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1. Programming Massively Parallel Processors: A Hands-on Approach,
4th Edition, Wenmei W. Hwu, etc.

2. CUDA Programming Guide, NVIDIA Corp.
3. CUDA Best Practice Guide, NVIDIA Corp.
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https://docs.nvidia.com/cuda/archive/12.6.0/pdf/CUDA_C_Programming_Guide.pdf
https://docs.nvidia.com/cuda/pdf/CUDA_C_Best_Practices_Guide.pdf
https://www.iqiyi.com/v_19rrmjuqjo.html
https://cis5650-fall-2024.github.io/
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GPU - Graphics Processing Unit

>» The Early Days of 3D Consumer Graphlcs Atari 2600 (1977)
* 1976 - 1995 |

» 3Dfx Voodoo: The Game-changer
* 1995 - 1999

> The Nvidia vs. ATl Era Begins
* 2000 - 2006

>» The Modern GPU: Stream Processing Units
e 2006 - 2013 f

» Pushing GPU Technology Into New Territory /'@ Jerorce ST
* 2013-Now

https://www.techspot.com/article/650-history-of-the-gpu/

Nvidia HGX A100
6



GPGPU - General Purpose GPU

» 20074EART, GPUER EHRIES X
« B £APIs, #00penGL. Direct3DZ R v myTex ;
float3 lightDir;

floatd4 diffuseShader (float3 norm, float2 uv) {
float3 kd = myTex.Sample (mySamp, uv) ;
kd *= clamp(dot(lightDir, norm), 0.0, 1.0);

> 2007ﬂ£ , NVIDlA:,FEl'ZZIICUDA } return floatd(kd, 1.0);
» Compute Unified Devices Architectured, Z—1THEZ3244
* EEGPURIIRYIEAHRE O
* HCIES NEM LHXNCPURMBY &

__global  void vecAddKernel (float *A, float *B, float *C, int n) ({
int i = threadIdx.x + blockDim.x * blockIdx.x;
if (1 < n) {
C[i] = A[i] + B[i]:
}
}




CPU vs. GPU

> single/double-precision performance of CPUs and GPUs

—8—-CPU ——Intel-Core-CPU —— Intel-Xeon-CPU ——AMD-Ryzen-CPU —— AMD-EPYC-CPU

TFLOPS

16

14

12

10

-#8--GPU ——NVIDIA-Titan-GPU ——NVIDIA-GeForce-GPU ——NVIDIA-Tesla-GPU —— AMD-Radeon-GPU AMD-MI-GPU

2008

2010 2012 2014 2016
(a) Single-precision performance.

2018

2020 2008 2010 2012 2014 2016 2018 2020
(b) Double-precision performance.

Summarizing CPU and GPU Design Trends with Product Data, arXiv:1911.11313



https://arxiv.org/abs/1911.11313

CPU vs. GPU

Intel 19 14900K NVIDIA H200

* Freq. 6GHz max * Freq. 1.83GHz
« 8+16=32 cores 16896 CUDA cores

- FP64: 1.23 TFLOPS FP64: 34 TFLOPS, 67 TFLOPS (TC)
 Mem. BW: 89.6 GB/s TF32: 989 TFLOPS (TC)
Mem. BW: 4.8TB/s (HBM3e)

/Wj

https://www.intel.com/content/dam/support/us/en/documents/processors/APP-for-Intel-Core-Processors.pdf



Common Uses of GPU Parallel Computing

8 andiavig | g

AT sy High-performance Machine Learning

Animation, and .
Gama computing ' and Al

Data Mining Scientific Computing Simulation




Top supercomputers in TOP500 List (2024)

Rmax Rpeak Power
(PFlop/s) | (PFlop/s) | (kW)
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Frontier

Aurora

Eagle

Fugaku
LUMI

Alps

Leonardo

MareNostrum 5
ACC

Summit

Eos NVIDIA DGX
SuperPOD

US, AMD EPYC, AMD MI250X

US, Intel Xeon, Intel GPU

US, Intel Xeon, NV H100

Japan, AGAFX

Finland, AMD EPYC, AMD MI250X
Switzerland, Cray, NV GH200
Italy, Intel Xeon, NV A100

Spain, Intel Xeon, NV H100

US, IBM Power9, NV GV100
US, Intel Xeon, NV H100

8,699,904
9,264,128
2,073,600
7,630,848
2,752,704
1,305,600
1,824,768

663,040

2,414,592
485,888

1,206.00
1,012.00
561.20
442.01
379.70
270.00
241.20
175.30

148.60
121.40

1,714.81
1,980.01
846.84
537.21
531.51
353.75
306.31
249.44

200.79
188.65

22,786
38,698

29,899
7,107
5,194
7,494
4,159

10,096

11


https://top500.org/system/180047
https://top500.org/system/180183
https://top500.org/system/180236
https://www.top500.org/system/179807
https://www.top500.org/system/180048
https://top500.org/system/180259
https://www.top500.org/system/180128
https://top500.org/system/180238
https://top500.org/system/180238
https://www.top500.org/system/179397
https://top500.org/system/180239
https://top500.org/system/180239

Top supercomputers in Green500 List (2024)

TOP500 Rmax Power Energy Eff.

JEDI Germany, NV GH200 Superchip 19,584 4,50 72.733
2 128 |52£|Za1r d-Al" UK, NV GH200 Superchip 34,272 742 117  68.835
3 55 Helios GPU Poland, NV GH200 Superchip 89,760 19.14 317 66.948
4 328 Henri US, NV H100 80GB PCle 8,288 2.88 44 65.396
5 71 reAlps Switzerland, NV GH200 Superchip 81,600 15.47 240 64.381
6 299 HoreKa-Teal Germany, NV H100 94GB SXM5 13,616 3.12 50 62.964
7 54  Frontier TDS US, AMD Instinct MI250X 120,832 19.20 309 62.684
8 11  Venado US, NV GH200 Superchip 481,440 98.51 1,662 59.287
9 20 Adastra France, AMD Instinct MI250X 319,072 46.10 921 58.021
10 28 Lol = Australia, AMD Instinct MI1250X 181,248 27.16 477 56.983

GPU


https://top500.org/system/180269
https://top500.org/system/180269
https://top500.org/system/180257
https://top500.org/system/180257
https://top500.org/system/180244
https://top500.org/system/180244
https://top500.org/system/180244
https://top500.org/system/180087
https://top500.org/system/180087
https://top500.org/system/180258
https://top500.org/system/180258
https://top500.org/system/180270
https://top500.org/system/180270
https://top500.org/system/180053
https://top500.org/system/180053
https://top500.org/system/180246
https://top500.org/system/180246
https://top500.org/system/180051
https://top500.org/system/180051
https://top500.org/system/180123
https://top500.org/system/180123
https://top500.org/system/180123

NVIDIA" s Revenue (2019-2024)

@ NVIDIA’'S REVENUE
BY PRODUCT LINE 2019-2024

Product Line 2024 2023 2022 2021 2020 2019
Data Center 78.0% 55.6% 39.4% 40.2% 27.3% 25.0%

2020 2021 2022 2023 (2024

@ Processors
for Analytics and
DATA CENTER PROCESSORS A|

FOR ANALYTICS AND Al

GPUs for 171% 33.6% 46.3% 46.5% 50.5% 53.3%
Computers

GPUsfor3D 2.6% 57% 78% 63% 11.1% 9.6%

@ Visualization

GPUS FOR COMPUTERS GPUsfor  18% 33% 21% 32% 64% 55%
Automotive
GPUsfor  0.0% 00% 20% 38% 46% 65%
GPUs FOR 3D Cryptocurrency
= s VISUALIZATION Minin g

e s Other 05% 17% 23% 00% 00% 0.0%

¥ VOronoi | where bata Tels the story P https://www.visualcapitalist.com/nvidia-revenue-by-product-line/



