Cloud Storage: The Next 40 Years

Frank Berry
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Network security
alert! Changing
encryption algorithm.
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I’'ve developed a new method
for compressing photos.




Cloud Storage Industry Road Map

Instrumented

.......
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Storage is instrumented and
accessible anywhere.

Storage management tasks
performed automatically based
on policies.

Self-Driving

® &

Global storage, server, network &
app service chains.

Artificial Intelligence allows storage
to recognize and respond to
complex problems and
opportunities.
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Billions of data sources shared by
governments and businesses.

Neural networks and deep
learning allows storage admin
avatars to develop capabilities on
their own.
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Millennials

Tech Savvy: 2 screens at once
Communicate with text
Curators and Sharers
Now-focused

Optimists

Want to be discovered

KPCB INTERNET TRENDS 2016

Gen Z (Post-Millennials, iGeneration, Founders ,I,ILEER ND

Generation, Plurals, Homeland Generation)

Gen Z

Tech Innate: 5 screens at once
Communicate with images
Creators and Collaborators
Future-focused

Realists

Want to work for success




Image Apps Usage Continues to Rise [T BR::NI

Age 18-34 Digital Audience Penetration vs.
Engagement of Leading Social Networks, USA, 12/15
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Video Views Growing IT BRI

Facebook Daily Video Views, Snapchat Daily Video Views,
Global, Q3:14 — Q3:15 Global, Q4:14 - Q1:16
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Video Evolution Accelerating

Live (Linear)

Traditional TV
1926
Tune-In or

Miss Out

Mass Concurrent
Audience

Real-Time Buzz

KPCB INTERNET TRENDS 2016

On-Demand

DVR / Streaming
1999

Watch on
Own Terms

Mass Disparate
Audience

Anytime Buzz

F——

NETELIK

Semi-Live

Snapchat Stories
2013

Tune-In Within 24
Hours or Miss Out

Mostly Personal
Audience

Anytime Buzz

ITBR
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Real-Live

Periscope + Facebook Live
2015/ 2016

Tune-In / Watch
on Own Terms

Mass Audience,
yet Personal

Real Time + Anytime Buzz




8K Ultra HD (9TB/hour)

4320p (8k Ultra HD) - 7680x4320

4k (16:9) - 4096x2304
2160p (4k Ultra HD) - 3840x2160

WQXGA+ - 3200x1800

720p [Standard HD) - 12E0x720

&Ry DD Widesrreen HTEC) - A51udsd
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3D ( 3 streams of 2K, 4K or 8K) [IBRND
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VR ,n streams o! 2k, 4k or 8\<) )
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VR Shopping: eBay & Myer in Australia BR*ND
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M o g
$ 9'339'686,239

AR (12)
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VR Shopping: Select an Iltem

ITBR
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VR Shopping: Size the Item ITBR/ND
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VR Shopping: Try Different Colors [TER:-ND
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VR Shopping: Done? Watch a Movie [T ERAND
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75,000,000,000

devices will be .
connected. In
mature markets,
people will have 5-
10 things
connected.

By 2020, 75 billion ITBR:N
PULSE

loT

Daily Number of Photos Shared on Select Platforms, Global, 2005 — 2015
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To App Servers
in Data Center

Video Management System

Video analytics
provide
occupancy, dwell
time and trip wire
by grid coordinates

Video Data Analytics

" HERSHE!

A

Sensor Data Analytics

Asset Tracking

23



Smart City of 1M = 200 Petabytes/Day LEBR"N

Connected Plane

40 TB per day (0.1% transmtted)

Connected Factory

1 PB per day (0.2% transmitted)

Public Safety

50 PB per day (<0.1% transmitted)

10 MB per day (5% transmitted)

Source: Cisco Global Cloud Index, 2015-2020

What Makes a Smart City?
Multiple Applications Create Big Data

A city of
one million
will generate
200 million gigabytes
of data per day

Intelligent Building

275 GB per day (1% transmitted)

5 TB per day (0.1% transmitted)

70 GB per day (0.1% transmitted)

Smart Grid

5 GB per day (1% transmitted)

24
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Data Doubling Every Two Years

of all data was created
in the last 2 years'’
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2016 — 2026

Media

(HDD & SSD)
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1 Terabyte HDD vs. SSD 22 ITBRND

4x

/\

32¢/GB 5.8¢/GB 30.6¢/GB 1.265/GB

~ aor

Crucial MX200 1 Seagate SAM _w'_lrm 850 Sandisk
1B Internal Constellation EVO 25" 11B Fusion-io

$324.99 $58.00 $306.07 $12,691.99
CDW (*ServerSup @) Newegg.c Dell

20% price drop
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All HDD Shipment Trajectory

Millions
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EnterpriseJ—IDD & SSD Cross Over in 2017
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Enteprise HDD Revenue = emEnterprise SSD Revenue
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HDD Road Map TBR;
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2026
2016

neon

ASTC Technology Roadma e

noes

Enterprise-class
HelioSeal

SMR HDD
ASTC T
= 100TB
ADVANCED STORAGE TECHNOL TIUM
HDMR = Heated-Dot

x
\\‘\““ Magnetic Recording
(BPMR+HAMR+TDMR)

Enterprise-class
SMRHDD

HAMR® = Heat Assisted
S Magnetic Recording with
e TDMR andj/or SMR
e PMR" = PMR with Two-
v Dimensional Magnetic Recording
(TDMR) and/or Shingled Magnetic |

Re ding (SMR)
PMR = Perpendicular ecgr ing { !

Magnetic Recording
: :

Areal Density (Tbfin

0.1
2013 2015 2017 2019 2021 2023
Year

IDEMA

ASTC Proprietary
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SN NIGERIET ITERAND

2026

_A digh Capacity SSD

2016
. * SSD capacity is already larger tf
sharply compared to HDI
# 3D Flash Memory (BiCS FLAS
for high density memory st

31



NVMe (PCle interface) SSD ITBR::ND

INTEL" $3Ds WITH INTEL" OPTANE™ TECHNOLOGY

Will Come in Many Form Factors

M2 U2 25IN ADDAIN

NVMe I]P]]MIZES LOW LATENCY WITH HIGH PERFORMANCE STORAGE

NVMe WITH 3D XPoir™ TECHNOLOGY

10,000 o o o

Latency (uS)

SSD NAND technology offers ~100X reduction
in latency versus HDD

NVMe™ eliminates ~20 us of latency today

3D XPoint™ technology reduces NVM latency
offering ~10x reduction in latency vs NAND SSD

(SSDNAND  SSD NAND S5O 30 XPoint™
CASAS/SATA  +NVMe™ NVMe™

[CESETESN- )
comparisons of Litency, density and wiite cycing metcs Amongst memory technologes recorded on publaned specibeatiors of (Intel
ienornal Intel specfcatom
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NVMe Displacing SATA SSD ITBRND
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VM
I [ ] .II

Ethernet
Next Gen

(RoCE)

Ethernet
(IWARP)

Fibre Channel
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Software Defined Storage (CapEx or OpEx) Best for ITBR:N

Unstructured Data PULSE-~" %o

$400,000

$350,000

5 Year TCO for  $300,000
250TB growing  $250,000
25% per year $200,000

$150,000
$100,000
4
$50,000 —; &
ZADARA
> Year 1 Year 2 Year 3 Year 4 Year 5
e EMC VNXe 3200 $192,922 $213,468 $242,108 $308,338 $380,010
NetApp E2700 $60,206 $87,838 $144,718 $196,890 $261,622
e NEC M110 $83,017 $103,285 $130,975 $178,055 $225,203
Seagate Ultra56 $55,979 $64,493 $87,555 $104,713 $123,774
emmmSUSE Enterprise Storage $70,100 $76,579 $84,825 $96,238 $108,607
e/ adara Storage $51,096 $55,284 S67,644 $81,264 $88,200

Source: IT Brand Pugqs



Time to start thinking about the next big thing ITBR-""-._'_!.D

(Storage Class Memory) \

Pivotal time for
HDD market.
Flash market
maturing fast.

@SE TE

Overnight success
The hard yards

36



The Next Ten Years: Pro Flash PoV [IBR:ND

Shipments of Enterprice-class HDDs by Seagate and Western Digital Total Enterprise & Hyperscale Flash/HDD Split Projection 2012-2026 ($m)

$60,000

$53,990

$50,000

$40,000

$20,000

Annual Revenue ($ m

$10,000

Total Enterprise & Hyperscale Storage HDD $million Total Enterprise & Hyperscale Storage Flash $million
Source: © Wikibon Server SAN Research Project 2015
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The Next Ten Years: Pro HDD PoV [TBR::ND

Shipments of Enterprise-class HDDs by Seagate and Western Digital 200
===performance Enterprise ea r

== == Capacity Enterprise
/
/

7

4

HDD 1

© 2015 Coughlin Associates

2
i -
v
2
c
L
£
S
2
L
v
(=)
=)
T

2016 2017 2018 2019 2020

38



ITBR:-ND
PULSE s+s % se0

2016 — 2026

Selling & Buying
(CapEx & OpEx)



Selling Storage

Public Cloud
Storage as a Service
(OpEx)

On-Premise
Storage as a Service
(OpEx)

On Premise
Storage
(CapEx)

virtustream. —

—
HP [
Helion—&——
O atst———>
verizon' ——>
SOFTLAYER__ M
. GOOSIG Cloud Platform —_—
Bm Microsoft Azure —>
Bl i growered by z
wisamazon ZADARA 5
¥ webservices
@rackspace@
the #1 managed cloud company
o _
CL .
 m— |
Hewlett Packard
Enterprise
HITACHI
= MC NeAE Inspire the Next
1998 2002 2006 2010 2014 2016
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Private STaaS The Next Best Thing in 2016 L} BR~ND

If | had to choose one method of acquiring enterprise storage for my
organization, | would choose to:

Buy on-premise server, storage and networking capital —H
equipment and keep our data on-site
Subscribe to on-premise private cloud storage, keep our data
on-site, and pay for what we use

equipment and keep our data on-site

Subscribe to off-premise public cloud storage, send our data
off-site, and pay for what we use

Lease on-premise server, storage and networking capital -

None of the above

L

0% 10% 20% 30% 40% 50% 60% 70%
41



Private STaaS The Next Best Thing in 2016  L[BRND

Which enterprise storage environment will offer best
price/performance with many different storage workloads?

S————

Private cloud block, file and object storage
Public cloud block, file and object storage

Other -

0% 10% 20% 30% 40% 50% 60%

42




Financing Enables Most IT [LER/ND

Equipment Finance Industry Size—Billions of Dollars

$1,800
$1,600

$1,400
$1,200
$1,000 W Equipment Not Financed
$800 ® Equipment Financed
$600
$400
$200
$- A , : : : . : . . .

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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Innovative Financing Helps People Buy Cars  L[BR:ND

Car Prices Length of Lease Monthly Payments % Cars Leased

Tttt

The average new car loan is 64 months and 27.5% of all new car purchases are
leases, the highest level of leases since 2006

44
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On Premise-as-a-Service

$1.50

Per Mile

S0 DUE AT SIGNING
Pay only for the miles you drive

$42,825 MSRP,7-speed automatic transmission, all season tires, daytime running lamps, rains sensor, glass
sunroof, power seat and steering column with memory iPod media interface, Sirius satellite radio, Harmon
Kardon sound system, heated front seats, 17” spoke wheels, AMG sport line package

45



Game Changer

il

Off Premise Ml Azure
Storage-as-a-Service Stack

.

webservices

amazon rackspace(:)

& ZADARA

ITBR:-ND
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On Premise
Storage-as-a-Service




10 Year Data Center Storage Revenue Forecast

$60,000

$50,000

$40,000

$30,000

$20,000

$10,000

S-

47
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LERAND

2015

2016

2017

2018

2019

2020

Public Cloud Storage OpEx

Private Cloud Storage OpEx

On premise and off premise

Traditional Enterprise Storage Capex

2021

2022 2023

2024
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Storage Brands



Storage Branding 2016 [TER:-ND

The Brand Ingredients

49



Storage Branding 2026 [TER:-ND

The Brand Ingredients

Easy Provisioning!

Select Zadara Engine

& ZADARA




Gartner Magic Quadrant: Cloud Storage (T BR

2014 2015 2016
AT&T #3 HP Out Oracle In

V & ZADARA

@c«sc Belongs here

1BM (SoftLayer)

Rackspace
°° Alibaba

0 Oracle

ABILITY TO EXECUTE
TE

ABILITY TO EXECU




2016 Cloud & On-Premise

ITBR ND
RELIABILITY
LEADER

ITBR NOD
INNOVATION
LEADER

Voted by IT Pros

Cloud Backup & Archive as a Service AWS AWS AWS AWS AWS AWS
Cloud Dedicated Enterprise Servers Aws AWS AWS AWS AWS AWS
Cloud Enterprise Class Storage AWS AWS AWS AWS AWS AWS
Cloud SSD Storage AWS AWS AWS AWS AWS AWS
Cloud Virtual Desktops VMware VMware VMware VMware VMware VMware
Cloud Virtual Servers AWS AWS AWS AWS AWS AWS
Cloud Unified Communications Microsoft Microsoft Microsoft Microsoft Microsoft Microsoft
On-Premise vs. Cloud Backup & Archive EMC & Veeam (i) AWS EMC EMC AWS AWS
s(‘);-vP;imise vs. Cloud Dedicated Enterprise HPE AWS HPE HPE s HPE
;)tr;-:;rgeemise vs. Cloud Enterprise Class EMC AWS EMC EMC o s
On-Premise vs. Cloud SSD Storage EMC Pure Storage EMC EMC EMC EMC
On-Premise vs. Cloud Virtual Desktops VMware VMware VMware VMware VMware VMware
On-Premise vs. Cloud Virtual Servers VMware VMware VMware VMware VMware
On Premi,se V,S' Cloud Unified Cisco Cisco Cisco Cisco Cisco Cisco



Zadara Storage ITBR-ND

ITBRAND \ ITBRND \0 ITBR:ND \Y ITBR/:ND

PERFORMANCE | | RELIABI‘LLITY‘ | INNUVA:TIUN PRICE
|\ LEADER | LEADER | LEADER | LEADER

ITBR/ND

MARKET
\LEADER

L\

Voted by IT Pros Voted by IT Pros 4 A\ \ VotedbyITPros 4 S Voted by IT Pros ; Voted by IT Pros

On-Premise On-Premise On-Premise On-Premise
Storage as a Service Storage as a Service Storage as a Service Storage as a Service
2016-2017 2016-2017 2016-2017 2016-2017

On-Premise
Storage as a Service
2016-2017
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eCommerce Brands Will Look Like This L BR::ND

QS gy St

Karo g Malba|

Associated
British Foods

Stle Mondelez —

|ntemulwnnl

‘ ol 1 sy R

///'

NS Vilte
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eCommerce Consolidation on laaS [IBR:ND

FA VI L

PARTICIANTS o ALIBABA Y TREE
Pro@onal pete

Service Providers Social Media

Y MiEEs MARKETPLACES q.AutoNavi
Location-Based

THE ALIBABA GROUP
Marketing

Affiliates WEP)  Ali=xpress'

Mobile Browser
Taobao.com

£27eesn
Financing %;a THALLCOM’ aAlibaba com'  Youwuits

Digital
- ) Entertainment

Alipay.com -I y )

Payment %.E.{% [ Sellers ‘ Buyers FZ folE2 s

Solution SR Y / S 5 5 \ P—
|

Logistics

‘amazon

Online and mobile commerce platrorm
TECHNOLOGY DATA TEAM

LYUNosS

L@ .un:ﬂ\‘

aliyin.com

CLOUD COMPUTING OPERATING SYSTEM
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Tectonic Shifts in IT Brands

SaasS
amaZOI‘I (JO l\[L
DC laaS ORACLE

Mobile Clients

DC Infrastructure

‘ ﬁCAI\E
! SA £ :'L= ONAGEES
' ) £ DL
. l/ ‘. 3 2 == ”Ttm
(AISER PERMANENT ‘ I NetApp
Wy o ol L afra],
L 3. ARM cisco
eCommerce facebook %’ ’!L||!vlm|an|ma;
= . 1
(Retail, Healthcare, ~ ~ = ME= MICI‘OSOf't
Banking) = = ‘(!_'Vab le YAHOO' = @
Media §pagroweredby
.‘.' alpsgzon . ,
webservices ,
: Time T "‘"‘@
Carriers Warner .
Cable:
‘9 .
verizon - BN Microsoft GM @

g" - 2
o " e G
—
Self-Driving

—
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Storage Technology

(Artificial Intelligence)



ITBR;" ND

From Mad Scientists to IT for the Masses PULSE %o

NASA Spin-Off Technologies

Infrared ear thermometers

Artificial limbs

Solar Cells
Freeze drying
Scratch-resistant lenses
Water purification
Portable cordless vacuums
Powdered lubricants

Space blanket

Aircraft anti-icing systems

Video enhancing and analysis systems

Firefighting equipment
OpenStack
Software catalog

Hyperscale Spin-off Technologies

Open APIs top to bottom
OCP Servers
OCP Storage
OCP Switches
Software Defined Data Center
Software Defined Networking
Software Defined Storage
Scale-out Storage
Scale-out Computing
Object Storage
NoSQL Databases
Hadoop
Containers
Artificial Intelligence

58



Integration of digital technologies with

human biosystems

The 4th Platform: integration of digital technologies
with human biosystems, and the use of digital
technologies to engineer biological systems at the
cellular and subcellular level.

The U._S. Miltary
Is Doveloping
Brain Implants To
Help Restore

The Future of
Qur Digital Senses §

Regenoeration
May Treat Spinal
! bt Injuries

Researchmade a |
"'smarnt’ tattoo that l‘ )
remotely controis b \“
POREHORY ! AZTN This 540,000
tod
Y

WA \\ J Robotic
od Exoskeleton
Lets the
Paralyzed Walk

ITBR:.N
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Prediction 10

By 2020, 1/3 of Health/Life Sciences
and CP companies will begin to
develop the first products and services
tightly integrating 3rd Platform
technologies with the human body.

"Augmented Humanity"
offerings will be mainstream in the mid-
2020s.

R&D/Innovators stage: now - 2021
Early Adopters stage: 2021-2026
Early Mainstream stage: 2026 -

59



Machine Learning as a Service ITBRNI

AMAZON ML

Machine Learning for developers

Google

Carlos Conde — @caarlco

MACHINE LEARNING 101

November 3, 2015

Tutorials

amazon

webservices

; : Amazon Machine Learning Azure Machine Learning Service
Ready to use Machine Learning models example use cases

Data Clients

* Fraud detection
* Demand forecasting ._, ‘
Predictive customer support X 4 P
[ i Blobs and Tables ‘

Click prediction ook e B

Relational DB (Azure SQL DB}
Cloud Stay tuned.. N -
oot A Vision API SpeechAPl Content personalization m o
Document classification oot v v

60



neu-ral net-work I 8R~ND

Noun

A computer system modeled on the human brain and nervous
system.

Simulates the behavior of biological neural networks, as in

pattern recognition, language processing, and problem solving,
with the goal of self-directed information processing.

61



Artificial Intelligence ITBR/ND
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Deep Learning — No More Feature Engineering  LIBRY :ND
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Speech/Audio
Processing

Applications
for Deep

.. Learning
Taste

64



TINY SMELL SENSORS CAN BE
PLACED IN PHONES, BUILDINGS,
CARS - ALMOST ANYWHERE ,

—
) ‘
S PREDICTIONS THAT WILL CHANGE f 069 716

OUR LIVES IN D YEARS.

YOUR PHONE
WILLBE ABLE
TO SMELL
WHEN YOU'RE
GETTING SICK.

PR

+ =

CONTEXT IS EVERVTHING :
OUR BRAINS COMBINE SENSE DATA FROM OUR NOSE 5 :
WITH INPUT FROM OUR MEMORIES AND OUR OTHER IN FIVE YEARS, COGNITIVE CCHPUTING
FOUR SENSES TO HELP US MAKE DECISIONS. SYSTEMS WILL BE ABLE TO NOT ONLY RECOGNIZE

ODORS, BUT PLACE THEM IN CONTEXT TO DRAW

HOW DO WE CONCLUS|°NS AND TAKE ACTION, SENSORS WitL
KNOW WHEN SNIFF OUT
SOMETHING b BACTERIA IN THE
gatzs::r i o2 FOOD SUPPLY,
N\ QLA PREVENTING OUTBREAKS.
RIGHT ? &%, ;\,,; 2 oA

THE HUMAN NOSE

CAN DETECT yp
TO A THOUSAND FARMERS WILL PLANT SENSORS [N S y

DIFFERENT CHEMICALS, THEIR FIELDS TO SMELL WHEN THE

®

WILL HAVE A SENSE OF SMELL.®?

DR. HENDRIK HAMANN Wi
RESEARCH MANAGER
PHYSICAL ANALYTICS, TBM

THCARE FACILITIES WILL BE INSTRUMENTED
SENSORS TO DETECT INFECTIONS .




Electronic Nose

CELTFIOTIEDTOUE 0O i




UNFORTUNATELY, OUR LIFESTYLES HAVE EVOLVED

TASTES VARY

AROUND
Taste FASTER THAN OUR BRAINS. il
Part4of 5 WHEN FOOD WAS HARD TO COGNITIVE
COMEBY, IT MADE SENSE SYSTEMS
TO EAT AS MANY WILL LEARN
5 PREDICTIONS THAT WILL CHANGE CALORIES AS-POISIOLA y TO ADAPT,

OUR LIVES IN S YEARS.

OUR SENSE OF TASTE HAS EVOLVED TO PROTECTUS

TODAY, FOOD I3 MORE ABUNDANT, BUT CUR
BRAINS STILL CRAVE HIGH-CALORIE FOODS.

069 7196 [FUTURE]...

FOODS THAT CONTAIN

THE MOLECULES OUR

PERSONALIZED WEB
APPLICATIONS WILL OFFER

- —_
| > :f:.",:s ohf.o? A RECOMMENDATIONS
: g BASED ON OUR
) @ SR AND FLAVOR
4 il = ) TASTE BITTER > PREFERENCES.
OR UNPLEASANT, % .
WHY DO SOME - ] ~ SWEET
THINGS TASTE - TR SCHOOL LUNCHES WILL BE
BETTER THAN g - SMLTY ‘ OPTIMIZED FOR KIDS'
OTHERS ? s : surAM PALATES, MAKING VEGGIE
= 1 ﬂ DISHES ALMOST
%” ——— T T T e AS POPULAR
R e e o e AS DESSERT.
g Rk ] 0 T TR WOl A Ve W, T N
LT 4 ra 2 wrA TEOA e e
YOUR TONGUE
IS LIKE YOUR

OWN PERSONAL
CHEMISTRY LAB,
ANALYZING THE
MOLECULES IN

THE FOOD YOU EAT.

IN FIVE YEARS, COGNITIVE sYsTEMS wWiLL BE
ABLE TO INVENT NEW RECIPES THAT APPEAL TO
OUR SENSE OF TASTE = WHILE ALSO MEETING OUR

NEED FOR FOODS THAT ARE HEALTHY, SUSTAINABLE

‘IN FIVE YEARS, compurers wi

KNOW WHAT YOU LIKE TO EAT BETTER THAN YOU 00.>>

RECIPES WILL AUTOMATICALLY
ADAPT TO INCORPORATE

LOCAL, SEASONAL INGREDIENTS,
MAKING AGRICULTURE MORE
SUSTAINABLE.



g 4
Touch @
Part1of 5 AS OUR FINGERS Press, 069 1196 [FUTURE...
i probe or pass over
OBJIECTS, OUR NERVES (

T ONLINE SHOPPERS
S PREDICTIONS THAT WILL CHANGE ﬁ%" PRERCE ] i
GQUALITY AND
OUR LIVES IN S YEARS. FLOW OF A
- WHICH OUR BRAINS CAN GARMENT BY
@ ZI . INTERPRET — CREATING S;‘I":omN%:w
NI~ THE SENSATION To! -
| = ) N E TION OF TOUCH ON THE SURFACE
OF THEIR PHONE,

m MAKES DIFFERENT SURFACES

FEEL DIFFERENT TO THE TOUCH ? ARTISANS

IN DEVELOPING

COUNTRIES WiILL
THE SURFACES OF ACCESS NEW
MARKETS BY

EVERYDAY OBJECTS
INVITING RETAILERS

TO EXPERIENCE
THEIR WARES
ONLINE.

FORM A
microscopic
landscape

OF NEARLY ENDLESS

VARIETY.

DOCTORS

HILL BE ABLE TO
PROVIDE HANDS -ON
EXAMINATIONS

TO PATIENTS

IN REMOTE
LOCATIONS.

SOON COPPUTING systems
MILL BE ABLE TO UNDERSTAND THE WAY OUR
BRAINS EXPERIENCE TOUCH - AND RE-CREATE THAT
EXPERIENCE WITH LIFELIKE PRECISION USING
VIBRATION, PRESSURE AND MOVEMENT.

¢ FIVE YEARS OV
YOU WILL BE ABLE TO TOUCH
THROUGH YOUR PHONE. *°

ROBYN SCHWARTZ
RETAIL INDUSTRY EXPERT, IBM

ADVANCED APPLICATIONS
WILL COMBINE TOUCH
WITH OTHER SENSES
TO DETERMINE,
FOR EXAMPLE, IF A
DRIVER 15 T0O
TIRED TO DRIVE,

2%

gl
[y
]
[}




Inspired by The Brain

Simpla visual form
edges, comers

iy The firs
" that receives information in the
60-80ms o

., 0 visual cortex are sensitive to
PID “ i : ) S :
e @ specific edges while brain regions

' AIT 4 forms, feature ) xe e g g =
(o me s e P 0 further (IQf-.,“..y'n the visual pipeline
' descrigtions, are sensitive to more complex

faces, objects

niintnd structures such as faces.

~-160-220 ms

Our brain has lots of neurons connected together and the
between neurons represents

all significant mental algorithms are
learned except for the learning and reward machinery itself

ITBR:"

PULSE --

What separates the
future of computing
from the past




Deep Learning Basics

seee

A deep neural network consists of a

bose| .
pene (*)
-ou-’~ A

A':V ;o
'::-ou
(o

whereby each layer
iInto more abstract representations (e.qg. edge ->

nose -> face). The output layer combines those features to make predictions

ITBR:"
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Neuromorphic Chips

IBM TrueNorth is a

ITBR:-ND

PULSE L XX ] .-..-.

that implements

networks of integrate-and-fire spiking artificial neurons and uses

onlyatiny 70 f power —

than traditional chips. The system is designed to be able to run

deep-learning algorithms

Traditional : Neurosynaptic
computers /§ chips

1 million
Programmable Programmable
Neurons Synapses

holistic
computing
intelligence

Neurosynaptic
Cores
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Conversation [T BR::ND

JOAQUIN PHOENIX  AMY ADAMS  ROONEY MARA

Neural Chatbot: given the previous
sentences in a conversation.

I 4 The LSTM remembers facts, and performs

common sense reasoning in the trained domain.

OLIVIA WILDE = »< SCARLETT JOHANSSON

Human
Machine: to

Human: what is the purpose of living ? Machine: to have a life

Machine: to live forever Human: what is the pury

Human: v

Machine: to find

we get to the planet earth

Human: v

Philosophical Q&A — Network trained with OpenSubtitles (movie subtitles)
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Vision

ITBR:.N

PULSE--

with superhuman ability
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Diagnose Cancer

(Al + Pathologist) > Pathologist

3.5%

0.5%

Study Al model Al model
Pathologist + Study
Pathologist

the Receiver Operator Curve

round truth diagnoses

ITBR:"
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Deep Learning

Researchers trained their
models with millions of labeled
iImages to find the probability
that a patch contains cancer,
eventually creating tumor
probability heatmaps.




The Cure for Cancer Is Data—Mountains of Data L] BR< ._"“3

“Can we do better for human well-being
if information is more broadly accessible,
where you’re leveraging the mindshare of
the entire planet to evolve the models of
disease?” Schadt asks. “Absolutely.” This
is medicine as math, not guesswork, and
every disease—even stage 4 cancer—
might one day be druggable.

- Wired
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Save Energy ITBR::H

High PUE ML Control On ML Control Off

Low PUE

DeepMind Al using a system of neural
networks trained on different operating scenarios and parameters within
Google’s data centers.
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Voice User & Admin Interfaces

Network security
alert! Changing

AAAAEHAHEDEDE
i | 8} 71 1 [ 3 i [ [
Y |3 |1 [ )Y [T A T [ )
N 11 oY 13 13 1 717 A

eworn

Punch Cards for
Informatics
1832

Mainframe Computers
(IBM SSEC)
1948

Commercial Use of
Window-Based GUI
(Xerox Star)
1981

KPCB INTERNET TRENDS 2016

S |

Electromechanical
Keyboard Computer (Z3)
1872 1941

Trackball Joystick
1952 1967

Commercial Use Commercial Use
of Mouse of Mobile
(Apple Lisa) Computing
1983 (PalmPilot)
1996

Electronic Computer
(ENIAC)
1943

Microcomputers
(IBM Mark-8)
1974

Paper Tape Reader
(Harvard Mark 1)
1944

Portable Computer
(IBM 5100)
1975

By si

Touch + Camera -
based Mobile
Computing
(iPhone 2G)
2007

Voice on Mobile

Voice on Connected /
(Siri) Ambient Devices
(Amazon Echo)

encryption algorithm.
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Voice Gaining Search Share ITBR::N

September 2014 May 2016

Baidu - 1 in 10 queries Bing — 25% of In five years time at least 50%

come through speech. searches performed on of all searches are going to be
- either through images or

Wmdo_ws 10 taskbar e

are voice searches per

Microsoft reps. Andrew Ng
Chief Scientist, Baidu (9/14)

l

Siri — handles more Amazon Echo - Android-1in5
than 1 billion requests fastest-selling speaker searches on mobile
per week in 2015, @ for ~25% of app in USA are voice
through speech. USA speaker market, searches & share is
per 1010data. growing.

KPCB INTERNET TRENDS 2016




Person to Machine Voice Interaction Adoption Keys L BR~NO
As speech recognition accuracy goes from say 95% to 99%, all of
us in the room will go from barely using it today to using it all

the time. Most people underestimate the difference between

95% and 99% accuracy — 99% is a game changer...

No one wants to wait 10 seconds for a response. Accuracy,

followed by latency, are the two key metrics for a production
speech system...

ANDREW NG, CHIEF SCIENTIST AT BAIDU
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Machine Speech Recognition @ Human Level
for Voice Search in Low Noise Environment

Next Frontier = Recognition in heavy background noise in far-field &
across diverse speaker characteristics (accents, pitch...)

Words Recognized by Machine (per Google), 1970 — 2016
10,000,000
1,000,000 T

@ ~90%
100.000 accuracy

@ ~70%
10,000 accuracy
1,000

100 /

10

L]
£
=

(]

[1+]
=

>
2
T

Q
N

c

=)

<3

(]

aQ
o

L]
B
S

1

1970 2010 2016
KPCB INTERNET TRENDS 2016
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What | do remember is that
Cisneros told-the joke in
Spanish; and | heard it in
English.

The demo’s still early: it only
worked in one of my ears,
and the joke’s punchline
didn’t come through for a
really awkward five seconds
or so. But it felt like the

“ beginning of something big.
- Wired
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Self Driving Cars

NHTSA - Automated Driving System Classifications

c
L2
ko
o
=
@
@
(=]

* Driver in complete and
sole control of primary
vehicle controls (brake,
steering, throttle, motive
power) at all times.
Systemns with warning
technology (e.g.
forward collision
warning) do not imply
automation

Automation of one or
more primary vehicle
control functions, but no
combination of systems
working in unison

two primary vehicle
contral systems
working in unison

+ Automation of at least

+ Driver able to cede full

control of all safety-
critical functions under
certain conditions
Driver is expected to be
available for occasional
control, but with
sufficiently comfortable
transition time

* Vehicle can perform all

safety-critical driving
and monitoring
functions during an
entire trip

ABS + Tesla Autapilat

Cruise Control + GM Super Cruise

Electronic Stability (2017)

Control

Park Assist T
T=5SLnmA

Google Car (manned
prototype)

» Google Car

Go glc

Since cars invented
(1760s)

1990s — Today + 2010s

KPCB INTERNET TRENDS 2016




A Metric for Success: Miles Driven [IBRND

Google (Level 3/ 4 Autonomy) Tesla (Level 2 Autonomy)

/ 780M miles SIS \ -100M/miles >
nnlmonunwm~mcu Sl "?.'_"f'ff‘_"""‘ OPILOT ACTIVE
y

Tesla customers have drive
mules with Autopilogactive

KPCB INTERNET TRENDS 2016
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Self-Driving Storage

ITBP — Self Driving Storage System Classifications
L3

Description

Example

Time
Frame

LO

Admin in complete and
sole control of primary
storage controls (media,
volume management,
backup, replication,
dedup, compression) at
all times.

Since enterprise-class
storage invented -
1960s

L1

Automation of one or
more primary storage
control functions, but
no combination of
systems working in
unison

Virtualization (RAID)
Automated backup
Storage monitoring

1990s - Today

DEALEMC

L2

Automation of at least
two primary storage
control systems
working in unison

HSM
Storage migration
QoS

o |
Hewlett Packard
Enterprise

2000s - Today

Admin able to cede full
control of all performance
and HA critical functions
under certain conditions.
Admin is expected to be
available for occasional
control, but with
sufficiently comfortable
transition time

AWS, Google, Azure
Service Chains

_ Emigeoveredty .
wsamazon (. 00qgle:

# webservices

2010s - Today

ITBR:“ND
PULSE **- LY

L4

Self-driving storage can
perform all performance
and HA-critical driving
and monitoring
functions 24x7, 365 days
ayear

Artificial Intelligence

pAYAVS
84



A Metric for Success: Admins Per Server L BR/:ND

Hyperscale Enterprise

20,000 Servers per Admin -, 7'250‘0 Servers,per Admin

Servers are fully instrumented and Best-in-class VMware environments
integrated with analytics and automated
server management software
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Blizzard and DeepMind have created an open test ITER, .ND

environment within the StarCraft Il game for
artificial intelligence researchers to use worldw*.

\i?’

;&LA‘Z%"M\L T

Google DeepMind

“In playing StarCraft, the Al system will have to come up with real-time strategies for
choosing one of the three distinct races at the beginning of the game; choosing when and
how to farm minerals and gas; deciding when and which buildings and units to construct;
and scouting unseen areas of the map and remembering that navigational information

over the course of the game.

An Al engine would therefore have to make use of the skills of memory, mapping, long-
term planning, and adapting to changes in plans using information that is continually
being gathered, which translates to hierarchical planning and reinforcement learning.”
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Zadara Enterprise Storage-as-a-Service 2026 ITBR: .ND

&
ZADARA

STORAGE

“In deploying enterprise STaas, the Al system will have to come up with real-time
strategies for choosing one of the three distinct platforms (public, on-premises or hybrid)
at the beginning; choosing where, when and how to implement service levels; deciding
where, when and which storage media to deploy; and scouting unseen areas of the
application environment and remembering that navigational information over the course
of the service agreement.

The Zadara Al engine would therefore have to make use of the skills of memory,

mapping, long-term planning, and adapting to changes in plans using information that is
continually being gathered, which translates to hierarchical planning and reinforcement
learning.” 87



Goal Based Al I 8R~ND

Traditional Programming

VPSA

Machine Learning
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2026 - 2056
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Medicine

Rer - I |

v, Lighting :

_"‘7 /A IID_uIIeys Telephone &S Artificial
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Evolution of Storage Technology
Written  Mainframe Client-Server Cloud Bionic

asstkeBaith

7 million BC 2500 BC 1960 1980 2016 2056
(last common ancestor)

ITBR:ND

PULSE -



Anatomy of a Software Defined Data Center L[BR:ND

Servers
Nervous system

Facility

Circulatory system

93



100 Billion Neurons (Servers) in Each of Our Brains L] BR ._ND
10,000 synapses per neuron

100 trillion to 1 quadrillion connections

The Cell Body is the neuron’s powerhouse, responsible
for generating energy and synthesizing proteins

Q

Axons (white matter) are
long nerve fiber that
conduct information from
the cell body in the form of
an electrical impulse

Axonal terminals are

end points of an axon’s
branches, where electrical
impulses are discharged;
releasing neurotransmitters to
other cells’ dendrites

Dendrites pick
up signals from
other Neurons

Source: National Geographic, The New Science of t|%43rain



Densely Packed (in the Data Center) ITBR/ND
P

100 Microns 10 Microns 3 Microns

Cell Bodies Dendrites Dendrites  Axons Dendrites  Axons

Source: National Geographic, The New Science of tl%%rain



Massive Parallel Processing Before Output ~ L[BR::ND

Many receptors L Motor Many transmitters
Personality

Emotions | Sensory — A

. O
‘ Problem Solyingy } )

.

-

lReasonlng / Hearing
Language

/' Speech P

( v Balance and

- ‘ 3 ,"‘ciordination -

- -

y)
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A helmet of
sensors at the B
Martinos Center \
for Biomedical
Imaging — part of
a brain scanner
requiring almost
as much power
as a nuclear
submarine.
Antennas pick up
signals which
computers
convert into
brain maps (see
next slide).

Source: National Geographic, The New Science of tl%7Brain




100,000 Miles of Network Cable

ITBR:-ND

PULSE »°* o 200

The brain’s many regions
are connected by 100,000
miles of fibers called white
matter—enough to circle
the Earth four times.
Images like this reveal the
specific pathways
underlying cognitive
functions. The pink and
orange bundles transmit
signals critical for language.

Source: National Geographic, The New Science of tI%&rain



1 Billion Terabytes of Storage I1BR~ND

Almost 3x data to be produced in 2020

'
450,000 terabytes 1.3 billion terabytes
(.45 exabyte) (1,300 exabytes)
Storage capacity needed to Storage capacity needed to

produce mouse brain image produce human brain image

Source: National Geographic, The New Science of tI%%rain



20 Watts of Power
CFL light bulb Desktop & Monitor
18 watts (in sleep mode)

1-20 watts

Nintendo Wii
18 watts

|

Human Brain
20 watts

[T BRND

PULSE"-

Ceiling fan
24 watts
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Server Configured Like a Human Brain L BR4ND

>100 PetaFLOPS Processing Power 1.3 Billion Terabytes of Storage

3.3 Pounds —— 20W Power

77 Cubic Inches
19” Wide x 1.75” (1U) High x 2.3” Deep

10,000 Network Ports 100,000 Miles of Cabling Included
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World’s Most Powerful Supercomputer

Sunway Taihulight
93 Petaflops
40,000 Nodes
10M Cores
1.3PB Memory
15MW Power
2,250ft? Floor Space
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>100 Petaflops Needed to Simulate 1 Mouse B&F:ND

All Human Brains

YottaFIOPS (10%%) Sunway TaihulLight

ZettaFIOPS (101
S World’s Most Powerful

PetaFIOPS (10%5)
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One Insect Brain

1920 1940 1960 1980 2020 2040 2060 2080

1900 2000 2100




We've just started [TBR::ND

Scale-out servers

(L
High bandwidth, low-
SW and HW latency networks SW and HW vision,
vision, hearing, hearing, language, etc.,
language, etc., transmitters
receptors

Source: National Geographic, The New Science oflIQABrain



SW Instrumentation: Open APIs Up in ITER/ND
Cloud Platforms

W D VYATTA. BRI e & ZADARA

openstack
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SW Instrumentation: Open APIs Down to ITBR:ND
Light Bulbs R

Apps - Mobile apps,
web apps, desktop ) . ) .
apps for cloud- Business-specific Applications
connected
experiences

@ ] % Business-specific Services,
: > .8 Web Frontends ) m
Services - Cloud- =i 'E E §
based software h°f§ 3 ) 8
services, o3 8 Q. §
application back- ﬁ§'§ (%) o a
b opR © g
" el E 3
ge S S S
S3 (o) (@) 'E
=4 5
o o : = T
. . '. . Business-specific Data,
Field Devices - u Algorithms, Workflows, Dashboards
Gateways, building

servers, bridges,

om 1 o s
modules U | susiness-specific 01

i
Apps - mobile apps for ﬂd ¢ o R Connectivity
control,
commissioning, offline Business-specific Applications

(non-cloud) connected
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HW Instrumentation: Networking [T ERAND

Microsoft Project Catapult °

FPGAs generate and consume their own
networking packets independent of the hosts,

Appliance

Every FPGA in the datacenter can reach every
other one (at a scale of hundreds of thousands)
in a small number of microseconds, without any
NETWORK intervening software.

Server CPU

FPGA resources are an independent computer in
the datacenter, at the same scale as the servers,
that physically shares the network wires with
software.

FPGA (NIC)
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HW Instrumentation: Graphics Processing LIBR~ND

HOW GPU ACCELERATION WORKS

Application Code
o
Compute-Intensive Functions !
‘T = Rest of Sequential
RSN e : CPU Code
GPU 80% of run-time , CPU
i E
E====A===:E 1 e
= CUDNN = ,
S ~ J
+
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Brain-Computer Interface (BCl)

Response selectivity: the
“JerF:nifer' Anisfon;nﬁeu “Move cursor” “Move arm”

AR GARENSE

Fully implantable multichannel
recording device

L e e L I ;
RPMARNAD®S®A

b LA AU PR DEt‘EFﬁUn '_:]fthe Wireless
M EE RS EE JUPE §l¥y —— brain activity ink
L b 22 ke . s \ ﬁ
R —_ |
= JPorlable
g controller

‘&\ /// Mecm
actuators with

both power and '

accuracy

Touchand %
position
Sensors

L2k
pilE="
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Bionic Brain

“People with spinal cord injuries can’t
move because the brain and body

no longer communicate. Scientists
hope to restore motion with a
mechanical skeleton controlled by
the wearer’s thoughts. It’s a daunting
challenge: Hundreds of sensors

must be implanted in the brain to
send commands to the exoskeleton.
Signals must also travel in reverse,
from touch sensors telling the brain
where the body is in space.”

Electrodes the width of a human hair
are arranged in arrays like bristles in

| atoothbrush. Experiments on

monkeys use four arrays to
monitor 2,000 neurons.

Many more would be needed for a
human to walk.

Multiple electrode arrays send
signals to a central processing unit
in a helmet, which compiles signals
into coherent commands.

Commands are transmitted
wirelessly to a backpack computer
that coordinates the complex
motions needed to walk.

Tiny motors on the exoskeleton
pick up computer commands to
move joints and limbs.

To sense where the body is in space,
the exoskeleton is dotted with sensors
that pick up texture, movement, and

'_ J pressure through a plastic covering,
' much like a touch screen. These sig-

nals are transmitted back to the brain.
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Avatar Project Milestones

Avatar D 2040- 2045

A hologram-like avatar

Avatar C 2030- 2035

An avatar with an artificial brain in which a human personality
is transferred at the end of one’s life

Avatar B 2020- 2025

An avatar in which a human brain in transplanted at the
end of one’s life

Avatar A 2010- 2020

A robotic copy of a human body remotely controlled via BCI

2045.COM



Brain to Brain Interface (B2B) ITBR/ND
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BCI

Brain
Computer
Interface

nitter

Wireless EEG

activity

Mind =» Brain

Emiter:
motor imaginery
(hands=1, feet=0)

Robotized
TMS

phosphene=1

hands=1 Robotized

BCI .......O...........> Nav'gation

processing code

BLUETOOTH INTERNET NEURONAVIGATION
EEG data CODE: 0010010... Coil location/orientation

CBI

Computer
Brain
Interface

TMS caoil

Conscious
perception
of light

Brain =» Mind
Receiver:
phosphene nzrception
(yes=1, no=0)
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Thank-You

frank.berry@itbrandpulse.com
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