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The Industrial Revolution
A technology and science based revolution

Industrial Economy - 19th and 20th Centuries

Over the past two centuries, we have achieved major advances in science and engineering
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Accelerating Advances in Digital Technologies

Digital technologies are to the 21st century as steam power was to the Industrial Revolution

Quantum Computing

The Internet - mid 1990s
Industrial
Information-based Digital Economy
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Cloud Computing

Internet of Things

Artificial Intelligence

Social Networks

Platforms

Identity Management

Mobile Internet

Data Science &
Big Data
Blockchain Technologies
Cybersecurity
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Agenda
๏ Continuing Digital Advances: Mobile, IoT, Cloud, …
๏ Emergence of Big Data: Analytics, Data Science, Artificial Intelligence,…
๏ Critical importance of security, privacy, trust: Transactions, Blockchain, …
๏ Impact on society - Will there be enough work in the future?
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Mobile Internet - Evolution of Money

Gold Coin, ~550 BC, Turkey

“Pieces of Eight”, ~1590, Spanish Empire
Bank Note, 1375, China

Credit Card, 1950s !9

“Up to half of the world's banks will disappear through the cracks opened up by
digital disruption of the industry.”

Variety of Institutions are Involved in Digital Money and Payments

- Francisco Gonzalez, CEO, BBVA

Virtual
currencies
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Economic Inclusion
The Opportunities of
Digitizing Payments
๏

Around 40% of adults around the world (~2 billion),
don’t have accounts at financial institutions, and are
thus excluded from the emerging digital economy.

How digitization of payments, transfers, and remittances
contributes to the G20 goals of broad-based economic growth,
financial inclusion, and women’s economic empowerment
A report by the World Bank Development Research Group, the Better Than Cash Alliance, and
the Bill & Melinda Gates Foundation to the G20 Global Partnership for Financial Inclusion.
August 28, 2014

๏

Digitizing helps overcome the costs and physical
barriers that have beset otherwise valuable
economic inclusion efforts.

๏

Digital platforms offer the opportunity to rapidly
scale up access to financial services using mobile
phones, retail point of sales, and other broadly
available access points.
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Real-time Information access, analysis and optimization
The world's physical & digital infrastructures are converging
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control; more can be used for
optimization and prediction

required to capture
40% of total value

Exhibit E1
A “settings” lens helps capture all sources of value; we identify nine settings where IoT creates value

2X more value
from B2B applications
than consumer

Developing:40%
Developed:60%

Internet of Things

Vehicles
Autonomous vehicles and
condition-based maintenance
$210B−740B

Home
Chore automation
and security
$200B−350B

Offices
Security and
energy
$70B−150B

9 settings

Cities
Public health
and transportation
$930B−1.7T

gave us a cross-sector view
of a total potential impact of

$3.9 trillion–11.1 trillion
per year in 2025

Outside
Logistics and navigation
$560B−850B

Factories
Operations and
equipment optimization
$1.2T−3.7T

Retail environments
Automated checkout
$410B−1.2T
Human
Health and
fitness
$170B−1.6T

Worksites
Operations optimization/
health and safety
$160B−930B

Setting

Description

Examples

Human

Devices attached to or
inside the human body

Devices (wearables and ingestibles) to monitor and maintain
human health and wellness; disease management, increased
fitness, higher productivity

Home

Buildings where people Home controllers and security systems
live

Retail
environments

Spaces where
consumers engage in
commerce

Stores, banks, restaurants, arenas—anywhere consumers
consider and buy; self-checkout, in-store offers, inventory
optimization

Offices

Spaces where
knowledge workers
work

Energy management and security in office buildings; improved
productivity, including for mobile employees

Factories

Standardized
production
environments

Places with repetitive work routines, including hospitals and farms;
operating efficiencies, optimizing equipment use and inventory

Worksites

Custom production
environments

Mining, oil and gas, construction; operating efficiencies, predictive
maintenance, health and safety

Vehicles

Systems inside moving
vehicles

Vehicles including cars, trucks, ships, aircraft, and trains; conditionbased maintenance, usage-based design, pre-sales analytics

Cities

Urban environments

Public spaces and infrastructure in urban settings; adaptive traffic
control, smart meters, environmental monitoring, resource
management

Outside

Between urban
environments (and
outside other settings)

Outside uses include railroad tracks, autonomous vehicles (outside
urban locations), and flight navigation; real-time routing, connected
navigation, shipment tracking

SOURCE: McKinsey Global Institute analysis

Transform business processes
Predictive maintenance, better asset
utilization, higher productivity

Enable new business models

For example, remote monitoring enables
anything-as-a-service

McKinsey Global Insititute

Smart Cities - System of Systems
Education - Transportation - Social Services - Utilities - Energy - Healthcare - Communications

Retail - Automotive - Finance - Manufacturing - Food - Postal Service - Media - Defense - Customs

Cloud Computing - The Internet of Services
Providing huge volumes of services, apps, and information to a diverse set of devices
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Cloud Computing - Engineering-oriented consumption and delivery
model for services, apps, information, . . .
Consumption Model:
The Mass Customization of Services

Delivery Model:
The Industrialization of Services
! 22
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Big Data and Artificial Intelligence
Capture as data many aspects of the economy, society and
human behaviors that have not been quantified before
‹#›
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Business Insider/Andy Kiersz/Skye Gould

Scientific Determinism

Any state is completely determined
by prior states
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Highly Complex Systems

Probability distributions, uncertainties,
prediction limits, …

Evolution of Artificial Intelligence
๏ Deterministic, top-down
• A particular input will always produce the same output
• Design based on logic, well-defined rules and architecture
• Widely used for most IT applications, - transactions, ERP, …
• Has not worked for AI due to lack of rules and huge complexity
๏ Probabilistic, bottoms-up
• Based on analyzing vast amounts of information using sophisticated
algorithms and powerful computers
• Scales very nicely: the more information, the more sophisticated the
algorithms, the more powerful the computer,… the better the results
• Originated in scientific applications, adopted first in business intelligence, data
mining, pattern recognition, and later in machine and deep learning
•
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hierarchical layer structure. Each layer N is composed of h computational nodes that c
computational
in layerLearning:
N+1. See the
image below
for an Networks
example:
Deepnode
Machine
Multi-layer
Neural

Machine
Learning
Machine Learning

Deep, Multi-layer Machine Learning

Answer

Venkat Reddy

QueryKnowledge Discovery: Extraction of potentially useful and novel knowledge

Venkat Reddy

from the common patterns
found in the data based on domain expertise.
Markus Beissinger
neural network layers

Markus Beissinger

(source)

Knowledge Discovery:
Useful and novel knowledge
based on domain expertise

Interpretations of representation learning

There are two main ways to interpret the computation performed by these layered deep

Probabilistic graphical models have nodes in each layer that are considered as
In this case, you care about the probability distribution of the input data x and the
variables h that describe the input data in the joint distribution p(x,h). These laten
describe a distribution over the observed data.
Direct encoding (neural network) models have nodes in each layer that are con
computational units. This means each node h performs some computation (norm
Rithme Consulting 2017

Advances in Artificial Intelligence
The Digital Frontier

15

MIT Initiative on the Digital Economy

The Digital Frontier
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MIT Initiative on the Digital Economy

Blockchain: Bringing the Ledger to the Internet Age

Ledgers are a permanent record of all the economic transactions an institution handles
• A bank managing deposits, loans and payments
• A business keeping track of income, expenses, assets and liabilities
• A government recording births & deaths, and sale of land & houses.
Most ledgers are now digital, but their underlying organization has not changed much
since the 16th century. Each institution owns and manages its own ledger,
synchronizing its records with those of other institutions as appropriate, - a costly,
cumbersome process that generally takes days.
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Blockchain
and
Distributed
Ledger
Technologies
Blockchain-based Distributed Ledger Platforms
Financial Intermediaries (Today)
• Requires trusted, centralized intermediaries
• Batch clearing and settlement
• Higher fees and costly infrastructure

urce Cio Research

Clearing
House
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Source: CIO Research

Financial Protocol (Emerging)
• No (or fewer) intermediaries required
• Near real-time processing and management
• Lower fees and reduced infrastructure cost

Financial
Network

Key Blockchain attributes
๏ Strong cryptography based on public-private keys for highly secure
communications, storage and data access
๏ Sophisticated game theory mathematical models to enable cooperation and
decision-making among non-trusted parties
๏ Highly distributed data base architecture to reduce the vulnerabilities of
central data bases to hacking as well as single points of failure
๏ Distributed computing methods to enable collaboration of large numbers of
distributed systems and institutions to achieve common goals
๏ Bitcoin based on permissionless blockchains, which have no central
authority or point of control, - anyone can participate
๏ Most business applications based on permissioned blockchains, which
restrict who can handle transactions and participate in consensus process
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Key Blockchain benefits

๏ Dramatically enhanced resiliency
More from The Economist

๏ Faster transaction execution – near real time

My Subscription

World politics

Business & finance

Subscribe

Economics

Science & technology

Culture

Blogs

Log in or registe

Debate

Multim

October 3

๏ Enables trusted transactions amongst parties that do not
necessarily trust each other
Classified
ads
enables
๏ Complete history of all preceding transactions
every entity to validate and utilize information

๏ Immutability/certainty – once accepted into the blockchain,
transactions are not reversible
Classified ads
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« Gallery

See conte

Like 74
Tweet

IBM Blockchain Summit

Blockchain will fundamentally change business processes
§ You can access any information about what is in the food and its
origins… from the farm to the table...in seconds
§ You can better prevent counterfeiting issues around goods such
as pharmaceuticals, luxury goods, electronics and diamonds…
§ You can have end to end visibility across your supply chain allowing
you to meet your customers demands for accuracy, transparency
and agility.
§ And more…

Blockchain, the next Consumer Industry
and Supply Chain revolution
#IBMBlockchain

6
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© 2017 IBM Corporation

IBM Global Finance - Significantly improve resolution times for common disputes

Steve Loranger - IBM Global Finance

Blockchain and Suppy chains - IBM/Maersk Project
๏ Administrative processes estimated to be up to 20% of total
transportation costs. In addition, paper work documentation is
often delayed, lost, misplaced or disputed.
๏ Each participant in a supply chain ecosystem can view the progress of goods
through the supply chain, understanding where a container is in transit. They can
also see the status of customs documents, or view bills of lading and other data.
๏ Detailed visibility of the container's progress through the supply chain is enhanced
with the real time exchange of original supply chain events and documents.
๏ No one party can modify, delete or even append any record without the consensus
from others on the network.
๏ Blockchain transparency helps reduce fraud and errors, reduce the time products
spend in the transit and shipping process, improve inventory management and
ultimately reduce waste and cost.
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PhysicalEconomic
identity systems
currently
users atofrisk
due to overexposure
of information
nomy within the World
Forum’s
TheputFuture
Financial
Services 2015
report, and the high risk of information l
they also put society at risk due to the potential for identity theft, allowing illicit actors to access public and private servi
each function of financial
services.
identity would streamline and re‐risk completion of these public and private transactions.

Blockchain Financial Services Use Cases

Disruptive innovation
in Financial Services,
June 2015

PUBLIC TRANSACTIONS

PRIVATE TRANSACTIONS

Entities are required to prove their identities or certain
attributes to demonstrate their eligibility for public services

Entities are often required to prove their identit
attributes to participate in private transactions

Examples

Examples

• Access to social assistance (e.g., old age security,
unemployment insurance)
• Access to education
• AccessDLT
to healthcare
use cases in
• AccessFinancial
to civic Services,
structures (e.g., voting)

• Many basic merchant transactions (e.g., buyi
• Large private provider transactions (e.g., rent
apartment, buying a car)

July 2016

WORLDselection
ECONOMIC FORUM
| 2016
Use case portfolio
criteria

entity is critical to today’s society
Digital Identity

Physical identity systems currently put users at risk
they also put society at risk due to the potential for
identity would streamline and re‐risk completion o

ntity is Identity
foundational
to many of the
transactions
occur in today’s
society.
any exchange
about
is foundational
to many
of thethat
transactions
that occur
in In
today’s
society.with
In requirements
any exchange
withthe
PUBLIC
TRANSACTIONS
nsactingrequirements
parties – theyabout
must be
a certain
age orparties
reside in
a certain jurisdiction
structures
in placetothat
allow entities to
the
transacting
structures
must be in–place
that must
allowbe
entities
determine
erminecertain
certain information
information about
andand
to have
confidence
that the
is true.is true.
abouttheir
theircounterparty,
counterparty,
to have
confidence
thatinformation
the information

How do I know this entity is
what it claims to be?

What do they need to know
about me?

How do I know they won’t
misuse my information?
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How do we know this person
is who they claim to be?

Entities are required to prove their identities or cer
attributes to demonstrate their eligibility for public
Can we transact with this
Examples
person?

• Access to social assistance (e.g., old age security,
unemployment insurance)
• Access to education
can we
deliver the right
•How
Access
to healthcare
servicestotocivic
thisstructures
person? (e.g., voting)
• Access

WORLD ECONOMIC FORUM | 2016

Physical identity systems currently put users at risk
they also put society at risk due to the potential for
Identity is a collection of pieces of information that describe an entity
identity would streamline and re‐risk completion o

Identity is a collection of attributes that describe an entity and
determines the transactions in which that entity can participate

Identity is not a monolith; it is a collection of individual attributes that describe an entity and determine the transactions in which that
entity can participate. While the total existing set of attributes is endless, they can be broadly categorised into three groups: inherent,
inherited and assigned attributes. These attributes differ for members of three main user groups: individuals, legal entities and assets.
For individuals:
INHERENT ATTRIBUTES
Attributes that are intrinsic to an entity
and are not defined by relationships to
external entities.

•
•
•
•

ACCUMULATED ATTRIBUTES
Attributes that are gathered or
developed over time. These attributes
may change multiple times or evolve
throughout an entity’s lifespan.

• Health records
• Preferences and
behaviours (e.g.,
telephone metadata)

ASSIGNED ATTRIBUTES
Attributes that are attached to the
entity, but are not related to its intrinsic
nature. These attributes can change and
generally are reflective of relationships
that the entity holds with other bodies.
WORLD ECONOMIC FORUM | 2016
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Age
Height
Date of birth
Fingerprints

PUBLIC TRANSACTIONS

For legal entities:
• Industry
• Business status

For assets:

• Nature of the asset
• Asset issuer

• Business record
• Ownership history
• Legal record
• Transaction
history
Entities are required
to prove
their identities or cer

attributes to demonstrate their eligibility for public
Examples

• National identifier
number
• Telephone number
• Email address

• Access to social assistance (e.g., old age security,
unemployment
insurance)
• Identifying numbers
• Identifying
numbers
• Access to education
• Legal jurisdiction
• Custodianship
• Directors • Access to healthcare
• Access to civic structures (e.g., voting)
41

WORLD ECONOMIC FORUM | 2016

MIT Trust::Data Consortium
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Economic potential of blockchains technologies
The Internet unlocked economic value by lowering the cost of connections
Blockchain could unlock economic value by reducing the cost of transactions
and becoming the system of record for all transactions
In addition, blockchain will significantly enhance the security of the Internet
for mission critical data and applications
Blockchain is a foundational infrastructure technology, - just like the Internet.
It impact will likely be profound but it will require significant time and effort to
deliver on its promise.
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Will There Be Enough Work in the Future?

Empire State Building
Construction - 1930

?

Technology advances have been replacing workers
and transforming industries for the past two centuries;
but over time the economy has always adapted to the
changes, leading to new industries and new jobs
๏ 1810s: Luddites - English textiles workers who destroyed new weaving machines that
were threatening their jobs
๏ 1930: English economist John Maynard Keynes wrote about the onset of technological
unemployment, that is, “unemployment due to our discovery of means of economising
the use of labour outrunning the pace at which we can find new uses for labour.”
๏ 1964: President Lyndon Johnson crated the National Commission on Technology,
Automation and Economic Progress to make sure that no working man pays an unjust
price for technology-based productivity and progress.
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Some key priorities for government, business and individuals
๏ Governments must make workforce transitions and jobs creation an urgent priority
๏ Business leaders should embrace advanced technologies and automation while
carefully managing workforce transitions
๏ Individuals must prepare for lifelong learning, evolving skills requirements, changing job
opportunities, and new ways of working
๏ Modernize educational systems for the new realities of the 21st century
๏ Expand transition support measures for workers, including training opportunities and
income support
๏ .....
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Jobs Lost, Jobs Gained: Workforce Transition in a Time of Automation: McKinsey, Dec 2017
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