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Science Paradigms

Thousand years ago:

science was empirical
describing natural phenomena

Last few hundred years:

using models, generalizations

theoretical branch ,
a
Last few decades: [a

a computational branch
Simulating complex phenomena

Today: data exploration (eScience)

unify theory, experiment, and simulation

— Data captured by instruments
or generated by simulator

— Processed by software

— Information/knowledge stored in computer

— Scientist analyzes database/files
using data management and statistics

Jim Gray on E-Science

2007)
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DeePMD

DeePMD-kit ERARBFHEN— N BT RENSHANE—FEE, BT
S eI VAT N e SV eI e SAE SN Tl ACM GORDON BELL PRIZE - WINNER

BEM F, DeePMD-kite]LUG S FahhFHitEEERS LN ER. Pushing the limit of molecular dynamics with ab
initio accuracy to 100 million atoms with machine
learning
> FBEREHEDeePMDEFASC20 ACM I6&-TNIRIZ, ’ ey ot s

> DeePMDTE8192 R D FalNFEMNIRTARNET RETZER, R
FARZEAERIT SC20 XEN/RENIIE .

{ru
DeepMDER{4EEHS SERdEL: GPGPU vs A800
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R e oo E— IR SRR ART 2 BASEEE, FHETHE
PP o e ] BladeDiscE LML,

Standard TF OPs Customized TF OPs
T —— ek % FCase GPGPU A800 148t GPGPU /A800
l‘,‘, Fnur\g’nel Descriptor Embeddl‘ng Local env Y P—" ” \“ ' case A 267 S 310 S 11610%
4 A D net (, matrix Y

- - case B 270s 1.78 s 65.93%
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Rift. EEEREH—NTRFES, iC&EOpenFOAM, PyTorchERR BT, BTFHEEFSIHEIRBLFIERL,

Solve Conservation Equations Update Physical Properties POA ROWtRENARE ax  samz smv ssen NN
Calculate Thermal Calculate Transport
Mass & Momentum Properties Coefficients ABRERRT
Thermo. and Trans. Models in Cantera
Energy & Species Solve Chemical Sources
Preprocess Inference Postprocess ISR DetoMeme &
BCT Trans. (Z\; g (—__;J BCT Inv-Trans,
Pressure & Density ;f o) :—: o .
e = e DeepFlamefifA3KI52022558MKE—FK
PDE solvers in OpenFOAM Tensor operators in Torch
7S HAIE], DeepFlamefkPAFenk ¥ FHRAIBEES4ERA
. . e - -] N— ) — kY —_ N
HEFafHEURREETT, LU TS REEHNE, Sl TRE
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DeepFlame 3 ARHEZR BNiEhEDeepFlameE MNKhRAV1.0—[E &%
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HIP (Heterogeneous-compute Interface for Portability) 454 :

DTK vs Cuda : 4wiZiRE!%IEE

> FRE LAC/C++ HEMIEX B TRIEEaR,
> IRMHSEENBAREEEFIRUNtime API, ERTSZ3ECUDA, ROCm, DTK, #include “cuda.h”
> Runtime API5CUDA Runtime APIFEZR.

ANIEXTHE:
NVidia GPU

Streaming Multiprocessor (SM)

DCU

Compute Unit (CU)

o

Portable HIP C++ (Host & Device Code)

“hip/hip_runtime.h”

Nvidia GPU

ik
ERZEAFITHERTAMRNITELSEN, E—blockIAYER
BthreadS# Sriic 2 [E—1NCUH,

Kernel Kernel R, AIAFEHITRIRAER .

Warp Wavefront ZIER/ BRI BB HPITERLZLIZE T, DCULIZRAIK /N A64.
Thread Work—item / Thread %1z, HUITREBMEKRE T,

Block Work-group / Block LIFR, AN EEMRNES, SHE—1PCUHRIT.




DTK vs CUDA: {X#B=%l

CUDASHIPZEREXILL : RuntimeAPIXIEL=-451 -
__global__ void add(int n, double *x, double *y) __global__ void add(int n, double *x, double *y) cudaMalloc{&d_x, N*sizeof(double)); hipMalloc(&d_x, N*sizeof{double));
{ {
int index = blockidx.x * blockDim.x + threadidx.x; int index = blockldx.x * blockDim.x + threadidx.x;
int stride = blockDim.x * gridDim.x; int stride = blockDim.x * gridDim.x;
for (int i = index; i < n; i += stride) for (int i = index; i < n; i += stride) cudaMemcpy(d_x, x, N*sizeof(double), hipMemcpy(d_x, x, N*sizeof(double),
( ( cudaMemcpyHostToDevice); hipMemcpyHostToDevice);
yli) = x[i] + yli); ylil = x[i] + yli);
} }
! ! cudaDeviceSynchronize(); hipDeviceSynchronize();

Kernel &#SiE/ AXILL DCUZ

Subroutines
e Ficmgiti i smttarisone s g, R I "
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