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New mixed solver leveraging the
power of next-generation GPUs




Agenda

« FEA simulation and context

« Hardware CPU / GPU market trend
3 categories of GPU

» Mixed solver : an “in-between” solver
» Performance and memory footprint

* Conclusion



. II FEA simulation and cont;

« Main goal: to predict by calculation the behawor of a structure under mechanlcal
thermal loads
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» Strategy:
1. To divide the model in millions of small elements « Multiple TFLOPs Required
(meshing). Individually each element behaves likes With Double Precision
some springs. )
2. To characterize each spring with correct equivalent + Main task of the workflow
5 s%tiffness o of one BIG st "y « Demanding Extreme Compute
. To assembly of one stiffness matrix T
L To invert K matri Performance and Scalability
5. Getresults *
1 2 3 4 5
[ ) Matrix

K: stiffness of spring . i )
F: Force mmj!
NS, F:ﬁu

11 deformation

inversion

U=K-1*F
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« Hardware evolution as performance gain for FEA simulation
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Increasing CPU Clock Frequency

Increasing CPU
Core Number

« ATFLOP (teraflop) is a unit of GPU for scientific calculation

computing speed increase Tflops for fp64 and
* Fp64 : double precision operation fp32 oriented

» Fp32 : single precision operation
 Fp16 : half precision operation

Ratio FP64/FP32 (Tflops) ~1/2 GPU for IA

increase Tflops

New trend for fp32/fp16
oriented

Ratio FP64/FP32 (Tflops) ~1/64

Need to adapt our software to this new trend
Goal: fp32 performance with fp64 final accuracy

‘ MIXED SOLVER
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3 categories of GPU (3

Standard GPUs

Datacenter GPUs

fp32
Tflopq
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Professional GPUs

- Impressive
Tflops/Price ratio
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+Low RTX6000 Pro Blackwell

availability!
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Double precision = fp64

Initial stiffness matrix sli#lra‘ges':%w%ftrix :euc"léer Deformation S[ng/e preCISIOn = fp32
Direct inversion
with double precision
Sparse: > =64
Leverage power of AVX512
K] K1Y u
Leverage the power of fp32 GPU !
Iterative process
Initial stiffness matrix stilf’\!r‘::;?"?;trixy gcer
Mixed: 2| | Very similar to
(fp32) !
[K] u
CPU/GPU bound Bandwidth bound
Initial stiffness matrix Direct inversion Prosess initalization Iterative process: minimization of ([P]'1({|-}-[K]{ui})) Convergence reached
Pregenslitener
PCG:

4

(P11 KR 1U0FUTH {un1} oy

W@ W T
fnemory
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3 types of non-linearities:
» Material

» Contact

» Large deformation

Rear tractor example, - Requires several matrix inversions (186)

Robust setup with standard solver

* 10 Millions degree of freedom
(matrix size) over 186 iterations
to simulate full loading
convergence.
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Performance and-meniory.fe ptprint

6

5

4 Key message 1 :
g  New mixed solver offers similar
FE or better performance compared
B 24 to Sparse solver

2 cores

1

0

Sparse solver New Mixed solver Ref : server dual AMD 9575F — Dual
without GPU (Reference) without GPU RTX 6000 Pro Blackwell
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Performance and memony footprint
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Sparse solver New Mixed solver Sparse solver New Mixed solver
without GPU (Reference) without GPU without GPU (Reference) without GPU

Key mess_age 2: . Ref : server dual AMD 9575F — Dual
 New mixed solver offers a better memory footprint Rr7x 6000 Pro Biackwell
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Up to 5 times faster

“— | than baseline !

e Key message 3 :
o * Mixed solver leverage
33 24
& the power of fp32
5 GPU acceleration
leverage
1
0
Sparse solver New Mixed solver Sparse solver Mixed solver
without GPU (Reference) without GPU with a GPU with a GPU

\_/ Ref : server dual AMD 9575F — Dual
RTX 6000 Pro Blackwell

Poor speed up or slow-down (low fp64 GPU)
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Total Deformation

R ~-S50LUTION SUMMARY -------=- ~--SOLUTION SUMMARY --
Com.bmatlon Name: Combination 1 . . ) .
Unit: mm Analysis Type: Static (Steady-State) Analysis Type: Static (Steady-State)
10/13/2026 3:13:13 PM Nonlinear: Yes Nenlinear: Yes
:.:;MeJMax Number Number
87509 Load Steps 4 Load Steps 4
7.5e-9
6.25e-9 Iterations 135
5e-9 = o o o o
3.75e-9 Bisections 8 Bisections ]
2.5e-9
1o Ex 1: Case 24 cores/ Mixed with GPU  Ex 2: Case 24 cores/ Sparse with Gi
<COLDATA>
@.508080BF -A1 @.12844309E-82 8.1284439E-82
8. 1000080 #.2623818E-02 B.2623818E-82
8. 1756060 8.4536859E-02 8.4536859E-82
@.2875008 ?.6068721E-02 B.6@68721E-82
B, 4BBH0E0 B.5173719E-02 B.5173719E-82
B.5687560 9.4618021E-02 8.4618021E-82
8.8187508 #.3894879E-02 B.3894879E-82
1.800000 #.3296387E-02 B.3296387E-82
2600008 .313046G4E-02 8.313P4G4E-82
2.180000 8.2634338 @.2634338
2.200000 8.5285455 B.5285455
2.300000 #.8092804 8.8892884
n A 7 2.460000 1.119994 1.119994
MaX . 4.77 10 - mm 2.500600 1.544730 1.54473@
2.600000 2.844421 2.844421
K m 4 - 2.700000 3.020186 3.020186
ey essage L] 2.560806 3.448316 3.448316
2.980000 5.384976 5.384976
° S It I' th f I I 3.000000 12.09299 12.29299
dame resulits (same linear pa ora 3100000 1151504 111504
3.200080 11.53529 11.53529
3.350000 11.11168 11.11168
cases runs 3550000 0. 53507 1053567
3.750000 9.9480828 9.948028
3.875000 9.554959 9.554969
4.000000 9.134985 9.134985
yeowar> . Ex:3 UZ displacement Ex:4 UZ displacement
Ref : server dual AMD 9575F — Dual RTX 6000 Pro Time Case 24 cores/ Mixed Case 24 cores/ Sparse
Blackwell / Ansys APDL v261/ IntelMPI12021.16 / with GPU over time step  with GPU over time step

Windows Server22
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Mixed solver robust across CPU and
: Y

libraries

MKL library 18? d'::;"l‘:l't‘)’"s 186 iterations

186 iterations

AOCL library 186 iterations (default)

Compiler: Intel(R) Fortran Compiler Classic Version 2021.% (Build: 20230302) Farr.piler: Intel (R) Fortran Compilexr ssic Version 2021.9 (Build: 20230302)
Intel (R) CfC++ Compiler Classic Version 2021.9 (Build: 20230302) Intel (R) C/C++ Compiler Classic Version 2021.9 (Build: 20230302)
ACCL-BLAS 5.1.1 Build 20251003

Intel (R) oneRAPI Math Kernel Library Version 2024.2.3-Product Build 20250403 Intel (R) oneRAPI Math Kernel Library Version 2024.2.3-Product Build 20250403

Number of machines reguested 1 Number of machines reguested

Total number of cores available 48 Total number of cores available

Number of physical cores available 48 Humber of physical cores available

HNumber of processes reguested 12 Humber of processes reguested

Number of threads per process reguested 1 Humber of threads per process regquested

Total number of cores requested 12 (Distributed Memory Parallel) Total number of cores requested (Distributed Memory Parallel)

MPI Type: INTELMPI
MPI Version: Intel(R) MPI Library 2021.16 for Windows* 05

MPI Type: INTELMPI
MPI Version: Intel(R) MPI Library 2021.16 for Windows* OS5

Number of GPUs available : 2 Number of GPUs available : 2

Number of GPFUs requested H 1 Number of GPFUs requested H 1

GPU Acceleration: NVIDIA Likbrary Reguested and Enabled GPU Acceleration: NVIDIA Library Regquested and Enabled
GPU Device with ID = 0 is: NVIDIA AR100 S0GB PCIe GPU Device with ID = 0 is: NVIDIA 2100 20GB PCIe

GPU Driver Version: 13.0
CUDR Versiom: 13.0

GPU Driver Version: 13.0
CUDA Version: 13.0

Key message 5 :
e Same results for all 4 cases here.
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* New mixed solver :
« Batch solution : similar timings to complete simulation runs

* Less memory usage
« Same non-linear behavior, equal convergence paths, equal results

« Ability to leverage fp32 power of new GPU

* In the future, mixed solver will support more analysis type (linear dynamics ...)
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