Invited Talk, A Forum on Knowledge Integration,
Sungkyunkwan University,

o Cognitive Science: its Implications for
the Convergence Movement in

Sciences and for the Future:

Jung—Mo Lee
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21Nl J1= globalization AICHIF OFL|CH.
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o The Cognitive Age

o By DAVID BROOKS
YA RIS A =AM Paul Krugman 20

5t 4 210l SSEIYA BRLIAE

o Published: May 2, 2008
- Ol stdl= At S48 = H=0l Globalization
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o € The Cognitive Age2| &2A
http://blog.naver.com/metapsy/40050648005
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o the new realities of the world
economy.

o American is moving into the Cognitive
Age.

http://reverbconsulting.com/2008/05/02/wel
come—to—the—cognitive—age/
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o 1SH: (UH)
The key insight of the pioneers was understanding that

the first stage of human evolution was about nourishing
(and protecting) the body in a natural environment,

o 24 (&)
but now the 2nd stage of human evolution is about
nourishing the mind in an information—rich human—

made environment.
o € 0|E 2 =Z5l= 0|0k2|JF OtLI 2, IBMS

o € J. C. Spohrer & D. C. Engelbart (2004).
Converging technologies for enhancing human
performance: Science and business perspectives.
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1. The formal sciences:
o Al, 2BE8A =5t 5

2. Psychology

3. Neuroscience

4. Linguistics

5. Philosophy

6. The social sciences
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human nature.
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o A Key Concept for 21 X2} 32| H&
o Ana Margarida Abrantes
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a possible interface between
o the cognitive science and
o the study of culture.



HEXHCEE Al
o 3. but, I2te| Ot=/2Xl2l =& M4

o 2.

\|1||.,|9
<
s Ol
o ORI
0O O T
Wowu._b_
iojl a
ol D
g v U
)}
O



I
ol

iy )
K0 <k 0
ol my o r
~
x0 & 3 o
04 o1 0 =
—o = [0 OHl
o o B
ol op ol m_m o <
- = 10 o)
H N P o5 =
Ol_ ! __2 — S =
K] |,_A| O] S
KD 7 ok 7 m_ o,,:_
R g gsmast
ol = ~ ST ._.N =)l
H A8l o=
ol | Ray Mo
o <
O O

OlZ2-52

FLE

o

- =M<

=

-

'Physics of mind' JHE {2

o Ulciel Ol =22



__ow

0R0

~
ol

i

0R0

=
ol
=

oJ

0|8 2-53



Jio
aa

NBIC Z2IF &
social fabircs S M4

ERE

54



vl
ioll

o

o /mproving Human Performance J|l=°2| |

0ff JYCH €& H=2°| Mental Capital JHE

—-55



& Al

/

IZ
=

(INBIC B 104/9 T2 11.7)

—-56



CTEKS: Converging Technologies for
the European Knowledge Society

European Converging Technologies
Directorate K (knowledge—based)
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02§ Emerging technologies
H = oj= 2ot S012HL1?

O OO O 0 O

O

(Wikipedia At £)

information technology,

nanotechnology,

biotechnology,

cognitive science,

robotics, and

artificial intelligence.

http://en.wikipedia.org/wiki/Emerging technologies

Converging technologies are a related topic, signifying areas where different
disciplines are converging and to an extent merging or developing broad
links, towards a common direction.
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02 emerging Technologies

o http://www.emeraldinsight.com/content_images/fig/273008
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Ambient Intelligence

o At 2| &=M0 BI&Zer, 10l BF=ol=
ML B 2 snst

L

0l 2 28| Al electronics, TC, computing
o 2tH 0 S & 5741@ SdHAH U= N
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Internet of Things
user interface




O pervasive computing, ubiguitous
computing, profiling practices, and

human—centric computer interaction

embedded:
context aware:
personalized:
adaptive:
anticipatory:

o MEXS EFHE
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o Is science becoming more interdisciplinary?;
Measuring and mapping six research fields over
time
o ALAN L. PORTER, & ISMAEL RAFOLS
o Scientometrics
o DOI: 10.1007/s11192-008-2197-2

o http://www.idr.gatech.edu/doc/Porter_Rafol
s2009_Online.pdf
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Figure 6. Base map of science
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Figure 7. Biotech—1975 citation pattern (overlaid on the map of science)
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Figure 7. Biotech—1975 citation pattern
(overlaid on the map of science)(738%)
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70 Hub (=) 1t&

o Mapping the backbone Of SCIENCE

o KEVIN W. BOYACK,a RICHARD KLAVANS,b KATY BORNERc

o Scientometrics,
Vol. 64, No. 3 (2005) 351374

o 365%

Figure 4. Map of science generated using the |IC-Jaccard similarity measure. The
map is comprised of 7,121 journals from year 2000. Large font size labels identify
major areas of science. Small labels denote the disciplinary topics of nearby large

clusters of journals
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Dr. Jim Spohrer IBM EI E'I = -—l P& é-ll
Director, Almaden

Services Research

Dr. Doug Engelbart,
Inventor of the Mouse
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o 1. Natural Systems
Physical systems;
o =cls, dM=2c2le Lt
Living systems

o M=st olst ==MEHS, SMdst 5
Cognitive Systems
o CIX[1tsr, Alelsh, AldAe|st OtsE Y 1ts!
o 2. Human—Made systems

Social systems
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Sandia National Laboratories (SNL)
Pacific Northwest National Laboratory (PNNL)
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0|= Sandia =2& 3 4

dtAHC Ol= =g &, Ot A2 A
= [abs experience in computing, nanotech,
modaeling, simulation and surety critical in emerging
cognitive revolution

o 0Olgd ARE GIE HARPAD2007. 80l = HIRO

o NEWS RELEASES/ August 8, 2007

o Cognitive Science and Technology Program becomes

Sandia initiative

= 0| HARAO SA! initiative AR ZZ R O| GtLIII &

Sandia National Laboratories has entered full throttle
through (8 & &) its Cognitive Science and

Sandia =& 01 24 Technology Program (CS&T).
L EDIE,
e
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o CIAIAIAE HIA==2 K = JCHE O
positive impacts

o mIIPHE 1A O ALS
AEES AtEotH &H= = 1
JIH/EFE AFE0HH AFEES2| 2| &/

ot= A

o solve perplexing problems, and perform
complex activities.

o 2002 ; the former Mission Council selected

cognitive science and technology (CS&T) as

a research focus area for the Labs.

OI K] f &f



OIXITHEY/ A F I SO b A 5
o172 s

o John Wagner,

“It is reasonable to expect future
discoveries will become the Nobel—-class
achievements for the cognitive and
neuroscience communities at large in the
years to come.”

OI K] f &f
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E-2. mE&SA

o CORDIS

Community Research & Development Information
Service

o IST: Information Society Technologies

on the future generation of technologies in which
computers and networks will be integrated into the
everyday environment,

a multitude of services and applications through
easy—to—use human interfaces.

This vision of 'ambient intelligence places the
II user, the individual, at the centre of future

developments for an inclusive knowledge—based
society for all.




OIFAS0/ctes HEE LA 60

xArtificial Cognitive Systems

= the junction of the cognitive, ICT, and natural sciences.

O research into systems that have cognitive functions
normally associated with people or animals and which
exhibit a high degree of robustness in coping with
unpredictable situations, we seek to overcome
limitations of today's computers, robots, and other
man—made creations to handle simple everyday
situations with common sense and to work without pre—
programming in natural surroundings, while maintaining
and possibly improving the quality of their services.




* M B AIE| J|=(IST); Cognition

o These systems should learn and develop through
individual or social interaction with their environment.

o 94!

natural language understanding,

Image recognition,

automated reasoning

decision support,

Robotics and automation,

sensing and process control,

complex real—world systems.
o &€ =&

from the bio—sciences,

perception, understanding, interaction, learning and
knowledge representation.
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o CoSy

EU FP6 IST Cognitive Systems Integrated project

o Cognitive Systems for Cognitive Assistants — CoSy

o Cognitive Systems, Interaction and Robotics
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o ECAgents: Embodied and Communicating
Agents

o http://ecagents.istc.cnr.it/
The Vision

The project aimed to develop concepts, tools, and
models for analysing collections of

both natural and artificial agents,
and algorithms,
definitions of dynamical systems,

and performance analysis tools for designing
artefacts that consist of evolving populations of
interacting and communicating embodied agents.

//
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The project is coordinated by Stefano Nolfi (Institute for Cognitive Sciences and Technologies,
ltalian National Research Council)

1. National Research Council, Institute of Cognitive Sciences and
Technologies (CNR-ISTC), Italy, Stefano Nolfi and Domenico Parisi.

2. Sony Computer Science Laboratory (SONY-CSL), France, Luc Steels

3. The Swiss Federal Institute of Technology Lausanne (EPFL-LIS),
Switzerland, Dario Floreano

4. Université Libre de Bruxelles (ULB), Belgium, Jean—Louis Deneubourg and
Marco Dorigo

5. Institute for Advanced Studies, Collegium Budapest (COLBUD), Hungary,
Edrs Szathmary

6. Future Applications Lab, University of Goteborg (VIKTORIA), Sweden, Lars
Erik Holmquist

7. Humbold Universitat (UBER-ITB), Germany, Peter Hammerstein

8. Physics Department, "La Sapienza" (PHYS-SAPIENZA), Italy, Vittorio Loreto
9. University Pompeu Fabra (UPF), Spain, Ricard V. Solé

10. University of Tokyo (U-Tokyo), Japan, Takashi [kegami

//



<2-F>. 4 Key Principles of NBIC

o 1. Material unity at the nano—scale

o 2. NBIC transforming tools

o 3. Hierachical systems

o 4. Improvement of human performance
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1. Material unity at the nano—scale
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2. NBIC transforming tools

o Nano, Bio, Info, Cognitive—based J|=

o O|&0le= HZEO0] &Y E Z0F AHO[ 2
interfacestilA s&I&E MEJE Ol &
e, 27, ME22 S22 AIAE &R
S8 = enterprise
ex): fMRI 2t NanoJl= A Z & non-invasive
brain—monitoring devices

Jol

0]
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3. Hierachical systems

- NBIC 82 S22 N

AAE H2,
2t

computation
SO A3 20t AZEe =z 9l
- MEaez AAHL OXKE &N
=S & Hl (complex systems) 2l & =54 0l A
2| A M Al (hierachical systems)
X0 Al OloH ot Hl &

FOd

Qli
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Hallmark of Renaissance

= 2 5t intellectual principles 1t
&1, 23X, &2, excitine spirit
S OO SstH
= o TT Oo.
2. AFAS AN CHSt: Holistic perspective.

fundamental unity of natural organization.
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o Now Is the time for

the 2nd Renaissance !!

for : sclences, technologies, and
humanity.
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O cognitive revolution

o 18

o http://t0.gstatic.com/images?g=tbn:ANd9Gc
RvhwmzL31fw8MVy0gRssR9akUhZ4NbtdxalfE
Cj8A6pj8CCOtJ




DIchArRl 2] w=i &

—distance work, distance trade, distance learning, even
distance life

—unemployment in cities (shrinking cities..)
—flow of population back to the countryside and
development of self production

o The old education system
has been devoted to train employees.

o The new one:

have to built autonomous human beings, able to
survive and organize their lifes

under difficult situations.



21MIII =2

o http://2100.vaour.net/cmsms/index.php?page=extensions T&AHAZH

0l =

o systemic disruption taking place in the 21 A|J|
O & 48K 0

0l 2 HE=

o =% 2| huge disruption is a shift
2902 2H
o the industrial age, based on materials and
energy,

HCIZ7? :

o the cognitive civilization, driven by
information technologies and facing a
dramatic ecological desequilibrium.

0l82-93
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—QUAD BDA-

o The socrety of the 271st century will be
a cognitive society,

the capital will turn to be a capital of
advanced knowledge and competencies to
solve problems and create new situations.

o — UNESCO, 1998.

0|8 2-94



UNESCO, 1999

o http://www.unesco.org/science/wcs/eng/ov
erview.htm

FORUM II : PROGRAMME THEMATIC
MEETINGS

o Il.3 Setting Priorities in a New Socio—
Economic Context

0l 2-95



21 KHI1J12] priorities: UNESCO

o http://www.unesco.org/science/wcs/abstra
cts/ll 3 priorities.htm

o |1.3 Setting Priorities in a New Socio—

Economic Context
o Feasibility of science prospective: what
priorities ?
Thierry Gaudin
o FProspective 2100, France




X

o ...the paradigm shifts during the 20th
century, such as relativity, genetics or
fractals appear as unpredictable. How
can we assume any prediction about
those of 21st century? Anyhow, Iif we
follow the general statement that a ...




O

o global change is occuring in our
civilization,

o namely a secular shift from the industrial
soclety to the cognitive society, we can
assume that mechanics, physics and
chemistry, key disciplines of the industrial
world, might be replaced in their central
position by cognitive sciences and Jife
Sclences.

Ol82-98



o One should also observe that the cognitive
paradigm Is putting forward metrology as the
starting point of the cognitive social process,

o and leads to a post scientist representation of
knowledge, in which the diversity of
recognition and exchange, by several different
subjects,

O requires more attention than the so called
'objectivity" which refers to a unigue process
of acquisition and validation of knowledge.
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Science foresight :
The tree of
Knowledge
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Science foresight : The tree of Knowledge

o http://2100.vaour.net/cmsms/index.php?pa
ge=science

o What is Prospective 2100 ?

"Prospective 2100" is an NGO created in 1995 aimed at promoting foresight in
decision making. A huge study, foresight of 21st century, published in 1990
under the sponsoring of the french ministry for research, anticipated a
systemic disruption taking place in the first quarter of 21st century.

This huge disruption is a shift in civilization,
from the industrial age, based on materials and
energy, to the cognitive civilization,

driven by information technologies and facing a dramatic ecological
desequilibrium. In this context, foresight appeared as a vital necessity, aiming
at the adaptation of the way of thinking to the new context.
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o Knowledge/ Imformation Society2
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o ==> QI XIS (Cognitive Science)
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TREE OF KNOWELDGE
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o http://psychweb.cisat.jmu.edu/ToKSystem/
My%20ToK%20Papers/The%20ToK%20and%
20Unification%200f%20Psych.pdf

o The Tree of Knowledge System and the
Theoretical Unification of Psychology

Gregg Henrigues
o University of Pennsylvania

o Review of General Psychology, 2003, Vol.
7/, No. 2, 150-182
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CHAL !

M Rel= 0O Z Jt=It (Whither) ?

L §RE et AFH S 28 (technologies)
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o Olei=

o A New Brave New World !
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for the New Brave New World
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