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FEA simulation and context

• Main goal: to predict by calculation the behavior of a structure under mechanical, 
thermal loads

• Strategy: 
1. To divide the model in millions of small elements 

(meshing). Individually each element behaves likes 

some springs.

2. To characterize each spring with correct equivalent 

stiffness

3. To assembly of one BIG stiffness matrix K

4. To invert K matrix 

5. Get results

F: Force

K: stiffness of spring

U: deformation
F=K.U

U=K-1*F

1 2 3 4 5

• Multiple TFLOPs Required

With Double Precision

• Main task of the workflow

• Demanding Extreme Compute 

Performance and Scalability

Matrix 

inversion



Hardware CPU / GPU market trend

• Hardware evolution as performance gain for FEA simulation

Increasing CPU Clock Frequency

1985 1990 1995 2000 2005 2010 2015 2020 2020 2025

Increasing CPU 

Core Number

GPU for scientific calculation 

increase Tflops for fp64 and 

fp32 oriented

GPU for IA 

increase Tflops 

for fp32/fp16 

oriented

• A TFLOP (teraflop) is a unit of 

computing speed

• Fp64 : double precision operation

• Fp32 : single precision operation

• Fp16 : half precision operation
Ratio FP64/FP32 (Tflops) ~1/2

Ratio FP64/FP32 (Tflops) ~1/64
Need to adapt our software to this new trend

Goal: fp32 performance with fp64 final accuracy

MIXED SOLVER

New trend



3 categories of GPU (3 examples)
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Standard GPUs Datacenter GPUs Professional GPUs

→ Impressive 
Tflops/Price ratio

+ Low 

availability!



Mixed solver : an “in-between” solver

Double precision = fp64

Mostly used and widely used 

Very large model 

relative to available 

memory

MIXED 

approaches

→ Very similar to 

Sparse

Single  precision = fp32

Leverage the power of fp32 GPU !

Leverage power of AVX512  

Bandwidth boundCPU/GPU bound



Mixed solver study on a robust baseline

3 types of non-linearities:

• Material

• Contact

• Large deformation

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

Robust setup with standard solver

• 10 Millions degree of freedom 

(matrix size) over 186 iterations 

to simulate full loading 

convergence.



Performance and memory footprint
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Key message 1 :

• New mixed solver offers similar 

or better performance compared 

to Sparse solver

Ref : server dual AMD 9575F – Dual 

RTX 6000 Pro Blackwell 



Performance and memory footprint
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Key message 2 :

• New mixed solver offers a better memory footprint
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Ref : server dual AMD 9575F – Dual 

RTX 6000 Pro Blackwell 



Performance and memory footprint with 
GPU
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Poor speed up or slow-down  (low fp64 GPU)

Key message 3 :

• Mixed solver leverage 

the power of fp32 

GPU acceleration 

leverage

Up to 5 times faster 

than baseline !

Ref : server dual AMD 9575F – Dual 

RTX 6000 Pro Blackwell 



Relative displacement field difference

Key message 4 :

• Same results (same linear path) for all 

cases (16 runs)

Ex 1: Case 24 cores/ Mixed with GPU Ex 2: Case 24 cores/ Sparse with GPU

Ex:3 UZ displacement 

Case 24 cores/ Mixed 

with GPU over time step

Ex:4 UZ displacement 

Case 24 cores/ Sparse 

with GPU over time step
Ref : server dual AMD 9575F – Dual RTX 6000 Pro 

Blackwell / Ansys APDL v261 / IntelMPI2021.16 / 

Windows Server22

Max : 4.77 10^-7 mm

Time



Mixed solver robust across CPU and 
libraries

CPU : Intel CPU : AMD

MKL library
186 iterations

(default)
186 iterations

AOCL library 186 iterations
186 iterations

(default)

Key message 5 :

• Same results for all 4 cases here.



Conclusion

• 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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