
NVIDIA GPU 加速计算和
深度学习

长春，17/4/2015



视觉计算的世界领导者



目标市场和产品品牌

GAMING
GeForce | GRID

ENTERPRISE
Quadro | Tesla | GRID

AUTO
Tegra



内容
GPU 计算

深度学习



什么是 GPU 计算
x86 + GPU 异构计算
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CPU + GPU 处理流程

1. 把输入数据从CPU内存拷贝到GPU内存

PCIe Bus
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CPU + GPU处理流程

1. 把输入数据从CPU内存拷贝到GPU内存
2. 载入GPU程序并执行，数据缓冲在GPU芯
片上

3. 把结果从GPU内存拷回到CPU内存

PCIe Bus



CPU
Optimized for low-latency access to

cached data sets

Control logic for out-of-order and

speculative execution

GPU
Optimized for data-parallel,

throughput computation

Architecture tolerant of memory

latency

More transistors dedicated to

computation

低延迟 OR 高吞吐量？
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CPU 送外卖

PROCESS

Delivery truck 

delivers one pizza 

and then moves to 

next house



NVIDIA GPU 送外卖

PROCESS

Many deliveries 

to many houses



GPU 的性能大大领先于CPU
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CPU + GPU = 加速应用

应用程序代码

+

GPU CPU使用CUDA并行

计算密集型函数
其他串行的CPU代码



3 种方法加速应用

GPU函数库
OpenACC
编译器指令

CUDA/C

Fortran
编程语言

应用软件

“顺便” 加速 最大性能和编程的灵活性容易加速

中等 2 x ~ 10 x 最佳高达100 x



CPU + GPU 异构计算的优点

高性能

高能效

节省空间

高性价比



NVIDIA GPU 完善的开发者生态系统
Debuggers
& Profilers

cuda-gdb
NV Visual Profiler 

Parallel Nsight
Visual Studio

Allinea
TotalView

MATLAB
Mathematica
NI LabView

pyCUDA

Numerical 
Packages

C
C++

Fortran
OpenCL

DirectCompute
Java

Python

GPU Compilers

PGI Accelerator
CAPS HMPP

mCUDA
OpenMP

Parallelizing
Compilers

BLAS
FFT

LAPACK
NPP

Video
Imaging
GPULib

Libraries

OEM Solution ProvidersGPGPU Consultants & Training

ANEO GPU Tech

http://www.supermicro.com/
http://en.wikipedia.org/wiki/File:Logo_groupe_bull.jpg
http://images.google.com/imgres?imgurl=http://fishtrain.com/wp-content/uploads/2007/09/cray_logo.gif&imgrefurl=http://fishtrain.com/2007/09/03/nvidias-playbook/&usg=__mBEPjqB6tUo0mps50ld866NdmmI=&h=70&w=160&sz=3&hl=en&start=8&sig2=erIWlru80_C67bxBapde6g&tbnid=ooG9_suq3ywK-M:&tbnh=43&tbnw=98&prev=/images?q=cray+logo&gbv=2&hl=en&ei=aHYpSvyWEo-ctgPd-dXxCg
http://www.google.com/imgres?imgurl=http://blog.taragana.com/wp-content/uploads/2009/05/nec-logo.jpg&imgrefurl=http://blog.taragana.com/index.php/t/east-asia/&h=354&w=354&sz=8&tbnid=YJa5kHMJJ5aMmM:&tbnh=121&tbnw=121&prev=/images?q=NEC+logo&hl=en&usg=__vqs8CIGTn2HFsKXlXcsnKjhGaww=&ei=Q98zSsTUG4vWsgPysrDODg&sa=X&oi=image_result&resnum=2&ct=image


CUDA 的几个数字：

CUDA GPUs>487,000,000

CUDA 工具箱下载>2,000,000

活跃的开发者>140,000

所大学教授 CUDA>700



GPU的应用领域： 石油天然气

总体费用：减少12% 改进运营成本/资本支出

速度提高 4x-6x 时间：28 天  7 天

能源效率：4x 电力和制冷的费用：¼  

逆时偏移
RTM

相同的成本，
更多的销售额

更好的图像，
更高的吞吐量



GPU的应用领域：国防及公共安全

视频分析

视频增强

视频稳定

人像识别

指纹识别

雷达成像

卫星图形处理

http://www.nvidia.com/page/home.html
http://vimeo.com/6608257
http://vimeo.com/6608238


GPU的应用领域：医疗

医疗成像

超声波

CT

核磁共振

X-RAY

http://www.nvidia.com/page/home.html


GPU的应用领域：工业设计



GPU的应用领域：流体分析

http://www.nvidia.com/page/home.html
RTT02_MOV-wmv1080p.wmv


GPU的应用领域：电影制作与动画

http://www.nvidia.com/page/home.html


GPU的应用领域：生命科学/新药开发

http://www.nvidia.com/page/home.html


GPU的应用领域：天气及海洋预报

http://www.nvidia.com/page/home.html
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近实时的定价和风险计算

40x application performance increase

80% lower costs

Calculation results in minutes vs. overnight

Understanding market risk is key to avoiding surprises that impact

profitability.  J.P. Morgan depends on Tesla GPUs to analyze risk

faster than their competitors and to arrive at better decisions

through more frequent, more complex calculations.  GPUs are

enabling calculation of risk across various investment products in

a matter of minutes instead of what was previously an overnight

processing task.

GPU的应用领域：金融



吴韧博士

杰出科学家，深度学习研究院

“ CUDA as a programming model has become very mature over the 

years and is perfect for training deep neural networks, especially for 

large models. ”

GPU的应用领域：机器学习



从HPC到企业数据中心

政府 超算 金融高等教育石油天然气 互联网

Air Force 

Research

Laboratory

Naval Research

Laboratory

Tokyo Institute 

of Technology



“ Accelerators Will Be Installed in More 
than Half of New Systems ” 

Source: Top 6 predictions for HPC in 2015

“In 2014, NVIDIA enjoyed a dominant market 

share with 85% of the accelerator market.”

Tesla 加速平台



开放的生态系统
加速应用支持多平台

x86

Libraries

Programming 

Languages

Compiler

Directives

AmgX

cuBLAS

/



2015 年 Tesla GPU 加速器产品

Seismic, Data Analytics, HPC Labs, Defense

Multi-GPU Accelerated Apps

Single and Double Precision Workloads

Server,  Workstation, Liquid Cooled

Higher Ed, Data Analytics, HPC Labs, Defense

Double Precision Workloads

Tesla K40   Tesla K80

Best Single GPU Performance Maximize Throughput within a Server



GPU 发展路线图
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NVIDIA CONFIDENTIAL | Contents of this presentation under embargo until 9am EDT, August, 12 2014

PASCAL: 下一代 TESLA GPU

Peak Performance Stacked Memory

NVLink High-Speed Interconnect Unified Memory

>3 TeraFLOPS
4x Higher Bandwidth (~1 TB/s)

Larger Capacity (16 GB)

80 GB/sec

POWER CPU & GPU-to-GPU Interconnect 

Single Memory Space

Lower Developer Effort



NVIDIA Confidential. For use under NDA

NVLINK 连接 CPU 和GPU

NVLINK  1.0 
4  data links with 20GB/s each
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X86平台多GPU NVLINK 的性能

3D FFT, ANSYS: 2 GPU configuration, All other apps comparing 4 GPU configuration 
AMBER Cellulose (256x128x128), FFT problem size (256^3)

TESLA

GPU

TESLA

GPU

CPU

5x Faster than 

PCIe Gen3 x16

PCIe Switch

GPUs Interconnected with NVLink

1.00x

1.25x

1.50x

1.75x

2.00x

2.25x

ANSYS Fluent Multi-GPU Sort LQCD QUDA AMBER 3D FFT

Over 2x Application Performance Speedup
When Next-Gen GPUs Connect via NVLink Versus PCIe

Speedup vs 
PCIe based Server

To learn more: http://www.nvidia.com/object/nvlink.html



NVIDIA Confidential. For use under NDA

US to Build Two Flagship Supercomputers
Powered by the Tesla Platform

100-300 PFLOPS Peak

10x in Scientific App Performance

IBM POWER9 CPU + NVIDIA Volta GPU

NVLink High Speed Interconnect

40 TFLOPS per Node, >3,400 Nodes

2017

Major Step Forward on the Path to Exascale



深度学习



“Machine Learning” is in some sense a 
rebranding of AI. 

The focus is now on more specific, often 
perceptual tasks, and there are many 
successes.

Today, some of the world’s largest internet 
companies, as well as the foremost research 
institutions, are using GPUs for machine 
learning.

加速机器学习

CUDA for 
Machine Learning



GPU – 机器学习的平台

1.2M training images • 1000 object categories

Hosted by

Image Recognition Challenge
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深度学习的3大驱动力

大数据 模型 GPU加速器



Image Detection

Face Recognition

Gesture Recognition

Video Search & Analytics

Speech Recognition & Translation

Recommendation Engines

Indexing & Search

Use CasesEarly Adopters

Image Analytics 
for Creative 

Cloud

Image 
Classification

Speech/Image 
Recognition

Recommendation

Hadoop

Search Rankings

Talks @ GTC

GPU在深度学习的广泛使用



应用实例：图像到文字的翻译

Multiple papers (Stanford, Google, UC Berkley, and others) in Nov 14

ConvNets + RNN/LSTM

http://cs.stanford.edu/people/karpathy/deepimagesent/ http://googleresearch.blogspot.co.uk/2014/11/a-picture-is-worth-thousand-coherent.html
http://arxiv-web3.library.cornell.edu/pdf/1411.4389v1.pdf
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http://cs.stanford.edu/people/karpathy/deepimagesent/
http://googleresearch.blogspot.co.uk/2014/11/a-picture-is-worth-thousand-coherent.html
http://arxiv-web3.library.cornell.edu/pdf/1411.4389v1.pdf


应用实例：汽车的自动驾驶

http://arxiv.org/pdf/1504.01716v1.pdf

Car and Lane detection via CNN from Baidu，Stanford，Twitter，TI

http://arxiv.org/pdf/1504.01716v1.pdf
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50+ 
Deep Learning Sessions

Adobe Google

Alibaba iFlytek, Ltd

Baidu NUANCE

Carnegie Mellon Stanford Univ

Facebook UC Berkeley

Flickr / Yahoo Univ of Toronto

Developer Labs

Caffe
Torch

Theanowww.gputechconf.com

http://www.gputechconf.com/


DiGITS – GPU 训练系统

DEEP GPU TRAINING SYSTEM

FOR DATA SCIENTISTS

• Design DNNs

• Visualize activations

• Manage multiple trainings

USER 
INTERFACE

Visualize 
Layers

Configure 
DNN

Process 
Data

GPUGPU HW CloudGPU ClusterMulti-GPU

Theano

Torch

Monitor 
Progress

Caffe
cuDNN, cuBLAS

CUDA



Monitor Progress

DIGITS

Configure DNNProcess Data Visualize Layers 

Test Image
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谢谢 ！

HLUO@NVIDIA.COM


