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THE AI REVOLUTION IS REALLY
A GOMPUTING EVOLUTION
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ARTIFIGIAL INTELLIGENGE

" S TYPES OF ANALYTICS/ML

(PARTIAL LIST)
ARTIFIBIAL INT LLIGENCE . -, .
S CLASSIFICATION 0
2% oI NS W R e g‘ \: £
Z e MACHINELEARNING,, REGRESSION . 7
CLUSTERING
-+ FEATURE LEARNING

ST ANOMALY DETECTION
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ALIS TRANSFORMING [14/15]

COMPUTE RATIO

Inference ~= Training

SAMPLE-SCALE BENCHMARKS

PROGRAMMING MODEL HARDWARE ARCHITECTURE
C++, Proprietary APIs CPU, GPU




DL COMING OF AGE['19/20]

AT-SCALE DEPLOYMENT OF SCIENCE GOMPUTE RATIO
AND REAL-LIFE SOLUTIONS

Inference @ 2 Training

—
EARLY LATE
MAJORITY

F @xnet @ PYTORCH O Caffe2 Spqr‘;(\z CNTK Bigim"

——

ML FRAMEWORKS HARDWARE ARCHITECTURE

‘Democratization of Data Science’ _
CPU, DL Acceleration/NNPs, GPUs
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AlIN AGTION - LEADERSHIP AT SCALE

INTEGRATION WITH BLENDED REAL-LIFE TCO-TOTAL COST OF
EXISTING WORKLOADS Al WORKLOADS OWNERSHIP
'END DEVIGES TO PERFORMANGE VS FULL PLATFORM
DATAGENTER PERF/W VS LATENCY OPTIMIZATION

BUILT FOR Al. DESIGNED TO SCALE.
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ENABLE DEVELOPERS TO ACHIEVE THEIR Al VISION

SOFTWARE HARDWARE ECOSYSTEM
T00LS PLATFORMS ~ COMMUNITIES
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AMIR KHOSROWSHARI

VICE PRESIDENT, Al PRODUCTS GROUP
CHIEF TECHNOLOGY OFFICER - INTEL




ENABLE DEVELOPERS TO ACHIEVE THEIR Al VISION

SOFTWARE
T00LS
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OPEN SOURCE

INTEL” MATH KERNEL LIBRARY
FOR DEEP NEURAL NETWORKS (INTEL® MKL-DNN])

HELPS REALIZE THE INCREDIBLE BENEFITS OF DIRECT OPTIMIZATION

a3yl MATRIX MULTIPLICATION
W71 93344 BATCH NORM
4‘7344@ 5 &§;§7§L NORMALIZATION POOLING
PO IR ACTIVATION
'56 CONVOLUTION

@ Intel/mkl-dnn %ﬂg&



OPTIMIZING TENSORFLOW

T0 SUPERGHARGE
Al WORKLOADS
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ENTERPRISE DEEP
LEARNING PLATFORM

VINAY KUMAR SANKARAPU
FOUNDER & CEO, ARYA.AI




HIGH PERFORMANCGE DELIVERED ON
INTEL" XEON™ SCALABLE PROCESSOR

USE CASE: AUTOMATED CLAINS PERFORMANCE WITH THE INTEL® XEON"
ROCESSING for health insurance CUSTOMER INPACT SCALABLE PROCESSOR

Inferencing Performance on
- Intel® Xeon® Scalable using

Intel distribution for Python*
i ' & Intel-optimized TensorFlow*
«” | enabled the arya platform to
M

re)‘ |
7 reduce claim processing time
“ from 48hrs to 0.2 seconds

; Non-optimized Optimized
(intel p Workload Workload
XEON
PLATINUM python Inference Performance

2.35K
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NGRAPH™

OPEN SOURCE COMPILER ENABLING FLEXIBILITY
TO RUN MODELS ACROSS A VARIETY OF FRAMEWORKS

AND HARDWARE

@ NervanaSystems/ngraph
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Other names and brands may be claimed as the property of others

- BIGDL: DISTRIBUTED DEEP LEARNING
ARANKSHA BALANI

Country Lead - Intel Software Developer Products
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Big(IT1"

HIGH PERFORMANCE DEEP LEARNING FOR APACHE SPARK™ ON CPU INFRASTRUCTURE

DESIGNED AND OPTIMIZED FOR INTEL" XEON" PROCESSOR

DATA FRAME |
No need to deploy costly accelerators, duplicate
N— ' I
ML Pipelines data, or suffer through scaling headaches!
‘ EEE
(3 ¥ i@k
| |
g EEN
Feature Lower TCO, improved Efficient
Parity ease of use Scale-Out

Powered by Intel® MKL-DNN
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Intel does not control or audit third-party benchmark data or the web sites referenced in this document. You should visit the referenced web site and confirm whether referenced data are accurate.

*Other names and brands may be claimed as the property of others.
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https://software.intel.com/en-us/articles/building-large-scale-image-feature-extraction-with-bigdl-at-jdcom

VIDEO IS THE ULTIMATE 10T SENSOR

~ AUTONOMOUS VEHIBLES

RESPDNSI\IE RETAIL

MANUFACTU
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ANNOUNCING: OPENVINO SOFTWARE TOOLKIT

VISUAL INFERENCING AND NEURAL NETWORK OPTIMIZATION

nGraph™ @xnet %@ WRITE ONCE + SCALE TO DIVERSE ACCELERATORS

orFlow
Model Optimizer, L
Inference Engine, @
Opencv & OpencL. (%~ | BROAD FRAMEWORK SUPPORT
CPU GPU FPGA VPU¥
DEPLOY COMPUTER

VISION AND DEEP

LEARNING CAPABILITIES @ HIGH PERFORMANGE, HIGH EFFICIENCY FOR THE EDGE

TO THE EDGE
AR

INTEL AT DEVCON 2018

VPU = Vision Processing Unit (Movidius)



ENABLE DEVELOPERS TO ACHIEVE THEIR Al VISION

HARDWARE
PLATFORMS
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intel) Al
BUILT FOR Al DESIGNED TO SCALE.
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XEON

inside”

il

FOUNDATIONAL FOR
ARTIFICIAL INTELLIGENCE
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ARTIFICIAL INTELLIGENCE AND
INTEL XEON' PROCESSORS
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[ Data HFeaturesHTralmng Inference|m g ————

FBLearner

FBLearner FBLearner i
P Flow Predictor Cosr
Store . —
CPuU ‘ ‘ CPU+GPU

| R R ==
+ v

Fig. 1. Examgple of Facebook's Machine Loarndng Flow and Infrastructare.
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wipro holmes ‘ / .
/ )

FROM CHIP TO APPLIED Al

TAPATI BANDOPADHYAY ‘
GENERAL MANAGER AND PRACTICE HEAD
WIPRO HOLMES




Al-OPTIMIZED CHIP TO BUSINESS SERVIGES

VISION

o\ @
@ P O
al @

Driving Al-empowered
Business Services

Ensuring Adoption, Scale & ROI
from Al Investments

SOLUTION DEPLOYED

wipro holmes

Performance Benchmarking in
Image Detection & Recognition

Leveraging CNNs on Intel® Xeon®

Platinum

OUTCOME

320+

Accounts

Analyst Reports
Leadership 20 FY18

Automation Arbitrage
19,000 people

equivalent productivity

o 60 @ B

3,200+
Bots Deployed FY18
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Speedup compared to baseline 1.0

HIGH PERFORMANCGE AT SCALE

SCALING OF TIMETO TRAIN

Intel® Omni-Path Architecture, Horovod and TensorFlow®

measured in time to train in 1 nodes

8 Nodes

1 Node 2 Nodes 4 Nodes

TOTAL MEMORY USED

192GB DDR4 PER INTEL® 25 XEON® 6148 PROCESSOR

514.4GB

251.26B

84308 128.66B

8 No\a'e.s

1 Node 2 Nodes 4 Nodes

MULTISCALE CONVOLUTION NEURAL NETWORK

t

OPTIMIZED LIBRARIES

Intel® MKL/MKL-DNN, =1
cIDNN, DAAL

INTEL" OMNI- PATH ARCHITECTURE =

XEON

»
TensorFlow ¢

4

‘<
Other name: db nds myb claimed a: sthepropertyof other:
§ Configur t CPUX 6148@ GH , Hyper-threading: Enal bldNICItl Omni-Path Host Fabric Interface, TensorFlow: v1.7.0, Horovod: 0.12.1, OpenMPI: 3.0.0. OS: CentOS 7.3, OpenMPU 23.0.0, Python 2.7.5
Time to Ta o g e to 99% a cyin model
Software and wo kl d sed in pe rf mance tests may haveb ptmlz ed for p erformance only on In t lm| croproc fo e tests, as SYSmark and MobileMark, al red using specific mp t y components oftw tions and fun s. Any change to any of those factors may cause the results IN'I'HAI nEV[mszs
to aer should ¢ lt other information and performance te t to assist you in fully ev l ating you tmpltdp h ld gth p frmn of that product when mb dW|th other products. plt frmt thttp/IWWW|tl m/prfrmn
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FLEXIBLE REAL-TIME INFERENCING e

FPGA PRODUCTS -3

-
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62.4

Images/Seconds

0 GPU 5000 0

T 1) = 10 P 2 )
45,546 images processed




DEEP NEURAL NETWORKS
_ PROJECT BRAINWAVE

DR. VIVEK SESHADR
RESEARCHER - MICROSOFT LABS
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PROJECT BRAINWAVE

A SCALABLE FPGA-POWERED SERVING . ?‘f
PLATFORM FOR DEEP NEURAL NETWORKS %
INDUSTRY-LEADING LATENCY (<2MS) AT w

ULTRA LOW COST N SR

DEPLOYABLE TO INTELLIGENT CLOUD OR
INTELLIGENT EDGE THROUGH AZURE IOT

J\ Azure

http://aka.ms/aml-real-time-ai
brainwave-edge@microsoft.com 00 JJ

’INIB. AIDEVCON2018
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http://aka.ms/aml-real-time-ai

Mowdius
WAZ48S
Myriad X

intel/ Movidius’
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7 ntel“) Movidius”

LEVET S
Myriad X :

BDeploy DNN and Computer Vision at the Edge
P16 and Fixed Point 8 bit support

S with 1 TOPS of DNN Compute at 1W
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intel/ Movidius’

A\l GENERATED MUSIC

VIN DOUGETTE
KATE RALLOT
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@ Nervana
NEURAL NETWORK PROCESSORS
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(intel') Nervana’

GOALS - RIGH UTILIZATION
_&MODEL PARALLELIM
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INTEL NERVANA™
NNP L-1000

In 2019

3-4x training performance
of first generation
Lake Crest product

SPRING CREST

PURPOSE BUILT DESIGN OPTIMIZED ACROSS
MEMORY BANDWIDTH, UTILIZATION, AND POWER
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ENABLE DEVELOPERS TO ACHIEVE THEIR Al VISION

CCOSYSTEM
COMMUNITIES

EER
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PRAKASH MALLYA

MANAGING DIRECTOR, SALES & MARKETING GROUP
INTEL INDIA




THE PROMISE OF DATA DRIVEN INDIA

OPPORTUNITIES

« 1B+ citizen data digitized;  + 3 largest footprint of * Our demographics
payment digitization Al startups*

* High friction verticals:

* 4G infra momentum, « 2nd |argest developer Healthcare, Agriculture
content explosion ecosystem in the world and Education

*Tracxn Startup Tracker ** McKinsey Qtrly Data # Intel MS&F and Economic Times

INTEL AT DEVCON 2018
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SUPERGHARGE YOUR ML MODEL

ATANUROY
AISPECIALIST SOLUTIONS ARCHITECT -AMAZON

Other names and brands may be claimed as the property of others




S

Personalized
recommendations

MAGHINE LEARNING AT AMAZON:

ALONG RERITAGE

Fulfillment
automation

/ inventory
management

amazon
O eair  2MZON
Cargo Voice driven

interactions

amazon go

Inventing
entirely new
customer
experiences

LIS
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= BUILD

—

Pre-built Built-in, high

notebooks for performance
common algorithms
problems

AMAZON SAGEMAKER

TRAIN

) &

One-click
training

[7)

Hyperparameter
optimization

DEPLOY

4/%

One-click
deployment

&

Fully managed
hosting with auto-
scaling
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PHILIPS BONE-AGE DL INFERENCE

RAVI RAMASWAMY

PHILIPS HEALTHARE - SENIOR DIRECTOR - ey %

Al

INTEL AT DEVCON 2018




PHILIPS BONE-AGE DL INFERENGE MODEL ON
INTEL" XEON™ PROCESSOR PLATFORM

BIOMEDICAL IMAGE BASED
ANALYTICS FOR DISEASE
SCREENING/DIAGNOSIS

HEALTHCARE ANALYTICS WLs
OPTIMIZATION ON
INTEL® XEON® PROCESSOR

XEON

inside”

40X IMPROVEMENT IN INFERENCE
PERFORMANCE
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Al FOR SAFE
MOBILITY

DR.C. V. JAWAHAR

AMAZON CHAIR PROFESSOR, CVIT,
IT-HYDERABAD




INDIA DRIVING DATA SET

AN INTEL & IIIT-HYDERABAD INITIATIVE

DATA MAKES Al POSSIBLE Enabling Al Research in Unstructured Driving
Conditions & Innovations around Safe Mobility

il WORLD'S FIRST PUBLIC DATA SET OF
Better INDIAN DRIVING CONDITIONS

Reasoning
and Actions
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ENABLE DEVELOPERS TO ACHIEVE THEIR Al VISION

SOFTWARE ~ ~ ‘HARDWARE. ECOSYSTEM
T00LS PLATFORMS~ COMMUNITIES
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HELPING MAKE YOUR
AIVISION A REALITY
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RISK FAGTORS

Today’s presentation contains forward-looking statements.
All statements made that are not historical facts are subject
to a number of risks and uncertainties, and actual results may
differ materially. Please refer to our most recent earnings
release, Form 10-Q and 10-K filing available on our website
for more information on the risk factors that could cause
actual results to differ.
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