:ChainRun

I88 |FSDLRControl.PluginControl. APIMethod:InternalWrapper
12 |FSDLRControl.TauControl.TauControl:Run

13 FSDLRControI PluglnControl APIMethod InternaIWrapper

(s\a41e) arioDriver.ScenarioDriver: call
arioDriver.ScenarioDriver:Run

FSDLRControl.Scenarios....e.CFDMeshDeformerEA:Run
TAUSteady:Run

nternaIWrapper

Trace size: 5GB it -
Overhead: 6% |-||||-||||-||ﬁ u !'1’ i T
depends on filter H 1 - ' 1 "H -

I
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Mesh deformation (2 MPI x 4 OpenMP) 4#7
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Focusing on MeshDeformation

7,500 s 7,530 7,560 s 7,590's 7,620's 7,650 s 7,680 s 7,710's
Master thread:0

2° 000P0ORO000000000CG00ROCER0CRO0REDNE000000000000ECC000000

MeshDeformation

1
2 FEMAssembler
3

Master thread:1

il MeshDeformation

2 FEMAssembler

3

* ConvertMatrix 73 s

o 27% of MeshDeformation runtime
* More than FEMAssembler
» 16.5s: MPI_Barrier
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Matrix conversion algorithm improvement (2 MPI1 x 4 OpenMP) ‘#7
DLR

Original algorithm

7.504s

7,530 5 7.560 5

7,590 s 7,620 s 7,650 s 7,680 s 7,710 s

Master thread:0
9 oe: 000D00R0000000000CG0000000000000CD0000000000000600000000
il MeshDeformation
2 FEMAssembler
3

Master thread:1

il MeshDeformation ® ConvertMatriX' 73 S

3 e — | MPI_Barrier: 1655 =>1.15

-1Q0
Improved algorithm 18%

7,440 S 7,460 S 7,480 S T ()0 S 7,520 S 7,540 s 7,550 S 7,530 S 7,690 S 7,620 S 7,640 S
Master thread:0
i ® o 000G0000000000020000000000C20000000000G00000000000¢00000000000000

 MeshDeformation:

MeshDeformation
FEMAssembler

MeshDeformation
FEMAssembler

w N =

900000000005 0000000000000000000000¢000000000800¢00000000000000

w N =
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Conclusion

» Tracing of steady aeroelastic simulations
* Industrial-grade toolchain
« aircraft design and certification with HPC
» FlowSimulator (>50 plugins)

* Only Python binding
» Readily available with pre-installed software
» Good overview of main simulation blocks runtime
* No info about Cpp implementations

« With instrumentation

« Time consuming:
» work to fit all build systems
* re-build everything
* define filters
« Large traces
=> beneficial to specific code analyses

L Cristofaro et al — IPTW 2024
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