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NVIDIA Ampere GPU Architecture The NVIDIA® CUDA® Toolkit provides a development environment for creating high performance GPU-accelerated applications.
Compatibility Guide With the CUDA Toolkit, you can develop, optimize, and deploy your applications on GPU-accelerated embedded systems,
Hopper Compatibility Guide desktop workstations, enterprise data centers, cloud-based platforms and HPC supercomputers. The toolkit includes GPU-

Ada Compatibility Guide accelerated libraries, debugging and optimization tools, a C/C++ compiler, and a runtime library to deploy your application.

Maxwell Tuning Guide Using built-in capabilities for distributing computations across multi-GPU configurations, scientists and researchers can

Pascal Tuning Guide develop applications that scale from single GPU workstations to cloud installations with thousands of GPUs.

Volta Tuning Guide

Turing Tuning Guide

NVIDIA Ampere GPU Architecture
Tuning Guide The Release Notes for the CUDA Toolkit.

Hopper Tuning Guide

Ada Tuning Guide

The list of CUDA features by release.
PTX ISA

Developer Guide for Optimus

Video Decoder The CUDA Toolkit End User License Agreement applies to the NVIDIA CUDA Toolkit, the NVIDIA CUDA Samples, the NVIDIA

PTX Interoperability Display Driver, NVIDIA Nsight tools (Visual Studio Edition), and the associated documentation on CUDA APIs, programming

model and development tools. If you do not agree with the terms and conditions of the license agreement, then do not

Inline PTX Assembl
Y download or use the software.
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DAXPY

//

// daxpy: yli] = a * x[i] + y[i]

//

void daxpy(int n, double a, double *x, double *y)

{
int 1;
for (i = 0; 1 < n; i++) {
yli] += a*x[i];

}
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Task O

S cp /gs/bs/GSIC/seminar/2025_Spring/gpu/hands-on.tar.gz .
S tar xvzf hands-on.tar.gz
S cd reference #1/bin/sh
S module load cuda #S -cwd
S make #$ -1 node_qg=1
S -1 h_rt=0:05:00
S qsub -g tgz-training -ar 3178 ./batch.sh
Your job **** ("batch.sh") has been submitted module load cuda
S gstat . /daxpy

batch.sh
$ 1s batch.sh.*

batch.sh.e**** batch.sh.o**%**
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Task 1

Managed Memory CTX E U ZHERT 5

cudaMallocManaged ( void** ptr, size_t size )
ptr  WERTAHAIAXATEYDRA VXK
size  ERTHXEYY A X (R4 )

A EY ZFENT 5

cudaFree ( void** ptr )
ptr AT AAETYDRA &
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Task 2

CUDA 1 — R IIVNTEATZE 2 EFRB AL
threadIdx.x : XL v F70vy7RD, £TDOAXAL v FD ID
blockIdx.x : ZDXLy FHhWbB, XLy 70y 70D
blockDim.x : XL v FR70vyZ7DOKEX
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cudaDeviceSynchronize ( void )
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#!/bin/sh
#S -cwd

#S -1 node_qg=1
#S -1 h_rt=00:05:00

module load cuda

nsys profile --stats=true -o report ./daxpy
nsys stats --report cuda_gpu_sum report.sqglite

batch.sh

Processing [report.sqlite] with [/apps/t4/rhel9/cuda/12.3.2/nsight-systems-2023.3.3/host-1inux-x64/reports/cuda_gpu_sum.py]...

** CUDA GPU Summary (Kernels/MemOps) (cuda_gpu_sum):

Time (%) Total Time (ns) Instances Avg (ns) Med (ns) Min (ns) Max (ns) StdDev (ns) Category Operation
64 .2 4,735,907 1 4,735,90/7/.0 4,735,90/7/.0 4,735,907 4,735,907/ 0.0 CUDA_KERNEL cuda_daxpy(int, double, double *,
double *)
25.9 1,914,489 622 3,078.0 2,399.0 2,143 30, 080 2,513.1 MEMORY_OPER [CUDA memcpy Unified Host-to-Device]
9.9 /31,468 96 /,619.5 2,911.5 2,271 39,647 9,733.5 MEMORY_OPER [CUDA memcpy Unified Device-to-Host]
batch.sh.o*
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Managed Memory _

cudaMemPrefetchAsync ( void** ptr, size_t size, int destDevice )
. Unified Memory THERL 7= X EY DK A X
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#!/bin/sh
#S -cwd

#S -1 node_qg=1
#S -1 h_rt=00:05:00

module load cuda

nsys profile --stats=true -o report ./daxpy
nsys stats --report cuda_gpu_sum report.sqglite

batch.sh

Processing [report.sqlite] with [/apps/t4/rhel9/cuda/12.3.2/nsight-systems-2023.3.3/host-1inux-x64/reports/cuda_gpu_sum.py]...

** CUDA GPU Summary (Kernels/MemOps) (cuda_gpu_sum):

Time (%) Total Time (ns) Instances Avg (ns) Med (ns) Min (ns) Max (ns) StdDev (ns) Category Operation
51.3 633,285 52 12,178.6 3,440.0 2,271 74,943 19,322.7 MEMORY_OPER [CUDA memcpy Unified Device-to-Host]
48,2 594 /52 8 74 .344.0 76.400.0 63.840 /8.1/76 4.971.9 MEMORY_OPER __[CUDA memcpv _Unified Host-to-Devicel
0.6 7,104 1 7,104.0 7,104.0 7,104 7,104 0.0 CUDA_KERNEL cuda_daxpy(int, double, double *, double *)

batch.sh.o*
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TANAZAXE) ZHEIRT 5

cudaMalloc ( void** ptr, size_t size )
ptr : HERITAZAXATEYDRA VXK
size  ERTDAXEY YA X (A k)

X T ZHNT %

cudaFree ( void** ptr )
ptr : BT AAEY DORA VA&

CPU & GPURBI T —4XZaKE—9 %

cudaMemcpy ( void* dst, void * src, size_t size, cudaMemcpyKind kind )

dst . A= AXTYDRA X
Src . A= XTYDHRA &
size . JE—H A4 X (/N1 )
kind . BEEIAR

cudaMemcpyHostToDevice - CPU H o GPU (Z O &' —
cudaMemcpyDeviceToHost - GPU H*»b CPU (Z 3 E —
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#!/bin/sh
#S -cwd

#S -1 node_qg=1
#S -1 h_rt=00:05:00

module load cuda

nsys profile --stats=true -o report ./daxpy
nsys stats --report cuda_gpu_sum report.sqglite

batch.sh

Processing [report.sqlite] with [/apps/t4/rhel9/cuda/12.3.2/nsight-systems-2023.3.3/host-1inux-x64/reports/cuda_gpu_sum.py]...

** CUDA GPU Summary (Kernels/MemOps) (cuda_gpu_sum):

Time (%) Total Time (ns) Instances Avg (ns) Med (ns) Min (ns) Max (ns) StdDev (ns) Category Operation
64.5 627,164 2 313,582.0 313,582.0 310,334 316, 830 4,593.4 MEMORY_OPER [CUDA memcpy Host-to-Device]
34.8 338,078 1 338,078.0 338,078.0 338,078 335,078 0.0 MEMORY_OPER [CUDA memcpy Device-to-Host]
0.7 7,041 1 7,041.0 7,041.0 7,041 7,041 0.0 CUDA_KERNEL cuda_daxpy(int, double, double *, double

batch.sh.o*

NVIDIA.



< NVIDIA.




	Slide 1: Hands-on (CUDA)
	Slide 2: CUDA Toolkit Documentation
	Slide 3: DAXPY
	Slide 4: 4 つのタスク
	Slide 5: ディレクトリ構成、進め方
	Slide 6: Task 0
	Slide 7: Task 1
	Slide 8: Task 2
	Slide 9: GPU は使われている？
	Slide 10: Task 3
	Slide 11: CUDA カーネルの実行時間はどうなる？
	Slide 12: Task 4
	Slide 13: データはどう転送される？
	Slide 14

