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Welcome to the Era of Al

DEEP LEARNING EVERYWHERE

INTERNET & CLOUD MEDICINE & BIOLOGY MEDIA & ENTERTAINMENT SECURITY & DEFENSE AUTONOMOUS MACHINES

Image Classification Cancer Cell Detection Video Captioning Face Detection Pedestrian Detection
Speech Recognition Diabetic Grading Video Search Video Surveillance Lane Tracking

Language Translation Drug Discovery : Satellite Imagery ize Traffic Si
Language Processing Real Time Translation Recognize Tra ign

Sentiment Analysis
Recommendation

Deep Learning is Everywhere [7]
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Cloud Infrastructure

Minimum requirements:

e 20 x 16 core CPU processors, 2GHz, support for VMWare
virtualization and hyperthreading

2 Al processing servers. Each server is equipped with 2 x 20
core processors, 512GB RAM, 1TB storage, 2 x GPUs with 640
tensor cores, 32 GB, support for virtualization

* 16GB RAM per CPU core, storing capacity /0TB, RAID 5

e 25Gbps internal and external connectivity
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Cloud Infrastructure

e 2 x Dell Poweredge R740 servers

* (each with) 2 x NVIDIA V100 GPUs, 32 GB

/ Optimized for workload
B acceleration

Dell Poweredge R740 [6]

Optimized for Al and
GPGPU Computing

NVIDIA V100 (PCle) [1]
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NVIDIA V100 — Specifications

Specification V100 PCle V100 SXM2 V100S PCle
GPU Architecture NVIDIA Volta

NVIDIA Tensor Cores 640

NVIDIA CUDA Cores 5120

Double-precision 7 TELOPS 7.8 TELOPS 8.2 TFLOPS
Performance

S EprasEier 14 TFLOPS 17.7 TFLOPS 16.4 TFLOPS
Performance

Tensor Performance 112 TFLOPS 125 TFLOPS 130 TFLOPS
GPU Memory 32 GB /16 GB HBM2 32 GB HBM2
Memory Bandwidth 900 GB/sec 1134 GB/sec
Compute APIs CUDA, DirectCompute, OpenCL, OpenACC

NVIDIA V100 Specifications [3]
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NVIDIA V100 — Acceleration

32X Faster Training Throughput than a CPU

1X NVIDIA V100 _ 32

cru |
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Performance Normalized to CPU [3]

ResNet-50 training, dataset: ImageNet2012, BS=256 | NVIDIA V100 comparison: NVIDIA DGX-2™ server, 1x
V100 SXM3-32GB, MXNet 1.5.1, container=19.11-py3, mixed precision, throughput: 1,525 images/sec | Intel
comparison: Supermicro SYS-1029GQ-TRT, 1 socket Intel Gold 6240@2GHz/3.9Hz Turbo, Tensorflow 0.18,
FP32 (only precision available), throughput: 48 images/sec [3]
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NVIDIA V100 — Acceleration

24X Higher Inference Throughput than a CPU Server

1X NVIDIA V100 - 24

CPU |1
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Performance Normalized to CPU [3]

BERT Base fine-tuning inference, dataset: SQUADv1.1, BS=1, sequence length=128 | NVIDIA V100
comparison: Supermicro SYS4029GP-TRT, 1x V100-PCIE-16GB, pre-release container, mixed precision, NVIDIA
TensorRT™ 6.0, throughput: 557 sentences/sec | Intel comparison: 1 socket Intel Gold 6240@2.6GHz/3.9Hz
Turbo, FP32 (only precision available), OpenVINO MKL-DNN v0.18, throughput: 23.5 sentences/sec [3]

More details regarding Deep Learning Performance -
https://developer.nvidia.com/deep-learning-performance-training-inference
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https://developer.nvidia.com/deep-learning-performance-training-inference

NVIDIA V100 — Acceleration

HPC: One V100 Server Node Replaces Up to 135 CPU-Only Server Nodes

MILC - 35
Chroma -
CPU |1
0 20 40 60 80 100 120 140 160

Nodes Replaced [3]

16x V100-SXM2-32GB in NVIDIA HGX-2™ | Application (dataset): MILC (APEX Medium) and Chroma
(szscl21_24 128) | CPU server: dual-socket Intel Xeon Platinum 8280 (Cascade Lake) [3]

More details regarding HPC Performance -
https://developer.nvidia.com/hpc-application-performance
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NVIDIA V100 — DL and HPC

 Compatible with the most popular Deep Learning
frameworks and with 600+ HPC applications [3]

theano  @xnet
1F TensorFlow

Microsoft
Cognitive

@ O PYTORCH
Caffe?

PRO INVENT 2020 - 18th edition of the International Exibition of Research, Innovations and
CloudUT % Inventions, 18-20 November 2020

10



DIA V100 — Virtualization

e GPU Virtualization

 NVIDIA Virtual GPU
Software Solutions

Apps and VMs

“i....... NVIDIA Compute Driver,

o NIDIA B Brer * NVIDIA GRID (Virtual PC
(GRID vPC) and Virtual Apps
(GRID vApps)) (VDI)

Software « NVIDIA Quadro Virtual
Hypervisor Workstation (Graphics
Processing)

VvGPUs

HIpIAEED * NVIDIA Virtual Compute

Server Server (Virtualization for
complex Al and Compute
tasks)

NVIDIA GPU Virtualization Stack [4]

CloudUT %
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Virtualization vs. Containerization

CONTAINERIZED APPLICATION

»+ s+ s+ APPLICATIONS
------ DEEP LEARNING SDK
------ CUDA TOOLKIT

------ MOUNTED NVIDIA DRIVER
------- CONTAINER 05

Apps and VMs

NVIDIA Compute Driver,
NVIDIA Graphics Driver,
or NVIDIA Quadro Driver

vGPUs

NVIDIA Virtualization

Software CONTAINERIZATION TOOL

Hypervisor » » » NVIDIA DOCKER

» DOCKER ENGINE

=+« NVIDIADRIVER
=== HOSTOS

NVIDIA GPU Virtualization Stack [4] NVIDIA GPU Containerization Stack [8]
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NVIDIA Virtual Compute Server

e Software solution to
virtualize computation for Al,
Deep Learning, and Data
Science

 Artificial Intelligence
* Deep Learning

e Data science

* High Performance Computing NVIDIA Virtual Compute Server [5]
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NVIDIA Virtual Compute Server

vM [vm fvm fvm | e GPU Sharing

* Fractional GPU sharing with NVIDIA vGPU

geEssease technology
I I * Multiple VMs sharing the same GPU
GPU Sharing [5] * Maximizing utilization

* GPU Aggregation

e AVM can access more than one GPU

* Multi GPU Computing — GPUs aren’t directly
interconnected

* Peer-to-peer Computing — GPUs are
interconnected through NVLink for higher
bandwidth GPU Aggregation [5]
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NVIDIA Virtual Compute Server

* Management and Monitoring
D’_E e Support for app-, guest-, and host-level
Cb\_= monitoring
E- * Live VM migration

Management and Monitoring [5] * Suspend, resume, thresholds

 Multi-Instance GPU
« Specific for NVIDIA A100 Tensor Core GPU ’ ‘

* Partitioning the cores into up to seven
instances

* Provisioning a VM on an instance Multi-Instance GPU [5]
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Conclusions

 GPUs —enormous potential for accelerating Al and GPGPU
Computation

e GPU Virtualization — Maximum flexibility

* NVIDIA vGPU Software Solutions
* NVIDIA Virtual Compute Server — Al and GPGPU Compute Tasks
* GPU Sharing — Maximize utilization

* GPU Aggregation — Flexible Multi GPU Computing
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