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Simplified framework structure

Information and
communications
technology

Innovation &
ntrepreneurship

Human capital
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Financial Management

Human Resource Mangagement
Information Management
Marketing Management
Operations Management

Risk Management

Leadership Strategic Management

Personal Assessment

Discovery
Personal Management

Concept Development
B Resourcing
Actualization
Harvesting

Business/Economic/Financial Literacy
P Communication & Interpersonal Skills

Digital Skills

Career Awareness
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Innovation Environment

State and Ministries




(Triple Helix) 6ulS ouw 21 lo

LQO'.S;L.I Lmol’s 3ol
52919 dlobuw

: 3505 JiuS Lo el

Ly i + oolwsl g seloiz] bulo juw R&D s5lobuw Su L by






s Aale ¢ 58 L sl IS Hd (Sha g G s (Slaeat S e g 5l
) 5 Adle g salgd s (Ko sla Call ) 5 DUl ¢l o jhalaa
Qﬂﬁ&a\é@dhaﬁ\&&hdﬁ)d;@@\ﬁ&h&édﬁ)dﬁ&u\
_JJ‘J#L;AJJM



The emergence of high-technology
clusters in Greater Cambridge

1971 1981 1991 2001 The future?
Hitech 20,200 25,100 34,900 50,000

jobs:
Nanomaterials
Drugs delivery
Telecoms
Telecoms : Sensors/actuators
Computing Computin o e ;
ndustrial inki p .g. Industrial inkjet Informatics

Scientific n us.trla.ln jet Inc;u?,trl?:nkjet Wireless Instrumentation

Instruments Scientific cienunc communications : L
Instruments Instruments ST Medical engineering

Software Software Instruments LEPs

Biosciences Software Drug modelling
Biosciences Bluetooth

Sentient computing




Cambridge
University

MRC Sinclair
Laboratory Radionics
Cambridge of Molecular

Interactive Biology CCL

system CAD Sinclair
Centre Barclays Bank Research Ltd

Cambridge PA Eicon Nickerson
Science Park Technology Research Biotech
: Ltd Laboratory

Olivetti Research ' .

Laboratory 1980

: Institute of
Seiko Epson (acquired by Biotechnolog
Research AT&T in 1999) Judge Institute of St. John ST
' ) TTP Ventures
Lab Management Innovation Cantab

Toshiba
Cambridge

Studies Centre

Pharmaceuticals :
The Technology Glaxo Institute

an . : 2 Part hi of Applied
Research Innovation Ltd (CRIL) ar ??:’DS 'P Pharmacology

Laboratory :
Unilever Cambridge 2

Centre for Molecular

_ Mlnst]:tutte O.f Entropic Research
Cambridge anutacturing Laboratory (acquired
Network

by Microsoft in 1999)
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RESEARCH UNIVERSITIES
AND THE FUTURE OF AMERICA

Ten Breakthrough Actions Vital to
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Problem of RIS: Few Regions in the world are high-tech clusters
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This affects social & economic sectors
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Examples of spiral patterns in the convergence-divergence cycle

- In_ nature: Various shapes of tornados

- In thinking: Combining computational, directional
reasoning (“left brain”) and interferential, lateral
creativity (“right brain”™) leads to a spiral pattern

- In general: DNA spiral, bio-evolutionary spiral;

Innovation evolutionary spiral, stellar spirals . . _:
fractals of a higher order principle?

Ref 10- Handbook of science and technoloav converaence (Sorinaer. 2016) MO Rarn Eah 20 2018



Example convergence-divergence
opportunities: cellular phone

Coincidental convergence:

- Creative phase: Confluence energy,

environment, cognition, security, electronics,
personalized learning, healthcare.

- Integration phase: including high-
frequency communications and packet switching
protocols; data storage, touch screens, antennas,
and cognitive science and human—computer
interface technologies

- Innovation phase: smart phone and its
platform, form groups

- Outcomes, spin-off phase: social
networks, controlling swarms, inexpensive

miniaturized satellites, healthcare and many other

- examples affecting virtually every aspect of our
societv MC. Roco, Feb 20 2018
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Next Wave May be a Convergence

1990s Convergence Next Convergence

INFO
HARDWAR

?
Revolution

Internet
Revolution

SOFTWARE

MEDIA

BIO

NANO




Examples of Convergence

Applied

Biosystems

Gilead

Sciences

Applied

Matenals

NANO TECH

Nanosys




One vital trend: convergence

Biotech

Pharmaceuticals
Diagnostics
Research/Info
Tools
Industrial

Nanotech

Electrical
Structural

Biomedical

Energy & Environment
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Dr. Iraj Nabipour
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Craig venter creates revolution
in Synthetic Biology

Craig Venter’s team (and the
associated paper in Science) that
they have successfully synthesized
the complete genome of the
bacterium Mycoplasma genitalium is
an important step towards
achieving what is becoming known
as “synthetic biology”. By
constructing complete DNA
sequences from scratch, the door is
being opened to transforming
common laboratory chemicals into
new living organisms; that are
engineered with specific purposes
in mind. And perhaps not
surprisingly, this manipulation of
DNA at the nan scale is increasingly
being seen as part of the
“nanotechnology revolution”.

Dr.'T.V.Raco






A revolution in formulation technology

Breaking down the 3DP process










PRECISION MEDICINE

« Whatis ite

“Precision medicine is an emerging approach for disease treatment and
prevention that takes into account individual variability in genes,
environment, and lifestyle for each person.”




e —— T~

« State of the Union, January 20, 2015

“Tonight, I'm launching a new Precision Medicine
Initiative 1o bring us closer to curing diseases like cancer
and diabetes — and to give all of us access to the
personalized information we need to keep ourselves and
our families healthier.”
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Precision Medicine Initiative

* National Research Cohort
= >1 million U.S. volunteers
— Numerous existing cohorts (many funded by NIH)
= New volunteers

* Participants will be centrally involved in design and
implementation of the cohort

* They will be able to share genomic data, lifestyle
information, biological samples — all linked to their
electronic health records |




BIOSENSOR PRINCIPLES AND
TRANSDUCERS

w ANALYTE
ELECTRICAL
R (BIO)RECOGNITION
% SYSTEM OPTICAL
= - e ACOUSTIC 8
3 1 / . Tt .

TRANSDUCER

INSTRUMENTATION

LR UNIVERSITY OF BIOSENSOR PRINCIPLES AND
§° CAMBRIDGE TRANSDUCERS




Consumer-Level
Genetic Data

EMR Data Wearables
Data

Holistic Image
of Patient
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PRECISION MEDICINE:
Integrating multi-omics, clinical and real world data

“omic” Latin suffix “ome” = mass or many. Gen ome

Transcriptome

Proteome

Metabolome
Microbiome

Epigenome

Social graph
Biosensors
Imaging

Creation of topological maps
of health/disease

Eric Topo!, CELL Volunte-158 Issue 1, 2§ March 2014, Pages 241-253
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Viral infections for viruses

TROPICAL CYCLONES
The strong get stronger

BLACK HOLE PHYSICS
A new window on the
Galactic Centre
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Y

NATUREJOBS
Minresotas musings

SCIENCE IN THE
PETABYTEERA g




Precision Medicine - Paradigm Shift

Symptom-based Cohort-based Algorithm-based

Intuition Evidence-based Precision
Medicine Medicine Medicine

Application of rules, algorithms and reference databases enables
ACTIONABLE clinical decision support & PRECISE/EFFICIENT care

y

DATA

(%)
=
o
G
<

Non-molecular content
(waveforms)

P |
o Big Data Reference Mobile Precision
Molecular

Profiles /7 Molecular Analytics Databases Information Medicine
' Imaging (Rules & Communication (prevention,

PMP, multi-omics
( ) Algorithms) Technologies diagnosis, treatment)

Predision Medicine © Dr. Thomas Wilckens, innVentis




The NEW ENGLAND JOURNAL of MEDICINE

Early 19th century
Lesions of organs and tissues. &
Caseating granulomata -

o

.
e

18th century ,
Sick person /

Phthisis  / 3 -y X AR S [
Q |
_w? Late 19th century
¥ Lesions of cells

w 4 £ X [ ‘ and microbes.

» -
A

’\v

at molecular level
Interferon testing

21st century
The challenge of reassembly

Figure 1. The Long Arc of Reductionism in Medicine.




AnNOther property Or DIOIOEIC NEetWOrks is
“emergence™: their behavior cannot be prediceed
on cthe basis of a reductionist understanding of
their component parts. Like an electrica! circuit's
behravior, that of a biologic network depends on
the archirecmural connections among s elements.
For decades, investigators have focused on one
gene, transcription factor, or enzyme, gleaning
a thorough understanding of its function but
rarely in the context in which it norma'ly oper-
ares. Before the -omic revolution, this approach
reflected our limited knowledge of biologic nes
works' elements and the ''mitations of quantita-
tve and computing methods. In cthe past decade,
however, these limitations have diminished, and
a holistic smdy of network medicine has become
more achievable.*™

TOWARD A BIOSOClIAL
UNDERSTANDING OF DISEASE

The arc we have traced from holism to reduction-
ism and back agaim s not a fu'l circle. It has been
affected by other, more !inear developments of
disciplinary fragmeneation and increasing tech-
nological dependence in the biomedical sciences.
We propose thatr any strict distnction berween
holism and reductionism in medicine is now
doubly complicated by critiques from nerwork
science and from clinical and socia! sciences
(Fig. 2). To speak of any whole is to define the
parts as well: the holistic vision of network
medicine is itself dependent on a fie!ld of atom-
ized parts, including genes, proweins, digital daa
sources, and computationa' infrastructures.’ Yet
with an appreciation of these limiacdons and a
sustained commitment to asking what is being
rendered invisible, as wel! as visible, by any given
network model, a biosocial approach to medicine
promises ncreased understanding and predice
ability of the complexity governing human biol-
ogy and disease.

Newwork science could help us understand
human disease at both micro and macro 'ev-

* WT . AR - - - - .

Genomic holism

Figure 2. Network Medicine — From Molecular
Reductionism to Postgenomic Holism.
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COMMITTED TO
)F THE WORLD

IMPROVING THE STATE
OF T

Employment, Skills and
Workforce Strategy for the
Fourth Industrial Revolution

Executive Summary

The Future of Jobs

January 2016
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fragmented, specialized,
collaborative and ever
evolving. More often than
not, our work life will be
made up of a portfolio of
micro-careers.

- S Careers are now complex,
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Financial Management

Human Resource Mangagement
Information Management
Marketing Management
Operations Management

Risk Management

Leadership Strategic Management

Personal Assessment

Discovery
Personal Management

Concept Development
B Resourcing
Actualization
Harvesting

Business/Economic/Financial Literacy
P Communication & Interpersonal Skills

Digital Skills

Career Awareness



The 10 skills you need to thrive in the
Fourth Industrial Revolution




Top skills in 2020 shift to Critical Thinking,
Creativity and Emotional Intelligence

Source: Future of Jobs Report, World Economic Forum, 2016 0 H fS



Foundational
Literacies

Competencies

Character
Qualities

How students apply core skills to everyday tasks

Literacy, numeracy, Scientific literacy, ICT literacy, financial literacy,
cultural and civil literacy

How students approach complex of challenges

Critical thinking, Creativity, Communication, and collaboration

How students approach their changing environment

Curiosity, initiative, Persistence/grit, adaptability, leadership, and social
and cultural awareness

WEF, “New Vision for Education: Unlocking the Potential of Technology”
(2015), p. 3.

@& ICE201 7;.,&)@;;_



Cultivate
Creative
Talents F;%

P eompetence’

-based

Le:alr'rlinstQ

Learning
on Demand

Environment
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atf s are inclusnve places (physical or
| where different actors
,) users customers, suppliers, etc.) can

act, communicate, co-create and share

cesst l platform is able to
T ull in customers and users)
‘ﬂle exchange (flows) of

' I,_t1

R o #




So what is a platform?

A platform is a plug-and-play
business model that allows
multiple participants (producers
and consumers) to connect to it,
interact with each other and
create and exchange value.
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Sitizen Science

H_IJ"- 11’..

Home
Resources
Contexts

Projects

r Comell Laboratory of
Crnithology

F aBird

Citizen science, volunteer monitoring,

participatory action research.._ this
site supporis organizers of all
initiatives wihere public participants

are imsolved in scientific reseanch.

More about this...

| [zearch|

( Citizen Science
l“',,..-" at the Cornell Lab of

. me R _E . - =™

eBird

eBird
15 jointly coordinated by the

eBird

Cormnell Laboratory of Ornithology
and

National Audubon Society

Description:

A real-time, online checklist program, eBird has revolutionized the way that the
birding community reports and accesses information about birds. eBird provides
rich data sources for basic information on bird abundance and distribution at a
variety of spatial and temporal scales. By maximizing the utility and accessibility
of bird observations made each year by recreational and professional bird
watchers, eBird 1s amassing one of the largest and fastest growing biodiversity
data resources in existence. The observations of each participant join those of
others in an international network of eBird users. eBird then shares these
observations with a global community of educators, land managers,
omithologists, and conservation biologists. eBird documents the presence or
absence of species, as well as bird abundance through checklist data. A birder
simply enters when, where, and how they went birding, then fills out a checklist

of all the birds seen and heard during the outing. Local experts review unusual
nnnnn i [T VT T [ I S N " na I R S [ [ T (R [ R [t (S



.. .
GRS g g

GALAXY ZMO..

Welcome | Home | The Science | How to Take Part | Galaxy Analysis | Forum | Press | Blog IFAQ | Links | Contact Us Login  Register

Log In

Dear Galaxy Zoo users,
Thanks for making Galaxy Zoo such a success! THIS SITE IS NOW ARCHIVED; go here for the latest User Name:_

With your help, we collected millions of classifications, and have done more and better science faster than we B Remember me next time.

ever believed possible. The first papers and follow-up observations are complete, and you can follow our

progress on the BLOG and FORUM. Log In
Register

This site is still alivesfor nostalgia's sake, but your classifications will not form part of the public data release. Forgot Password

But we need you now more than ever!. Galaxy Zoo 2 - which asks for more detailed classifications of
roughly 250,000 of the brightest galaxies in our sample is now live. So go here to get classifying.
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Growth of MOOCs

58M 700+ 6850

Students Universities

Growth of MOOCGCs

Courses

= LLASS CENTRAL

100k+ Monthly 20k+ Monthly New
Paid Active Learners Paid Active Learners

More than

DOUBLE
from last year

hitps://www.class-central.com/report/moocs-stats-and-trends-2016

(searched on April 19, 2017)

B&ICE2017~4 A




udemy

Courses and Videos
Download for FREE

Best

udemy
Linux Courses
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Opportunities of machine learning

Advanced

w customization

Image recognition m

Voice recognition Intelligent data analysis

Optical character '4 Il Sensory data analysis

recognition




deep learning

> machine Iearning

predictive analytics

translation

natural language
rocessing (NLP

classification & clustering

information extraction

speech to text A
Speec
text to speech >

expert systems

Artificial Intelligence
(Al)

planning, scheduling &
optimization

robotics

image recognition

- vision
machine vision




Machine Learning

& &y 3273 [

Input Feature extraction Classification Qutput

Deep Learning

o — 7 - Il

Input Feature extraction + Classification Output
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Brief History of IBM Watson

iIBM
Research

Project
(2006 — )

Jeopardy!
Grand

Challenge
(Feb 20117)

Demonstration

Watson
i{e]g

Healthcare
(Aug 20717 —)

Commercialization

Naw IBM Duvision

Watson
for Financial

Services
(Mar 20712 - )

Expansion

Watson
Industry

Solutions
(2012 — )

Cross-industry
Applications

IBEMWATSON




“Educating for the 4th Industrial
Revolution™ _

The theme “educating for the 4th Industrial
revolution” is characterized by the fusion and
amplification of emerging technology, breakthroughs
in artificial intelligence, automation and robotics,

Camunerisciy com Foctan Artilil inigence and Mechiac Loarning n mu|t|p||ed by the far-
. reaching connectivity
Focus: Artificial between billions of

Intelligence and

Machine Learning people with mobile

devices with
unprecedented access
to data and knowledge.







Meet Jill Watson: Georgia Tech's first Al
teaching assistant

Nov 10, 2016 | By Hillary Lipko
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Personality Capture: A Long-Term Development of Intelligence Amplification

Acceleration
SIOGIES
Foundation

Conversational interfaces lead to personality models.
In the long run, we become seamless with our machines.
No other credible long-term futures have been proposed.

.

“Technology is becoming organic. Nature is becoming
technologic.” (Brian Arthur, SFI)

© 2007 Accelerating.org






Post 2020: The Symbiotic Age

Acceleration
SIOGIES
Foundation

A Coevolution between Saturating Humans
and Accelerating Technology:

e A time when computers “speak our language.”
e A time when our technologies are very responsive to our needs and desires.

e A time when humans and machines are intimately connected, and always improving each other.
e A time when we will begin to feel “naked” without our computer “clothes.”

© 2007 Accelerating.org









THE FUTURE?

» ldea of Artificial
Intelligence is being
replaced by Artificial life,
or anything with a form or
body.

« The consensus among
scientists is that a
requirement for life is that
it has an embodiment in
some physical form, but
this will change.
Programs may not fit this
requirement for life yet.
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"THIS WILL BE A NEW FORM OFALIFE';‘ A
STEPHEN HAWKING SAYS'ARTIFICIALYINTELLIGENCE ROBOTSWILL REPLACE/HUMANS|COMPLETELY
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WHAT UNIVERSITIES NEEDTO DO

1. Instil 4Cs into students — Communication, Collaboration,
Critical Thinking, Creativity

Make programming and ICT education a compulsory subject
Develop educational content in collaboration with industry
Reform content and the methodology of education via digital
Have top people resources to lead  global industry engagement
Create new business trends through reform of
higher education

Industry 4.0 government, industry, university research
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The Future Precision Medicine
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The Future Medicine
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James Canton, Peter H. Diamandis & Ray Kurzweil
Translated by: Dr. Iraj Nabipour
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Knowledge Region

Dr. Iraj Nabipour
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Third Generation University

Entrepreneur University
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