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ACCELERATING HIGH-GROWTH CLOUD
WORKLOADS
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham,
K. Olukotun, L. Hammond, and C. Batten New plot and data collected for 2010-2015 by K. Rupp

CPU No Longer Keeping Pace With Demand
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Art, Science and GPU's
Adam Savage & Jamie Hyneman

Explain Parallel Processing
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NVIDIA DATA CENTER PLATFORM

Single Platform Drives Utilization and Productivity
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Al TRAINING REQUIRES FULL STACK INNOVATION

6.3 Minutes on MLPerf
At Scale | 2018
DGX Cluster

e Y e | e 70 Minutes on MLPerf
. WS DGX-2H | 2018
NVSwitch
480 Mins (8 Hours)
DGX-1V | 2017
36,000 Mins (25 Days) 1,200 Mins (20 Hours) Tensor Core
1xK80 | 2015 DGX-1P | 2016
CUDA NVLink
2015 2016 2017 2018

Workload: Time (in minutes) to train ResNet-50 network.



TESLA V100
TENSOR CORE GPU

World’s Most Powerful
Data Center GPU

5,120 CUDA cores

640 NEW Tensor cores

7.8 FP64 TFLOPS | 15.7 FP32 TFLOPS
| 125 Tensor TFLOPS

20MB SM RF | 16MB Cache

32 GB HBM2 @ 900GB/s |

300GB/s NVLink




THE DGX FAMILY OF Al SUPERCOMPUTERS

CLOUD-SCALE Al Al WORKSTATION Al DATA CENTER
NVIDIA GPU Cloud DGX Station DGX-1 DGX-2

Simple Access to GPU Al Workstation for The Essential Instrument The World’s Most Powerful
Accelerated Software Data Science Teams for Al Research Al System for the Most
Complex Al Challenges
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CONTAINERS: SIMPLIFYING WORKFLOWS

WHY CONTAINERS

Simplifies Deployments

Eliminates complex, time-consuming builds and
installs

Get started in minutes
Simply Pull & Run the app
Portable

Deploy across various environments, from test to
production with minimal changes

+ « PRE-TRAINED MODELS

+ + DEEP LEARNING, MACHINE LEARNING,

HPC APPLICATION CONTAINERS

- « CONTAINER RUNTIME

- = NVIDIA DRIVER
++ HOSTOS

NGC SOFTWARE STACK



NGC CONTAINERS: ACCELERATING WORKFLOWS

Simplifies Deployments

Eliminates complex, time-consuming builds and
installs

Get started in minutes
Simply Pull & Run the app
Portable

Deploy across various environments, from test to
production with minimal changes

NGC

Optimized for Performance
Monthly DL container releases offer latest features and
superior performance on NVIDIA GPUs

Scalable Performance

Supports multi-GPU & multi-node systems for scale-up &
scale-out environments

Designed for Enterprise & HPC environments
Supports Docker & Singularity runtimes
Run Anywhere

Pascal/Volta/Turing-powered NVIDIA DGX, PCs,
workstations, and servers

From Core to the Edge
On-Prem to Hybrid to Cloud



DRAMATICALLY MORE FOR YOUR MONEY

CPU-iny Cluster GPU-Accelerated
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Deep Learning
: Training
Image training Image training
Resnet 50 i Resnet 50

THE POWER

300 Self-hosted Broadwell CPU Servers 1 DGX-2
180 KWatts 10 KWatts
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HOW TESLA SAVES MONEY

AMBER 74 CPU Nodes S666K $621K

$~45K $~9K

Qe 26 CPU Nodes $234K S189K




Al SUCCESS DELAYED BY
DEPLOYMENT COMPLEXITY

€¢ D IY”
TCO
R
Time and budget
spent on things
other than
data science
Day Month
1 3
Study & Software Platform HW & SW Trouble- Software Productive ~ Designand  Software Training Insights
exploration eng’g Design Integra- shooting optimiz- Experi- Build for re- at Scale
tion ation mentation Scale optimiz-
ation

Designing, Building and Supporting an Al Infrastructure - from Scratch
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THE IMPACT OF DGX R/A SOLUTIONS
ON TIMELINE

@sted time/effort - eliminated

“DIY” TCO

DGX
deployment TCO
cycle shortened
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A\ /~

Studv & Install and . Traini Insight

y d Deploy Productive raining nsights
exploration DGX RA Experi- at Scale

SOLUTION mentation

2. Deploying an Integrated, Full-Stack Al Solution using a DGX Reference Architecture
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THE IMPACT OF DGX R/A SOLUTIONS
ON TIMELINE

“DIY”
TCO
== _l
' |
' |
' |
' |
1 DGX I
1 TCO ,
Day Week
1 1
s‘(l)'o
Study & In;?éll; nd Productive Training Insights
exploration DGX RX Experi- at Scale

SOLUTION mentation

2. Deploying an Integrated, Full-Stack Al Solution using a DGX Reference Architecture
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NVIDIA GPUS ARE ON EVERY CLOUD
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SUPERCHARGED INSTANCES FOR HPC

Universal Platform Drives Utilization and Productivity

Molecular
Dynamics

60

50

40

30

20

10

32
5 ‘
,

160

54
140
46
120
100
80
60
40
20
0

2xCPU 2xT4 4xT4 4xV100

Up to 10x Speedup

NAMD

Molecular
Dynamics

150
126
102
31 |

2xCPU 2xT4 4xT4 4xV100

Up to 5x Speedup
GROMACS

70

60
27
9
1 I
0 —mm

Quantum
Chromodynamics
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Up to 60x Speedup

Chroma

CPU: Dual Xeon Gold 6140@2.30GHz, GPU: Dual Xeon Gold 6140@2.30GHz with GPU servers as shown | CUDA 10.0.130
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AN Al MONITOR OF
EARTH’S VITALS

NASA Ames uses satellite imagery to measure the effects
of carbon and greenhouse gas emissions on the planet.
They developed DeepSat—a deep learning framework
for satellite image classification trained on a GPU-
powered supercomputer. The enhanced

satellite imagery will help scientists plan

how to protect ecosystems and

improve crop production.

<ANVIDIA.



https://climate.nasa.gov/climate_resources/142/

EXAMPLE:
OILFIELD PREDICTIVE
MAINTENANCE

Baker Hughes GE

60K oil wells WW equipped with Electric Submersible Pumps (ESP)
Average Non Producing Time (NPT) due to ESP Failure costs >
$150K per day per well

ML techniques used historically (Rule based, Fuzzy logic, traditional ML), but
they don’t scale

>50% False Alarms + detect failures too late

Deep Learning: 93% detection accuracy with 2 months lead time
at 5% False Alarm

At 10% DL based anomaly detection yields $300K per well of lost
productivity annually




CHASING 1090
CHEMICAL COMPOUNDS

Identifying molecules with desirable chemical properties is
central to many industries. In the chemical space of 1060
conceivable compounds, only 108 have been synthesized.
Screening even a small fraction of the remaining
compounds with legacy methods would take 100
node-seconds per compound.

Researchers at Dow are using GPU-powered deep
learning to deliver completely novel molecular
structures with specific properties. The Al
produced 3M promising chemical leads

in 1 day on an NVIDIA DGX-1.
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HUNTING GHOST
PARTICLES WITH
DEEP LEARNING

Understanding the properties of Neutrinos is the focus
of a world-wide campaign. Observing these ‘ghost
particles’ requires instruments of incredible size
and scale. Fermilab’s NOvA experiment applies two
detectors snapping two million photos/second and
analyzing them for neutrino activity.

Fermilab developed deep neural networks
trained on NVIDIA GPUs and improved
detection rate by 33% — increasing the
discovery potential of NOVA and other
experiments probing fundamental
questions of the universe.
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SMARTER INSPECTION
SERVICES

In business, ensuring equipment uptime and
meeting safety and regulatory compliance is
non-negotiable. Using deep neural networks
developed on NVIDIA DGX-1 in the data center
that can easily extend to NVIDIA DGX Station in
the field, Avitas Systems delivers inspection
services using robotic-based autonomous
inspection and advanced data analytics.

In addition to safeguarding workers,

Avitas Systems Al solutions can

reduce inspection costs by 25%

and reduce maintenance

downtime by 15%.

SANVIDIA. 7% 8%

aGE venture




MAPPING
MOON CRATERS

Studying moon craters provides insight into the
history of our solar system. Researchers at U of T
and Penn State developed a CNN, powered by NVIDIA
Tesla P100 GPUs on the SciNet P8 supercomputer,
that automatically detects and classifies
characteristics of craters from lunar

digital elevation map images. Upon
implementation the system

identified 6,000 new craters

in just a few hours, making

it orders of magnitude

faster than human

counting.

<ANVIDIA.
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SCARBOROUGH

PENNSTATE

Moon DEM , X Moon DEM and Target

Inset: Sample Moon image (left) and target (center) from the dataset, with the two overlaid (right).
Red circles show craters detected by the Al system that are absent from previous datasets.

Lunar image courtesy of NASA



QUANTUM
CHROMODYNAMICS

The two methods of measuring a neutron’s lifetime give
different answers. Which is correct? To solve the neutron
lifetime puzzle scientists from LBNL and LLNL used Volta
GPU-based nodes of Summit and Sierra to calculate

the physics of subatomic particles.

The team simulated the fundamental theory of ‘
quantum chromodynamics (QCD) on a fine grid of — 4
space-time points. Achieving a sustained : = : :
performance of ~20 petaflops —a 10x speedup vy 4
over previous-gen systems— the computational
breakthrough supplies physicists with
the compute power to search for
new physics.
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BERKELEY LAB

Lawrence Livermore /

National Laboratory

Pictured: beta decay, the decay of a neutron (n) to a proton (p) with the emission of an electron (e) and an electron-
anti-neutrino (v). In the figure gA is depicted as the white node on the red line. The square grid indicates the lattice.
Image credit: Evan Berkowitz/Forschungszentrum Jilich/Institut fur Kernphysik /Institute for Advanced Simulation



“SEEING” GRAVITY
FOR THE FIRST TIME

In Septembér 2015, 100 years after Einstein
predicted them, gravitational waves were
observed for the first time. Astronomers at .
~the Laser Interferometer Gravitational-wave
Observatory have since used GPU-powered
“deep learning to process gravitational wave
data 100x faster than previous methods,
making real-time analysis possible and
putting us one step closer to
understanding the
~ universe’s oldest
secrets.
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https://www.sciencedirect.com/science/article/pii/S0370269317310390?via%3Dihub

OPTIMIZING QUALITY
INSPECTIONS WITH Al

Due to the increasingly sophisticated design of its cars
and the high-quality standards at Audi, the company
inspects all components —doors, engine hoods,
fenders, etc.— in its press shop.

In addition to visual inspection by Audi employees,
several small deep learning-based cameras
trained on NVIDIA GPUs installed directly
in the presses detect the finest cracks

in sheet metal with the utmost

precision in a matter
of seconds.

<ANVIDIA.



AN EYE FOR
CRISIS MANAGEMENT

Natural disasters are increasingly causing major destruction
to life, property and economies. DFKI is using the NVIDIA
DGX-2 to evolve DeepEye —which uses satellite images
enriched with social media content to identify the
effects of natural disasters— into a crisis management
solution. With the increased GPU memory and fully
connected GPUs based on the NVSwitch architecture,
DFKI can build bigger models and process more

data to aid rescuers in their decision-

making for faster, more efficient

dispatching of

resources.
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IMPROVING
DEMAND FORECASTS

With >100,000 different products in its 4,700 U.S. stores,
the Walmart Labs data science team predicts demand for
500 million item-by-store combinations every week.

By performing forecasting with the open-source RAPIDS
data processing and machine learning libraries built

on CUDA-X Al on NVIDIA GPUs, Walmart speeds

up feature engineering 100x and trains machine
learning algorithms 20x faster, resulting in faster
delivery of products, real-time reaction to

shopper trends, and inventory cost

savings at scale.

<ANnvIDIA. Walmart 32
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THANK YOU

Reynaldo Gomez
reynaldog@nvidia.com

. ,»" V9 e N
/ [ | >
' v/ [
™ 5
X =
4 %
r'/’// \ ‘\

: \ 4 \ > A
\\ ! A 7 ' =7 y > ';f,','. —
4 .‘ 7 :
P + y
\ @ i
4/ / ‘
o "
© 4
o
« e :
", -
> & .
-
- e
Ed



