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1. Challenges to hardware and software co-design in the AI-era

2. Discussion of key questions and representative problems

3. A systematic exploration of ML techniques in a representative physical domain
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 DOE has held a leadership position in scientific computation since 1939

 AMD was founded in 1969

 Well-understood requirements

 Sophisticated proxy applications

 Physics hasn’t changed radically
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 MLP, CONVs, RNNs, Transformers (Patches?)

 Not to mention GANs, VAEs, etc.

 Hardware requirements are evolving rapidly

 Algorithms, scale-out, etc. are changing rapidly

 What about ML/AI + HPC:

Machine Learning
Traditional Scientific 

Compute

?
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 Workflows and intelligent laboratories

Physics Solver (N-iterations)

ML Inference Model

Physics Solver (N-iterations)

Physics Solver (N-iterations)
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 Inference coprocessing

Physics Solver (N-iterations)

ML Inference Model 1/0?
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 Surrogate modeling (replace physics with ML/AI)

Physics Solver (N-iterations)

ML Inference Model
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Characteristics of Machine Learning

 Reduced Precision

 High arithmetic intensity

 Sensitive to network bandwidth

 Error-tolerant

Characteristics of Traditional Scientific Compute

 FP32 or FP64 precision

 Lower arithmetic intensity

 Sensitive to network latencies

 Poor predictions can be catastrophic

Machine Learning
Traditional Scientific 

Compute

?
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Hardware 
and Software 

Co-design

Machine Learning
Traditional Scientific 

Compute

?
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Rate of change of 
Momentum in time

Momentum into + 
out of

Pressure force Viscous forces Other forces=
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 CFD Solver “Accelerator”

 Surrogate model

 HPC+ML/AI ‘laboratory’:

 (e.g., ‘Turn off warmup’, ‘turn-off inference’, co-processing, etc.)
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•

•

•
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 Training Data (series of ellipses)

 Testing Data (aerofoil, ellipse, cylinder):
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 High accuracy for observed and interpolative data, less so with extrapolation

 Flow Super-resolution tries to ease this computational challenge

 Super-resolution recovers high-resolution fields from their low-resolution counterpart

 Train a DL model on low-resolution data and transfer learn this knowledge finer mesh

2x8 grid as a 64x256 128x256 256x256

512x256 512x512 512x1024

2x8 grid as a 64x256 128x256 256x256

512x256 512x512 512x1024
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• The training dataset (TD) is only collected at 
the lowest resolution

• Transfer dataset is collected at all higher 
resolutions

• Only 6 flow configurations, a 15x reduction 
versus training dataset (sparse)

• Test dataset evaluates SURFNet’s
performance
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• Flow around a NACA1412 airfoil
• Recovers the 2k x 2k solution
• 2x faster than the physics solver
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Characteristics of Machine Learning

 Reduced Precision

 High arithmetic intensity

 Network Bandwidth-Bound

 Error-tolerant

Characteristics of Traditional Scientific Compute

 FP32 or FP64 precision

 Lower arithmetic intensity

 Sensitive to network latencies

 Poor predictions can be catastrophic

Machine Learning
Traditional Scientific 

Compute

?
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 Systematic investigation of this ‘sandbox’. What are the implications of:

 reduced precision, 

 network scale-out, 

 strong scaling

 Transformers, attention networks, etc.

 Additional physical domains/conditions

 Quantum Mechanics, Material science, nbody problems

 Unsteady

 Pre-conditioning in general (multigrid, iterative solvers)

 Verification, Validation, and Uncertainty Quantification

 What are the barriers to these methods becoming robust, predictive tools?
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 There are many promising results that indicate ML techniques can be leveraged in HPC
 HPC will certainly not be replaced, but the requirements for it may change
 Neural network architectures are generally ‘bespoke’
 The constitutive units of deep learning are effective (i.e., convolutions)
 HPC+ML/AI applications can be observed to be amenable to reduced precision

 The community should develop sandboxes / proxy applications
 Systematically investigate the hardware & software co-design opportunities in HPC

 Thanks to collaborators at UCI: Octavi Obiols-Sales, Aparna Chandramowlishwaran

 Abhinav Vishnu and many at AMD Research

 Relevant publications: https://arxiv.org/abs/2005.04485, 
https://arxiv.org/abs/2108.07667

https://arxiv.org/abs/2005.04485
https://arxiv.org/abs/2108.07667


[Public]

26 Accelerating CFD with ML/AI | October 8th 2021 | ModSim’21 | AMD Public



[Public]

The information contained herein is for informational purposes only and is subject to change without notice. Timelines, roadmaps, and/or product release dates  shown in these slides 
are plans only and subject to change.  “Polaris”, “Vega”, “Radeon Vega”, “Navi”, “Zen” and “Naples” are codenames for AMD architectures, and are not product names.

While every precaution has been taken in the preparation of this document, it may contain technical inaccuracies, omissions and typographical errors, and AMD is under no obligation 
to update or otherwise correct this information.  Advanced Micro Devices, Inc. makes no representations or warranties with respect to the accuracy or completeness of the contents of 
this document, and assumes no liability of any kind, including the implied warranties of noninfringement, merchantability or fitness for particular purposes, with respect to the 
operation or use of AMD hardware, software or other products described herein.  No license, including implied or arising by estoppel, to any intellectual property rights is granted by 
this document.  Terms and limitations applicable to the purchase or use of AMD’s products are as set forth in a signed agreement between the parties or in AMD's Standard Terms and 
Conditions of Sale. 

The information contained herein is for informational purposes only and is subject to change without notice. While every precaution has been taken in the preparation of this 
document, it may contain technical inaccuracies, omissions and typographical errors, and AMD is under no obligation to update or otherwise correct this information.  Advanced Micro 
Devices, Inc. makes no representations or warranties with respect to the accuracy or completeness of the contents of this document, and assumes no liability of any kind, including the 
implied warranties of noninfringement, merchantability or fitness for particular purposes, with respect to the operation or use of AMD hardware, software or other products described 
herein.  No license, including implied or arising by estoppel, to any intellectual property rights is granted by this document. Terms and limitations applicable to the purchase or use of 
AMD’s products are as set forth in a signed agreement between the parties or in AMD's Standard Terms and Conditions of Sale. GD-18

©2021 Advanced Micro Devices, Inc.  All rights reserved. AMD, the AMD Arrow logo, Ryzen, EPYC, Radeon, Radeon Instinct, and combinations thereof are trademarks of Advanced 
Micro Devices, Inc. Other product names used in this publication are for identification purposes only and may be trademarks of their respective companies.

27 Accelerating CFD with ML/AI | October 8th 2021 | ModSim’21 | AMD Public


