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GPU OYFEa—F1>Y

Low latency + High throughput
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GPU Applications

< NVIDIA Products Solutions Industries For You Shop  Drivers  Support Q ©
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Accelerated Apps Catalog

Use the search bar below to find out if your favorite app is one of the hundreds being
accelerated by NVIDIA GPUs. Can’t find a specific app? Come back and search again as

more are added every month.

Filter Categories = Filter Industries = Sort AZ Al Accelerated Share & Search apps O\
8 show 15 ~  per page Page 1 Next
Shenzhen Rayvision Technology Co Ltd 3D Slicer QT Imaging Inc
3D CAT.live 3D Slicer 3D Ultrasound
Real-time rendering cloud service for 3D 3D Slicer is an open-source software platform for TomographyIVOIOQraphy
applications. The massive GPU computing power in medical image informatics, image processing, and 3D ultrasound breast, pediatric and whole body
the cloud is used to process heavy image rendering three-dimensional visualization. Slicer brings free, tomography.
calculations and stream output to the terminal powerful cross-platform processing tools to > Quantitative high resolution 3D US images of NVIDIA.
device synchronously, thereby realizing light weight physicians, researchers, and the general public. tissue properties of breast with GPU


https://www.nvidia.com/en-us/gpu-accelerated-applications/

GPU Applications

https://www.nvidia.com/en-us/gpu-accelerated-applications/

< NVIDIA. Products Solutions Industries For You Shop  Drivers  Support Q @©
Filter Categories = Filter Industries =  Sort Az Al Accelerated Share & Search apps Q
All Categories [1090] 3D Rendering [114] Animation and Modeling 47 Astronomy & Astrophysics
Big Data & Data Mining [47] Bioinformatics & Genomics [59] Broadcast Graphics & Infrastructure[41. Business Intelligence & Analytics

Computational Fluid Dynamics (CFL

Business Planning and Optimizatic .I OOO LXJ:OD 7 70 |) /7__ \x/ = \/75\‘ GPU ‘: 5'(-{'-}7':'7\

Computational Photography Computer Vision & Machine Vision

Conversational Al [30] Customer Engagement Tl Data Technology and Analytics [46] Databases

Design & Visualization Ll Development Tools & Libraries 42] Diagnostic Imaging 30] Drug Discovery

Education & Training (141 Electronic Design Automation (EDA) [34. Energy Exploration & Generation (11] Finance & Economics

Game RIRIN Game Development 7] Genomic Primary Analysis 1] Genomic Secondary Analysis
Geoscience 22] Goods Movements and Logistics B Graphic Design 6] Healthcare IT

Industrial Inspection [13] Internet of Things (loT) i M&E: Color management [24] M&E: Compositing and Finishing
M&E: On-set, review and stereo [14] Machine Learning & Al [126] Material Science [30] Medical Analytics

Medical Imaging 26] Microscopy EE] Military simulation 6] Molecular Dynamics
Molecular visualization and Docking [15] NLP [25] Neuroscience 4] Numerical Analytics
Pharmacometrics 2] Photography/image processing (431 Physics [36] Predictive Maintenance
Programming Languages & Compilers[7] Quantum Chemistry [34] Robotics & autonomous machines [15] Scientific Visualization

Clear Filters Apply Filters
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https://www.nvidia.com/en-us/gpu-accelerated-applications/

Leading Applications
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NVIDIA Libraries
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Partner Libraries
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SAXPY (Y = A*X +Y)

void saxpy(int n, void saxpy(int n,
float a, float a,
float *x, float *x,
float *restrict y) float *restrict y)
{ {
#pragma omp parallel for #pragma acc parallel copy(y[:n]) copyin(x[:n])
for (int 1 = 0; 1 < n; ++1i) for (int 1 = 0; 1 < n; ++1i)
yli] += a*x[i]; yli] += a*x[i];

saxpy(N, 3.0, x, y); saxpy(N, 3.0, x, y);

NVIDIA
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SAXPY (Y = A*X +Y)

void saxpy(int n, float a, __global__ void saxpy(int n, float a,
float *x, float *y) float *x, float *y)
{ {
for (int 1 = 0; 1 < n; ++i) int i = threadIdx.x + blodkDim.x * blockIdx;
vlii] += a*x|[i]; if (i < n)
yli] += a*x[i];

cudaMemcpy(d_x, x, size, cudaMemcpyHostToDevice);
e cudaMemcpy(d_y, y, size, cudaMemcpyHostToDevice);
saxpy(N, 3.0, x, y); saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);

cudaDeviceSynchronize();

cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost);

NVIDIA
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OpenACC
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... parallel code ... 1B 70
enddo
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End Program myscience
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GPU Computing

OpenACC
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SAXPY (Y = A*X +Y)

void saxpy(int n, void saxpy(int n,
float a, float a,
float *x, float *x,
float *restrict y) float *restrict y)
{ {
#pragma omp parallel for #pragma acc parallel copy(y[:n]) copyin(x[:n])
for (int 1 = 0; 1 < n; ++1i) for (int 1 = 0; 1 < n; ++1i)
yli] += a*x[i]; yli] += a*x[i];

saxpy(N, 3.0, x, y); saxpy(N, 3.0, x, y);

omp -> acc




subroutine saxpy(n, a, X, Y)

real :: a, X(:), Y(:)
integer :: n, 1

ISomp parallel do
do i=1,n
Y(1i) = a*X(1i)+Y(1)
enddo
ISomp end parallel do
end subroutine saxpy

call saxpy(N, 3.0, x, y)

SAXPY (Y = A*X + Y, Fortran)

subroutine saxpy(n, a, X, Y)

real :: a, Y(:), Y(:)
integer :: n, 1

ISacc parallel copy(Y(:)) copyin(X(:))

do i=1,n
Y(1i) = a*X(1i)+Y(1)
enddo
ISacc end parallel
end subroutine saxpy

call saxpy(N, 3.9, x, y)

Fortran H [B)8k

NVIDIA




OpenACC: Parallel Directive

void saxpy(int n,
float a,
float *x,
float *restrict y)

{
#pragma acc copy(yl:n]) copyin(x[:n])
for (int 1 = 0; 1 < n; ++i) {
yli] += a*x[i];
}
}

saxpy(N, 3.0, x, y);

NVIDIA



OpenACC: Kernels Directive

void saxpy(int n,
float a,
float *x,
float *restrict y)

{
#pragma acc copy(yl:n]) copyin(x[:n]) Parallel: l_ﬂi\%
for (int i =0; 1 < n; ++1i) { Kernels: A /N1 S FE
yli] += a*x[i];
}
}

saxpy(N, 3.0, x, y);

NVIDIA



OpenACC: Loop Directive

void saxpy(int n,
float a,
float *x,

float *restrict y) independent; A5{t, ] &E
{

#pragma acc kernels copy(y[:n]) copyin(x[:n]) seq: ZKIRZELT
¥pragma acc independent

for (int i = 8; i < n; ++i) { collapse: JIL—Rt&
y[i] += a*x[i];

} ) gang/vector: M5 (LRI E

saxpy(N, 3.0, x, y);

NVIDIA



OpenACC: Data Clause

void saxpy(int n,
float a,
float *x,

float *restrict y) copyin: CPU-> GPU
{
#pragma acc parallel M(y[:n]) M(x[:n]) copyout: CPU <- GPU

for (int 1 = 0; 1 < n; ++i) |

} y[i] += a*x[i]; copy: M

} create: X E ) FEF

saxpy(N, 3.0, x, y);

NVIDIA



OpenACC: Data Directive

void saxpy(int n,
float a,
float *x,
float *restrict y)
{
#pragma acc parallel present(x, y)
for (int 1 = 0; 1 < n; ++i) {
yli] += a*x[i];
}
}

#pragma acc [L1%) copy(y[:N]) copyin(x][:N])
{
saxpy(N, 3.0, x, y);

}

NVIDIA



OpenMP & OpenACC Dit{z

void saxpy(int n, float a,
float *x,
float *restrict y)
{
#pragma acc parallel copy(yl[:n]) copyin(x|[:n])
#pragma omp parallel for
for (int 1 = 0; 1 < n; ++i) {
yli] += a*x[i];
}
}

saxpy(N, 3.0, x, y);

NVIDIA



OpenACC J—F®DEILER

C:nvc, C++:nvc++, Fortran:nvfortran

-acc=gpu . OpenACC ZBxIIC L. NVIDIAGPU [IFICEILR
-~acc=multicore £ 93T, YIILFIO7 CPUMRIFICHEIL FEJBE

-Minfo=accel . DDA LI NMNCET D, OAVNT T Xvt—2C% KRN

-gpu=. . . . GPU O— F&RICEE T 255 % 15E

-gpu=managed & 93 C & T. CUDA Unified Memory B3t

S nvc -acc=gpu -Minfo=accel —gpu=.. saxpy.c

NVIDIA HPC Compilers User's Guide

NVIDIA


https://docs.nvidia.com/hpc-sdk/compilers/hpc-compilers-user-guide/index.html

CUDA Unified Memory
Simplified Developer Effort

Without Managed Memory
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System GPU Memory
Memory

/)

Commonly referred to as

"‘managed memory.”

With Managed Memory

]
1] ]
0000

CPU and GPU memories are

combined into a single, shared pool

Managed Memory

<ANVIDIA. I
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Generating copyin(x[:n]) [if not already present]
Generating copy(y[:n]) [if not already present]

Loop is parallelizable
Generating NVIDIA GPU code
7, #pragma acc loop gang, vector(128) /* blockIdx.x threadIdx.x */

<ANVIDIA. I
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[6/8] Executing 'gpukernsum' stats report

Time (%) Total Time (ns) Instances Avg (ns) Med (ns) Min (ns) Max (ns) StdDev (ns) Name

1060.0 2,528 1 2,528.0 2,528.6 2,528 2,528 0.0 saxpy_/_gpu

Time (%) Total Time (ns) Count Avg (ns) Med (ns) Min (ns) Max (ns) StdDev (ns) Operation
74 .8 8,543 2 4,271.5 4,271.5 3,680 4, 863 836.5 [CUDA memcpy HtoD]
25.2 2,880 1 2,880.0 2,880.0 2,880 2,880 0.0 [CUDA memcpy DtoH]

Nsight Systems Documentation
https://docs.nvidia.com/nsight-systems/UserGuide/index.html

<A NVIDIA.
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OpenACC H'IlE 9 5 =R ETHE

GAUSSIAN 16 ANSYS FLUENT VASP

Prof. Georg Kresse
Computational
Materials Physics
University of Vienna

Mike Frisch, Ph.D. - Sunil Sathe
President and CEO .4 Lead Software Developer
Gaussian, Inc. — P = ANSYS Fluent

“Using OpenACC allowed us to “, | “For VASP, OpenACC is the way
continue development of our We've effectively used forward for GPU acceleration.

fundamental algorithms and OpenACC for heterogeneous Performance is similar and in
software capabilities computing in ANSYS Fluent with some cases better than CUDA C,
simultaneously with the GPU- impressive performance. We're and OpenACC dramatically

related work. In the end, we now applying this work to more decreases GPU development and
could use the same code base of our models and new maintenance efforts. We’re

for SMP, cluster/ network and platforms.” excited to collaborate with NVIDIA
GPU parallelism. PGl's and PGl as an early adopter of

compilers were essential to the CUDA Unified Memory.”
success of our efforts.”

OpenACC training materials
https://drive.google.com/drive/folders/1d_elwlRfScHxfJubpnR28JrV3cMIwkIL SNVIDIA.



https://drive.google.com/drive/folders/1d_eIwIRfScHxfJu6pnR28JrV3cMIwkIL

OpenACC H\IE T 3B ZHflisTH
OPENACC SUCCESSES

LSDalton PowerGrid INCOMP3D

Quantum Chemistry Medical Imaging Weather and Climate

University of lllinois MeteoSwiss, CSCS NC State University

40 days to 40X speedup
2 hours 3X energy efficiency 4X speedup

Aarhus University

12X speedup
1 week

MAESTRO

NekCEM CASTRO

Wi R
‘ %) o d
¥ ‘, y (:? /] :‘ 22 7
A / -1 8. :':'_ Z
\ 4\ \ ({
1 /)

Comp Hydrodynamics NUC|\/I|:|?CA

AWE

4X speedup
Single CPU/GPU code

Comp Electromagnetics Astrophysics
Argonne National Lab Stony Brook University

2.5X speedup 4.4X speedup
60% less energy 4 weeks effort

International

10X faster routines
2X faster app

This material is released by NVIDIA Corporation under the Creative Commons Attribution 4.0 International (CC BY 4.0)

OpenACC training materials
https://drive.google.com/drive/folders/1d_elwlRfScHxfJubpnR28JrV3cMIwkIL <InviDiA I
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void saxpy(int n, float a, __global__ void saxpy(int n, float a,
float *x, float *y) float *x, float *y)
{ {
for (int 1 = 0; 1 < n; ++i) int i = threadIdx.x + blodkDim.x * blockIdx;
yli] += a*x[i]; if (i < n)
yli] += a*x[i];

cudaMemcpy(d_x, x, size, cudaMemcpyHostToDevice);
e cudaMemcpy(d_y, y, size, cudaMemcpyHostToDevice);
saxpy(N, 3.0, x, y); saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);

cudaDeviceSynchronize();

cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost);

NVIDIA
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GPU 7O 5 L

void saxpy(int n, float a, __global__ void saxpy(int n, float a,
float *x, float *y) float *x, float *y)

{ 1

for (int 1 = 0; i < n; ++i) int i = threadIdx.x + blodkDim.x * blockIdx:
yli] += a*x[i]; if (i < n)
yli] += a*x[i];

cudaMemcpy(d_x, x, size, cudaMemcpyHostToDevice);
cudaMemcpy(d_y, y, size, cudaMemcpyHostToDevice);

Isaxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);
IcudaDeviceSynchronize();

saxpy(N, 3.0, x,

cudaMemcpy(y, d_y, Sslze, cudalMemcpybDeviceloHost),

NVIDIA




GPU 704 3 L (Unified Memory)

void saxpy(int n, float a, __global__ void saxpy(int n, float a,
float *x, float *y) float *x, float *y)
{ {
for (int 1 = 0; 1 < n; ++i) int i = threadIdx.x + blodkDim.x * blockIdx;
yli] += a*x[i]; if (i < n)
yli] += a*x[i];

saxpy(N, 3.0, x, Isaxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);
.. cudaDeviceSynchronize();

NVIDIA




GPU 704 3 L (Unified Memory)

void saxpy(int n, float a, __global__ void saxpy(int n, float a,
float *x, float *y) float *x, float *y)

{ 1

for (int 1 = 0; i < n; ++i) int i = threadIdx.x + blodkDim.x * blockIdx:
yli] += a*x[i]; if (i < n)
yli] += a*x[i];

int dev_id 0:
size_t size = sizeof(float) * N;

.. cudaMemPrefetchAsync(y, size, dev_id);
saxpy(N, 3.0, x, y); saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y):
cudaDeviceSynchronize();

NVIDIA




GPU h—=IL

void saxpy(int n, float a, __global__ void saxpy(int n, float a,
float *x, float *y) float *x, float *y)
{ {
int i = threadIdx.x + blodkDim.x * blockIdx:
for (int 1 = 0; i1 < n; ++i) if (i < n)
yli] += a*x[i]; yli] += a*x[i];

saxpy(N, 3.0, x, vy); saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);

GPU A—=%JL: 1 DD GPU X L v R DAIBRAE % 5cih
BR: 1 DDOGPUXRL Y EREH. 1 DO EZRZB LY

NVIDIA



Execution Configuration

__global__ void saxpy(int n, float a,
float *x, float *y)
{
1NT = threadldx.x + blodkDim.x * blockIdx;
if (i < n)
yli] += a*x[i];

saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);

JOvo#x7Ov o4 X = Be8ER

NVIDIA
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ALw k. ZOvo. JUwER

yli] = a*x[1i] + y[i]

X[ ]

yl ]

ALwk o

(local)

- JOv I X (ALY RE/7Ov D) F. h—XRILEICERERIBE
- HEE. 1280r256 XL w R
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Execution Configuration

__global__ void saxpy(int n, float a,
float *x, float *y)
{
int i = threadIdx.x + blodkDim.x * blockIdx;
if (i < n)
yli] += a*x[i];

saxpy<<< N/256, 256 >>>(N, 3.0, d_x, d_y);

JOvo#x 70Oy o014 X =9 EZRK
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__global__ void MatAdd(float A[N][N], float B[N][N], flag

{
int i = threadIdx.x + blodkDim.x * blockIdx.X;

int j = threadldx.y + blodkDim.y * blockIdy .y~
if (1 <N& j < N)
Clillj] = A[1]l3] + B[1]l3j];
}

dim3 SiZQBlOCk( 64, 4/"-

dim3 numBlocks( N/sizeBlock.x, N/sizeBlock.y )~
MatAdd<<< numBlocks, sizeBlock >>>(A, B, C);

JOwv oYX (70y 7AK) (& 1D~3D TXRIFAIEE
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dim3 sizeBlock(32,8)

(oX0) (1,0)

0,1) (31,7)
2  (1,2)

(0,3) (1,3)

(1,2) (2,2) (0,4) (1,4)

pARRZZADI( AN <L v K ID (threadIdx)
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L1 Instruction Cache

LO Instruction Cache
Warp Scheduler (32 thread/clk)

INT32 INT3
INT32 INT3
INT32 INT3
INT32 INT3

TENSOR CORE
INT32 INT3
INT32 INT3

INT32 INT 3

INT32 INT 3¢

LD/ LD/ LD/ LD/ LD/ LD/ LD/
ST ST ST ST ST ST ST

| LO Instruction Cache |

Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

INT32 INT
INT32 INT
INT32 INT
TENSOR CORE
INT32 INT

INT32 INT

INT32 INT

LD/ LD/
ST ST

| LO Instruction Cache

Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk

TENSOR CORE

LD/ LD/ LD/ LD/ LD/
ST ST ST ST ST SFU

LO Instruction Cache

Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

TENSOR CORE

LD/ LD/
ST ST SFU

192KB L1 Data Cache / Shared Memory

SM (Streaming Multi-processor)

BmE 1w bk
» INT32: 64 1@
- FP32:64 1@
- FP64: 32 1@
- TensorCore: 4 &

Other units
- LD/ST, SFU, etc

L < XA (32 bit): 64K &
HBXEJ/LT v v a2: 192 KB
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GPU h—XRILETDHEN

DNV, H VN T 0D WY &8 B M e I A \ N G BV \Y AN .- -2 S I | I VA I G P 5= A

PolyMorph Engine 3.0
Tessellator

Instruction Buffer Instruction Buffer
Warp Scheduler Warp Scheduler

Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit
4+ 4 4 4

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

Core Core SFU Core Core Core Core

Core SFU Core Core Core Core

Core SFU Core Core Core Core

SFU Core Core Core

Sy o e 1.0 Host Interface
SFU Core Core Core

SFU Core Core

SFU Core Core

Texture / L1 Cache

Instruction Buffer ' Instruction Buffer
Warp Scheduler Warp Scheduler

Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit
x RS z T

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

Core Core Core SFU Core Core Core
Core Core ) SFU Core Core
Core Core SFU - Core Core
Core Core SFU Core Core Core
Core Core SFU Core Core Core

Core SFU Core Core Core

Core SFU Core Core Core

Core SFU Core Core Core Memory Controller

Texture / L1 Cache

<A NVIDIA.
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- J—F32 XL v R
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PolyMorph Engine 3.0

I \\ Tessellator
) \‘/ I\ Attribute Setup | | Stream Output
Instruction Cache
© instuctionBuffer | instructionBuffer

Warp Scheduler Warp Scheduler

Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit

N 3 s 3 s
D \\/ Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

Core Core Core f SFU Core Core Core Core V SFU

Core Core Core ! SFU Core Core Core Core v SFU

- Core Core Core : SFU Core Core Core LD SFU
[ ]
- Core Core Core : SFU Core Core Core LD SFU
5 ¢ SFU v SFU
Core Core Core Core Core Core 1 0 Host Interface
Core Core Core ; SFU Core Core Core Core v SFU

Core Core Core ; SFU Core Core Core Core ! SFU

core Core Core Core f SFU Core Core Core Core V SFU

Tex Tex Tex Tex

‘l'.tlll‘il.i@.dl. |

—l—i on Buffer yl—liiﬁlbr—!‘
Warp Scheduler Warp Scheduler

Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit
B s s 1

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)
Core Core Core Core V SFU Core Core Core Core SFU
Core Core Core Core v SFU Core Core Core : SFU
’

‘ Core ) Core v SFU Core Core Core 5 SFU

D \ / : Core Core Core SFL Core Core Core 5 SFU

Core Core Core N SFU Core Core Core¢ SFU

Core Core Core V SFU Core Core Core SFU

Core Core | Core Core LOIST SFU Core Core Cormq LDST SFU

Core Core Core Core LDST SFU Core Core Core Core LDST SFU

Tex Tex Tex Tex

o esedmensy <A NVIDIA.
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cJ—T7HRD 32 ALy RiE. BLHSEREAL TET SIMT
L L, (Single Instruction Multiple Threads)
c B —F1F. BEWLIHITI L TR

-BEL7OvI7ROT— & BERHICEREAEE (__syncthreads()

SMM

PolyMorph Engine 3.0
Tessellator

Attribute Setup | | Stream Output

)y R
Jawy

Instruction Cache

Instruction Buffer Instruction Buffer
Warp Scheduler Warp Scheduler

Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit
4+ 4 4 3

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

tore Core |Core Core LODIST SFU Core Core ' Core Core LODIST SFU
fore Core |Core Core LDIST SFU Core Core Core  Core LDST  SFU
tore Core Core Core LDIST SFU Core Core Core LDIST SFU
tore Core | Core Core LDST SFU Core Core Core = LDIST  SFU
tore Core | Core Core LDIST SFU Core Core Core | LOD/ST  SFU
jore Core |Core Core LDIST SFU Core ' Core | Core Core LDIST SFU

sore  Core  Core  Core LD/ST SFU Core Core Core Core LDST SFU

sore  Core  Core  Core LD/ST SFU Core Core Core Core LDIST SFU

Texture / L1 Cache

Tex Tex

" instructionBuffer InstructionBuffer
Warp Scheduler Warp Scheduler

Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit
B s s 1

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

Core Core Core Core SFU Core Core Core Core LDST SFU
Core Core Core Core SFU Core Core Core LDST SFU
Core —~ [Core SFU Core Core Core LODST  SFU
Core Core Core — SFL Core Core Cor¢ LODST SFU
Core Core Core LDIST | SFU Core Core Core LDST SFU
Core Core Core LOIST | SFU Core Core Core LDST SFU
Core Core Core Core LOIST SFU Core Core Cormq LDST SFU
Core Core Core Core LDIST SFU Core Core Core Core LDST SFU

Tex Tex Tex Tex
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PolyMorph Engine 2.0
Vertex Fetch Tessellator Viewport Transform

L1 Instruction Cache

LO Instruction Cache | || | LO Instruction Cache
Warp Scheduler (32 thread/clk) Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk) Dispatch Unit (32 thread/clk)

Attribute Setup Stream Output

Instruction Buffer Instruction Buffer

Warp Scheduler Warp Scheduler

Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit
fult - - Rl

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

A s RN SRR Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit

- 3 3 S + i i - INT32 INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FP64

Register File (65,536 x 32-bit)

Core Core  Core Core Core  Core INT32 INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FP64

-
-
-
-
-
-

3 4 4 3 3
SFU Core Core
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Core Core Core Core ' Core | Core INT32 INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FP64

SFU Core Core

o
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Core Core Core Core Core Core INT32 INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FP64

TENSOR CORE TENSOR CORE
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Core Core Core Core Core Core Warp Scheduler
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SFU Core Core " 2 a2

O
o
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o
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sFu [corl (o Register File (32,768 x 32-bit) Register File (32,768 x

O
o
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o
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o
o
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o
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.
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Texture / L1 Cache

LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ SFU
ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST

SFU Core Core Core Com Core

LO Instruction Cache | LO Instruction Cache

Warp Scheduler (32 thread/clk) Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk) Dispatch Unit (32 thread/clk)

SFU Core Core Core Corne

Tex Tex Tex Tex

Instruction Buffer Instruction Buffer

Warp Scheduler Warp Scheduler

Dispatch Unit Dispatch Unit Dispatch Unit Dispatch Unit
Ruls - - Rl

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

SFU Core Core Coro

o
=)
a

Come Core

SFU Core Core

o
=)
a

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

Come Core

SFU Core Core

O
-}
o
O
o
o

&

Corn Core INT32 INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FP64

SFU Core Core

O
-}
o
O
o
o

= 1 1 1 1 Toxtore] L1 Coche INT32 INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FP64

o
(=}
o

INT32 INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FP64

SFU Core Core Core Core Core Core Core Core

o
]
@

INT32 INT32 FP32 FP32 FP64 INT32 INT32 [FP32 FP32 FP64

TENSOR CORE TENSOR CORE
INT32 INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FP64

Core Core Core Core Core Core

9]
(<}
3

Core Core

48 KB Read-Only Cache

Tex Tex Tex Tex Tex Tex Tex Tex

Core Core Core Core Core Core

INT32INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FP64
Core Core Core Core Core Core

INT32INT32 FP32 FP32 FP64 INT32 INT32 FP32 FP32 FP64
Core Core Core Core Core Core , [
Tex Tex Tex Tex Tex Tex Tex Tex INT32INT32 FP32 FP32 FP64 INT32INT32 FP32 FP32 FP64

Kepler, CC3.5
192 cores /SM

Core Core Core Core Core Core

LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD/ SFU

Core Core Core Core Core Core 6 q S M ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST
Texture / L1 Cache C O r e S 192KB L1 Data Cache / Shared Memory
Tex Tex Tex Tex Tex Tex
64 KB Shared Memory

Maxwell, CC5.0
128 cores /SM

Ampere, CC8.0
64 cores /SM
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1)) — X{#EAZE (Occupancy)

=SMICEID B TABRAL Y F&Z. ERISEDITS S+ 2L w R# 2048
A Ow I8 32
= HEBEXTE: 160KB
CLYRIRERE L < X XE (32-bit): 64K |
- CTTBPRDEHLT
. DP (64bit) IF. 2 LU & HE )/ — A2/SM (A100)

« LI XAREND TR 8 1E

- LYRXARERA=C. EID I TR ALy FRDER
+ 32 LT AXAA:2048 (100%),64 Loy XA AX: 1024 (50%)
» 128 L XAX:512 (25%), 256 Lo X AX: 256 (12.5%)
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SM OFIAEXZ EITS CUDA 7%k 64
= SMICEID BTG ALy F&ZE. ERICEADITS AL W RE: 2048
A7 Oy I8 32
s HE XE!'): 160KB
C ALY ER(ZRY ) L R 2% (32-bit): 64K {A
* 64 LALEICT B
c BAKRBILEERATOY IENRY TICBE S )/ = AZ/SMA100)

- HEXEUFERZ(/70v7)
« TETBRDFST
- HEXTEUFEAHASZEC. 2D TR 7 0y 7-XORER
- 32KB:2 70Owv7,16KB:4 JOwvZY,8KB:8 JOw Y
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EIERZIED S
(*) 321E: GPU A — =)L, T —AXER1x
- CUDARXK—L(5Fa2—)
- [E L CUDA X b —LICIA LTCiE(E IAIBICZET
- BJD CUDA R b —LICEA LTcEE: FERERICETT (A —/\NT v TE1T)

2.45s 241 s 242 s 2.43 s 2.44 s 2.45s
—| Process 21468 »
—| Thread -373573856
Runtime API cudaStreamSynchronize cudastr... cudaStreamSync...
Driver API

Profiling Overhead
- [0] Tesla K20c

[CUDA X b1 —LD3NRH] = context 1 (cUOA
GPU h—FIJL & T —REREH Y MeeeCoy (o)
Z—N\NZwvTLT
FEFICETEINTULS " et 2

Stream 7
Stream 8
Stream 9
Stream 10
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« T—THRDAL Y FHWEALE/NADINTZE1T
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Path divergence

- Path divergence ZiEH 5 9
- TTBERD. AT7—TAHRDODRALw RIFEIC/NNXZEIREHE 3

<ANVIDIA I






PCH

SSD

DMI
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CPU O

CPU 1

x16 PCle

TSUBAME3.0 Compute Node

OPA HFI

x16 PCle x16 PCle
OPA HFI

x16 PCle

GPU O

NVLink

GPU 2

x16 PCle
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GPU 1

GPU 3
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16 PCle
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Tesla P100 for NVIink-Optimized servers

s — 714 8E :
5.3 TFLOPS ( {Z+5E )

10.6 TFLOPS ( BB E)

21.2 TFLOPS ( ¥%&E)
70y EEE : 1328 MHz ( 7 — A MEFlX 1480MH2)
CUDA 1177D%X : 3,584
Streaming Multiprocessor %X : 56
AR —rXE!D:16GB HBM2
XEI)/\ g : 720GB / sec
BHES7] (TDP) : 300W

NVLink i& GPU % BT 51 V2 — ORI .
1 U2 T&ATE 20GB/s DNV RIBERS , 44T

&5t 160GB/s D7 —2&rixH AJE . PCI-Express
AN IB—TTARAEEZ B ICTF—A2E%0]8E |

Pascal GPU O/’ —F+77F+ (NVIDIA GP100)

GPU: Tesla P100
4 GPUs / node
Fully connected by NVLink

NVIDIA
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NVIDIA H100

Unprecedented Performance, Scalability, and
Security for Every Data Center

I <ANVIDIA.

Highest Al and HPC Performance

APF FP8 (6X)| 2PF FP16 (3X)| 1PF TF32 (3X)| 60TF FP64 (3.4X)
3.35TB/s (1.5X), 80GB HBM3 memory

Transformer Model Optimizations
6X faster on largest transformer models

Highest Utilization Efficiency and Security

7/ Fully isolated & secured instances, guaranteed QoS
2"d Gen MIG | Confidential Computing

Fastest, Scalable Interconnect

900 GB/s GPU-2-GPU connectivity (1.5X)
up to 256 GPUs with NVLink Switch | 128GB/s PCl Gen5




P100 and H100

56 132
64 128
16896
32 o4
8448
NA 4
NA 528
06.9
5.3 33.5
NA 494.7/989.4*
NA 06.9
732 GB/s 3352 GB/s
4 MB 50 MB
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Agenda

» GPU Computing

»  OpenACC

- CUDA

« GPUon TSUBAME3.0 and the latest GPU
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