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2.1 Overview of the workshop
Bruce Tonn(University of Tennessee)

ZDU—7 =3 v 7L “International Study on Converging Technologies for Societal
Benefit'7’m =27 FO—E8E LTHET 2D TH S, 2003 412 K[E NSF @ M.Roco
KM% &7z “Converging Technologies for Improving Human Performance :
Nanotechnology, Biotechnology, Information Technology, and Cognitive Science’ TiZ
Nano-Bio-Info-Cognitive D& A IEB L=, AV —27 2 a v 7 TIXZ D X 5 B oikic
HHT I I aY—0H Y
N D, AL, BEFoRk
fEIE T 7 ) v — DA RE
TRRA ST A BRI
TS FmtE, HaEER
~OEMHEHERTHZETH S,

RV —r vay a0y
> b D.C., —_ TR
LTEY, b THilET 5,
SRIZEL IS —EDT —7
va vy FORRIT. aENR Y

— MR END,

CONVERGEN PLATFORMS

T FU— kg KT
%, ZOU—r gy 7 OHL
ThHTL—IT Tkt

X2.1.1

3 INFL AN SR ere g . ese
vay GR=R) & 38 Initiative and Workshop Activities @
3 Jiis
Y E Y AD %m& L4 O » e Pre-workshop Questionnaires (posted on NBIC2Seoul)
Ik, T NN—T = RO + Workshop Activities
N /ﬂ;ﬁ ﬁ: é ﬂ’b ADBHDOD ﬁE fﬂjz\ — Plenary Statements on Convergence
. . - — Breakout Sessions
B, ary_X—=T s ADE — Groups 1-5 this afternoon; Groups 6-10 tomorrow
- s el ~ morning
Ta\—E‘gbZDﬁ/\_)‘/x @ﬁ'Jﬁk « Statements
S N * Group Discussions to Address Seven Questions
Bg Vg‘— 5 ﬁa\‘i‘y » G{Fﬁ T10® )ﬁE\‘ * Preparation of Breakout Group Plenary Report
HWICHOWTIT9H, 1 — Plenary Discussion
jz IO H E W%ﬂ — Summary Findings, Slide Preparation, and Report Writing
DEODE Y a EHITU, by Breakout Groups
Loy - 4 e e Post-Workshop Plans
tl:1ﬁ s @ﬁ%%%& SRS ° — Presentation of Findings at NSF, December 11, 2012
2HBIZEY 55Dy g — Summary Report and Book
ERERME ATV, RBICT —
7 va y TRIRERIET D, ®2.1.2

CRDS-FY2012-WR-09 WMIATECEARI AEAMIRIEEE MR X —



4

F/7/00— - HHSEH

[t SEEREICH T RS CRMOEBRMAEICET 5AXBERET -7 3 v 7] ®#ES

TL—rT7 Ukt iar
T, BT L—F 0, 1HDIZ 10
DREEOMEHRNAELITO, O
%, BAR, ®BESOSINE N
REREITH, TOH, FHZS
MFEA~MEFE L T=7 > — FolA|
ERERICHESZ, ETL—FN
Ewma U —FNLT, FLH0E
BrEERRT 5, Z2D%. ET L—
ANREY v g DR RS
T 5,

The Seven Questions %

Q1A: Changes of the vision in the last ten years
Q1B: Vision for the next ten years?
Q2: Advances in the last ten years?

Q3: Goals for the next decade: barriers and
solutions

Q4What are the needs for scientific and
technological infrastructure?

Q5: What R&D investment and implementation
strategies would you suggest?

Q6: What are emerging topics and priorities?

Q7: What are the impacts of convergence of
knowledge, technology and applications on society?

X2.1.3
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2.2 Conceptual challenges and opportunities for convergence
He—H (JST-CRDS)

BN R E A DBOAE— NIFHFFIZRSRoTE TV D, 1999FIZT F <A |k
TITO - R 23 (ICSU) Tk, BHEFo&E D 4 % H & L lscience in society, sci-
ence for society] WO ESNIMZ ONTZ, HilZ RO DHZFORETIT R T, 2

ICHEBEE ) WO BB ZREDLDNE NI Z L2 FICEZLBE, HDHVITFD X H 7 F
FEHETHIL, LVWOIESTHD,
20 A2 3 1T D ey 7o bF

Bl T RED T Social Wishes - Analysis

— N Social Wishes
7 7 JBRY—EIANRDEDL LE are categorized into the following three levels:
L. A S A 3L (1) Prerequisites and given conditions
/ﬁﬂﬁ X 7, Hﬁﬂﬂe @ DA IGf:ogratphy, ICIirIn?_te, Population decline,
nternational relations
CLTREICEAR VA7 __presenting the basic conditions for “design”
(2) Visible social wishes
7oLz, Green innovation, Life innovation,
o de =@ H Recovery and reconstruction from the Disaster
21 it o i SR O FRE & @ por described in the 40 S&T Basic Plan (2011-2019)
LC. ADHE, &FE - =% otential / Invisible social wishes
N M Active aged society, etc
X—RE, HhEkiE L., A% Research for discovering invisible social wishes
2oy T EA L LA How to discover “invisible” social wishes?
BRI, ﬁ &\7 KOMePR, itk Methodology and tools are most important
mENETFNA, Lo T for designing R&D strategy for Innovation
2 1 ‘lﬂ" ;(ﬁa D } i ?/ ﬁ & i\ : j/[, 6 D %% leoyukl toashlkaw.a De5|sg°r:: m:ytht()gglggﬂ fso_lf I;gjg?rch and Development Strategy
LA DOHIFFIZIN A D721 B 2.2.1
FPAL L ENHRETHD,

ZORR, HEMIERO TV DEDONEMLZ ENROEERZETH D, D
IKHEITIRD 3 DI FET 5 Z kﬁxf%‘é
(1) Az - 54, =&z
52 bR, &

The Role of Scientist in Sustainable Evolution

%%'ﬁiﬁl &) 5 o Actors in society "
L e Educators  Offer knowledge ctors Action
(2) j{lﬁk\ p}%ﬁ fa: k ;E @ L T JWO::{::’S“StS (scieqtific advice and (Actior)s supported by
H::/ﬁ\ c: %ﬁ—\‘ é hwc ) 5 E’E\ Artists technical advise) expertise)
Engineers JST-CRDS i b
£95 ’szi'/—\ R Managers In process losfm’W Society,
™ Administrators Designing elaboration of Global
(3) fE=IZB T T LHH gg::g;'?ﬂ“:kers Scientists Social Wishes environmen
,j—\‘éffj IR I T W Administrative t
officers Scientists
ET DS rFE :tfges Evaluation In Society Phenomena
2 N A (Evaluation based on (Phenomena produced
%T(ﬁ @ﬁégﬁ— E) %i/:':\ E@/ﬁ;ﬁﬁ‘f @% analysis of the Observing _by-theresults of the
ﬁﬁ% 61 j’j % [5 < Eg 73: %%ELE b: I(?fﬂilrjfi?v?gual actions on Scientists o ne)
Il phenomena)
TR - )
22 ERDND. B DRAR Various converging technologies are H. Yoshikawa
2 2 513 JST #JF 22 BH 28 Bk 1& urgently needed for designing R&D strategy (JST-CRDS 2012)
o —FH)BLzt L —RIZ B 222
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LoTrRmEN TS,

FHEEE I, 2R UHARORN Z H 581428 U TIRENESI IR 2 285m4 5 2 L2

TWEEIND, ORI, Blgh

Bl53 (observing scientist) DHFFEIZ L > TITHIL D,

FRAB IR L B 2 72 2 5 B R A LR ICIRET B, AT D OB MR ¥

(composing scientist) Th 5, ERE XTIt D178 (actor in society) [FER,

1TEL,

BED DD LWEGTE 28 L THEROCERICEEEZ G2 5, TOMRER

BT 5, ZORLEBRUBFZENFOBE T D, 20X LT, 1T8H, = (8
). BIEAREE . HRRERREOR THERIERZ TREL T 0/ —7 2/ L, 2R
WIfF~ DX & I 5 AR 2EN TE 5, (JST-CRDS  &)1I54:2)

BB il DAL SRR 2
57 7a—FIZiE, oiror
¥ (Science for Analysis) | 7>
HbAZ— KL, FEERY - %R
G & 1% TSRS 2. 5

(RRLT v 7R & flhm=—
Aafie LT, =—X &l
THERE A BXE - FEHBLT D [ERE!
DF (Science for Design) |
WZHASL Thy Fx T R
HbH, MGFOTTa—FONT
VAEEDTIENVETHD
D3, KA TR AT RE 2R BRELHAN
Tt DO FEBUC AT THERE

fRR L T 7edicid, Thy 77Xl o7 Fa—FOEEENEHE>TEHEY

Interaction between Society and Science Community

Science for Analysis

Discipline-based S&T
Application of Outcome to Socie

)

Safe, Sustainable and Eco-friendly Society

Social Wishes
i - i

Concrete Research Programs of S&T
N - N
Converging Technologies
(Nanoelectronics, Nano-Bio, Green Nanotech)
' Comprehensive Engineering
Functions Designing
Interdisciplinary fusion & Integration of technologies
Electronics Biotechnology Artificial Intelligence
Devices Artificial cell Man-machine Interface
hnology y Engineering

Materials

Physical Sci Life Sci

Science for Design
Task-driven S&T
Meeting Social Wishes

Cognitive Sci

Science Community

S

Tools for Promotion
Role of Academia, Industry & Government

X223

- -
N — —

TH 572 2 P REEE - BARBIOBECHE 2. £ L TR D /RkRH OB LR 7 Hdf &

DIL@PHB L 72> TL D,
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2.3 Methods for converging technologies
Mike Roco (NSF and NNI)

TAUN=V AT, HE
OBEEZENSTH LN D% Coherence and divergence of megatrends in S&E
A1 A Tobic, s 5 R S .
W, B, =3 ::7‘4 DFAH. | :
e, BT & B R i Aasarty o ’ ¥

N inlesacing pars
T OO TH 5, By

[ e

7 5 (B 72 i e 3) e TN /’\

LAEARGIRE (LRI el

OMIZhHKE ¥ Y v 7 & ] ;ﬂ_ A

BT IE T N L AR ("_‘{ . - --....

‘i”%ﬁ = f*/\é?mi%laﬁ \Er phase Fusion phase  phase phase
DLBE L 72 B2, Mo &

Wil LMEHEA T AL, B LU B231
VAT LA ) R— 73 T
RN Four essential, general platiorms of S&T&A convergence
Eval tam Innavation virtual circuit
RS & EBT B 11 f“‘“"‘”""“‘”‘ : ey N
X, Ea—~rRE L, HiER P e S
r Y N,
HRE A — v a2 T Lk 7y % y ¥
Tra—NJ e HRF Rl B Progress in
TetES) Ar— IV D A — )L scale > i scale
2B\, By — bl LT mﬂ?’" L)/ '“'I:"'“’m
DONBICZ a2 NN — 2 A v ,..-’f L% !
AL LTHA LT < B e " Foundationalools NBICsT o
b, TZTITLUTORICHEE - £z
TOMEND D,
X 2.3.2

T AR ZBITHWE

DHE— E’inﬁapku\of_%n’*ﬁéﬁfiﬁi HASL T,
Fikim - BEm - FUE. A OE & Bkt rTae e BiR O X 5 BBl 2 A T 5
é%%%ﬁﬂ% TH%7 7u—F& L5 L,
ANDORNNBERIZHER L H T, BAZEET D2 EFTECED ., L0 TR 5
bhbkoicTsz b,
ANV 2V AREERT HTODOTELE LTUTOLIREOREZ LN,

VAT ARV T e —T

MEDOTOOWEN T 7 a—F

KET —H L ZFX A= NV AT LOKE
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T AN A, BEL, WD 4 > TNBIC 287 TWAH R, FHESEHETHY, a2 3—
VU ADT L —Y— L 5 AR T E LTIROL S b ORH 5,

ATy RilE

R 5 & i

TR & AR E A

FHRA

IT & {RABELHE

F)TT ) aY—

7 ARER

R—=YFraRy k

LS AY]

BEER AT A

ARB LT 2T LS

AN=T 2 U ADNK DD BRI BEE LTROE IR DONH 5,
R&D. 4PE. AT v ZDAKE N2 [RE O fR ik

L & fEEAL

EEOFIEEFEEEL L AL Y URE L HEDR

R&D, A/ _X—v a3V ERFICBT D720 B OREE

BB O R X ORI e s

CHER 72T 7 —F & W T i O R W

HINF 2 ADRR D Ik L FAED AL

ZDU—7 v a vy TR, MIBNERNL - IWEO TR, VAT A FHE. TN TF
ALY DB, AUNR=V 2 A T Ty NR— L EEOREEIC K D FEERAIRITTT
HDH, AZOWVWTHLMNZLIEY, £2, a v X—=U 2 ZAD5H% 104F, HHVIEZEN
DBOEMO b Ly RBEEAESIZH L THOER, k- 77 /ey — - 20 R
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2.4 Foundational Tools and Technologies
Mark Lundstrom (Purdue University)

Nano, Bio. IT., Congnitive ®
RO SRR CNT today...
MR L LT MkORa, BroHt e AR b =l e
BNERELTHWE, TUHIFAX
DOEM. EAENOWREE, 0%
NN S TN,

CKT (Converging Knowledge esian and it
and Technologies) D% < D7) Rt b ol v s

[ = |

s Fapargr CFoge in
[YSFRTALE S T
A rrviabor n e mieiuly
P R

asb R 1l SR I B0
B e daEe L <l
g Bea bard b
mevad gy

%HD#WI

%if%\éo mtanan 1l b e S i
Bz X, RO OHGES DNA Z 231 bt et mie
- e — dacty, el e b sl dhevit i
:‘I:ﬁ LT\ %0)%&\ iﬁ'fiTﬁ%&ﬁg*ﬁB{ﬁq LR - ::-lr-r--l-ﬂl d el praad d Bl

¥ B e
o — wa carvr bbb e -t o

EHESTCXELETEST D &0, %
<D ARM 7't v Y izBE R
INRAEB B —H i, B CAMOMICR BTV & 2325 Ly, R—A XA —h R
MR & RNIC A S TW D IR CEEST D EREEZ . Ny =8k L
Thbd, Frtll, 2012 FIZER LFOZE CEE L ool F — U — RE ST 5,

241

electrical engineering 2012

Artificial Intelligence; Control, Intelligent Systems, and Robotics; Graphics; Human-Computer
Interaction; Integrated Circuits; Micro/Nano Electro Mechanical Systems; Communications &
Networking; Design of Electronic Systems; Energy; Biosystems & Computational Biology;
Communications & Networking; Security; Physical Electronics; Flexible and Printed Electronics;
Computer Architecture & Engineering; Operating Systems & Networking; Integrated Circuits;
Design of Electronic Systems; Short Wavelength Electromagnetics; Soft X-ray microscopy;
Coherence; EUV lithography; Programming Systems; Nanotechnology; Solid-State Devices;
Combinational and Sequential Logic Synthesis; Formal Verification; Microsystems and Materials;
Nano-Optoelectronic Devices; Nanofabrication; Heterogeneous Integration of Microsystems;
Plasma and lon-beam Processing; Electronic Materials; Programming Systems; Scientific
Computing; Database Management Systems, Distributed Systems; Mobile and Pervasive
Computing; Computational Game Theory; Information Theory; Signal Processing; Information
Retrieval; User Interfaces; Computational Linguistics; Software Engineering; Nanomaterials;
Wireless networking; Machine Learning; Embedded Software; Real-Time Systems; Cyber-
Physical Systems; Concurrency; Plasma-assisted Materials Processing; Sensors and Actuators;
Program Analysis; Microwave and mm-Wave Circuits and Systems; Applied Electromagnetics;
Human Perception of Motion, Computational Geometry, Image Processing; Parallel Computing;
Micro-robotics; Engineering Optimization; Design for Manufacturability; System identification;
Quantum Computing; Semiconductor Manufacturing; Cognitive Radio and Spectrum Sharing;
Design methodologies and tools; Wireless sensor network design; Art, Mathematics, and
Geometrical Sculpture; ....

X 2.4.2
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10

CKT NA®%EEIZ/RH & LT, fEHIL, BERM R bOMhn, TNF A A7 5%
72 EEA R bONRHVEL, LOLEDEERLOIX, CKTRHRROXY U7 7 v 70
72912, best and brightest /£ (%) #EH2HAEBELCHET LN THD, £, H-
B L 72 0 — VIRRERD & D LN 72 5365 2 72 T X v i 72y, NBIC OF 4
SFYUMBAEFNEY— A I, AT AEHREICEELZITAY— LT
K By HAEWRIC L > THMRRIC R DY — LDl & LT, Eimsgicfibhn s [HEFikim
MBS E ) CMOTREY 2 IEMEIZHIE - T CE 2@ TH D,

HERAPE T 2 —DE-ETLH DI
(AL 25 T) 305 Kb 215t century electronics
Pins4HE, 21 i Ly b e g '
=7 Ad, ED XD ITEICED
E5 9?2
BlZIx, BAEDREN 2 A T, 2o
BHLT 7 T34 22 X0 Hiio7ekke

* Design tools that leverage the existing capability but add new functionality with

%) Ebu é z/\/ %) ?j"j:/r Ve \‘/ “—/I/iﬁnj%‘ Zi novel nanodevices (e.g. diagnose the most common diseases with your cell
e e . phone)
bivd, flo, WAZLTHA D
R N . * A new manufacturing paradigm that leverages mass production for customized
F v T OEELZWET HH LW iE designs?
&ﬂﬁ:@ N ? 5?“/{ N %) gﬂéﬁj‘ é z) N %) l/ + New era electronics. e.g. “waferless, printable, flexible, disposable, etc. 10
R, 2T, RO Y = ®2.4.3

Hng SV o270 T, 7%y
TIT, TAAR—YF TN Ly ha=l ARFZEIR D500 LLe,

ADFREIZH L TEZL BT ANOE Y Bes, Tz, BENEEELRD, T4V
U UMOA =T igaia = —var Fy RN EICRY, B SEECRET 2N EIT
D, T4 TV HOAE—F L Ay TF U T PMEZ D, BEIX, Convergence IRFX D
HEIXE D HDHRED, FHUTWVONLRE I/ B0, Thbd, WTHIZLTH, HifFiX
Convergence (Z L > TEAEEZ TV A9 L, £ Z Tl Convergence R D F} 35 <0
TUV=TEEIFTCTCOL N, HbEEICRD,
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2.5 Convergence in Public Sector in Environmental
Technology and Development Cooperation
Seung-Joon Yoon (KEITI)

KEITI(Korea Environmental Industry & Technology Institute) % 44 & 2 #[E D2y
HIREBANM T > T D, BREICET HBUR & EINOMBN 217572, KEITLIIEREA O T
WZhH o, 7V — BT AT %
LISMZ, 7Y — V FEE DB R L,
B bh 7] D BEHR ) ORERE A FF > T

Z) (Eéjﬁg) 5 m Public Organization under the Ministry of Environment

Research & Pevelopment o
Development reen Industries

@' Introduction of KEITI

EEOBREER . BRSO
JEE S 1 1970 42 T4 1 B H i 2 [
HL L CREDE D L NDIEE -7,
1980 4F £ 12 13 B 52 775 e R R R 5% %
BA%A L. 1990 - ARIZ 1L BR 5L B i af [ Promotionr |
GBS & PG L7, 2000 4EFRIT A
HY, EBEHAFAK LT
Lo N — RSt B iS4 HRY ®2.5.1
MAEIRD T,

Environmental Policy & Technology
* Development

BARM 72 BRBEE AT OB LB 3~
77 5ELTIE, 1992 4E 75 2000 4F
T TOTar T ARPIDTOHED
ThY (72— X1), D% 2001
D 2010 FED T = — X 2% F- T,
2011 B 10T s 7 AL T,
“Converging Technology Development’
DT v 7T BTG S LTz,

®m Environmental Technology R&D Programs

[- Eco-Innovation R&D Program : Converging Technology DevelopmentJ

)

BREEHANBEIS I L v BEICHESIC
BTSN DB B, H25.2

ETRKIGLEDOBE T 5, FHlx1XY 7 tiNd SO, 1% 1985 420 0.06 ppm 75 2010
1213 0.005 ppm £ THEAD L7z, BV E YT 4 (20 km PLE) (% 2006 42 IX4ER 79 H
T o722, 2010 4121E 140 HISH ML 7=,

AKEVEYITE LT, A KDOHAEIE 1970 4R RIZIZA D D 33% L7 o72H DM,
2010 FIZ1X 90% (2 E THIN L 7, F/KETEM O E 1980 £ 10% 75 2009 4EI21E 90
%I FE TELR,

I OHNIHIZ OV T 1993 4E D 6 FIFRE D5 2004 4F 1213 100% DFEMK &= 1Tz, T
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WNOBEEY D VU YA 7 VR AR
FIZHEIN L T\ 5,

FEETS— F T —TH HHES D E
W5 A EHE AL ORESEA~ . B
EOEMmRIRORRE > =7 Lz
D, ODAZKH L7 LTEZ KA
HEkE LT\ 5,

BEFIE LTR, H—TF L
MK ERIELIZY, TEANRA
U KO R & B
L7z LTwWb,

AS%OFEE LT, (bFmEHE
ORI, REMETHKIZR T2
ANORHE., wEIETT- HF F A K
e & DB~ 2 KT FiK
DR EM BT bbb,

REEBUMIL, BREE - fEEET 7 23
y7u s aE LT, 20124FE0 0
12 5 10 42, US$160 M % #l
HT252TETHD,

UL ED X5 IRBiss « ~ VAR E A
SERIZHRIT D2 DITIE, BREEH
i, BRESEUR, AL —E X L BU
Dk Llpol-, L R—=TV xR
DRI,

) Social Benefits Created by Environmental
Technology

m Water Quality

Surface Water for Drinking Water Supply : 99% (2009)

Population with Tap Water Service : 33% (1970) —> 98% (2010)
Population covered by Sewage System : 10% (1980) — 90% (2009)
3% BOD of the Nakdong River : 11.6mg/I(1982) —2.0mg/I(2010)

253

et Contribution to Sustainable Development of
Partner Countries

® To provide ODA for Environmental protection

® To share experience of solving environmental problems
® To improve quality of life in partner countries

< International Cooperation Program >

" Policy 2 + Training Program
+ Knowledge Sharing Knowledge Capacity - On-site Diagnosis Services
Partnership, etc. Sharing Bulldmg for Environmental Facility

- Dispatching Experts, etc.

« Environmental Management
Master Plan

« Feasibility Study for
Environmental
Projects

« International Joint
Research, etc.

Project Technology
Development Transfer

CRDS-FY2012-WR-09
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2.6 Converging Technologies
James Olds (George Mason University)

B #]1Z Convergence @

E7B 2 < DB LT, Example 1:

WIEE LY TF vy — -
By TN ReT N AR

(CCD)# 1l @ Convergence
IZE D NTIVEmEEN A D
PERE A FF O Bi 2 H T
B4 Z &k, £22
DEMIZE > T, = 2 Ml
B EEENOR B oY
BfrOUER D BIRB R G5
niz, o ke et Urams with daptve opics. By Sromov Y o eck Observatery. (gt oth heisheres

%2@%0;& Ja;—7’0)¥£ 261
Rl & & o P8l & 7 K e
THIET LD Convergence TH D, ZIIZLV, KD~ 27 vl PRING I 7 a/x Tl
WHREL T2 ol-y Fi2, R —FREDOAVFr—2DOFHl, aLTIDEREET NVICLD
N~V A DY, A0 & FRROIK DIREEZ AT L CORBEO RN D72 2 Tl 72 £ 23w
HEIZ 72 o7,

* Convergence of adaptive optics and charge
coupled device technology in Astronomy
allows Earth-based telescopes to approach
Hubble capabilities:

Jo

B 30FNE, fMlgf A—v 7Ly 75 —4%@ Convergence Th 5, K7z &DiE
BNTEDLE912700 N ZE DT AEMOMBA ORI 7 7T AR ATRRIZ 72 o 72,

PLEDOBIINS 530 % K 9512, Convergence (%, D/ NT XA A7 R Z 9 A HE
WRH D, TSI A L RIHTE VTR E N2 D,

AR OF & LT, fMRI (functional magnetic resonance imaging) % & % CH 5,
ZIUEMRI (BfEAIEE) ZFH LT, b FB IO OMOEBEOIE BN B L 72 1
MENE L Z T T D HEDO—DTHY | FiAD=a—a A A=V 7ORTHR DR
ELIZFED—>TH %, tMRI OIHEDOHRBIET 1 mm’ BOA—Z—ThH o575, HEIZ
BHIL7-WE OOREEIL pm’msec DA — X —TH V| & ZIZIFKRE 2 RBENFIET D,
Hxrxli=agarva—7—3 3 & LT10" neurons/brain ZE L TV 5D,
FEREE, —2D=a—r Y720 10" DAL U EEDbROIMEERHY , Zhnv T
ZELE LCTHEREL TRV . —D D brain 4720 10° DAL UFIET H Z LT D,

fihd B & L CTlx, MEG(Magnetoencephalogram : X)) 238 5, MEG 1563k D EEG
(Electroencephalogram : i) X VU IMOFEM2 R E THIE TE 2ONRRETH S,
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Example 2:

* Convergence of Moore's Law, better sensors
and more sophisticated weather models:

X 2.6.2

Fo. EYOMREZRNOK R OPERIRIEE K L7 [EI# X (Connectome) 7'H ¥ =
7 FTIE, #OEF o7 2N, ZhENAOMINEZ 100 L ED R D 6 TRBITE S
£ 99 2%"Brainow’{ A —Y U 7R ERE LTS, & 512, MRS (Magnetic Resonance
Spectroscopy)iZ & D MRS EM E NG BARE O REIA 7 E b /S b, Wz L
Th., REBZLORE TIZ, JEMAYRMN LN DA A= TRRBNT T2 D OITFREN
AN

DLERTEZ L9512, 2PN ERBoORE %3 584, Convergence Z FlfH 755 =
LT, BT U REORE T, a X N EE/NRICHHIT D Z E N AREIZ R D,
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2.7 Human-machine interface

NIAYXS (ATR)

Ty vy oA HF—Txz—A (
H% OISR IOV TR LT,

BMI) O & Hffr O e, fBla) 22 dfiE,

wUr > BMI BAtR o ER & L C,

UTOFEWR»H D,
- BMI : 201 % B HE o 7 A, R
m%@ﬁ%3\1%7_ya/
ROJEHERE ~ D 2B

- TEHEATIC X B g O R
- BN A g e LTI 7 0 —
RNy 74252 L1 X D ikEE
O il F
S DEBEATE D HIET S L O 2w
BRI RE
- R R TR, AR AR

Compensate, cure and enhance sensory, central and motor

Artificial sensory BMI
- Artificial cochlear; CochlearT’\’I
« Artificial retina

< Artificial vision; Dobelle Institute

Brain Machine Interface

functions of the brain by artificial electrical circuits

‘_

T OEM, AEfE, B A
T L2 EOfE AL

X2.7.1

BMI i%, AT 7% 1Al

V. O, X, EENERE A
@\ﬁ%\%@éﬁé%@fﬁéo
ANTHZ2 %1% BMI & LTIz AL
OWNE, MM, 57 & S HF5ERE s
SNTWVWD, FHEBERTIX, k%
272 < BMI SIS A & 0 |
B AE TIL Si R O BEMSCIER B
DA EMm (ATR-SE) 72 & O
Tmd 5,

Z#tEMIC L D BMILIZ DWW T
1%, 2006 4 @ Nature (29 TIZ #

J. Donoghue, Nature Neuroscience 2002;
Human implant 2004;
Nature 2006

Brain Machine Interface
by Multiple Electrodes

Recording of neural firing

ENDH DN, BN RLELRE DR
BN -T2, ol TIREBHEE RO
EEAED X9

2.7.2

(2 Si DFIWEZ VT, AREFES S WEMAHE STV 5D

F7o, BEREAIRGRIIGEGE (IMRD O 7 Fuin s BB O — R 7o W tf 2 RS

LSRRG, TE A X TETVD
Zis BMI HifolcH E LT, BMI I
ZEEIANAEVIIZDMNHL, BEEICS2

J:'Oﬁufaa*él?c%’f:ﬁﬁr L. M7 40— KXy 725
FErRABREINTND
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F7-. BAOTa =7 N TED
e AR e Ry hedxry U —
7 CToORIFTrR Yy hEHETS Z
EHiThbhTn5,

A% D BMILICHLE R H T E LT
X, TRROL IR LD H 5,

- FERBETHETFEICDOIE Y LZER
R

-+ 1000~10000 ® & fin & FL %,
RS, Eih, BEICED L
(i

c ERfEF OO DBE, T—X
N— 2 AR

7o ¥, BMI O fa B E IS 3 L
w @ TBMI f BE4 7 AIl) % 2010
BT GETIRE L T 5,

JRAIT @ ERCH05R I BMI % F

HLTEesn
ATABARANOERIZK L

T BMI #4f7 T0 % Bt F

TIIVT 220
JFRI3 A ARANDOERIZK L

JRHI 2

Brain Controlled Robot 16/1/2008

Bidirectional internet connections between monkey
brain in Duke Univ. and CB-i in ATR Kyoto Japan

7 one over several seconds time delay for
locomotion

[T .
=

—= -

JAFRT

Cheng G, Fitzsimmons N, Morimoto J, Lebedev M, Kawato M, Nicolelis M: Bipedal locomotion with a humanoid robot controlled
by cortical ensemble activity, Society for Neuroscience 37" Annual Meeting, 517.22 (2007)

X2.7.3

Four Ethical Principles for BMI
IZsio B BMI should not be used for arms or crimes.

_ Nobody should be mind-read by BMI
SEETEED  (echnology against one’s will.

— Nobody should be mind-controlled by BMI
Wrlielye & technology against one’s will.

— BMI should be utilized only if benefits surpass
BHOCDIEE: dangers and users confirm it.

2.7.4

T BMI H4l7 Tula 2 il S A0 TR W T 22

JR R 4
MEnax&sThs

: BMI £dirid. £ O R ez LR £ 2 HE D HRT 5 &< DRF]
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2.8 The Present and Future of Nano-Bio Technology in Korea

Geun Jae Lee (MEST)

HRE I B
W, 5%DF ) LR IR EOfE -

HEE OB REITE L <., 2011
21X GDP TR T 1521278 5

TWAHD, ZOHERITIEL 1990 47>
BN ONDA I _R— g DR
Mo T, FLOERBEEEDR
ISR FEFED = P & L
THHEREEZEHLED EB 2T
%
BHEEIR IR 2 Eefo PRI
Z O 104 E I L, 2001 412 0%
$125B (R T/ 2o 7= D
25, 2010 4E1213$37.9 B (31i7) |
Rol, T UIEAE %%%@7%
BETH D,

FEE DT T 7 BURIE 2001 4F D
WEET )T nY— e A =T F
7 (KNI) 7258 F - 72, 2007 4
FTCEHTEMEML, S/ 777k
v B =1 EOEAFET DAL, 2011
FENBOFE SW KNI Tixt /77
DFEFLE X —Y— FIZED LN T
Y. 2012 4(Z1% Nanotech Con-
vergence 2020] OO0 7T AN A
#— kLT,

ST ZNECOREFHINBORS T, 77 /vy —oitERE
wmabiz

l-|1i"'

L HfEOF T
ZIaF 7R EN L’Db\TffD)IL/fLD

vation in Korea

g of Innos

oo &
duliorrahs frosires

iy Chowreal o B
S iy ok ndiren

Farvmagea Iyrec
PRRRATEIR Giod Teorass
Prepe=s

L

X 2.8.2

INETOREZREEE LTL, 2000 025 10EMOT 7y hAFr— L7 o=y
KT, 82Gbit 77 v a AU DENET LN, KEBBEDRELAEALTHS, £7-,
BRI R 3 Ic b o TWVWA, T/ T 7 O E TIIKEO 75% TR 4 /712

o TWND,

H 3 KNI Tk, IEOMSEZEMRL, 77 /2y — -

Tovanbw—=ry b

TNANEZTWD, BEEREEELRS LOBEEE LI FRea s T

G

- NEBHEER T NA ZADRR A DT T3 AN
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s fEEERATED T O DF ) XA F

i Strategies for the 3rd Phasze
ARRFBB LT Y — Uk EDT-
HDF )T IR A DR -« T *Mond ko charggsthe LD trame from e Wechiiclogy suppier's
FL R - Froen s e Prsokegy ol SLatiy 1 i i ket gl 1y
CBEEDTDDOF )T U T indtriad g WcPrclogica T poirts
ity - Btrateghc HT Afeas fisf et 3 Phises
c T TN AORE, FHA - et v
AN, s R she s R LSRR
Gl e ey e g
VTR TF T ki A B
5 L. KED 90% D L ~Lic 283
BlET 5,

s HT R EEON D EIFICA R
30 L EDF /A &m%%%
T 5,
cHRICHTLIRMEHDEE & L
T, EHS #FZEBA# % L CTEL
YR 7% 24T,
cEWERER T T o i
% 5,400 A (20094) 7> % 20,000
IZHERT,

Paradigm Shift - Convergence

F72.F T AT N
FOBREI R — F /=TT
b, T BE - FHIER O 5 O O5E
Wioxt LT, 2R T 30 [HoEEHIZ 2551 T\ D

R DNANARBEDIERI I N A WA REMROFAIENEREIC > TE TS, F
/A4ﬁ@%W BWTH, Ax OREFERATE, @l 08 LWETE, BYp e &~ %t
JEDT=DOIZ, BN - IRRERER M, FEERM., ErRRER ENEEICR > TL b,
%/ﬂ%ﬁ@m%kLTié%k%<@@ﬂm9$Km%OBK@%&%@%MTE@\
NAF R&ED B Z —DIEHRC, 7/ EEM, 5T A A= TEN R EDNTTE R EE
Lo EEILND,

BEEBEUN S 2D X 9T S FRFEICK LT, 52 BN A iR b AR E (2012
H~2016 4F) TH /A FREGROHEEE AN TEY . FMEREE LTH 3 A 45
rnDEFELZ RS HFFL TV D
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2.9 Convergence of Science and Technology in Health and Biomedicine
Robert G. Urban (MIT)

e & XA A EIELIZE L CORZEHETOFK Sz >V T, A fbozhE, MIT TO
HEDOSLD ., 4 OB FRHIT OV THEIT L=,

Convergence (¥t&{k) 1X£NE
LD 38 D N7 B O R CTHEREY
THBR R A LV T2/ b
DEEVETHLOTHY, fEREL
THFRORRE - b2 23, Rk
M L CTHMMTHLZ Enb D,
FRAH 72 & 2 A TOMEAVEA DR
WZVER LTt 2B <,

THEE S LT (LEGO) 1Z7 1 v
U DRIZ D LTI B IELRD - |
EART v v 7 OBIT2ETHEML T R MR | A
W<, T ERUT X IR D
AR OB ZE L, /2 U
T OERBIZ RN TN,

I
S
t
e

-
BJ
=
=
I
E

(=]
L

WiYE i

building blocks

Murmbser

2.91

TECHNOLOGY CONNECTOR

MIT (2B W TIEH > DML 1 E
HOHNTWDLR, £OHLERD
Koch Institute TiL., HEAIZED
2. EMT R ALFE R PORRO® A
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2.10 Transforming the Landscape of Manufacturing
Jian Cao (Northwestern University)
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Success Story - Energy Manufacturing
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Recommendation #1;
Manufacturing Process Genome
Process gesome can defime 8 scientific path for creating effectiee

hybrid manufscturing processes, which requires the convergencs
of different seience and emgineering felds.

Recommendation #2:
Distributed Manufacturing

Déstributed manefacturing, enabled by flexible manufsctaring
processes, distribwted energy rescurces, and diversities In
demand, requines the convergence of SAT, social sciences and
sducation,

Pl et
e

e — =
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Distributed
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2.11 NBIC simulation of brain
Philip Wong (Stanford University)
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Courtesy: IBM

~ 105 synapses
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Approach 1:Phase Change Synaptic Device
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2.12 Transformational Governance
Jong-Guk Song (Science and Technology Policy Institute)

OAFT T Y —,
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1st Generation
Innovation Policy

2nd Generation |
Policy

3rd ion | ion Policy

View of point in
innovation

Linear viewpoint

Systematic viewpoint

Policy goal

Economic growth

Economic growth

Economic growth, quality of life,
sustainable development

Arena of innovation
policy

Sectoral policy

Policy related to various
arenas

Policy related to various arenas

Major area of

interest of policy

Policy for science

Policy for innovation
(Design of institution to
promote innovation,
innovation-friendly
employment and financial
policy)

Interest in not only policy for

ion but also i ion policy
to address policy issues
i.e. Integration of welfare policy and
innovation policy,
Integration of environment policy and

innovation policy

Key player in
innovation policy

Science and

Science and technology
ity, and

community

community

and gy
business community, users, and civil
society

Source : Geels(2004)
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2.13 Broader societal implications : long-term scenarios,
challenges for humankind
& M= (KBERXZ)
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3.1 S1. Foundational science and technology tools, NBIC

E7 L—4# : Kwang Ryeol Lee (KIST, Korea), Mark Lundstrom (Purdue University,
UsS). &)1 il (NIMS)
2% . James Olds (George Mason University, US) . Kwyro Lee (National NanoFab
Center, Korea) . falf i52 (NIMS) ., ¥ FI(JIST) ., il 3 L FEEE
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X 3.1.2.2
(4) James Olds
e Rt 7, RAEIRICE LT, A% EELRD [V —) IZOWTIHEK LT, FFIT,
FFfE 0 fRRE & 28 70 fifeE 2 & ©12IA) B L 72 Non-invasive imaging WEE L7205 Z & & 5#
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(5) Kwyro Lee
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3.2 S2. Convergence platforms : Earth environmental scale systems

£ L—4# : Hee Chan Cho(Seoul National University, Korea) .
Bruce Tonn (University of Tennessee, US) . |l =] (AbifEE K5)
Z %« Mamadou Diallo (Caltech and KAIST, US and Korea) .
ANE —RCRAERT) . AR FH (JST) . fih 5 A FREE

3.2.1 Y<l)—

IotyarTid, LH BARE, BEFELE VS TROA W EEN B, HIEREREEIC
BT 2B FHEIMOBUIR & S4B OFERIZHOW Tiin L7z, HBREREEZ b HAH) 70 PR IC
o T ARRFFER OFFUTHT, L4 TIHREFE S 2 2 2R Wb aRE o A28, &
TR F = SEIROFFI & Rt E B, KEROMER R EICo0 T, ARt D
i & BRET AT KT & WL S B 5 BB ORI I oW Tilkam L7z, £72, thR32EIC
DI TBOR - 2BZ2ORE AMET, HERZBROEZEMEIT OV ThEEm LT,

70—V A — )b O R AR AL B e B T

EAREHE ORI DOBLE D B I R T AEE IR, B =3 X — ORI O 1T A B O
b (7 A2AF v 7 OFARE) PMREHRBIE L TETFOND, BA Y FEEND
P &N 2 “RLIRFBOHIEHEMN b L EBO RN H 5, =R —EIRUS D L@ E IR 72
ElZDONWTIE, B - M8 ICfE © BRI AN 2 KT 2 7o 0, U1 7 v oilan
5 TE ML) oA HEREZ RIS 2 HENAMLE L 7225, KEIROMECRIZ BT 72Kk
HKAEOEWRHEETH L, ZOXK I REHICBWT, FESFEAIE WY 27 ZE72b iR
ZE. ZLDNIFIHAETHD Z EICHETRETH D,

FESRAEIZ T T T2 BOR - AR O E

BT X— HERIZET, VYA 7 VLRI A EES D4R 2T L oS
PBHETHY, £ 2T BEEINET TR<BOR - ta2RFE b RERkEl 2 R4, £
DT, FHAEARIBFIRIR ORI 2 1278 2 BHAR A CEBIR 21T O BUAF A~ D5 K
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R T 2720101, BHOLEDRPHINBE 2= T oa2 L0 2 <Rt L, Brsil
DEASOBWE AT HERNDH D, HETIIEWZEORFZHENE & LTOX v U 7 D5
RFETCUTIVFELTCLEY ZERZ, XY VT EZHMTEX L X 9ICT 2EORMIBLE
HLVNETH D,

AAEIRIC BV TR TE D AMZVDICER T 2008 LVWMETH S, =& 2L,
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DOIFFEBIFIC NS e KRB BE 27t TE o0, Vo fERH D, Ay v U A K&
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(1) Bruce Tonn
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3.3 S3. Convergence platforms at human scale quality of life

E£7 L —# : Wong Jong Yoo (Sung Kyun Kwan University, Korea) .
Philip Wong (Stanford University, USA) . i [l & (BEH IR 7K 5)
2175 : Jinyoung Kim (University of Texas at Dallas). HH —& (JST/CRDS) .
A 35— B8 (JST/CRDS) 7 & %4

3.3.1 ¥=2l)—

Dy va TR, AMAEFLICLTEZIRELGED, RIEOBFICEERE G 2 Hikx 7

Ty o= BIZIE, AEA T T ANAVAT T B S SEEE, MERBRBERED D E
BB, BEMER & 2B P HINOREN LR L, 4% O H iz iEam LT,
W [E R EE R D Wong Jong Yoo SEAEDELY F LT, SeTELAE (BHER RN K
%¢) 73, Neuroscience (T[]} 7= E lectronics D2 F112 L7 T “Statements” & &
L72, =D, Prof. Jinyoung Kim (University of Texas at Dallas, USA) N FHijD 7 D
DERIZE 2 5T “Statements” & #EAIISHEIT LTz, & D%, Moderators & & L2 2l
FRRTEFIO 7 O>OERIIK LT FRLONE Tigam LT,

WEIEROEY 3 DAk

e I BEX X ABRBEOEBEMENHE L TEXTWD, Hifo N7 4 B 73U — L, wealth,
health, happiness ® 3 > TH D, FImA~V— 7 4 DEFELE K BN ST,

o Xy MU — 7 OBERIZ X FRIESL IR SR AR S IRk D Lok o7z,

s RFDHEA 7 70EN : Z0%kb, MEOSINENGF /T2 /7 ad—%BEMIZL
T RFBRANT OEE T —ADOHRBEIZEH L TR DB H -7, L, WANALHENH Y
5 Thb,
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7=

SBIEDE Y g v

e V7 hTLZ hur=7 A L2 XX AERIZH L T3,

o T ) a V=D, FEMR= 2 —m T~ DISHREET 5725 9,

¢ NNV ATTIZEH LTI, T A PHNT T IND A LB IVASIVAT T OEBEMENETEA 9,
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o BEXE DR WERIC, BEECHENT LW 2 AT 47 (B 23720,
o (EM) WELIMEL NN ELHTLRE LT-ERNLEE,

CRDS-FY2012-WR-09 WMIATECEARI AEAMIRIEEE MR X —



F/7/00— - HHSEH
[t SEEREICH T RS CRMOEBRMAEICET 5AXBERET -7 3 v 7] ®#ES
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o T =R X—=24t : F ) LD EFET T, Ko TOT —Z N— 20w S LT,
Za—RaHP A T ZADGETIE, T N—AMEOE X TR E o TV D,

o T, ITDKEWNT T s> “Material genome project” 3FHIT X 417- (Project PN
KROFEMIZH O R2NE S ThoT),

R&D Hik i

o KAPHHIEE AN D - = U =T OB ikim S AT, HURSo TG IS & o BT s
DANANPKEKFLTCND DI RA Y MRH ST (—2DHNET7 4 T RO F7),
o FLSHFRIMIZE - HDORFESHOICAMN, T o 72 < BIO3EF TR 720t R O "l REMED
bHTD, BRI TTOMIEZ SRS DA HILIXR W,
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o EFEMLEMIZERR T n U =7 b REMCOMERI, S DI FEMEE R — 3
LHMA DN Do Te, ZHUIK L, FEERFE (7T 472 E) BELRD
FEREETHLHEDODaAA L IR BHoT-, — 2O E LT, [Human frontier science
project] M ST,

HERIE

e LY Fa=J AD~IVAT T ~DIGH,

e NBIC(Nano-bio-information-cognitive technology),

o KFDOHN Y X 2T ADOUENVE  “Convergence” # HEEIZ LD Y 27 LOERE
PLERTEA, 1) FHBLLTIERTEDL DT, 2) KPR TS AR 2 5220
£ 912, 3) FADOKEMZBHOI L~ BN —E TR WEOFHFm N H o1,

s DM, BT arta—F—HiiDEmbdH o7,

frE~DA XY B

o 7 4 VHNTET T AU Z 55 LTz R&D 232 (wellness, happiness) .,

e Convergence technology |Z & % JH5 D16 (Physical, mental diseases).

 Convergence technology 7> & “fE MBI 2 D Hiflt & A A H T,

o HEICET =Y A = 20T 7 2 v VORI,

o — 5T, R BIZREIZ “Better life” Z FIZLTWADTINLL EXLEEN? EDa Xy
FhdoTo,
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3.3.2 BmMEER

(1) %

H & OHFIENE DFET
sensors %3 mICI'O ere sensors) <E N
BRER AT R L EN O SERER &
DaFRL— g O &5 TEHA
L7ze TR L —T 3 0, KREDS
W26, PERMFCERME R I AT
%, (X3.3.2.1, [X3.3.2.2 &)

(nano wire

(2) Jinyoung Kim

HATOTHODERM
statements 77 L 7=,
W 10 4FH], RO ITH
HLL, TORKOEEZ % Hk
X, EANANEIRTH D, o, kD
S5ENG 10FEOREYF U AL LT
1%, More Moore 7Z1F Ti&72 <. More
than Moore X°> Beyond CMOS #7f7
DORFE b T 2 NE RN H D,
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X 3.3.2.1
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.'"'*. x5
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X 3.3.2.2

2. What are the main scientific/engineering advancements and
technological impacts in the last ten years?

=> Mobile communications based on incredible advancements on
semiconductor technologies

Breakthrough Innovations
Decade of Innovations

Eﬁf e

3. What are the goals for the next 5-10 years and future senario?

=> More Moore and More than Moore
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3.4 S4. Convergence platforms at human scale quality of life

E7 L—4# : Jo-Won Lee (Hanyang University, Korea). Mihail Roco (NSF, US) .
FEH =94 (NIMS/MANA)
217 : Sung-Hoon Ahn (Seoul National University, Korea) .
Y. Eugene Pak (Seoul National University, Korea) .
Yoon-Hwae Hwang (Pusan National University, Korea) .
Hak Min Kim (Korean Institute of Materials Science, Korea) .
Anjo Lim (Ajou University, Korea) .
Jian Cao (Northwestern University, US) .
James Murday (University of Southern California, US)
Andreas Doenni (NIMS)

3.4.1 Y¥<l)—
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D, R E bR ST,
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e F Ty mr—E, 3L AERTORFEREOMERN LY — VMBI 25T,

s E CHEHTE DU —arVa—X ik, @FIRRE, BB, (LS5 RME., IBEN
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S5k Coherence and divergence of megatrends in S&E

° (M. Roco, J Nanoparticle Research, 2002, pp 9-19)

o TALEAL L TR UWMA AR ES .
728k % RO TR T 5
H LW T, Assembly of ’ /.
Py o S interacting parts e

o MELICBIT DTy v — L\ o7
ﬂ_‘}l/o v; < // 7

¢ I NRN—V AT T E— —_

%@$~F7%Uﬁ@¢ﬁ i /4\ /
- VAT AFEOSE A (j s ( ( ~~~~ R ‘

7 AR ST, K

A
1
|

v

A T

= New Things

A
I

D= DOEEALDT 7 e — a  Creative p Integration/ . Innovation 4 Outcome
F T LT RS phase Fusion phase phase phase
ke AT Aty FOH X 3.4.1.1

CRDS-FY2012-WR-09 WMIATECEARI AEAMIRIEEE MR X —



F/7/00— - HHSEH
[t SEEREICH T RS CRMOEBRMAEICET 5AXBERET -7 3 v 7] ®#ES

—, TRy =NV —FAE LTEHBICL SRy NU—7 DR, RO DIZ=—
Rl —=XEfEODT LGk, VX—RA o=V 7

- BREMBEOUGE - A — T U IR, TR BE AT - BA%E - IGHIZET 5 NBIC
TTT B e INH—

- A A B OUGE | NN BIZHAE R FF o 72 S&T 7T v R — A DOREEE A N —
T4 TN AT LDEZ AR REEO T T a—F MEDIZDDA T A~ T 4
7 A

-4/N~V3V&%@&§'ﬁ~7V4/N*VaV£i@ﬁN%VX

- IRRBIH B O S - BRI B T 2 kB O B HED FEEAG, B OhfE & T — /L DB
K, 22—V —EROT T u—F FFEOHIRDT=DITHE m EREY T Ny TS
VDI NF A NIHITO A 2 =T (1T Téaaﬂﬁﬂ®ﬁ {1k

ROOGNDA VT TANT I F ¥ —

e H Xy N =2 baa=lr—2ardDidDY—LoER (ANxta3ia=F 4D
HEDIZDDY—R e 77T 4 7)

o K, PEX., BUMFEREDEH Y AT A

e HIEDT-DDNA TV v K« I T AKX —fik% 295, ala=br—va
HEDOT-DDEE

o KEHFSEFTDFE LY GHBEDHIHD N U 2T LDAEH)

e I NR—U L VANRZAD L ) R BENER

R&D & & F4T Dk

s AL ZETel=D, a7 bO [LORIAWEE ] ONESELZFHE (Filz
X, BEWRET T TRWELER S M)

o [V AU ADIZODORF] T a T bk [HRF U 200 OR%) ([ZHER LTS L
o LA RIZE D BT DI NNL L v A v DIERE

o EAHBIZH L., LR AT =7 BNV E—HikE LT A =X A

e T RTDSKT Vv —FN~DA—F T 7t A (e fbEiioEsz e, IP RED
PRI 7S A BE)

CHBEDLIVIELNA L ET g

HEHT S ME 7 A LERIEA

o PR nRER RIB DO DOMN M a I 2 =F ¢

o LR BRI DT ODT T v hIR—L (KA R « a3 2=F ¢ L&, EEEROLA,
Bl ZIX, 2872 S&T 2 2 =7 A IZHKL TWHR—=Z LA )

o B EM I FREEMRAIFIED 7T v RF % Loy (MAERE LT AR T AL A F XL -
oyl HERRBLOMBEA~OR G, 8 AR « #E)

o EHDIBRIZE D NEDOTEE

o AU X =B CIEZRIE L, fERRZ S T E B

CRDS-FY2012-WR-09 WMIATECEARI AEAMIRIEEE MR X —

Vw\ed s 7399 —1\ I



F/7/00— - HHSEH
40 HESHESICE RS RN OERMAICHT S AXBRERT —7> 3 v 7] ®EE

3.4.2 BMEBEER

(1) J.W. Lee (Korea)
T2 T AL, EHEE,. BARTFOREILIC L D ANHREENED L HITEDLD
N, A a—Hp lETHEEE, BT AN AOERE SLIZEDORENEE R LT,

- NBIC ORFZEBF O L, By (==2—w ) ZRMH L ABOHERE, T
S, B2 BE DT O DEMEIR T )« VAT A~ D I EEBE LT, 2004
£, NSF (Roco) 2Lk 5 TAM® Cognome 71 ¥ =7 ] IX, 20 DM/ HF5E
BIEEZ Y A MELZEA, ZN60DE 0T, EFEEBIN TR,
10~20 4T, ZV—rv, A>TV V= Mpfhe,

AT VT2 b TAT7 VTN EA LA EaIa=lr—2 a0
T = TEERAEM  HRKOYVTANEA L v T T 4 — Ry (R—
LR H—),

Green, Intelligent Society after 10~20 Years
¢—' Eﬂ" Bids 7

Future Robot
Today’s Robot

Less than 3 Years Old

Syears Old  Home doctor

Interfaoe

[Intelligent Life J Gfeen'and Happy Life |
Data ing: <10nm i i Logic/l Y Real-time body signal sensing/Feedback — Home doctor

Real-time input/output and communication: Energy: Green energy scavenging and conversion
Mobile sup /Cell phone (multi

el e onalomcs Interface: Gesture, voice, pupil, brain-wave
1

3.4.2.1

(2) EH &5k
WE - MBI SERERE D EIRS ) 7T —%7 7 b =7 AFFEHLA (MANA) TiL, -/ 7 —
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i Research System ~y

- Nano-Power Nano-Life
- Fuel cells - Solar cells 7 - - Smart
- Catalysts - Li-ion batteries - Biointerfaces - Biosensing

Innovation

Nano-Materials
- Nanotubes - Nanosheets
-Super molecules
Nanoelectronics materia

Novel Nanomaterials & Nanosystems Development

MFlerals MEnolehiseonice

Controlled
Self-organization

(3) James Murday
2020 EDOHBH DO T —WNZHONWT, FEDOZ L &R LT,
FHEDFEOE— RIZEDEONDEZT VX AHBICLY, TTOL~LICEIT D
NICE S T-HF,
FEEOEDOEEL LT, BTV AT A, K1, 2 A NERD D,
TAALHEA BT 2R & T320T, EBEOIRE T K-12 [ZH A,
EELE L TR A X A — ROy a VROHBEHEO RN 5,
K-14 BHEE&E ORIIEE,
BEEIX, BB O BIRFIPHIC D72 2% RIZT 72 FfR 7 1 77 A3 700, (B
¥ LFRORF 372 B )
F ) B0+,
fEEE LT, MEERRFE, SO 203 enB T onsd,
TAALHANEE DN T O,
T IZ DN T OB EIIEE,
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3.5 S5. Human health and physical potential

7 L —4# : Robert Urban (Massachusetts Institute of Technology, US) .
— K FE# CGRAtK%) . Kyu Back Lee (Korea University, Korea)
27 - Keon Wook Kang (Seoul National University, Korea) .
Young Keun Kim (Korea University, Korea) .
Ick Chan Kwon (Korea Institute of Science and Technology, Korea) .
Kuiwon Choi(Korea Institute of Science and Technology, Korea)

WS TORIEGE Y a v 2ED5 22 HME LT, USEF L—%® Dr. Ur-
ban 23—fl & L CRADOEFOKE EI5F (MIT OFH)) ([ZOWV Tl _7=%, HEHE R
va— L BUEITY, FHEEDOREINTZT —<IZOWTEERRA > NSO
Er BRI DiEm eItV Y~V —DRT7 A REmElIE,

F T LR FT T OEEIC L DA IR CEBEICEER H D . £ < O EARE
by a BRI, UFTREYa v EBIZEED D,

3.5.1 ¥<l)—

He s DI FLrDizbDF )Mk
S%I10FEDRELE LTUE, a7 v VR0 /727 /8o —2L5 77 F 0%
RN T 5, mafbiEiioy—1L e LT, TROLORET L5,
BRI DO~ A 7L — a VIR E AN D 2O O 2 WL, (ZnO/Fe.0; @ =
Ty v RiAE DRI T 7 F R E)
T a7 4 — L OB
(27T v b7 4 — D] 1T K DMPEH B % & etk
ZHERE - AW EYED T )« 7T v h T — A
i 2 NAZxdhs L 7= B
FHE, T AR—ZAF R a2 b — a3 VA ST — AR
FEE 1 B

F—F—AA FEREDT-HD Theragnosis (2T - IBEHS)

S%I1I0FOREL LT, BEFOFMIZERSHIZEEIZIEN > TV D, BIBF
ETIEAT S THY, KB (Phenotype) (X5 4% L _XIBHRX—=ZADY — /LR
bND, Aoy — e LTI, TR bonEFond,

R FHIBIE TR TIE R, BT A AT U TIZESIIRETH D

(90% DHIE 40% DBEFEIZ L nE W) fils & 5)

A A=V T W= 2 OBH - 1R

(5] 1 - 777\/\"“—?“7%)5@1/‘7”:4 %“—V‘/ﬁifcbi% Y A A = R AN
B2 TR b= ANTEE I HD < HiEL— 7 DDS)
%ﬁﬂ@%%—//7&£%%é®%é
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LW T XA DERBHITT DDl % DL~ L TOHHOET
N2 Tld 72 WMEBI TR

NIk Xe

A% 10FEORBLEL LT, HiFo#HAabic k> T, AEMOLE LB LANEZ D,

BT AFEME LTE. FRROBDONBET LD,

- FxoEERRILT D L1k, AF R, H, MEETIEET L 20

A 8.0 : R, ZLW, {HF]
O, X% U ¥ —F K12 LAY
WO NBORES Z58ik — 1600 7 F/AD% CKET L EHM) )
HE DT - 72 B o = — Xk

TINA AR I A AN, T — F (Bio-inspired) /v U BHE STV AT A
SH%I10FEDORLZLE LCE, VAT AL LTHRH, 2. BREMAESCEA SN,
BT AFEME LTE, FRROBDONET HND,
« XA F MEMS (T K % il iEEEEE O FE(= 5 &
RIS NEE > TR W/ D IHI 23 4 8
BB L A X —7 = — AOFFIC L 5B
AR ICB T 2@ a X NEROXRIZERD

777 7 a P —FHORIEIC LV irHIaEERE % i b
S 10FEDORE L LU TE, MIBEEICEE L CTHAERO I— LR EHIND, =
BT 5 F M E LTI, FRRObORETFT N5,
- B Hm IR b ETHE T ST O ) S DR
A N IA 7 EOMLEMDERE
T MEEE O ANTRGIZCE Y, dlaopkRE., b2 il
RNAi, ¥4 7 17 RNA, K/VE I, MEEMIAY SN F0E 52 AV T2 32
FOEEHR
R & 7213 1PS Off HIZ K 2 fmERAY S O f%Fn
MRS WS, WisE ., =0 =TI Lo THIBI R MR %
G e O R

R I B L 7= A b B o 7= O+ o ¥ — D R
At 10FEORE L LTI, & A DM ZBIC L 5 72D OEF = — R &-5<
A —DRIERH D, THUCETLIERE LTUL, TROLOBETLND,
s Tu—rLxy NU—7 SRR, BRIR
HAZOEEIZET 51 L ik
B & THOFRAECHHEA D EE
NMEHT 71 7 5 I
EREE L D/~ h =y T
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ZeIs S EEET — A

T —AA « VT OH] : BEEEEBI B, a2 e — X ZEAE T, AR
RAARA B

WFZERsBIlc BT 54 T 4 T OHHRE

aZRL—ar Do a kal

\|
b |l
(S
|

roeya k3 oEOIEE E LT, TReDbONET LT,

BV CHESOFERBRE ZEWICNZ S Z N0 (BRI, #I5E,
SRFE . BOAFE., MAA, REIREE . BE, RET7E. BHEER L)

T RTONEEEIZ 2 /NA e ROT 238 A

T — DRI DOBFFER 53 By D AL DB K

3.5.2 BMERRK

(1) Prof. Young Keun Kim
Zn0/Fe:0; D 27 > = V) ki1 % W BRIRRIIR T 27 F IOV TR

Io

Cancer Immunotherapy

Dendritic Cell Vaccines

Ralph M. Steinman,
Nobel Prize in
Physiology/Medicine ,201

Poor cancer antigen
loading efficiency !

Dendreon Corp., US -
FDA approval for
KDREA Prostate Cancer, 2010

||||||||

3.5.2.1

(2) Dr. Ick Chan Kwon

DDS LIRRDWREER L v VT AT —T (RTF ROBELRCEFA) kb A

A= T A EDE D [Theragnosis for Personalized Medicine via Imaging| (2D
WTRER L7,
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Theragnosis

Genetic information of disease state

Phenotypical molecular imaging

Design of new therapeutics

Monitor therapeutic efficacy with molecular imaging

is the use of same principle
to diagnose the disease
to treat the disease
to monitor the patient response to therapy.

Dose amplification

Gene regulation
Gene Therapy
siRNA Delivery

Protein delivery

Cell therapy

3522

(3) Prof. Keon Wook Kang

HEALEA 2R A LT AMOHERE %2 52/k3 5 Human3.0 & #9 %5 Human enhancement

DT MIOWTHEIT LT,

Rehabilitation

Robot

Next NGS Enhance
Personalized Prevention human power

4

Artificial Sense

6M dollar man

L3

2017

2020

I ,
£

Smart Medicine Smart Nanotherapy Regenerative
Telemedicine Indivisualized therapy = Medicine
Rejuvenation

1525

3.5.2.3

(4) — ARk

WRFINRAFA T T V—2 g RIS 2 HNZ, O OMEILEITIZ OV TR
L7z, BRI T ) TRA AR Ny BT 7 )=l kBT 34 22 AL

TUATMMET D27 b, K., 2Wn.

?7F%ﬁﬂbtoit\y%@%%ot%ﬁ77x&

(bt S ORI D Z L 7 E R LT,

TBED =1 — W&&ot%/E%&m@:/

SemBFE D BN,
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1000 \ I /
\
IR S

into the
nano-

100 n1

10 nm

“NanoBio Integration”

=Understanding the structure and functions of the biological systems

on a nanoscale to develop bio-inspired nanomachines

and cells into nanodevices.

‘ Sensing ‘ ‘ Diagnosis H Treatment ‘
Nature N

Viruses

-Establishing the methodology to integrate the functions of biomolecules

Nano-

Sensmg

m Molecular motor

Inspired
m the

Biological

systems

" Assem bly\*

device

ﬂb@f:

ﬂﬂw
Trenlmenl

(5) Prof. Kyu Back Lee

T EEE b O ANTREIC

92 FIREMEIC DUV THEST L 72, TR O MITEHE , FFAE TR

of atoms =
i ok ’Eholae?;lles NanoBio Integration Device
1 ni O, Creating multi-functional nano-devices by
u"ders:at:dlng structures and o SH integrating biomolecules and living cells into
° a ?.am,sme it engineered materials
(NanoBio Analysis) (NanoBio Synthesis)
X 3.5.2.4
Y R R . <
L0, YA A 72 E 2 T ICER oD

CT in Cell Therapy

L3 e e g
T

@ Thasms rogrmaraiiss

Signal & drug delivery
External devices for
rehabilitation and treatment

\E_li"_[_-_l_msed Cell Tllelr-i_ugy.,

Nanopatterns
NEMS

f'm rifro
Culture

& VW w pred e fom M
a f'a wimre wirmess nasicssscr

a P adme differsanlaban

@ 1| sl af daToreminiss
@ Nitsdv—spicdt dvfliripie=s

Nanobiomaterials
Signal & drug delivery

Nanobiomaterials
Signal & drug delivery

® High pambsrr af sormal
i il b e v
@ Aurtiificial abem ocll mbdbe

X 3.5.2.5

(6) Dr. Kuiwon Choi

KIST 24 % Biomedical Research Institute O#ARIZ DOV THEIT

o

DE=N

45 Ab % il
(ZEDN D HEA EALEA T T D
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3.6 S6. Human cognition and communication and quality of life

7 L—4# : Myung-Joon Kim (Electronics and Communications Research Institute, Korea) .
James Olds (George Mason University, US) .
JIN 65 (EIBRE GRS B IF FET)
2% . Young Jik Lee (Electronics and Communications Research Institute, Korea) .
T8 il BB EIN R R . — AR BERICGROERY) . R (EH (JST)., filL5
RS

3.6.1 Y¥<l)—

IOty va T ICT, B - MERT (B2, T -~ v AU F T =2—2R
(BMI)) ZHZigimnided 57, James Olds, JII AEE K2 Plenary Session T3
FHEITH-oTWI=Z &5, Myung-Joon Kim 28 7 D DB FHHA~D[RIE &I L=t
BREmEELDEIToT,

WEI0EMOEY a L OBLEAB 10EDE Y g v

WEI0EICE W TIE, ICT O#ERIZE VK= 2 h TGk - HHMOBEENATREIZ 2 -
foo 7, WRETIEBARNE LTRSS EIE ORI THIE L OB 5 TN D &
EEZ2P. VI R aT7Rasaoh— g U ~OESEDERSSH S, A ATIIINE
ECHFEMIERE T DAL, AT BE OMBEER EN— Ry =7 LY 7 h =T &0
MADVELRFERICB W T, BEERAMENPHETEY | BHER~OX G 8 HEICA
noo5H 5,

£4% 10 40 BMI % R A3Eds & FAE S AU, AR AL (R 171 7o Bk 2 722 R 0D
HEDNEMERDTHA D, TORTY B— URRERHEOER, &5ITH, M
BT E TAEDOEER] LW oFMEARY FFons 2 tickhbdThbI,

B 10 FiIzB T R

REE T, IT AF9EE & Epifgess . BRIRIE & oM R L7-, F£7-. Seoul National
University ® Advanced Institute for Converging Technology % H.[MZEFEGHBHFEIZ M
AT EN— Ry =7 HTE OMENRK G, ZEOESIC L 5 BRI

BLTWA,
H A CTIiX iPS M oAl H 2 2R C A R O3 E 38 L=, BMI O ERICHICE
HERENA LN TN,

A5 FEND 10 FICBIT D HEE

WEE T, 7RI o ERLeRkE, HifoT 27 v — X &btk ~OxEss
KDbD, S HITEEEDEZNRNE VS TZRE~OL S RD B D, HTAIZIERE
MRy FOBFE, AR-mRy MEOHAEEHOWENREE L 0D,

HATIE R « FRBOBRRELS — SO RETH S 5, T ORBEITIRIICH RS 2k
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B EZ L5 L TW0W5, BMIT A ZADOKEEEICL DA M T NS RO
D5 THAI,

ZDEN, T IVARRETA THIA U AGH~DTF7 7 2V DIGH, A V5 —F Y
NOEEGE~OAERNEZREE LTHET LN,

MBI A T T

Convergence Technology ~D 7 7 7 « 7 Hik#x | FESTOMTEREIRELZ Y )
P A R E ORI A MNETH S, Convergence Technology DN HEZREIN
H7-OITiE, OB OMREPESOUT - BRERE LORI Al a=r—vay
EROZENEETHD, £, T VXTI AL RORMESCME EoMER Sihazs b
M & R 2 FHOMRR LK | HEZNOOEHER/DLZEDRUTH D, TDREDHITIL,
Convergence Technology D thex524573 NFIBAMRIZ MIZ T 88 e & A4S B FRIIZ /i L
TEIRELH D,

R&D Bl

HENDDOEGE, RITH7eb LGS E FoIlcBE LIz LT, R T R E~D
T7u—F e WHEIC L, BHERRERE 2 BT NE TH D, AR S T, B
w50 B DAFFERE 08— 1K & 72 o THFFEBSE 2 1D & 41 2 BRI 2 BRI A LBl L T S B
B D,
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3.7 S7. Societal collective outcomes, including manufacturing and
innovation, robotics, and long-term societal development

7 L —# : Hak Min Kim (Korea Institute of Materials Science, Korea) .
Jian Cao (Northwestern University, US) .
Ba[ 22 3T (BEABAIT)
Z 0% . Eungsug Lee (Korea Institute of Machinery and Materials, Korea) .
HH —H (JST/CRDS) . {Af #f—E} (JST/CRDS) il %4

3.71 Y<l)—

ZDkyva T, BEREN, A/ RX—var vRT 4 v I A ba—v A H—
T — A FEEEICET MR L FRICRINCE A FZEBIFE ORI 7R LDV S
7=, F7=. Convergence il OHHAMEIZ DN TH WL DO EFINBFEI STz,

Ty aryFzTDODr Caocllk b A buaXria iifiE, ZivE T 10 FEHORK
ROA% 10 FO T2 24T 9 7o OFFEN RS Nz, 9 KIMS @ Hak Min Kim
KXV, @&EIZHIT 5 NBIC Convergence O HUGLA DARPLIZ DV TR THILTZ, Jo—
Won Lee KOV = /L1 A7 RUATHN G- LB, EEITGwRXERETH 93Tl
MROEIEFEEOT /T I7EETHLHZ L, MBNOLRART 4 v 7 A, Ba—~vr AV
=Tz A AL WS TRFFRIC D=2 77/ a U= RBRERAL WS Z & L, 4
AoMEFEOF 277 7 v —iteE el S iz, £7omEL IMF fafgo#, R
BT TT7m— RN RRy N =S 2 8E BiFeZ b A ABEEOMZERFEIC b
FEMAICE Y LA TS Z &R, BERINEFZZ TR 6EH SN, FETREZ L
L. YUNLKRFEZIZLD ET D5 ORISR T, Convergence # i L7277 1 &
TarReb A —EREREEE, T o —T g VICHBEBIICIRY A TS Z EThH
Do 7= T Uty va OB ELEDOOEEIZIE, Y UNVKFED Graduate  School
of Convergence Science and Technology ?727>TC® Nano Science and Technology 7 &
TINEOTaE— 3 U ET AR &, Convergence D B EMED IR S 47z,

i#[E ¢ Convergence & V9 & HTDFAEN T X 45D 7= DIXBERTNIC E 0 DIF 5, LK%
SOBEBATTFT /277 v U—it7EIE OB 21T 5 NBI+o Convergence O H 73
Pk S AL, MR O UGN ED BN T E T, FRFIZT 7 2 U T 1 OZhFEAL R B~ D
ToTT—rblEDLIL, ZOX) BRIHADRNTERT (v 7 AR 2a—~ A
B —T7 = A AEERTR E ORS8O ED b T\ D, (L THARTIET
B LWV BEILLfEDILTWTE, NBIC Convergence & V) SHIHIT & A RSN
W, ZOZENDL, ByvalryOmYELEDICHLASHOMEL LT, NBIC Convergence
® Dissemination (FiEX) W) X EANTH Lo, ZOHTEY OIREAEICY, &
EoLS, BALLEINHTWS,
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AARMDODIZFZENS, By va ¥ A MV ERUEEY A MVT, /77 ) av—if
ZEBARE L B OBUR, ITHIFOFEEE LCFH /77 /7 a V—DISHABIER > T\ 5L FE
TR BRI Uz, ANA A BEOBURICES L Cix, BHFE O #iii 8 Engineering Neo-
Biomimetics (E#iH&T5) LWL T\ % “Innovative Materials Engineering Based
on Biological Diversity” 2% & L., 10 H 2 HIZX v I/ A7 S aiTo2%8., TOFHEOD
10 H9, 10 Hifi HIZ# 7= - T Berlin ® KA 7 Bl#5 2 DIN 1T ¥ T, ISO/TC 266
Biomimetics O 1 [N THON - FEEZTRICHRSE Lz, 72, HARIZIIT 5 long
—term societal development O & LT, [RAEMHEE LT & 2 Lic, &0 blT
BT PEEIS I BB L TV 2 IR BRMEE G BEE IZ DWW Tk, mAIICpa b S 7
1970 FFEHD B H 2 T 40 FLLEORWAIFERIFE DA ERD L TR L TWDHHEE, 4 —
T ) R=T 3 EWHEBLO L O S LTI L 2 A2 WEFZERI R b B AR ICIZAFET
HHFEREEZIBRRT,

HARNG OFEED 725> T ISO/TC 266 Biomimetics D) & (2 OWCfiliL7z25, 2 ZTA
A A B FEIE O EBEIEEIC O W TER LT <, 20054127/ 77 /7 va v—oERE
#(K, ISO/TC 229 Nanotechnologies 2338 /&, {HFEIZBALA L T3 TIZ THEIRED, Z DM
%< OimmNER LI, EHEHE L TE7-, NBIC Converging Technology DR &9
R TAHZR OISR LFEELDORAZE 25 & & MIRIIT /A A B 75 B D [E B
b L7025, Bk L7= & 512 ISO/TC 266 Biomimetics 238N % BiaG L7223, /31 A
T 7 uT—0EBEE L ERIED DN TEBY , RBESZBGT 52 LIk 5,

INA A BEEMEE N O E B O BEEMEICOWTL, TV A RED ) ~v—T D &
ZATNSF ® M. Roco Kb HES K L7z, #E, PEIZISO/TC 266 Biomimetics O~
2zl hAUN—L LCTHEBSMOBRIZR L2 b OO, BEITEWFEE R — AT
SN, FEIINRERHAZEV AL T ehole, TAV BB EEFTHF— =2 R—0D
FET. RFRLEVSTLEZATH D, #E KIST TO NBIC2 (25| &feE, FETHfE
SHL72 NBIC2 T, AN A AR OEBREE(LOBTEMEN, FE, A K, A=A FZ7 U7
WV o EEAICEmE N, BELDF Y a TR T 4 EoXg AR L OFE LAV AN
DX, ISO/TC 266 Biomimetics NS % RKELSBATHZ LB XD,

Ubo@EmcaEz-ty a0 DI TFROL TR 5D,

S#%I0FMOEY a L CHONTE, VAT ALV DNL FIRAT v 7 OERE, #H
L WS~ B AR L FIE OB, IT Bt 2 Bl L 7= RS H il o 3B, x Al
WLTZHEET VOB ERDbIToND, TIHEFEBTDHIZHIZ-> TOFREIT, Flzx
ErART v 7 AORESC, AADRFEOFIELZRY ANTY 3252 L CRRRFTETHAH
9o HSHBOWMRRBEOEM CTIX, =— ANV TV OIgEEx 2L, T F—, =
V=T RO o — VR, BURFR OB A2 L TOBEE, —REROH
fREEm B7p ERgEE T2 A D,
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3.7.2 BMEBER

(1) Eungsug Lee

Convergence Technology O FMED—>
.2 ks U= i kv IT.BT.
NT Ol # DEAT ORI % 2 7 b DDV ERK
TX5Z2LThsb, HIZIXIT & NT OfE4
kb, F oY —, LY fur=Y
A, F ) TFH =T A, BfFAEa—4D
FHMNAREIC2 5, NT & BT OREIZ X
D, FIo A F Y — ALk DDS
WA BEIC 2 D, BT L ITOBEMND, /XA
FALTH =T 4T A, NAF AL Ea—
H 7 EOEBINAEEIZ R D,

FEE DR E 10 EH 0T/ 7 7 oML EF
THLDOD—2)8 MOST (B2 iF4) 12 &
L 17y 7 4 7RG 71 7T
L] Thb, 2070 r I LTIE, MRS
Tak AEN, T oA AN E TEAT
VW, ORI DR, [A
W /T 7 DA 7 T HEETET-, £h
12#%t < [Global Frontier R&D 7' 12 7' F L |
X, 9FEMOEM 70 /I LA THY, 24+
BEEFL4E L o T WD, F[# 1055 30
MUS$N# U b b, 2010 2@ I -+
UH =%, Y UVENL KRS, KAIST, KIST
D3> T dH V., 20114 1T 1L, & b &
POSTECH 23> -7z, 5% DF )77 D
WFZERR X, FhRERE DR & 7 a — 3L b
LY RIC-72bDTHDHRNE T, BRFRK
. EFAIN., ExERLE, =3/ X —[HEE

IT-NT-BT Convergence Technology

3.7.2.1

Mano-convergence 2020 Program

Fumperrdle

| H:'_I (1IN |
Fospuia’ [ Hinm & wil ik T igh T
Wrpn o Hpnp yuags Taghraiagay
P
Barath 1 T-180 00 ywary]

|

i Toial i SELED EFW Oey ¢ -SEED O, Frivete BLEAF

 dlS i DA (e 300N Poivata ToRE]

X 3.7.2.2

Research Fields for Nano-convergence 2020 Program

No. of Sub-
projects i

Category 4 Main Core Technologies

(D Next-Generation Semiconductor Devices

: Post CMOS 2ea

NT-IT

Two
Important
Converging
Technology

Fields NT-ET

@ Flexible Nano-Devices 29ea

@ High Performance Energy-Transformation

Techs 37ea

@ High Performance Water/Environments/
Resources Treatments

25ea

» Key technologies related to infra of nano manufacturing,
ials and nano pi /i which are
essential for the new nano industry.
» Common tech. for above nano-convergence tech field.

Common

Base

Technologies

3.7.2.3

Wz HfES 2Ty, ZRHOEKREZWI-T 7 ey =7 M LT, 20124FE0 56

[Nano-convergence 2020 7’11 7' 7 ] #BAtE L 7=,

MEST & MKE 23MHY4E T L7220 2012 405 2020 5% TO 9 4T, T HIL$440
M#%ZTELTWD, 09 HLEUFZHMN $370 M, REXHN$TOM ThH D,
WFZEBRZEN & L CiX. NT—IT @ Convergence 708 & LT, Post CMOS., 7L %7
N7 hbrn=7A_ NT—ET ® Convergence 77 & L T, BT x /L X —ZLHEIT
DOBFB LUK EREE, BROEFEMARRIIN D, @SRRI LT, F
ROEEIR DA 7 FHAi, - MBI EBRIE T LW TV ERICE T 5 ) ek X

7 FHMBAR 2 EN EIF b Tuna,
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3.8 S8. Preparation of people and physical infrastructure for converging
technologies (education and training, public perception and
participation ; types of infrastructure supporting nanotechnology,
focus on particularities as compared other fields)

7 L —4# : Jim Murday (University of Southern Calfornia, US) .
Kwyro Lee (National NanoFab Center, Korea) . 774} i (NIMS)
2% : Mark Lundstrom (Purdue University, US) .
Yoon-Hwae Hwang (Pusan National University, Korea) .

Faiy 157 (NIMS) G5 55 (IST) | it

3.8.1 H#<l)—

oty vasik, HE. b—=27 HROBFE - BN EF )T Y AR— T
BANRHOA T FICETHHDOTHY . 3ADEFT L—F—RZnZFh, NNIN, F/
7777y b 7H—5 NNFC TOA 7 TRHEFICOVTOREK, BINHED A/ Ay
SRHEA YT TR EORANCH EEE. TOOEMICH LT, (AR 1275 &
BN TR EITV2kE T Lo,

WEI0FEROEY 3 v OE1L
(7 7]

Z— =M X DR D S, RPEOZ—F—DRREIME) L HIchoTe, 5% OH
e L TEEBEDHEGEEOTZLIChd, FFICARIT T /2y hOBREBET AT AHEL
T EELICTA7OICITRRZART HILERDH Y BEL L UITONMENIZS <o
Tu /=, F£72. NEON (National Ecological Observatory Network) ® X 9 72 K72
HIERBRBEBLI S A7 LB THWO NN 77 v F 7+ — 4L (T A MRy F) OLHE
b fEfi ST,

(#H)

FoTAv, TUEN 3D, VTAEAL A ETT7T 47 L) FHEICREEIN
LHX0%, TUXANEWEIEH LA T4 L DEENPESG LT, £72. £ < Ol
TEPITES D BRI b OV EEICZ T AN ND Lo ITh o T,

L% 10EDOE Y g v
(A7 F)

EEREA R v 2GR CTHAR X —MICEE - UT VA A DDA X —F v NER
DEfFINDZ L, ZOHTIRIET A AT VANEOND Z &, Gl A ¥ —F v M
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T) FLWHBEEDORFICR D TH A 9,

WE 10 FI2B T H kR
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B OMPERIRFNHANTE DL L2, FIHTLOIWEDER T2 ERRROESTH-
Too 72120, MAILOBLENGFE 2L, ZOMREOT-OIZTRORMNETEDH 5,

(#FH)

RANCBT DT /77070y T A GGEEORFCBITLMEENO 70 77 ABRELNT
T, L, 7/ 77 R0MAEINIELE —RIITEZENEH N EITEZT,. T o T
MERGLEE LTHERENOITHOREREZELZLIFEHLL, 5520 TS, fEX
ORI E (R Iy aftEx e, B L% (P77 ouv—) REODIHICRET
DIREEEDI 2 TIEIR WD,

A% 5END 10 FI2BIT 5 B

(£ >7F)
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Eﬁé‘%@%A&m T TR ONRY T 2L T 52 &, MAEHENET D
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HOREF, 3IRICT 4 A7 LA K HRABFER - il - WAL BEEE 2D,
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(£ 7F)
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HOIDdDT7 7T 4 o ThTHT L, MRENBIRRBIEIC LSRR AN TE S
b HIERBIRICH WD K9 e KB U AT AEEICHIT T T A Ry REEDL Z &R
WETH D,

(#FH)

MEH 7 e 72 A (Fl2iX, #EoO WCUWorld Class University), HAX® WPI )
DIZODOBNDOT7 7T 477 s T 5 3RILT A AT VARG RA VF—F >
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HEHT D MYy 7 2 LEIRIENL
1HZBICEANCE>T-2E. 2% HIT Nature] = [Science] IZVLHEid A TM o
FSCEEDFET], 3 & HITHAEIICET 2 M2 ORI N E T b v,

R

FEE~OERKE LTE, SEEINICET FiE L U A 712N TR 2 WA TE 5
LR B R0, TNEBEZA ) RX—=Ya VKT AEROZE (FfE) O7=H0
EHS HF5E DR, MAEICHET D4/ _X—Ta v X BpEib, #F-RE¥o
A & ORI 2T b,

3.8.2 BMERK

(1) Jim Murday Converging Technologies: Infrastructure
T/Tﬁ’?@%w) B | e e
—— W bt Saaing  ESI'Aels of Sclence
Teim LMD 2 R LTk, V¥ |§ i ~ i
b CTHMEL 7= Breakout Session T ,“I =~ e l-: Lot® e
DFERERRPI LT, | a4 E
(2) 1rt e S|
SAEENDRIICE ST 7o R
7T v b7 — AOEEC AR, |§
INETOF /T FXy hT—7TD |§ = Y Yl TR
PER ORI 2 — P — R DR L, . . P P _
HRE OWHABRIZOWTRRA L, L= = = e e -
X 3.8.2.1
(3) Falky 1531

ARay T R ENANRT p—=

pAmvEa—F ¢y (HPC) [ Framewonk ol Nanolschnology Pistiorm
Y — A EHRIICRIATE S L DI L f;gg%;;i ‘ﬁmhﬁﬂﬂﬁMEF““w
T VW % HPCI (High Performance

Proronon of Colstorstery  wih Foregn
Heptaaeh, grvd Fosderery Fmpeandery

Computing Infrastructure) & . &t
HYERAC LD HWE - TR F— || progm mnm A
ARk %D HIFSESR v b U — 7 HLET ' '
b AMERES =T FT
(CMSID) 1225\ THEA LT

(4) Kwyro Lee

WEEO 7T oD )T IERA T T
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EADRWLED TR LIz, 2—
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(5) Mark Lundstrom

KIENZ BT 285k & O AT L T, I E > TOERAV., FEOHD )7, 2
oo KRB E COMBHI 2B oM I O ERE & . REREE TCOEFEZHENT L
72 ZOH T, Web ETED AN7ZT TA K MEIAW NEDF% nanoHUB-U Initiative

[ZDOWTHAIT LT,

(6) Yoon-Hwae HWANG

REEIZF5 1T D 2008 4R 6 DA
Wz BET 2RI OV THIAIT LTz,
2008 (2 A B (2 B3 % A AR
%% E L. World Class University
(WCU Program)=° National Core
Research Center (NCRC program)%
ED . 2010 FlCiFHEHE O — R
~y T aFo TS,
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Public Nano Infra's in Korea
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3.9 S9. Sustainable development

7 L—4 : Mamadou Diallo (Caltech and KAIST, US-Korea) .
FANEE FfR CRAER) |
Young Hyun Cho (Dongbu Hitek Co. Ltd., Korea)
ZhN# . Bruce Tonn (University of Tennessee, US) .
Mark Lundstrom (Purdue University, US). Robert Urban (MIT, US)

3.9.1 y¥<l)—

BHFEEDY a— b T LB Ko TOURESNTET —<IZOWTEHERKRA » NOMEL
Exr BT 28mEa T~V —D AT A REFER ST, Fp B2 lE & W) 7T —
~DOF, =¥ — &R, G E gl Wo TtE RV T —~ R b, T EICS
%B1I0FEOE Y ay, BIUOBUREAZOBIESCKLERHAEZ X L DT,

(1) KB, J&S), #E A~ ANS5ORBT R LF—
L% 10FDOEY a 2OV T EB LU ARIRBED ALV —RB LUV A~—| -
BT RVX — DR & T T,
PN
(BLIR)
cwNATREE Y P —ZIFEFITEMTH DN, 42% F TEN,
- Si KEGEMO I IR 24.7%.,
cAMICEAENTARNMILI XUy MY 86 N CKE),
- KFGeHEIL 25.48 B2 |,
- FEENC BV T, BFZEBRTE D 30% 13— L F—I2 K H
(45 1%)
s KR BORE I A ME~2015 FEETICZ Y v R« NUT ¢ ZERTE,
cHTALEORERYY a3y () 1TET Ry MEECTHIREENSE 5,

L DAl
(BLIR)
ﬁq:.%[]n& /ﬁiﬁ@7 /oL LTCYV==2—7T/LR—}h 7%V ﬂ‘*%@ (RPS) ($
10—-15 M/4-5 )i’ dH 5,
- KAIST TIIBEHH OB A A d~ 2 2 E i CHERRE - $12 M/9 48),
(51#)
- FE[E CIRRRLE I & RIS 72 BLER 2N b 5,

(2) B¥., BB I ORKRER
S%I1I0FEOE Y 3 220 T, 2050 £ F TIZ 0 EANCZETHHAAOZE S 729D
DOEREEZHART D201, BAEEORBEENLETH D Z &2 2E T T,
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Vo ofitiaiE & LT, FE 35%. KE17%, Tuv =2 15% O 3ETELZ 7H %
HH 5, Fu v a3k PO, DEKRBRITEND 5,

- US1Z PO, =27 O & 1998 4121k 7=,
A ORERFE T PO, NAEMRIND D, BEHDIWIIEEFIIINLD X A T DM

IZERLTH D,

- 250 kg DAL, 15.8 kg D PO, 0.6 ~7 X —/LOLH, 7T hrO TR I,

4

11 hrorvEmay AL —VEMELT D,
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LTI R TV T e —0FE =) T,
HED[EIY,

TN K 2 @27 il Dl

BE H D72 b ORFRIF & AT A,

@) i Fas =7 ¢
HS%1I0FEOEY g LTIE,  A¥— M TCHMLEETORN RENT-, a2 E
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T2 DEBRBENI 2 5 BARRRIHA & LTI, LFObDORET i,
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DS « AZBEDOHT LUME,

CEFNF =T Yy R BN EHBE (RS DT AR,
it EE D 0
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cu— VR (BRTY 0 MBS UTRARE),

- KOPEER S AT A,

- BUIROFESTH OAE1E (HREk & B2 s, BOK, 77 /vy — BIR, k271 V),

ZOMOFER & LTk, LLFOEANET b,

< N AEISSEATOICIE,. 2R NETTRLEM. dilh, HEMEAEET L%
ERH D,
KEHRESCERY — XD L D ITHHEMOE RKITIE, BUF» S OZEBNLETH
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EFHEAER L, —AS0 OERENEIML, B9 L EEAHELENT S, EREE
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T EORERD SEL0ENDH D0, FEROMEAHE LIS 5 &inE O ERE
SORHISHEDRRE R E b ZEICAN R TR 670,

3.9.2 BMERR

(1) Mamadou Diallo Planetary Boundaries
ﬁ‘{f\:& m_ _ﬁ\b fcﬁ E‘Z E 0) 7 l/ _A ]7 (Rockstrom, J. et al. Nature 461, 472-475, 2009)
TG = . —
I, VOV NRT IAT AN
KRdBILD,

RE7/E 2SN 7N UTNIE=E =
TEER] O 3 DD HERFL D5 74
3T A TWD,

Z D104 T HIEER B oD 3 2 fig R
LEErREE D% — R 74 " —[%
WDOELEDTH D,

- T RAFXF—LEK

L&
N OREEE - &4k

HH & H5

gk & Sl
K2 )
HETRE LN IEOFRTE

(2) k2 J\E Fofk

VATBT B — A RS T — %l U T, AR AT Al % B A A R
Do VATBREICE > TROEERREEFED 1O THY, IROI0ETEIEH 2 EHRIZAR Y
5 Do TOEUL VI A 7 MEIRDBHACBM TERD, v T VT A7 m—=4HHC Lo
THUK - EREE D - ENETIIIFETH 5,

T AEIRZ @A T 572008 LTE, Of 77, QBRFE - BEESZO
0D 2T — 7 RS — DT - EEOHS, MRORE . TS5, @i e
W5, o, WIRORRS % TREL T 585 LUVPSEAREFTARBLETH Y, 0k
IR AT WEBEEZETHY— L LT, MFA, LCAR IOA %R H 5,
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Flow of Phosph

orus in Economics activities

Fig. P flow of Japan in 2005
327kt-P was imported as P resource
280kt-P used as fertilizer
272kt-P ends up to being accumulated in soil
Almost all the P flow in steel industry was removed into
slag.
112 kt-P ends up to being dissipated as slag

Phosphorus resource demand depends on the quality
and quantity of food consumption.

Dietary enrichment and the change of food preference
cause more and more fertilizer demand directly and

indirectly. F

g#xl

raeTEs
7 tof maize,
11 tof com silage,
and 450 kg of soy bean 550 kg
w» W
No (0 kg)
phosphorus

K. Matsubae, J. Kajiyama, T. Hiraki
and T. Nagasaka: Chemosphere 84
(2011) 767-772

=

e

== Hidden P demand
exists behind food
consumption

6,160kt

of Ore L

Fig. The Virtual Phosphorus Ore Flow in Japan(2005)

More phosphorus intensive food demand will expected to be increasing,
as the Asian and African population growth and their economic
development.

Matsubae et al.

ref. 2002 etal. JIE (2007)

(3) Bruce Tonn

X 3.9.2.2

Fifoe TREZR B8 8 L 1XaT TH 5 D>,
—fij & L TR ¥ — B ofE
CHBEE N E Sy CRER[RER Y AT
LARENVNTORERELRNT 5,

Home energy system OA%
- REGEMD A %

- KIGEEK#

V=T —RRE/ R

I = AT EE

« B L — I

Residences

- -
m

HEE) T KL X —
- &M

a3 a2=FT ANTOAY—F T v
EEH DK FEARK

INA A~ AHER — A H
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s HEAT XL — R T A
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7 — b LRI S AT A ORERY B
VYA 7 EHRIARE.R
FTAF T TIVI T A,

A F— )L
BHHATRERREL I, 7/
Ty AN

BAFRZRAM, F 7 X
V= 7R, ke

3D 7Y H
HEbshi=-7tvr 77 g
{ES

A —)L 77—

G ST hE

(4) Robert Urban

Vertical/Sprawl
Farms

Taking Shape in
Chicago

o = |

E .

L]

—— — [

' - ! = r

- = ] —

. T O

Imagined L | =

R FMIER, BIOEREDFil & & bITHENT 2 2 & ITliR, fEETBIT 51

JN—=va FTHEHETHY, MEEINIC L > THEAEREZ RS TOL6ERH D, I
MHOERIT, EHE. TR T 2IAITHLNETHY . R FHELRES NG
AONDMENRHD, TR L8 E LT, B/, R,

RPN IA BT & = &

VU TTNRAANRNEZOBND, £7-. LFOHEBENEEIZR D,
- BIVER O 24808 L7228 A D SeER ) & 1R
T NEA LDANVAE=HR Y T DI D~V AT — Z T & Bl

» FRAR IR & St A AR

s RMRT 7 F o DI DD NE ORI K OERE & Rp O E FiREE =272 &

- [EBIEIE DT Doy F BT — &

* QoL A ED 7= DR & AERT N4 R

- fEBHE S TR

(5) Young Hyun Cho
FRCAIRE R BIR D 1 SO TR L L
TKRENFREENH D, BEE, K
S WAWN S o A BN e 5 2
RO LD, FH-MHROEALITE
F Ry FZII LT/ L Tof
HRLETH S,

X 3.9.2.5
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3.10 S10. Innovative and responsible governance to address grand challenges

E£7 L—%4 : Sang-Ki Jeong (KISTEP, Korea), Mihail Roco (NSF, USA) .
JIE 51— (CRBRR )
217 : J1 Woong Yoon (Kyung Hee University, Korea) . Andreas Doenni(NIMS) . ff

3.10.1 H<-—

Z DOk v a ¥, Innovative and responsible governance to address grand chal-
lenges (1 / _X—TF 4 THOBEMLTHH TR EBIETRKREI 2T ¥ Lo VERRIZIHDN D 7201
X)) WD H A FLT, FRICa "=V = AR (NBIC OFEEFFHIN) (280 T “&
T NF A (MEE - J7K) OIEV 7 Zikim L1,

HAREHICBWTA / R_R=v g VAR T, BV a v, HiigimFEk, i -
HEMRED LT AT A (FAEEFR) B TEECTH D, ¥R b, BE, B
FOHIFR A RIBAIICH R L TR . MAOREINRFELBSG L, BNk L, tta2o#fFd
HMLTETWDHZ 0D, I>EBIELIATITEZ LTS INRNTFT U ALERD D, £
WCE A /) R—y g r2E Lla— Y —T LU R =RV AT LAEELZ LN TE
5, 2Dy a Ao v a v LR A LN S ICER R B D
ETHEDITIE, BV a rREmiIb bAAD I LHE. BITHOFEE, & Opigr -
Wi, R ~OFBMICET RN EETHY . WML TENEEDL D E VD RITK -
TOFEMmMITEREN -T2,

I, 7ToO0EMCT A, 20Oty arOEROERELYIET,
W\EI0OFEMOEY a3 Ol

BLWBIR DA 237 MORT DIENR LT, Fric, ERZE, &%, AHO
78 (7)) 1T 2 DR Z 72l R 10 Th - 72,

5% 10FDOE Y a v
Converging Hifi R X 572012, EFEDON— =Yy TOBRERBEMENET
FTmELETREIND, ZDTCODH LN —/b FIZIET =LY — v )L A
TATIRE, BBNTLDEA I,

M5 10 FloBIT HiERE
2L D=V TENGEOBMEN D H LA =3 Y OBREERE - T2, 6
NI A A=V TN, = V7 b u =7 A, BARE RN MR ETH S,

At 10 FO T —/v (BREE L fig)
FHBAECRHMAL RO, Jn— b ala=r—a VAT AOHER
&L 7u—r VRIS OREOIRREZ RS ~E Th D, £DDITZT A
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FIT LSO e AR S e — N KX AR Z AT LV AT
LaBZBZDVEND S,

WA T T
NBIC 2 DEZ ZE M S D4 0 T TNNETH D, TD-DI2IE, BETFES Y —
A NAT AT OIERANRVET A ) _X— g a2 T ~ORE N EE I D,

R&D ikl
NBIC 2 OfERTHAE I N DB ORERA~D 7 N ERTRENLETHD, N
BEESIZHT DI AR A AT ERTHORKAE T+ Z LR HND,

HEEREA
BEEEDT- DI, A4 ) _X—=TFT 4 ThOBELH BT NNF 2 ZANRRNERD, 20
HoXF v AR Ex NORBEZHF LT D139 TH D,

fEEmA~DA 37 b
Convergence & /N7 X A L7 F OB 261X, FHRAE v 7 T L LR JI%
BT XLF—Th D,

3.10.2 EMERK

Patent Quality Evaluation by Field
(1) J. W. Yoon (Automatic Online from 2006-2010)
NRFUFOBETRDE, NTITITIZ Higher quality compared to other fields
DUNT 2 ’ﬁl Th b o ji\ INT VD iz ?2{2;’{2 Excelle:/z T Q;ZI:J '-e"eE'nough
BEHOORD L. 7T 7 D4 TI 5 IS TR
I D e ZOREDONTZHITTA n v 3 | ms | ma
TYT AT 40T, BEichE DB 2 o2 o8 o ]
LTRNT ERDHND, e i
Lt WBEBIFNRCLREZ LT, b Total e a ma o
2 LBLER 72 RIZ > T, R&D v~ (Amus! Report MEST, 2011)

ATFAEEEL TN ZLETHD, L X 3.10.2.1

L. fE&f@utie i FHEZ DT AT AL % of Patents Transferred by tech
- o e pene » : o of Patents Transferred by tec
72, BHEEAN TR OBMNEEE Ly R sectors
WTHDHZ & f@ﬁ? LTRBIRLERD « Less transferred compared to other fields
6 °© Field 2006 2007 2008 2009 2010 total
6T | :ﬂ. :. q 1 [ T )
Othertsik:; .
3.10.2.2
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4. £&DH

4.1 ¥E. BEOHKSLE#H (Converging Technology) ICEIT 2 8hH
4.1.1 XKE

KIETIE, 2000 4 NNI (National Nanotechnology Initiative) A % — REEH7)>
HLUREA DR EZRAIL L TS~ RIC o N D TEDOHAT & L T leonverging technol-
ogy| (FEALELIN) &WvvHRIEAZ T TITE > Tz, 2003 FICITESEFORG - o1k
REICRET 2V —7 > a v 720 L, #EHE [Converging Technologies for Improving
Human Performance: Nanotechnology, Biotechnology, Information Technology, and
Cognitive Science (NBIC) | & L TE L ®HTWND, ZDORIZHI - 72 IEENIIE) > 7203,
2011 FELUBIZFH O AALER N Y —F o v a7 Mo T\ 5, ARIOT—7
vav 7 EELNBIC 2 & LTSN 4MBKTOT —2 >3 v 7%, 2003 4 DI5H)
DT AR — L5 BDOFEHNZEZ LD THY, ZRODORHARIE L T RHEFICE
LOLHBDEBEZBND,

4.1.2 #E

REEL, 3 WHES )T s nY—A =77 47 (KNI @ 2011—2020) 2B\ T
FEE¥, AMERK. EHSIEE) D58k Z 30T, IR b oBl s~ 6F 77 /ey —
2 — (NNPC) % 2010 2R L CTd, Fio, #EETIIEFEFTD DAL (Con-
vergence) % X — U — NIZ L72fEMAY72E D AT HOI TS, FFIZ Convergence (2
X9 HMB QMR T, LLFICRT X 9 ICEIRFCHFZE T O k4 (B2 Convergence & U
ISEELRVIAATND, FHE, /A 2020 7' 7 7 Z A (Nanoconvergence 2020 Pro-
gram : 2012—2020 ) 23 MEST & MKE (G E) OAR 7T v 72 A& L ThHlE
2 =KL, T /77 oA, [HFE@EEZR D [Convergence Center) %jf)ibff
DUEE - A bETRINCED L O L L TR Y IREERM ORI EEANT I O HEE I ) 1T
ToRHSRPEGHA DI IEF RN E KL B b,

GikiZ2p)
Converging Technology Division (MEST)
Institute for Multidisciplinary Convergence of Materials (KIST)
Organization for Nano-Convergence Industrial Cooperation (MKE B:#)
Advanced Institute of Convergence Technology (SNU, 5 #=qij%37)
Science and Technology Policy Institute (STEPI) Jong-Guk Song (Bl )
National Policy Center for Convergence (MKE) 2012 42 THER
National Nanotechnology Policy Center (KiSTi) Chang Woo Kim(FTE) 2010 4
(BUR R k)
Nanotechnology — Convergence 2020
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42 TL—I977bhEvalsTOERED

TL—rT7 Uy vary 107 —<) ZBTA2ZENENOERZL NIRRT, 2
T, EICHABIZET D%k 10 FOZE b &R, ok zED 5 ETo5 %0 FimtE
RRLREFRCONWTRLTEBL BB EMEBEICHEMLZ X & O bDIZOW T,
AREORKIZHK 421 L L TORLTEL,

p

(S1. Foundational science and technology tools, NBIC)

WEIOFITIBN T B O R & 228 b & U TR FRY BRI B S < BFFERRSE D &
PRI DA FERRFE ~D > 7 b BRI LN O SEE S - S &ma@/7kﬁk
INEAE o Tz, Flo, A - A ISR AR, FilikE~bitkLTETW
Lo VBT LHELE LT, Tﬁkﬁm®i£@#miot:kt\L$@%%§
OGN T DY — VOFIHRE 2 T 7L:o

A% I10FOEY g & LTEL, Y= O HLMR%&E L LT, NBIC 2 @ HEZmEIT
7281 & Z#E L. Converging Technology] D4 E*ﬁﬁﬂi WZFwET 5, e, aalicEre
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(S4. Approaches to reach integration and synergism)

W% 10 4R TIE, 2001 4EIC#E & NBIC #HIZ GV — 27 & a v T HEZEN R S
L. EWICNBIC OV —X7 vy x7 FOEET 2-3 kO AL ERL T&, 272
L. SECEANICEET 2 W, KRE U CTHFERR ORI T e —F Iz L T2 5 O
REATHD, 7o, 2001 FLARE, BWIRZREAMBATE. ANOEEM b, B a o k72
CITHBED R - 4v, A D Tz,

A% 10 Tl Ak - Bl - AR 7R LRk x R EE O RHER 2R S b N E S FEA Ak
DHEEIBIRT DX ANR—=F « VAT AEFA T —FX—APEEIND, =R
T4 v 7 A ERTE AR OMIERAIC L o0 — R~y TR EHEEIZRY . L0
KEDIEAELD Ty, Fo, AP EEZ KT THEZORE 2RRBEICES L, HFEEI 3R
RIZEDHNRNTFT U ABEAT D, £lo, MRERE, ala=r—Tar LEHZE 2EHO
i LA AR DS ST @M ANDOF T4 VAEBBE DT,

(S5. Human health and physical potential)

SBI0FIZBNTII A T 7 F o O R b A — — A A REEDTZHDTheragnosis
oW - BRI E) . ANROKEEOTRIL, Bt - W - IBROTEEME T AT A, HAERERK
DT—)LDFEBR, @EEMEa L R—T 2 ADTODOEME =R ERED BN D,

(S6. Human cognition and communication and quality of life)

WE10FITE TR, ICT DERICE VK= R FTHGEK - [FEROEHEN REIZR -
T WHEE CHARABE MR E S 2R DRI E 1o/ T/, BATH
IR ZEBH R B E D T oA, AP R ORERIER EN— D =27 LY 7 ho =T
L OBATIRICRN T, BERDRENHTEY . FRE~ORIGR &b REIZAY S
DD D,

A% 10 450 BMI ¥ K 2SR, A0 THEAL) (R T 7o bk 72 SR OO 62 75 FI
L7125, TOHTY a— S UREREEOER, BRI BT 5 TAEDOEE] Lo
TR B B D MR B B,

(S7. Societal collective outcomes, including manufacturing and innovation, robotics, and
long-term societal development,)

WE 10 FICHBNTIE, MEETIRZEAENERLTHRE L., BEOEMEMEREmZ
FibzfetE L, HROGEHORENENN L TE, o, T/ /E S /770 A
FOBBIREREAER U, ISHICm T 72 AR E 2R MBS T n e ANAIE S O
DD,

H% 10ETIE, AT ALRXAVDALFIAT 4 v 7 OER, B LWRIEEIF~DH
CAER L FIE DB IT Sl 2 Bkl L 72 8GE B O RS TSN D, £/o, vRh7T 1 v
7 AN KD N OMERE - R, 23 2 =7 — 3 3 URBMEZRTHAE OIF Y
b, E% NIZiE L722E T 7 L OME DT,

CRDS-FY2012-WR-09 WMIATECEARI AEAMIRIEEE MR X —



F/7/00— - HHSEH
[t SEEREICH T RS CRMOEBRMAEICET 5AXBERET -7 3 v 7] ®#ES

(S8. Preparation of people and physical infrastructure for converging technologies)

WE 10 FIZBW TR, 22— =2l 2 D s 0 58 S, K502 — 3 — 2 I F
AT bEo27eotz, Flo, A T4 TYVXNL, 3D, UTAEA L A FTITT 4
TEVWIBEIREIND L O, TUFNEMEER LA T4 X DHE PR
L. %< OFNEITE 2 772 b O~ OREEEZ R T S e Lz,

A% 10F T, @A R a v 2 E0ECHAt L —HICEE - U T Z A LDA
HE =y MEGIDEEE S AL, mlA o F— 3y MERE L mE T — 2 T 7 ' ZiE R O
REENRHET 5, £/, TNETOFENRbONE, HWEELZ B 5 TRatb
WD BV, ZORFEIRORG 2 KM LT LUWEREE O K PICEFHT 2 2 LT
Shd,

(S9. Sustainable development)

A% O 10 F T VEEB OB ABF IR N F =R L PA~— M= RV F—
ERHL TNV, 72, BEOZOICHEIZEO X 5 1IcHR (2050 4 : 90 B A) THMK S
NDPORESCKBEILNMLETH D, IHIZ, A~v— FANAEHNEE /> TL 5,

(S10. Innovative and responsible governance to address grand challenges)

WA 10 2BV TiE, NBIC ZHAA0E HIEENTED LN TWDH R, 1L ALY
MIEVHTHD, 70, FTLOWEINICOWT, 201 37 MR 2EB R L (5
2. fERELE, B, ARIOTE) (BA) ISR 2.002E), ZOFHMBIZBNTA /) ~—
va v R AT Rt FIR O MERE~OE BRI S 4v, Bl & AME &t & O ERrY 22 %
BRI TET,

AROI0FICEBNTIEL, INT U AOEEMENEZ L 2 &, FhoRa iz X 52—
YP—7 L2 RY =gttt R v AT A~OHifE, NBIC TOA /) R—3 a3 VHEIBOERK, #iH
BT HERE | 31T 2 B FLEIN G DR, WA LEINER D2 OMEFE D/ N— FF—
Ty T7OmEYNRTEIND,

4.3 SEBFTHHFIIASIIEH

SEIOEERRE LTE, ZnETH /7 7 BROFHE - 8&ED A > 7 T B lG 23 A
FTrlzv 7 hn=J A R FEtxzL s hu=r AR BEBREEF T /vy
fa =7 A7 ERSEREVE O A L THRENHTWD Z LR ER I N, S%ITIS
OFEOFRPNZ AT T E HITHhE & ORREBEIC LT BE G - Sa b OB ML A3 205
725 L CERO—HERT, o, 4 V7 TEHESLHB LEDEE - A bt
BN BIOEORHEENEE I/ 5 LW ) kb Ih S 7,

FTo, BHEERAE BN L Lo R & O ILFRITFSE - D D B A s A E T
KB EHLRINTEY H LW RSCEROREAEIZ SN 5 Z ERMRE IS, Bl 21X,
BITOAARADEEART L 7 b= Z5BIT0CHERN D DM, RO E % 1
FEIZ L TN AR & W Tm B L O A RO TN 22X, Fil-/e@s
FI~DRECHEEA T b HIFFTX 5,

CRDS-FY2012-WR-09 WMIATECEARI AEAMIRIEEE MR X —

SMI



68

F/7/00— - HHSEH
[t SEEREICH T RS CRMOEBRMAEICET 5AXBERET -7 3 v 7] ®#ES

TV =0 A ) N=aRTA T A N—= g OHEERCHE S O B R E ORI 1A
TS - A ko BARR R R0E# 25 A TS 2 &3, BORR@E - fEZR E
EDRFEMOFEFICEBNTHERETH S 5, WHIEH BN OMEEZ ER/IIZE 2 THF
FUTHRV AT Z L NEEND R, BIFERT 7 07 4 » TN RS ITEE - ek z b
o770yl bENET DI L0, BFERVIERERERESHT 72 A IR O A £ IS
AT 72 BRI S - A EDOIEEI 2 Y B D Z L bMETH S 95, RO - By
POy, MEOma b2t D Z LI K0T RTN - B A ED I TE
WE FRER EORBETEN SN2 H 2 DR EOREEAT R I OH L
WENZ B2 D ZENTEDIEAS D,

CRDS-FY2012-WR-09 WMIATECEARI AEAMIRIEEE MR X —



F/7/00— - HHSEH
[t SEEREICH T RS CRMOEBRMAEICET 5AXBERET -7 3 v 7] ®#ES

#£4217v—27U bty arot<U— (S1-S2)

S1. Foundational science and technology tools, NBIC

S2. Convergence platforms : Earth environmental scale sys-
tems

W& E104EM o
¥va ok

- BEEREIRIC S S HFSEBRFE N B . R TL O RSB
FEADYT b

- BEPYEEI L BRI - A EIT~D v 7 R R
e

C G - AT RREE ASCRFE,
« AHRAL B AT O B AN ) L

« LSI Rl G OB FHI kI 2385 — LV ORI
23N

FR7R E~BIER

HMELFITH T
ikl

T Y= EEOMRN B2 bt
A7unxT L7 hRr=JAnL}T /T fa=J A~NE
Bl Erh—x iz T d b Lol ex ¥ Rk
CRA KT a5 T ) A AR LTS
F—3 7 ZAOMRRIZZEA

CAEWME RS T —EEORE - TEREmL., 1
WL E - A OEEREEZ L, (KBS 7T
RV =y TRy NT— 7 RN

MBS  IERROEIG L, NME. HEERHZRED
BRFE AHEA, AR~ I 23 Bl Ash

SHI10FEDE
Jav

Y — L O E & LT, TConverging Technol-
ogy) MHEEEMBKT 2 0 &8, NBIC 2 O HAEEIZ A1
T & & s

C RUEITED IR IS K DA ) N a3  OETE 2R
il

- IARZE[R] & SE2E ] & DR A A HER

s BEFREAN 7200 T K BUR - AR b RE REHIH

ALTIREHE R OS2 B R T A e, B
X — DB DT HBHEOR SN (7 AT
DOFIM7e &) 70 it

A MEEENLHE &N D LK E OBIEET 28
oy

- BRI ORI - REBEE L S BIR A A KT D
T=OOHEAM, VYA 7 v o@laT TEHgl] »5H M
BIRZ AT 2 N2 B

- AKEVEOFELRIZ AT 7oK AR L O EAfT & B2

4 1% 5-10 4 @
TI—nEIFIE

cF )T uV—n% vl hu=s AL MEE
Te AR & OREE - ERHEC = 1L — R A g5
% 1= 60 DT % A3 i

 EHAEE - FRAR T - MR BT D ARk S R S
. BERMIEA, AR OBEEZHD 5 X 5 78 BMI O
B BMI & #4725 500 A - A Bl oS F ~ o
F

c L b= g ARGEOR TR T E A A LT, NS
TRAR T X 2 P S U7 R T ORI A AT RE

c R OEMTTH A X ~ A XS s LTy R
DLy b=y AEDOERK

o FEH AT A2 4B o N TEEIC X 5 MOOCs (%
A —Tr DA T4 v a—R) EYR—bT5H7%
YU X0 2T NBIC FEHEEem A - ol
BT 5 E W E OB S ATRE

c PSSR IS 2 a = —va VY — b
=1

WREATT
BUOR. B3
EWE% - HH.
FiRA] SEAVAN

SRV bR =T RERNLFT I ) a V= DA -
T, IMOMSRE R fRIT T D120 DIFRED A A —V 7
Bl Chigk) 72 &, #7770 r—v 3 Vi
FRAN B

BRI v I T = E DT 7 AR, F O
WaRIT 24 > 7 T N

AEANDA L TA VEEDIDDA T TN

- EBRE R KB L RBFIE 7 0 T L @G - A E R
HET b7 vr7n BowkmEiseiiko 3, #ix
7R IR 70 — L O WAL & KR

s A Ofaz BRI E RS A IO, 2 X g
DEWEANBRE THESAMAR ST 2 LN AEEE 2D |
Y — VX Z OWFE - BFE OB L\ LT 5 Z & THEK

BT FX— AEFICANT, VYA 7 BEFEEI
TARHET D T AT A DOREER Y

o BHE AR IR R OB 2 42§ 2 B R HAT 08 R
ZAT 9 BUBF ~D1E HEIR D4 {4

M BT D T OICE NI EN R RIS 22T D
Mz L0 2 HRHE L. BPREIN G B~ Sl & {1
CENHEOREEINE L LTOX ¥ U T BRI TE T
WIZEDHFELCLES ZENRZWR, ¥ VT Z2HEAT
&5 X912 T D EORIOEE DS LB

« AE BRI OBFZEBR T [T 72 R BT Dk
R A T IR TE DY 2% T U A NI EE
ML, ATy U A NI AR RRIE 2 B 2 &
IHE

CRDS-FY2012-WR-09

WMIATECEARI AEAMIRIEEE MR X —

69

SMI



70

F/7/00— - HHSEH
[t SEEREICH T RS CRMOEBRMAEICET 5AXBERET -7 3 v 7] ®#ES

(S3-S4)

S3. Convergence platforms at human scale quality of life

S4. Approaches to reach integration and synergism
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(S5-S6)

S5. Human health and physical potential

S6. Human cognition and communication and quality of life
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(S9-S10)

S9. Sustainable development

S10. Innovative and responsible governance to address
grand challenges
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Appendix
A1l 7095 L

DAY 1 : October 15, 2012

8:30 Welcome
Korea / Chang-Woo Kim (NNPC, KiSTi)
Japan / Kazunobu Tanaka (JST-CRDS)
U.S. / Mihail Roco (NSF)
8:50  Overview of the workshop
Bruce Tonn, U. of Tennessee, US
9:00 Conceptual challenges and opportunities for convergence
Kazunobu Tanaka, JST-CRDS, Japan
9:15 Methods for converging technologies
M. Roco, NSF, US

(Plenary statements on convergence)
9:30 Foundational Tools and Technologies
Mark Lundstrom, Purdue University, US
9:45 Convergence in Public Sector in Environmental Technology and
Development Cooperation
Seungjoon Yoon, Korea Environ. Ind. & Tech. Ins., Korea
10:00 Cognitive technologies
James Olds, George Mason University, US
10:15 Coffee break
10:30 Human—machine interface
Mitsuo Kawato, JST, Japan
10:45 The Present and Future of Nano-Bio Technology in Korea
Geun Jae LEE, Ministry of Education, Science and Technology, Korea
11: 00 Convergence of Science and Technology in Health and Biomedicine
Robert Urban, MIT, US
11:15 Transforming the Landscape of Manufacturing
Jian Cao, Northwestern U., US
11:30 NBIC simulation of brain
Philip Wong, Stanford U., US
11:45 Transformational Governance
Jong-Guk SONG, Science and Technology Policy Institute, Korea
12:00 Broader societal implications : long-term scenarios, challenges for humankind

Tomoji Kawai, Osaka U., Japan
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12:15 General discussion
12:30 Working lunch

1:30 Charge to breakout sessions

1:40-5:00 Breakout A: sessions S1—-S5

1:40 Introduction by the moderator followed by several (5-10)-minute contributing
statements

2:30  Group brainstorming on the attached list of seven questions

4:00-4:50 Writing findings in bullet format for plenary presentation and the report

S1. Foundational science and technology tools, NBIC
Moderators : Kwang Ryeol LEE, KIST, Korea ; Mark Lundstrom, Purdue U.,US;
Tsuyoshi Hasegawa, NIMS, Japan ;
Statements : Jim Olds, Krasnow Inst., US; Tsuyoshi Hasegawa, NIMS, Japan ;

S2. Convergence platforms: Earth environmental scale systems
Moderators : Hee Chan CHO, SNU, Korea; Bruce Tonn, U. of Tennessee, US;
Takashi Kohyama, Hokkido U., Japan;
Statements : Mamadou Diallo, Caltech and KAIST, US-Korea ;

S3. Convergence platforms at human scale and quality of life
Moderators : Philip Wong, Stanford U., US; Won jong Yoo, SKKU Advanced Institute
of Nanotechnology, Korea ; Takeshi Kawano, Toyohashi U. of Technology, Japan ;
Statements : Sung Ha Park, SKKU, Korea; Jiyoung Kim, Kookmin Univ., Korea

S4. Approaches to reach integration and synergism
Moderators : Mike Roco, NSF, US; Takahiro Fujita, NIMS, Japan; dJo-Won
LEE, Hanyang U., Korea ;
Statements : Jian Cao, Northwestern U, US; Jim Murday, U. of Southern California,
US; Hanjo Lim, Ajou Univ, Korea ; Y. Eugene Pak, Seoul Natl. Univ. Korea ;

S5. Human health and physical potential
Moderators : Robert Urban, MIT, US; Takanori Ichiki, Tokyo U., Japan; Kyu
Back LEE, Korea U., Korea ;
Statements : Keon Wook Kang, Seoul Natl. Univ. Korea; Young Keun Kim, Korea
Univ., Korea;

5:00-6:10 Main conclusions of breakout sessions 1 — 5
(10 minutes for each session)
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DAY 2 : October 16, 2012

8:30 Charge to breakout sessions

8:40-12:00 Breakout B: sessions S 6—S 10

8:40 Introduction by the moderator followed by several (5-10)-minute contributing
statements

9:30  Group brainstorming on the attached list of seven questions

11 :00-11: 50 Writing findings in bullet format for plenary presentation and the report

S6. Human cognition and communication and quality of life
Moderators : Jim Olds, GMU, US; Mitsuo Kawato, JST, Japan; Myung Joon
KIM, ETRI, Korea ;
Statements : Philip Wong, Stanford U; Myung-Ae Chung, Electronics and

Telecommunications Research Institute, Korea

S7. Societal collective outcomes, including manufacturing and innovation, robotics,
and long-term societal development
Moderators : Jian Cao, Northwestern U., US; Masafumi Ata,AIST, Japan;

Hak Min KIM, KIMS, Korea ;
Statements : Eungsug Lee, KIMM, Korea; Sung-Hoon Ahn, Seoul Natl. Univ., Korea ;

S8. Preparation of people and physical infrastructure for converging technologies
(education and training, public perception and participation; types of infrastructure
supporting nanotechnology, focus on particularities as compared to other fields)

Moderators : Jim Murday, U. of Southern California; Masahiro Takemura,
NIMS, Japan ; Kwyro LEE, National NanoFab Center, Korea ;
Statements : Chulgi Ko, KANC, Korea; Yoon-Hwae Hwang, Pusan Univ., Korea.

S9. Sustainable development
Moderators : Mamadou Diallo, Caltech and KAIST, US-Korea; Kazuyo Matsubae,

Tohoku U., Japan; Young Hyun CHO, Dongbu Hitek Co. Ltd.,Korea ;
Statements : Bruce Tonn, U. of Tennessee, US; Mark Lundstrom, Purdue U,
US; Robert Urban, MIT, US;
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S10. Innovative and responsible governance to address grand challenges (Investments
in emerging and converging technologies:; methods to improve outcomes,
commercialization ; human-technology interface ; governance ; security scenarios ;
addressing grand challenges)

Moderators : Mike Roco, NSF, US; Tomoji Kawai, Osaka U., Japan; Sang-Ki

JEONG, KISTEP, Korea

Statements : Ji Woong Yoon, Kyung Hee Univ., Korea ;
12:00 Working Lunch
1:00-2:00 Main conclusions of breakout sessions 6 — 10 (10 minutes for each session)
2:00-3:00 Plenary discussion of overarching findings and long-term societal implications
3:00-4:00 Summary findings and report writing assignments for Breakout A

4:00-5:00 Summary findings and report writing assignments for Breakout B

5:00 End of the meeting
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(PR [HLFREEE]

Mihail Roco National Science Foundation (NSF) US

Hf —" (M) BRFH R BUEAE Japan
Chang-Woo Kim | National Nanotechnology Policy Center Korea
Jo—Won Lee Hanyang University Korea

A& ray)

Bruce Tonn University of Tennessee US
Hf —a (M) Bl i BB A Japan
Mihail Roco National Science Foundation (NSF) Us

Q2 7vFrU—-kyiar

Mark Lundstrom | Purdue University US
Seungjoon Yoon |Korea Environmental Industry & Technology Institute | Korea
James Olds George Mason University US
IPNI [ PR R Ui 1E FERE A28 (ATR) Japan
Geun Jae Lee |Ministry of Education, Science and Technology Korea
Robert Urban Massachusetts Institute of Technology US
Jian Cao Northwestern University US
Philip Wong Stanford University US
Jong-Guk Song |Science and Technology Policy Institute Korea
& = KRR Japan

@) TL—ruTUR YAV
S1. Foundational science and technology tools, NBIC

Kwang Ryeol Lee | Korea Institute of Science and Technology ETL—H
Mark Lundstrom | Purdue University ETL—H
) () W'E - MR TERERS ETL—H
James Olds George Mason University HRH
Kwyro Lee National NanoFab Center TR
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S2. Convergence platforms : Earth environmental scale systems

Hee Chan Cho |Seoul National University T L—H
Bruce Tonn University of Tennessee ETL—X
L FEw] AERE K ETL—X
S3. Convergence platforms at human scale and quality of life
Won jong Yoo SungKyunKwan University ETL—X
Philip Wong Stanford University T L—H
Il EEEANT R R ETL—H
Jiyoung Kim Kookmin University HRHE
S4. Approaches to reach integration and synergism
Jo-Won Lee Hanyang University T L—H
Mihail Roco National Science Foundation (NSF) ETL—H
i 32NN () WA - MBI IERERS ETL—H
Jim Murday University of Southern California R
S5. Human health and physical potential
Kyu Back Lee |Korea University ETL—H
Robert Urban  |Massachusetts Institute of Technology T L—H
—AK HORR: T L—4
Young Keun Kim | Korea University BERE
Ick Chan Kwon |Korea Institute of Science and Technology HRE
Keon Wook Kang |Seoul National University TR
Kuiwon Choi Korea Institute of Science and Technology WERE
S6. Human cognition and communication and quality of life
Myung Joon Kim | Electronics and Communications Research Institute |E£7 L —%
James Olds George Mason University ETL—H
JIN E%E [ PR (R SR E R (ATR) ETL—X
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S7. Societal collective outcomes, including manufacturing and innovation, robotics,

and long-term societal development

Hak Min Kim |Korea Institute of Materials Science T L—H
Jian Cao Northwestern University ETL—H
HE 'S PE BT S HFIERT ET L—H
Eungsug Lee, Korea Institute of Machinery and Materials HRE

S8. Preparation of people and physical infrastructure for converging technologies

Kwyro Lee National NanoFab Center ETL—H
Jim Murday University of Southern California T L—4
ks A (M) W& - MOBHIFITEEAE ET L—H
Mark Lundstrom | Purdue University TR
Yoon-Hwae Hwang | Pusan National Universi HRE
gl R () W& - MOBHIF IS RRE
S9. Sustainable development
Young Hyun Cho|Dongbu Hitek Co. Ltd. ETL—H
Mamadou Diallo | California Institute of Technology T L—H
I\E —fR ALK T L—4
Bruce Tonn University of Tennessee HRE
Robert Urban Massachusetts Institute of Technology WERE
S10. Innovative and responsible governance to address grand challenges
Sang-Ki Jeong Korea Inst.itute of Science and Technology Evaluation "
and Planning
Mihail Roco National Science Foundation (NSF) ETL—X
& F= INUNES T L—H
Ji Woong Yoon |Kyung Hee University BERE
4) YR—h--RAZv7
(BIKEY £ &8 @ K[E WTEC)

Patricia Foland

World Technology Evaluation Center (WTEC)

Matt Henderson

World Technology Evaluation Center (WTEC)
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(EEMMEER)

Chang-Woo Kim

National Nanotechnology Policy Center

Co-Organizing
chair

Co-Organizing

Jo-Won Lee Hanyang University chair

Heechan Cho Seoul National University Member

Kwi Won Choi | Korea Institute of Science & Technology Member

Myung-Ae Chung Elec‘tronics and Telecommunication Research Member

Institute

Hak-Soo Kim Sogang University Member

Young Keun Kim | Korea University Member

Gill Seung Lee |National Research Foundation Member

Wan Jun Park |Hanyang University Member

Dae Sup So National Nanotechnology Policy Center Member
(6) HikidFok - WA BEIER

Hf —H (M) B FE IR B

B FR (M) BB iR BB A

A (EH (M) BB iR BB A
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Andreas Doenni
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A3 TL—=U77b-tyalnEdhs

®U— gy TRIERT
B - BEHAEBIZTRO [Questionnaire] OFIZIRESHRE SN, V—2 v a v
T DT DIHERR SN T2 INE BB TRE/R R — A_X—IZT7 v 7 L CTEROILA1L
X%,

1.In your opinion, which areas of converging technologies (NBIC and beyond) are

most important and why? (write one paragraph for each area and add reference

and figure as suitable)

2. What successful examples of converging technologies organizations and programs

are you aware? (academic/industry/government, national or international, deduc-
tive or inductive)

3.In your opinion, what are the most important exploratory directions of

converging knowledge and technology for the next 10-20 years?

4. What R&D investment, implementation strategies and government policies
would you suggest?
5. What long-term impact of converging technology R&D on society do you envision?

Please provide as suitable :
List of References
List of Tables proposed for the report (with important summary information)
List of Figures proposed for the report (conceptual, easy to understand)
General bibliography and iconographic pictures for NBIC

v a DOHELT
-81~S5SGwSm@%h%ﬂ5o@tyvay%iﬁbfﬁﬁb 2 IRF[EIFR BE O
M EFEEIT o T, DO UHRDLNTE T+ —~vy NMIh-> TRl REZ L O
%

CETL—ANEFLDICE Yy a DT —<ICEEL Ny I 22 B NRELIN TR
AL, ZO®%RICSINE DR E 3 2 WA Z B BIZHEIT T 5,

A, TROWD LN T+ —~ Y MIEST, WANWAEREZH LEWZRN
HEteE L, IR 2BIE 2D T <,

1. What is the vision for the future of converging technologies? How the vision has

changed in the last ten years?
2. What are the main scientific/engineering advancements and technological

impacts in the last ten years?
3. What are the goals for the next 5-10 years and future scenarios?

4. What are the scientific and technological infrastructure needs?
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5. What R&D investment, implementation strategies and overall governance methods

would you suggest?
6. What are the overall emerging topics and priorities for CT research and educa-

tion?
7. What is the impact of converging technology R&D on society?

cET L EPRFREEREE LD, BNFEEEDO L TELOOERN T, 2
HELTEEY a0 FELDEZINTN 10 DBRETHENT D, ZORKEHETH
ENTmaRr "l EKML, T L—ZBH0NIRos TRKN ety varoE s
DEAERT 5,
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