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- GPU accelerated Simulation

- GPU Acceleation
- AI for Science 

- DATA DRIVEN APPROACH

- PINN APPROACH

- NVIDIA MODULUS



NVIDIA HPC SDK
Download at developer.nvidia.com/hpc -sdk

Develop for the NVIDIA HPC Platform: GPU, CPU and Interconnect

HPC Libraries | GPU Accelerated C++ and Fortran | Directives| CUDA



HOW GPU ACCELERATION WORKS

Application Code

+

GPU CPU
5% of Code

Compute-Intensive Functions

Rest of Sequential
CPU Code



GPUACCELERATED MATH LIBRARIES

cuSOLVER

BF16, TF32 and FP64 
Tensor Cores

CUTLASS

BF16 & TF32 Support

cuTENSOR

BF16, TF32 and FP64 
Tensor Cores

CUDA Math API

Increased memory BW,
Shared Memory & L2

cuSPARSE

Increased memory BW,
Shared Memory & L2

cuFFT

BF16, TF32 and FP64 
Tensor Cores

cuBLAS

BF16, TF32 and FP64 
Tensor Cores

nvJPEGCUDA Math APIcuFFT

cuSPARSE cuSOLVERcuBLAS cuTENSOR

nvJPEGCUTLASS

Hardware Decoder



N-WAYS TO GPUPROGRAMMING
Math Libraries | Standard Languages | Directives | CUDA

Incremental Performance 

Optimization with Directives

Maximize GPU Performance with 

CUDA C++/Fortran

GPU Accelerated

C++ and Fortran

std::transform(par, x, x+n, y, y,
[=](float x, float y) {

return y + a*x;
});

#pragma acc data copy(x,y) 
{

...

std::transform(par, x, x+n, y, y,
[=](float x, float y) {

return y + a*x;
} );

...

}

__global__ 
void saxpy(int n, float a, 

float *x, float *y) { 
int i = blockIdx.x * blockDim.x + 

threadIdx.x ; 
if (i < n) y[i] += a*x[i]; 

} 

int main(void) { 
cudaMallocManaged(&x, ...);
cudaMallocManaged(&y, ...);
...
saxpy<<<(N+255)/256,256>>> (...,x, y)
cudaDeviceSynchronize();
...

}

do concurrent (i = 1:n)
y(i) = y(i) + a*x(i)

enddo

GPU Accelerated Math Libraries



CUPY( GPU ACCELERATED PYTHON)
correlation

%%file main_cupy.py

import nvtx

import numpy as np

import cupy as cp

from numpy.random import rand

from cupyx.scipy.fft import rfft , irfft

#from pyfftw.interfaces.numpy_fft import rfft , irfft

import nvtx

import time

from numpy import deg2rad

from h5py import File as h5_File

def haversine_cupy ( lon1 , lat1 , lon2 , lat2 ):

"""

Return the great circle distance (degree) between two points.

"""

# convert decimal degrees to radians

import cupy as cp

from cupy import deg2rad

lon1, lat1, lon2, lat2 = deg2rad(lon1), deg2rad(lat1), deg2rad(lon2), deg2rad(lat2)

# haversine formula

dlon = lon2 - lon1

dlat = lat2 - lat1

s1 = cp.sin ( dlat * 0.5 )

s2 = cp.sin ( dlon * 0.5 )

a = s1*s1 + cp.cos (lat1) * cp.cos (lat2) * s2 * s2

c = cp.rad2deg( 2.0 * cp.arcsin ( cp.sqrt (a)) )

return c # degree

https://colab.research.google.com/drive/1zohf3Y-8g7Sv-2UkmDjIPW-
eMMJYtgng?usp=sharing#scrollTo=ZdygwcMmlwH6

numpy

cupy

fftw

cufft

https://colab.research.google.com/drive/1zohf3Y-8g7Sv-2UkmDjIPW-eMMJYtgng?usp=sharing#scrollTo=ZdygwcMmlwH6


RAPIDS
GPU accelerated Data Science

pandas

cudf

Sci-kit learn

cuml





OpenACC Directives

Manage

Data

Movement

Initiate

Parallel

Execution

Optimize

Loop

Mappings

#pragma acc data copyin(a,b) copyout(c)
{

...
#pragma acc parallel 
{
#pragma acc loop gang vector

for (i = 0; i < n; ++i) {
c[i] = a[i] + b[i];
...

}
}
...

}

Å CPU, GPU, Manycore

Å Performance portable

Å Interoperable

Å Single source

Å Incremental



GPU Accelerated CFD
OpenFOAM+ PETSc+ AmgX

ÁEarly results of the AmgXsolver library used to accelerate the 
OpenFOAMpressure solve on GPUs achieved ~4x to ~8x 
speedups



NBODYSIMULATION
MD simulation COSMOS



AI FOR SCIENCE[DATA DRIVEN APPROACH]



LLM(LARGE LANGUAGE MODEL)

Image from https://lifearchitect.ai/models/Image from https://hanlab.mit.edu/projects/efficientnlp_old/

420 node DGX-1(8EA A100) 

https://lifearchitect.ai/models/
https://hanlab.mit.edu/projects/efficientnlp_old/


MODEL CAPABILITIES WITH SCALES

Compute
Resource

Model
Param

DataToken

4 Epochs



2d Steady State Flow with Neural Network

https://www.autodeskresearch.com/publications/convolutional-neural-networks-steady-flow-approximation
Xiaoxiao Guo, Wei Li, Francesco Iorio, Convolutional Neural Networks for Steady Flow Approximation , ACM SIGKDD Conference on Knowledge Discovery and Data Mining, 2016 

Pair of (2D domain, 

Simulated CFD flow)

https://www.autodeskresearch.com/publications/convolutional-neural-networks-steady-flow-approximation
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AUTOMOTIVE AERODYNAMICS 

Inference
Training



EARTH-2 BEGAN BY EXPLORING 
DATA-DRIVEN WEATHER 
PREDICTION

ÁFourCastNet

ÁScope Global, Medium Range

ÁModel Type Full-Model AI Surrogate

ÁArchitecture AFNO (Adaptive Fourier Neural Op.)

ÁResolution: 25km

ÁTraining Data: ERA5 Reanalysis

ÁInitial Condition GFS / UFS

ÁInference Time 0.25 sec (2-week forecast)

ÁSpeedup vs NWP O(104-105)

ÁPower Savings O(104)



FourCastNet

AFNO
backbone

input predict

20 variables

20ch x 720H x 1440W

20ch x (8x8)p x 90H 

x180W 

GT

loss

(input : K)
20 variables

predict
20 variables

(GT : K + 6hr)
20 variables

Pair of (input, GT)

8x8 patch

5TB
ERA5
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FOURIER NEURAL OPERATOR

This tutorial sets up a data-driven model for a 2D Darcy flow using the Fourier Neural Operator (FNO) architecture inside 
of Modulus. It covers these details:

1. Loading grid data and setting up data-driven constraints

2. How to create a grid validator node

3. How to use Fourier Neural Operator architecture in Modulus

This problem develops a surrogate model that learns the mapping between a permeability field and the pressure field of a 
Darcy system governed by the elliptic PDE:
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FOURIER NEURAL OPERATOR
Results

FNO accurately learns the 
solution of this system.

Modulus supports the 
visualization of results through 
images (matplotlib), 
Tensorboard, VTK files and 
Omniverse for select problems.

For more information, please 
refer to the official Modulus 
user guide example.

https://docs.nvidia.com/deeplearning/modulus/user_guide/neural_operators/darcy_fno.html
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RyanKeislerõsGNN model

ERA5 dataset
1979~2020(6yr test), 3hr interval
1d(360x180)
full variables
- 6 var 13 pres, [TZQUVW]
- 4 surf variable

2d rec graph

GNN

enc-dec arch.
2 enc + 6 dec layer

Multilevel(1d~3d)

6.7M params
5.5 day 1ea GPU


