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“Creative Destruction is the essential fact about capitalism.”

“Capitalism, then, is by nature a form or method of economic change
and not only never is but never can be stationary....

The fundamental impulse that sets and keeps the capitalist engine in motion
comes from the new consumers’ goods, the new methods of production

or transportation, the new markets, the new forms of industrial organization
that capitalist enterprise creates....

The opening up of new markets, foreign or domestic,

and the organizational development from the craft shop and factory

to such concerns as U. S. Steel illustrate the same process of industrial mutation—
if | may use that biological term—

that incessantly revolutionizes the economic structure from within,

incessantly destroying the old one, incessantly creating a new one.

This process of Creative Destruction is the essential fact about capitalism.”

—Joseph A. Schumpeter, (1942) Capitalsim, Socialism and Democracy, pgs 82-83.
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We have seen five industrial revolutions: what will be the sixth?

1 2 3 4 5 6
1780 - 1840 1840 - 1900 1900 - 1950 1940 - 1980 1980 -2020 What comes next?
First industrial revolution Second Third Fourth Fifth
- iron making - steel making - electrification - petrochemicals - personal computers
- cotton spinning - railroads - internal combustion - plastics - internet
- water power - electronics
- steam power - computing
Time between peaks almost 60 years shrinks to about 40 years*

\\\\\\\\\\\\\\\\\\\\\\\‘\\\\‘\\\\
1700 1800 1900 2000 2100
1698 1769 1825 1869 1937 1981
Savery builds Awkwright patents Erie Canal opens Transcontinental Turing described  IBM BC introduced
first steam-powered pump spinning machine railroad completed universal machine
relying on vacuum using water power
1712 1855 1908 1948 1994
Newcomen deploys Bessemer Ford Model T Shockley invents ~ Mosaic browser introduced
steam-powered pump process patented introduced junction transistor
using a piston

1763 1875
Watt invents reciprocating Carnegie installs Bessemer
steam engine

* Note:

The shrinking cycle time may be due
1871 1925 1970 to organized research and possibly to
Edison opens lab Bell labs opens Xerox PARC opens one or more “network effects.”
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Google CEO Sundar Pichai has predicted “Al First”.

“Al First”

Google CEO, Sundar Pichai spoke at the
#MadeByGoogle event on October 4, 2016
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Siri co-founder Dag Kittlaus is focused on “assistants”.

Web Mobile Assistants

Siri co-founder Dag Kittlaus unveiled Viv
at TechCrunch Distrupt NY 2016

|
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In each era, the dominant technology is a “platform™—

a system on which others can build.

Productivity Web-based
Applications Services

|
5

PC Web
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Mobile Apps

Mobile

Monitoring +
Prediction
Services

Al



In the early 1980s,
personal computers changed the way business is done.
Think of this as going digital;, everything is becoming a computer.

“As products and the means to create them have become
digitized (often referred to as software eating the world),
production capability has grown more accessible and
portable. And the acceleration of that trend (driven by
Moore’s Law) means that every single day it gets easier
for someone else to compete with your product

or service, and to do it better, faster, and cheaper.”

— Aaron Dignan, Undercurrent
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In the mid-1990s,

the internet changed the way consumers + business communicate.
Think of this as getting connected, everything becomes a web service.

“Millennials don't just
want to buy your brand,
they want to be part of it.
They're looking for ways
to participate.”

— Jeff Fromm, Barkley
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“I envision a 21st century form
of business where the everyday
consumer is helping shape the
social contract ... It’s a business
world that is moving from
value-based transactions to
values-based partnerships.”

— Paul Polman, CEQ, Unilver



In 2007,
smartphones made computing ubiquitous—and turned it into communicating.

Think of this as always connected, anywhere, anytime.

The iIPhone and iPad began to fulfill the vision of the “Dynabook.”

“A Personal Computer for Children of All Ages but one which can be a tool, a toy, a medium of

. - . _ expression, a source of unending pleasure and delight...
What we would like to do in this brief note is to discuss and, as with most gadgets in unenlightened hands,
some aspects of the learning process which we feel can a terrible drudge

be augmented through technological media...
This new medium will not ‘save the world’ from disaster.

We do not feel that technology is a necessary constituent Just as with the book, it brings a new set of horizons

for this process any more than is the book. It may, and a new set of problems. The book did, however;
f‘owe,ve”’ P .rovzde us.wzth @ better “book o G which allow centuries of human knowledge to be encapsulated
is active (like the child) rather than passive. It may be and transmitted to everybody; perhaps an active medium
something with'the atiention grabbing powers of TV, can also convey some of the excitement of thought and
but controllable by the child rather than the networks. creation!”

It can be like a piano: (a product of technology, yes),

—Alan Kay, 1972
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Today 1s like 1981, 1995 and 2007 all over again.
You can see the next wave coming. It goes by many names:

Internet of Things (loT)
Internet of Everything,
Industrial Internet,

Smarter Planet,

Living Services,

Platform World,

Soclal CRM or Social Business
Digital Engagement

Digital Transformation
“Datafication”




The eras Pichai + Kittlaus describe can be seen as “waves”,

with several trends interacting.

SaaS
Cloud computing
on-demand
Social Glasses
oLl Goggles
Wearables
. CNC
!-——L— #0800 3D printing
Personal Computers The Internet Mobile

1975 1995 2007
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Robots
Self-driving cars
Drones

Virtual reality

Conversational Ul/UX

Chatbots

Augmented reality

Big data
Linked data
Open data

J

“Datafication”

2015

Predictive analytics

Al 2.0

Machine learning

Deep learning

Computer vision

Natural language processing



Combinatorial innovation explains how trends work together.

“We're in the middle of a period of... ‘combinatorial innovation...

In the 1800, it was interchangeable parts.

In 1920, it was electronics. In the 1970s, it was integrated circuits.
Now what we see is a period where you have Internet components...
and capabilities to combine these components parts

in ways that create totally new innovations.”

—Hal Varian, Google's Chief Economist and UC Berkeley Professor
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“Datafication” is a series of trends; none capture the whole.

- Sensor Revolution — printing sensors on chips; )
Installing measurement capability all around us.

- Smart Things — adding “intelligence” to everything,
by building in microprocessors.

- Internet of Things (loT) —
connecting sensors and smart things to the cloud.

—“Datafication”

- Big Data — recording everything that happens
In the physical world and online.

- Cloud Computing — putting massive resources online,
so that the marginal cost of computation falls to zero.

- Al, ML, DL, NLP, CV — algorithms (often run in the cloud),
making sense of the measurements we record. —/
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An

Dubberly Design Office -

example
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Harvard Business School professor Michael Porter
writes about

5. Systems of systems

Weather maps Weather forecasts
4. Product system ¢
Rain, humidity, Weather data
temperature sensors application

3. Smart, connected product
Weather Data
2. Smart product = | System
1. Product (?:\;?g;z _D e Zngzt:;formance
Ty 0Ty F_al’m Farm _Se_ed _
_> 0 3 _> ® \ 3 _> B Equipment Ma;;gtimment Optsl‘r;lsltzeant:on Seed database

Tractors

Software
Seed optimization
application

Combine
harvesters

Irrigation
System

Irrigation
application

Field
sensors

Irrigation nodes



Products are becoming "smart.”
Product

Sensor

Computer

Smart Product

2. Smart product

1. Product
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Sets of smart products are connecting.
Smart Product
Network

Cloud Service
Smart, Connected Product

3. Smart, connected product

2. Smart product B

eeeeee

1. PrOduct devices —
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Sets of connected products form
Smart, Connected Product

other Smart, Connected Products
Product System

4. Product system

3. Smart, connected product

2. Smart product =
1. Product devices
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Systems connect to other systems, forming
Product Systems

other Product Systems
Product-Services Ecology

5. Systems of systems

4. Product system

Weather maps Weather forecasts
Rain, humidity, Weather data
temperature sensors licati
3. Smart, connected product R
Weather Data
System
2. Smart product = Y
Remote Farm performance
1. PrOduct devices b— database
» " . Farm Seed
L _> Ly = \ Equipment Management Optimization
(C “ o ; P
Software ‘
il @

Combine

harves ters

Seed database
System System
Seed optimization
application

Irrigation
System

Field

Irrigation
sensors

application

Irrigation nodes



Farms are becoming automated factories.
Plants are attached to sensors, connected to networks, generating data.
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Macro view: processed satellite images of crop growth over time,
e.g., central lowa, March 29 to October 23, in 8 day increments.

Algorithms automatically align images,
remove clouds,
and detect vegetation.
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Daily weather data can augment machine learning.

Precipitation, e s i s o
temperature,

wind direction and speed,
SNOW COVer, |
and cloud cover | | _@
can aid forecasting. —
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In 2015, Descartes Labs used satellite and weather data
and machine learning to make the first entirely automated

forecasts of crop production.
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Descartes Labs predicted US corn product —
within about 1.9% of actual production later reported by USDA.

USDA Reports
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August 28

Day of Prediction

September 9

September 21

October 3

October 15
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Until now, prediction was based on sampling.
Since 1866, USDA has been measuring corn production—by hand.
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Descartes has begun with existing NASA and ESA satellites.

MODIS
Landsat
Sentinel
RapidEye

PlanetScope

Dubberly Design Office -

Spectrum

2 bands

8 bands

21 bands

b bands

b bands

Broader spectrum enables
us to see beyond human
vision— Infrared and

near infrared indicate
plant health.

Resolution

250m

30m

10m

bm

3-bm

Resolution detail enables
us to see smaller objects—

moving towards human
scale.
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Frequency

Daily

Weekly

Weekly

2 Days

Daily

More frequent imaging
enables us to track
changes/remove clouds
close to real time—

moving towards seeing
weather events.

History

From 1999
From 1972
From 2015
From 2009

From 2015
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The range of aerial sensing platforms is growing.

Frequency 10° 107 108 10° 10%° 101 10%2 1083 10% 10%° 102 10%7 108 10%° Hz
| A ] / O\ ANNAWAWA
- U et |

Long-waves Radio, TV Microwaves Thermal IR Infrared Visible Ultraviolet X-rays Gamma-rays
Traditional satellites Telesat Satellogic Satellogic
Kacific Koolock DigitalGlobe
Koolock
Micro & nano satellites Spire Axelspace
GeoOptics (GPS RO) Planet
Planetiq (GPS RO) Hera Systems
OneWeb (LTE) GHGSat
Magnitude Space (LPGAN) Bluefield
Axelspace Promethean Labs
Fleet
Kepler (LTE)
Astranis
Iceye (Radar)
Bluefield
Balloons Project Loon (LTE)

Facebook High Altitude Drone

Planes Promethean Labs
TerrAvion

Drones Promethean Labs
GeoVantage
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Descartes prediction involved 1 PB of data
and roughly 24 hours of computation.
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Descartes is a signal of a massive change.
- Self-driving cars, trucks, and drones
- IBM Watson Health

- GE Predix and Siemens MindSphere

- Apple Siri, Viv (now Samsung), Amazon Alexa, Google Assistant,
Facebook M, Microsoft Cortana

- FBI's Facial Analysis, Comparison, and Evaluation (FACE) Services has
access to > 400 million photos.
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Large, unique databases are inherently valuable.

data + algorithms = prediction
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Another example
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In 2015, Robert Wood Johnson Foundation funded a pilot study
to look at new ways of measuring family caregiving.

Atlas of Caregiving Pilot
Study Report

Rajiv Mehta and Dawn Nafus

. O O

T —

Fernando’s dog

R Robert Wood Johnson Foundation
o N\
@ 3‘ B ; @ -

Laura (50s) °  Fernando (50s) Maria (80s)
Fernando’s wife  : Fernando’s mom
Type 2 diabetes /\\zhe\mer‘iand more
. Fernando’s home : Maria’s home
o) o) 000 000000000
Family therapist Caregiver Three paid Nine doctors
support group caregivers Primary care physician,

two dentists, neurologist,
neuropsychologist, oncologist, heptologist,
gynecologist, and an ophthalmologist

FAMILY CAREGIVER ALLIANCE
Natiwal Centron Cargving

Robert Wood Johnson
Foundation
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We looked at 14 households, with 20 participants, with 21 chronic conditions.

Ana Chantal Fay Gabrielle

Ana’s household Chantal’s household Fay’s household Gabrielle’s household

Ana (50s) has had cystic fibrosis since
birth. She devotes several hours a day

Chantal (50s) has resigned work to care
for her mother Debby (80s) who
requires 24x7 care for dementia.
Additional support comes from a paid

Only-child Fay (30s) cares for her
mother Josephine (70s) who has
Alzheimer’s. With no one to help her,
she has put PhD studies on hold to
provide 24x7 care.

Gabrielle (60s) is the primary caregiver
of her mother Karen (101), who has
Alzheimer’s. Gabrielle also has health
issues of her own and the sleepless

to care for her own condition. She also
cares for her teenage son Albert, who
has depression.

home aide and other family members. nights and caregiving needs of her

mother have taken a toll.

(<)

o

Nadine Odette Nate Patty Sally

Nadine’s household Odette’s household Nate’s household

Sally’s household

Nadine (50s) lives with her husband
Jerry and two teenage sons, Larry and
Karl. Karl has Type 1 Diabetes. Nadine
is his primary caregiver.

Odette (70s) and her husband Marco
(70s) share their home with several

Nate and Patty, both in their 30s, care
for each other. Patty has multiple
sclerosis (MS) and Nate has glioblasto-
ma, a terminal condition.

Sally (50s) cares for her son Pablo (20s),
who has behavioral and emotional
other people: their son, son-in-law, and
five tenants. Marco has Parkinson's
disease. Odette is his primary caregiv-

difficulties stemming from XYY
Chromosome Disorder.

er, but several others are also involved.
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me
Harvey
me
Hanna Gaston

Hanna's household

Hanna and husband Gaston care for

her brother Harvey, who has epilepsy

and pneumonia/sepsis. Gaston also
cares for his mother, while managing

his own chronic pain and edema. Both

Hanna and Gaston also work.

b P

Tammy Rafael

Tammy'’s household

Tammy (40s) and her husband Rafael
(50s) care for their pre-teen children,
Wanda and Sam. Wanda has severe
epilepsy and cerebral palsy. She
requires 24x7 care. Sam has severe

autism and also requires a lot of care.

me
Fernando Laura

Fernando’s household

Fernando and his wife Laura (50s) are
the primary caregivers for Fernando’s
mother Maria (80s) who has Alzhei-
mer’s disease as well as other health
conditions. Together, Fernando and
Laura have built a care network to
support Maria.

@
Teddy

Teddy’s household

Teddy (40s) and his wife are the
primary caregivers for their two young
sons, Van and Walter. Van has Asperg-
ers (ADHD type) as well as encopresis,
and Walter has cyclical vomiting
syndrome.

Ida

Ida’s household

Ida (70s) cares for her husband lan
(70s) who has Lewy Body Dementia
and Dysautonomia. They moved to
San Francisco to be nearer to their
children two years ago.

@ @
Omar Cindy

Omar’s household

Omar (40s) and his separated wife
Cindy (40s) share a home with their
young son Bob, who has Aspergers.
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Using 12 sensors
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Netatmo
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Measuring 16 factors

Photographs
GPS and timestamp

Narrative Clip

Blood Volume Pulse
Calculated to derive
heart rate

Acceleration X
Acceleration Y
Acceleration Z
Calculated to derive
average motion

Electrodermal Activity

(EDA)

Skin Temperature

Empatica E4

Presence
At home or away

SmartSense
Presence Sensor
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In which room
and how active

Motion

Motion Sensors

SmartSense

Humidity
Temperature
Barometric pressure
C02
Noise
Indoor unit

Netatmo Indoor
Weather Station

Humidity
Temperature
Outdoor unit

Netatmo Outdoor
Weather Station
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Over an average of 24 hours

Study
1 Ana 10:17 29:42
2 Chantal 10:56 I . 1:08 26:12
3 Fay 31:19
4 Gabrielle 9:52 | 28:10
5 Hanna o049 OO | - 10:00 23:1
6 Gaston 10:50 [ | [ | 2:54 28:04
7 Harvey 12:39 21:01
8 Fernando 10:01 1:56 28:55
9 Laura | | | | | | | | | | | | | | | | | | | | | | | | -
10 Ida 10:35 159 27:24
11 Nadine 12:44 26:17
12 Odette 12:50 26:32
13 Nate 646 | 25:20
14 Patty 25:19
15 Sally 10:54 28:10
16 Tammy I 29:20
17 Rafael || 29:19
18 Teddy 90 | 31:02
19 Omar 70 | 3:02 28:02
20 Cindy 11:00 12:41 1:4

9 10 1 12 1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9
PM AM PM
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Resulting in 5 GB of data—just from the watch.

Dubberly Design Office - “Data

fication”

8,294,000
4,147,200
4,147,200
4,147,200

518,000
518,000

21772,800
x19

413,683,200

— the rise of big data and the application of Al to everything - May 10, 2017

samp
samp
samp
samp
samp

samp

es for BVP (at 64 Hz)
es for X axis acceleration (at 32 Hz)

es for Y axis acceleration (at 32 Hz)

es for Z axis acceleration (at 32 Hz)
es for EDA (at 4 Hz)

es for skin temperature (at 4 Hz)

samples of raw data for one participant

participants

or nearly half a billion data points
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Photo log for Fay <20 additional participants

I'W

Dubberly Design Office -

“Datafication” — the rise of big data and the application of Al to everything -

May 10, 2017

12:30

Black squares replace

recognizable faces to
ensure privacy.

Gray squares indicate
when participants

turned the camera off.

White squares
Indicate the start and
stop of the study.
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Summary diagram for Fay <18 additional participants
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. Spikes in acceleration, EDA, and heart rate . . . Spike in humidity matches
A match self-reported shower. ) A ) self-reported shower.
. =3 Y . . Motion detectors show that Fay’s
. O—= . O e . . . mother Josephine went to the bathroom
| | ] in the middle of the night.
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loT devices in homes will produce and collect massive amounts of data:

- Appliances
- Computers + Entertainment

% Sprinkler

Window shade

N

Window shade

(222200202222, 22 77

Gas

Window shade Window shade

(2072220077 W )

A A |

Windo £
lI

Apple Smartphon=
I.

== Door Sensor

- WA .
| e |
S —
- Health coner [ Lt
Sprinkler
— —
HVAC e
= Door Sensor I
.
P .
Ofamsung
H Refrigerator
S -t Sprinkler Control Panel
ecurity S
Motion Sensor

Transportation

Window shade Window Sensor

{8 Nest smoke + CO Alarm

| Epson Printer

Sprinkler
-
L Apple Desktop
.l and/or laptop
and/or tablet
y

Window shade Window Sensor

[ ] GoPro

Speck Air Quality Monitor

Window Sensor

Window shade

DJI Phantom 3 drone 94Fifty basketball

Boosted board
motorized skateboard

Specialized Turbo
electric bicycle

-—
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(222777 )

22777 )
OO TIIIIE eSS TA
Window shade

Heat Sensor

Windéw Sesot

Vehicle:

Toyota Prius
Hybrid

1
1
1
1
1
1
1
1
1
1
b SmartSense Multi-sensor
1

Crock-Pot

1
1
1
1
1
Heat Sensor
1
1
1
1
1

Gas Meter
Gas company keeps track of usage
and bills accordingly.

ST D

WmdowEﬁrﬁmpm indow Sensor

@B Nest smok

T
v i | v . Sprinkler
152222 2 S22 F B
i Gas Fireplace Window 5
Mgk s indow Sensor

Pidfleer Speakers

+CO Aldrm

e Wireless Router

Srola Cable Modem

(has apps)

Roomba Vacu

Motion Sensor“

515 7,07 07 00 09, 5 7 0 00 A0 15 7 87 87 A9 5 7 7 8.
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Sprinkler

Wihdow shade

able box
AppleTV set top box
Samsung Blu-Ray / DVD player
Xbox One gaming console

Clean water in
Water company keeps track of usage
and bills accordingly.

m
Motlon Sehsor Sonos home theatre Speck Air Quality Monitor .
= —
Pioneer Speakers
Nest Thermostat
-
1
Hub —l ControlPanel
(Cellular or Fitbit Control Panel |-
or connected or Jawbone
to landline)
|
oo Door Sensor
P | Tub/Shower
P Nest cam
i
Air Output : Windi8 WindoW Sensor Window Sensor Window Sensor
(222777 ) (7222 ] (77 |
T s & a e a b
Windpw shade Window shade Window shade Window shade w bea
RteTHet Connection

AN —
= . 7

—

Platform:
Apple CarPlay
Android Auto

Sensors:
Back up camera
Lane swerve
Braking
Heating
Cooling

etc.

Over 200 in all

Ford AppLink

Could be Cable / DSL / Satellite / Fiber / etc.
ISP company keeps track of usage
but bills a pre-determined flat rate.




Today's average car has:

-1 engine
~] small motors
(windows, wipers, fans)
~30 micro processors
(up to 100 for luxury cars) u
~60-100 sensors
(growing to 200 by 2020) .
~100 million lines of code
(up from 2 million lines in a generation)

And 1t produces
“terabytes of data per car per day” .

Sources:

[1] http://www.nytimes.com/2010/02/05/technology/05electronics.html

[2] http://www.automotivesensors2015.com/

[3] https://leithporsche.com/news/What+Makes+the+2017+Porsche+Panamera+Different3F+Computer+Code/7659/
[4] Parrish Hanna, Global Director of HMI at Ford (personal communications)
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Google + Levi's connected denim smart jacket

Jacquard Woven Jacquard Tag Jacquard App
Gesture Sensor
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Jacquard Services
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By 2020, ~50 billion devices will be connected to the Internet;
today, ~7 billion computers and tablets are connected.

50b - Automotive

Industrial devices
(military and aerospace)

40b -

30b

Consumer electronics
and medical devices

20b Computers

Mobile

10b communications

Fixed
communications

2013 2014 2015 2016 2017 2018 2019 2020

Sources : The Economist and Cisco
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A final example
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How do you measure “quality” in playing a piano?

An experiment was created to track the hand movement
during multiple piano performances of .

n oo . "
Fiir Elise

Bagatelle in A minor WoO 59 1770 - 1827

Molto grazioso

Piano rp

Nisl

-
o :
5 =T ; : | ; =
T — 4 e e )
e = E e 7 == 100
" = 7 i = — Dy
o & Ld - I 575 T
12 E'
L2

o) o ¢
Z—a o= a edat s srdtddvd st ad R 000909509099
4o )= = v
! =
) E!
76
| e } N
ety
% 3 = o = Notes
p
. 2 There are many ways to play "Fiir Elise", so no markings have been made except for
F_£ 32 : ! "
B = = Molto grazioso" (very gracefully) at the beginning, taken from a Beethoven sketch.
f _ iy - S 3 Many editions use "Poco moto” (a little motion) instead, probably from Ludwig Nohl
T e e e ¥ e P P e F who presumably saw it on the original Beethoven autograph. Several parts of the piece can
v E| favorably be played with crescendos and changes in tempo. There are also many different
fingerings in circulation, so feel free to experiment and please see those listed in this sheet
== mmmmm—m-—mm———————— - ------- merely as suggestions for some passages to get a certain feel or a specific kind of

tone - trying different things is part of what makes music great!

This sheet music is available for free via forelise.com where you can als
about the composition and it's composer, Ludwig van Beethoven. You are welcome to
make copies of this music, but please keep the entire package intact and give due

-4 B B credit for the work that has been put into making this sheet music available to anyone
S B = I = s who would like to learn the piece. You can also share your own Fiir Elise stories and
experiences with the site to help the project grow.
©2006 - 2008 FORELISE.COM © 2006 - 2008 FORELISE.COM ©2006 - 2008 FORELISE.COM ©2006 - 2008 FORELISE.COM Last Revised February 5th, 2008
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Twenty-five performances by seven performers
were tracked and recorded.

— Grace 3 takes
— Jamie 2 takes
— Jiarong 4 takes
— Katie 4 takes
— Kelsie 4 takes

— Sachiko 3 takes
— ShanShan 5Htakes
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Hypothesis: advanced players move their wrists to a greater degree.

Listening and watching videos of sample performances by Jamie
and Sachiko gave a clue.
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The orthographic projections are more revealing.

Sachiko Y vs. X
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Comparisons show differences in movement in each dimension.

Sachiko Y vs. X

Sachiko Y vs. Z

oyoes | eieq [eneds | Buipiodsy uoneaojoIN oueld | Sonewny

) uBaH s

0
= o

Sachiko X vs. Z
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Jamie Y vs. X
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The X vs Z plots are the most revealing.

Sachiko X vs. Z
0.25

02—

= 0.15 —
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| | | |
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Key Depth (m)
Sachiko
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X vs Z plots for all performances—
the differences are obvious.

Humatics | Piano Microlocation Recording | Performance Comparison

Grace
Jamie
Jiarong e gl 4
Katie s lellellelle
Kelsie » el lla
Sachiko ’ & q
ShanShan ¢ ¥ e .
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Calculating standard deviation shows a clear pattern.

Mean Standard Deviations in the X and Z Axis Across Players

005
004 |
003 r

002 -
The bar graphs show greater movement

(particularly in the left hand) for Grace,
Jiarong, Sachiko, and ShanShan—

1UBWaAOW UMOp pue dn — sixe 7

001 |

0.01 |

002

003 [

004

1USLISAOW ¥IB( PUB PIRMIO) — SIXB X

005 | | | | | | |
Grace Jamie Jiarong Katie Kelsie Sachiko ShanShan LeftHand  Right Hand
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What does this mean?
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Each new phase of the information revolution
opens a new domain of opportunity — a new seam to mine.

Back-office Processing Office Automation /PCs Internet

automating core processes, “digitization” of business,  connecting workers,
like finance and HR, with applying digital tools to connecting companies,
stand-alone, customized work. and putting services
applications. on-line.
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Software-as-a-Service
Integrating applications,
so that data can flow
across the enterprise.

“Datafication”

making the enterprise
aware of itself and its
environment, opening the
door to reasoning.
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“Datafication” offers four successive levels of value,
(based on a model by Michael Porter)

Automation — enabling systems to run autonomously,
(e.g., programmed trading, self-driving cars, etc.).

Optimization — predicting changes (e.g., usage, failure, etc.),
and deploying resources accordingly (i.e., arbitrage).

Control — correcting variables that exceed thresholds,
ensuring that systems operate within bounds.

Monitoring — measuring operations;
sending alerts as variables approach thresholds.

Dubberly Design Office - “Datafication” — the rise of big data and the application of Al to everything - May 10, 2017

56



“Datafication” is built on a series of technology layers (a stack);
each adding value and creating opportunity

Prediction algorithms — recognizing “patterns of daily living,”
reasoning about sequences of events and what is likely to happen.

Change-detection algorithms — recognizing events (changes in objects)
and sending alerts when a threshold is reached.

Pattern-recognition algorithms — recognizing objects,
teasing “meaning” out of masses of data.

Programmable APls — making archives accessible
for online machine-based queries.

Multi-modal archives — connecting data from multiple sources,
so that it can be correlated.

Data pipelines — collecting data in a central repository,
cleaning and wrangling it, so that it can be retrieved and used.

Sensor arrays — measuring the environment,
by deploying and connecting foundational technology.
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“Datafication” also changes the way we interact with computers;
each change has increased access and convenience for users

Connecting wire Submitting batches = Remembering and

patch panels.

Dubberly Design Office -

of punch cards and typing commands on
receiving reams of keyboards and CRTs.
tele-typed printouts.
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Finding menu
items and directly
manipulating
objects with mice.

Touching screens
and gesturing.

Speaking to
virtual assistants
and directing

autonomous robots.
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“Datafication” builds on a long-term trend In science
and heralds a new way of doing science
(based on a model by Jeff Leek and Brad Efron)

1. Era of data scarcity— 2. Era of small data sets— 3. Era of mass-produced data— 4. Era of measuring everything—
origins of data science, classical statistics developed, late 20th century, early 21st century, “macroscopes”
early 19th century late 19th century “macroscopes” emerge become ubiquitous
Data sets were few + infrequent Individual scientists Teams of scientists using A few large organizations
(e.g., census) working independently computer-controlled instruments  assemble immense data sets

(e.g., Google, NSA)

Based on manual sampling Collect few samples and Automatic sampling, Millions of measurements
make many measurements producing digital data of millions of things
(noise becomes a problem) (much data goes unused)
Producing analog data Questions remain simple but Multivariate analysis Computing power and
important (e.g., Which treatment ~ becomes important band-width gate analysis
is better?)
Applied to simple but important Correlating an effect with Number and complexity of Machine learning comes
questions change in a single variable questions increases into its own (overfit becomes

becomes standard of proof a risk)
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Until Gutenberg, books had been rare, worth about three years salary,
they we're literally chained to shelves in medieval libraries.
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In 1455, Gutenberg published his bible, two volumes weighing about 70 pounds.
Early tech replicates existing tech, increasing speed + reducing cost.
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New tech takes 20 or 30 years to find its own form.
A generation after Gutenberg, Aldus Manutius published a “portable library”.
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The result of printing was:
- direct access to “the word of god” — and the Reformation
- nearly universal literacy — and the Enlightenment
- perhaps even the “democratic” nation-state
- and arguably “modernism” itself

We would do well to keep this in mind,
when entrepreneurs promise “disruption”.
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Special thanks to
Clara Gonzalez Sueyro
Knut Synstad

hugh@dubberly.com
@DubberlyDesign

Presentation posted at
presentations.dubberly.com/datafication.pdf



