Data Drives “Smart”

Glenn.Ricart@us-ignite.org
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How Much Data 1s About You?



Measuring Volumes of Data

1 Kilobyte (KB) = 1000 characters (bytes) of data

1 Megabyte (MB) = 1,000,000 bytes

1 Gigabyte (GB) = 1,000,000,000 bytes (English Wikipedia text approx. 20 GB)

1 Terabyte (TB) = 1,000,000,000,000 bytes (All of Glenn’s photos — lifetime — 50,000)

1 Petabyte (PB) = 1,000,000,000,000,000 bytes (Human brain approx. 2.5 PB)

1 Exabyte (EB) = 1,000,000,000,000,000,000 bytes (All the files backed up by Backblaze)
1 Zettabyte (ZB) = 1,000,000,000,000,000,000,000 bytes

Measuring Speeds to Move Data

1 Kbps = 100 bytes / sec. (dial-up modem)

1 Mbps = 100 KB / sec. (25 Mbps (down) = broadband (FCC))

1 Gbps = 100 MB / sec. (Google Fiber introduced 1 Gbps; fastest networks now 10 Gbps)
1 Tbps = 100 GB / sec. (FABRIC Research Network intended speed per fiber)

Measuring Time
1 ms = 0.001 seconds
1 us = 0,000001 seconds
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History of speeds to homes and small businesses
1970s: Dial-up, 14.4 Kbps ARPAnNnet only
1980s: Dial-up, 28 Kbps AOL & others
1990s: Cable, 10 Mbps; graphics & browser
2000s: DSL at 1.5 Mbps; cable at 10 Mbps
2.5% of homes to 28%
2010s: Fiber at 1 Gbps
2020s: Fiber at 10 Gbps
2030s: FABRIC at 1 Tbps (in research now)

Glenn’s Postulate: speeds double every two years |
@®usignite
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Information transmission rates

of the senses

sensory system bits per second

eyes 10,000,000
skin 1,000,000
ears 100,000
smell 100,000
taste 1,000

Source: Encyclopedia Brittanica, article
on Psysiology, retrieved online

10/21/2020.
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Size of Glenn’s Data (personal account)
My personal data being kept at home = 10 TB
Everything Google says they have about me = 80 GB

Google

Your account, your data.

We've finished creating a copy of the Google data you requested on October 19, 2020. However,
we were unable to create a copy of all your files. You can still download your files until October 26,
2020, but please be aware that there will be data missing. Inside your export you will find an htmi
file that will have more details about the errors.

Your download will contain data from 57 products.
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We've received and are processing your request to access your personal data.

We will provide your information to you as soon as we can. Usually, this should not take more than a month. In
exceptional cases, for example if a request is more complex or if we are processing a high volume of requests, it might
take longer, but if so we will notify you that there will be a delay.
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Size of Glenn’s Data (personal account)

My personal data being kept at home = 10 TB
Everything Google says they have about me = 80 GB
Number of web sites storing stuff about me = 187
Number of remembered passwords = 746

Number of authenticators = 6

Continuous Reporting

My location
My heart rate, steps, floors climbed, distance traveled, Afib, SpO,
Presence detected by Alexa and Google

Home Internet Usage (no TV) during COVID-19
6 GB down; 6 GB up; per day = 12 GB/day

@®usignite




National Downstream Peak Growth

Observed Increase in Peak Consumer Usage
Change in Pre-COVID Internet Usage Since Early March

@ Growth Since 3/1
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Source: Data from NCTA Member Companies and Others

Ohio second highest state at 24.2%




National Upstream Peak Growth

Observed Increase in Peak Consumer Usage
Change in Pre-COVID Internet Usage Since Early March

@® Growth Since 3/1
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Websites
Facebook.com

170M
Feb. 29
First U.S. Covid-
19 death
120M Jan. 15
Apps
Facebook
348M
340M

+27.0% Netflix.com
26M

Average daily
traffic

16M
March 24

+16.0%

Ehe New Jork Times

+1.1% Netflix
120M

118M

+0.3%

YouTube.com +15.3%
200M

160M

YouTube -4.5%
32M

29M

Note: Averages are calculated with traffic numbers from each date and the six days preceding it in order to
smooth out weekly variations (recreational internet use, for example, often spikes on the weekends). Percent
change is from the average on Jan. 21 to the average on March 24. Daily app ftraffic is measured in sessions
— the number of times the app is opened — and one user can have multiple sessions in a day. - Sources:

SimilarWeb, Apptopia
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With the rise of social distancing, we are seeking out
new ways to connect, mostly through video chat

Google Duo (app) +12.4% Nextdoor.com (web)  +73.3% Houseparty (app) +79.4%
4.8M 5.0M 1.8M
Feb. 29
First U.S. Covid-
19 death
Average daily
traffic
w
4.1M 3.5M 0.6M

Jan. 15 March 24

Percent change is from the average on Jan. 21 to the average on March 24. App daily traffic is measured in
“daily sessions.” - Sources: SimilarWeb, Apptopia

ignite




We have suddenly become reliant on services that
allow us to work and learn from home

Daily app sessions for popular remote work apps

Zoom

Feb. 29
First U.S. Covid-19 death

Google Classroom

Microsoft Teams
VPN Super Unlimited Proxy

™ Hangouts Meet by Google

Jan. 15 Feb. 1 March 1
App popularity according to i0S App Store rankings on March 16-18. - Source: Apptopia
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Data Drves Smart Things



Smartphone Smart Home

Smart Speaker
(Digital Assistant)

Smart

Thermostat Smart autonomous
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McKinsey&Company

New service business opportunities to

create new customer benefits

System control

Collects about 1 TB/h of operation

Harvard Journal of Law & Technology
Volume 32, Number 1 Fall 2018

WHO OWNS THE DATA GENERATED BY YOUR SMART CAR?

Sylvia Zhang*
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Amazon Discusses Ways That It's Monetizing Alexa

At Amazon's re:MARS conference, the company's VP of Alexa gives a glimpse into the revenue potential of its

voice assistant.
L

- ANNIE GAUS - JUN 6, 2019 9:46 AM EDT




Data Drives Smart Cities



Growth of Smart Services

Smart and Connected Community Applications Require Low-Latency,
High-Bandwidth

Smart and connected communities

Smart and connected autonomous vehicles
Smart health: e.g., continuous health monitoring
Smart digital assistants

Just-in-time education

Built-in cybersecurity

Smart workspaces

@ usignite



Growth of Smart Services

Smart and Connected Community Applications Require
Low-Latency, High-Bandwidth

Bandwidth needed for:
AR/VR, Al, big data

Latency converging on:
- Human response times
- Mechanical / chemical response times
- Electromagnetic response times
- Speed-of-light response times

@ usignite



Connected Collaboration Skype

3D telerehabilitation

Appllgatlon Latency Ihetantanagia’ty LOLA Buffered movies
Requirements humans  gerious gamers
3G response time Human remote robotic control
Vehicle motion control Haptic tele-surgery
Indoor geolocation High speed trading Power grid Smartphone Web
0.1 us 1 s 10 us 100 us 1ms 10 ms 100 ms 1s 10s
Electromagnetic People
Mechanical

@®usignite




Perishable Data from sensors or to actuators
Value in immediately actionable decision-making decreases over time

Value of datain
Decision-making
(e.g.,in
cyber-physical
system loops)

Actionable, e.g.,

ML training Historic
ML Recognition
Cyberphysical systems
uS ms S m h d

Time (delay in data delivery)

@®usignite




Power Microgrid Coordination
Milliseconds count
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Image: Penn State EMPower Research Group " wMicrogrid 1~ Microgrid 6 @ Usignife'



https://www.researchgate.net/profile/Husham_I_Hussein

Connected Vehicle Management

Milliseconds count

Platooning Vehicles

Time accuracy: 1 ms
React in <10 ms

@® usignite



Connected Vehicle Management
Milliseconds count

Intersection sharing

Time accuracy: 1 ms
React in < 10 ms

Dresner, Kurt, and Peter Stone. "A multiagent
approach to autonomous intersection
management.”" Journal of artificial intelligence
research 31 (2008): 591-656.
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Earthquake Prediction / Notification
Seconds count

P-wave precedes damaging S-wave

E—

S wave maximum amplitude '

2 (2.7 mm/s) l
Y
£ 1 *
£ |
S0
=
£ -1 / |
G : S wave arrival
Y P wave arrival 8.7 )
= S wave minimum amplitude

(-2.8 mm/s)
-3
0 2 4 6 8 10 12s

Time accuracy: 0.5 s ., |
Reactin<0.5s <@ usign ite
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Data Producers

City Data Assets

oﬂw

o‘ﬂ“’

Qgﬁ)

Third F':lrt1|_.|I Data

Figure 4.1 Data Catalog Domains

Data Consumers

Other Cities m

Citizens, Business,

@ App Developers

Trusted
Partners u*.r

N

Federal/State
Government
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Databrives Smart
Research and Learning

(See George lurner’'s session earlier-today)



4th paradigm:
(Big) Data-driven
Science

3rd paradigm:

Computational
science Artificial intelligence
(simulations) Siatic

2nd paradigm:
1st paradigm: Theoretical

Empirical science science
Physical Laws: Density Functional Uata mining;
Pattern and anomaly

detection, etc

tical learning,

Expenments MEChanIcs, [heory, Moelecular
nermodynamics, dynamics, etc

€—————A———————————————— >

1600 1950 2000

CC BY 4.0 Gabriel Ravanhani Schleder
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Big Research Data: Square Kilometre Array

South Africa and Western Australia
132,000 antennas
generatingl57 TB/s

= about twice estimated global
Internet traffic
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Deep Brain Stimulation Tuning

SCI Institute, U. Utah
US Ignite
National Science Foundation
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Data Drives
Artificial Intelligence
(Machine LLearning)

(See EnnivicCabe's session earlier:today)
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The data-driven world will be always on,

always tracking, always monitoring, always listening and
always watching - because it will be always learning.
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An IP PIN is a six-digit number assigned
to you as a taxpayer that helps prevent
the misuse of your SSN on fraudulent

federal income tax returns.

Location is not available

9 R:% iz not accessible,

The disk structure is corrupted and unreadable.
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Tech

ThelRSIsBeing
Investigated for Using
Location Data Without a
Warrant

JOSEFH COX

10.06.20

WIRED Magazine
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Data’s Ability to Carry Meaning

Concepts — Reasoning — Theories — Postulates — Musings - Misleading

Emotions — Feelings — Support — Arguments — Manipulation

Discourse — Debate — Name-calling — Slander

Comprehensive — Tailored — Selected — Taken out of context

@® usignite



Data’s Ability to Describe and Measure

Matches — Closely describes — Proxy for - Correlates with — Related to
Secure — Vulnerable — Forgotten — Lost — Stolen — Kidnapped

Appropriately — Misunderstood — Inappropriately — Intentionally Misused
Clean - Inaccurate — Outdated — Corrupted — Wrong

@® usignite



Data DrivessSmart Economies



6,000
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4,000
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298

The Number of Interactions/Capita/Day

4,909
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Zetabytes

180
160
140
120
100
80
60
40
20

Annual Size of the Global Datasphere

175 ZB
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How Much of Global Datasphere is Real-Time?

50

30%

20%

iD"’_-

% of Global
Datasphere

- Real-Time Data
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American companies alone are estimated to have spent over $19 billion in 2018

acquiring and analyzing consumer data, according to the Interactive Advertising

Bureau.
(Saonljjrcilc\e/:h\évilsREgnl\gallg?zi/rlz,/ggleg\.mRED Guide to Your Personal Data The data bro ker Industry |S
believed to be worth about $200
billion.

Source: LA Times, David Lazarus, Nov. 5, 2019, Shadowy data brokers make
the most of their invisibility cloak.
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GDDP Per Capita (in Terabytes)

How much data exchange a single person creates for the data economy?

Luxembourg
Macao SAR, China
Switzerland
Ireland

Norway

Iceland

United States
Singapore

Qatar

Denmark
Australia
Netherlands
Sweden

Austria

Hong Kong SAR, China
Finland

Germany

Canada

Belgium

Israel

Chart: Data News * Source:

52.29
38.33
37.38
35.86
34.38
30.52
29.76
29.74
29.53
27.27
25.03
23.91
23.53
22.92
22.22
22.19
21.09
21.06
21.02
19.89

GDP data from World Bank, size of data economy data from IDC. * Created with Datawrapper
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FIGURE 1: REAL U.S. GDP GROWTH, WITH
AND WITHOUT UNMEASURED DATA CONSUMPTION
(FIRST TWO QUARTERS OF 2012, ANNUAL RATES)

2.5%

2.0%

1.5%

1.0%

0.5%

0.0%

Real GDP growth Real GDP growth,
adjusted for
unmeasured data
consumption by
individuals

B Unmeasured personal dota consumption

B Published GDP growth

] |
Data: Bureau of Economic Analysis, . U S I n | Te
Progressive Policy Institute (data as of 810012




Project Overcome

Creative ways of connecting the unserved and underserved
* Fiber self-install kits, TV White space, CBRS, etc.

Five pilot communities; one year timeline
Community-based organizations within each community
Looking for measurable social impact

Working in league with existing organizations in this space

NDIA ILSR & ntenet (M)eertury

Z Cities

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL INSTITUTE FOR
Local Self-Reliance
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I!—SR Cooperatives Connect Rural America Commuﬁlty

INSTITUTE FOR
Local Self-Reliance I ersus Biocks Where Cooperatives Dffer Fiber Intemet Sarvice

Census Blocks Where Cooperatives Advertise Gigabit Fiber-1o-the-Home

ONTARIO QUEBEC

NORTH
PE
NOVA SCOTI

'\"-"r'OL‘.IN
©&
©S.
‘-, N@®

Los

San Diegoo
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Data Drives a Smart You



N\

About 2.5 Petaby!

Image: © Image courtesy of MGH-UCLA Human Connectome Project
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