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Introduction of “Roadmapping Converging Technologies to Combat Emerging

Infectious Diseases (EID),” the APEC-wide project and the progress and activities
Dr. Nares Damrongchai (Executive director, APEC CTF)
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Converging Technologies: Concept and Examples
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CT Examples & Contribution

CT Examples & Contribution

* Info + Bio
— Computational life science
* Bio + Nano
— Specificity & unlimited reach
* Nano + Info
— Pervasive computing
* Info + Cogno
— Human-computer interface
« Cogno + Nano
— Engineering mind and body

Bio-
Informatics

(e.g., Genomic Analysis,

Biomedical Imaging)

Bio-Info-Nano

Converging Tech.
(e.g., NEMS based Biochip &
Biosensor)

(URh AT D) (IRh AT DBI2)

Disease Surveillance

Dizsase Detacton ., Implardatis Chip Wieb-bazed deta collection
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Beawding, meight, fowd, hming
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Source: Stephen Prowse, “Biosecurity and Emerging
Infectious Diseases”, ATSE Focus, No. 136, April 2005,
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Keynote speech 1: The Surveillances of EID

Dr. Nobuhiko Okabe (Director, Infectious Disease Surveillance Center, National
Institute of Infectious Disease)
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Surveillance networks in Asia

Early Rapid
Detection Response

Control
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Keynote speech 2: Asian Research Network for Infectious Disease:

Its Concept, Aims and Activities

Dr. Yoshiyuki Nagai (Director, Center of Research Network for Infectious Disease,
RIKEN) & Dr. Yoshiko Okamoto (CRNID, RIKEN)
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Bilateral Collaboration Bases for Emerging and Reemerging
Infectious Diseases and Their Networking

CRNID (RIKEN)‘

Japan-China Joint Research Laboratories
on Emerging Infectious Diseases
Inst. Med. Sci. Univ. Tokyo —
CAS (Beijing) CAAS (Harbin)

0
Indonesia (Kobe University)

Harbin Veterinary Research

Institute of Institute of
Biophysics Microbiology

» Avian Influenza (Harbln)
» HIV, Viral Hepatitis (Beijing)
< Structural Biology of Infection-
Related Proteins (Beijing)

(BRPIEICHETHEAREPEDHRBE)

Institute:
Nalmnal Al Reference Laboratory
- .-t‘

O Center of Research Network for Infectious Diseases (CRNID), RIKEN, Tokyo
@ National Institute of Health, Thailand — (Osaka University)
@ National Institute of Animal Health, Thailand — (National Institute of Animal Health)

@ National Institute of Hygiene and Epidemiology, Vietnam — (Nagasaki University)
® Bach Mai Hospital, Vietnam — (International Medical Center Japan)

@ Chinese Academy of Sciences, China — (The University of Tokyo)

® Chinese Academy of Agricultural Sciences, China — (The University of Tokyo)

2007 O National Institute of Cholera and Enteric Diseases, India — (Okayama University)

O Tropical Disease Center, Airlangga University, Indonesia — (Kobe University)
© The University of Zambia, Zambia — (Hokkaido University)
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RAPID

Robotics-Assisted Pathogen Identification

Features of SMAP

Database

An outbreak!

- |
7R
CH

454 sequencer
« Fastest detection within15-30 min

+ Amplification = detection (No background)
+ Sensitivity
+ Low energy requirements (isothermal amplification)

Extract nucleic acids
Determine nucleotide Search their homologies with

i fi blood,
e Foattmo ooy musnnrg WAUIS the o Bem My sepinceGoloin 3 Spsnes known epvencer
wul Tompiates et fluorescence intensity of SYBR Green | causative subtract celllar """ ") FenenY
- by SRl e SYBR Green | — # agent? nuctele acias
& 60 copies Py 1 Lo
- 6 copies g S g i e ~1 Week
3 0 copies P P
j " No primers W uestion: Is it i
il A Q tlsita Answer:lt is smallpox;
o — known pathogen, completely unknown;
: - = ; sopy unknown but related related to human/
- A to some known one, animal corona viruses
or completely new but new.
one?

(—IEEBREIEIZHRE TES SMAP)

(REDHREFDEFEZEFTREEST D RAPID)
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Keynote speech 3: Potential ICT Infrastructure for EID Research Collaboration
Dr. Chalermpol Charnsripinyo (NECTEC)
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) New Opportuniti ted by IPv6
Wireless Ad Hoc Network B s croated by [y

Global IP address

* ALAN or other small networks with wireless connections, in which some of
the network devices are part of the network only for the duration of a
communication session (in the case of mobile or portable devices), while in
some close proximity to the rest of the network. A

» Useful when infrastructure not available, impractical, or expensive : Real-time data

— Home networking, Emergency services, Disaster recovery, Military H getzdocy]
applications

Secure End-to-End
Communication
Remote
Data exchange ~_ controf

Private address 3

IPv4 : one-way communication IPv6: two-way communication
* due to NAT, the business model is ~two-way communications between information
only client & server. appliance and mobile equipment
-New internet business models will be created

e Forre o Waticral Scnca and Tachmciogs Casstabty

Source: NTT Communications

(EFEEFICKDETAVLR-RYrT—Y) (ZARBMEDIAZ2A=r—1a FaaEE T 5 IPv6)

Examples of RFID Applications Example of Information Grid @

T

tarker Director
< Y

Transport and logistics:

toll management, tracking of goods

Security and access control

tracking people (students etc.), control access to restricted areas
Supply chain management: item tagging, theft-prevention
Medical and pharmaceutical applications: identification and
location of staff and patients, asset tracking, counterfeit protection
for drugs

* Manufacturing and processing: streamlining assembly line
processes

Agriculture: tracking of animals, quality control

Public sector: passports, driver’s licenses, counterfeit protection
for bank notes, library systems

Feed grain

Humberger

o) BEB T

A Brivirg Fron e 1 Source: Somthep Vannarat, NECTEC Dot Form o Matioral Eoims ynd TackiSiagy Casababty

(RFID it A1) (TERILBFHE L L TD Information Grid D)
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Recap from the Scenario Workshop

Dr.Nares Damrongchai (APEC CTF)
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Environmental, Political DIE H Z LML 512, KE/E D Uncertainties (RHERE) 72 B2 K12
DNTHIRETTHZ LR T EYME DX R ~ORHAILH LT,

SFUANE, TOT KRB O RO FUALL T I —T T EIEHR S, TEDLHIT
() I AT A F T 7727 R Hsk oD i BB YLE & v IR 957> 2 ) S EREICS VT, A
ELT 4 DO FUADBERRS: THIEKRBE(LORETHUO~Z U T R~A 7 I THEL
LTRIITT DT VA, TBRHAOBE AT B LB RED 7 A VAR B HEBL L
KFATT DT VA, [RADOT 2Ty 7 DA NVADOKFEATO T Y A, DB GLE
T& 5 Rain Forest > Fu—ANmiRENZ>FV 4,

BT, FERR LIS VAN D, BN EFR AL THBL., 222 e, [Z2E o 3
DODOMFIEREIROFLATH ., Fr BELEGE X R W CTE B HIT ThHEVORE R ELIT,

Key Drivers for Emerging Key Drivers for Emerging
Infectious Diseases Infectious Diseases

Social Environmental Uncertainties
» Health concern for everyone » Climate change

» Increasing population » Vector patterns changes » Massive Natural disasters such as massive

» Urbanization » Land use change volcanoes earthquakes etc
» Gap of Knowledge Sharing » Wild life — Changes of wild life ! ] ’

Technological consumption Butpettranes il » Global securities (man-made disasters, alien

B gy iti species/ breakthrough tech.
» Nanotechnology Political p g )

» Genetic modification - o) : » Local/Global panic
» Event Tracking » Patent in developed countries,

. incubate for developing i ion: i 2 2
Economical TS » Urbanization: increase, Economic crisis

» Free Trade Agreement » Wrong policy » Gap of Knowledge sharing
» Sufficient economy . "
» Rich poor gap » Unpredicted/unplanned technologies

These are the foreseeable trends!

(FTEFEREDVRAVEERSELER)

(FTEREFEDRVEERSEHER2)
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Exercises 1

AU —r2ay 7T, fiBlOYFIAT —rvayFiIcBnTitiEaniz, T2ex2 2
(Ubiquitous) ], [75%(Treatment) ], [F2H¥r(Diagnosis) | 3 FHIKIZIBITHHETOR—RN~y 7% AE
e A7=012, 3 [BD 7 ) —7"U— 2 (Exercise) & E g L7,

SMEET2EXZ A R, [ EREIRIRETD 3 2O N—T120F KT NV—T
WCBWCT LAV AN—3 T 5T o0, 1 T —T DAL 13 LFRRET, ZDOWN 2 LRELET 7
NTFAR—E LT, 77 UTAZ—DFKENL, I —TBDRSEMET e, iEinD T mtEaH
I HIE HEDOREBIOEREFLOLILE, ThD,

Research domain Technology applications
#Field tests networked

Data collection (real time)

®Data mining

#Mobile phone tracking

#Data sharing

4 Modeling

#Bioinformatics

#Network info system countries sign up for info sharing
#Drug design

#Drug Delivery Systems

#Vaccine development

#Personalized medicine advance in pharmaceutics
#Nano delivery of drugs

#Molecular medicine, Cell-based vaccine development advance in genetic
engineering of virus and antiviral material

@ Conventional Drug Discovery

Ubiquitous

Treatment

#Micro/Nano array molecular
#Implantable diagnostics
#Simple thermo-graphical scanner
#Genotyping characterization
#Advance in micro-fluidic device
#Advance in genetic sequencing
#Advance in lab on a chip

(OFUAT—=0 avTTHEREN =D F) A ot S F- ARt L H i)

Diagnosis

IN—TT—IOHIE, T7/aY—a—Rvy T OERTHLOT, T ANERT+—~< vk
EBME BT RL, &8 ZWE O DA A= % FF > TRFHEEZ L TEILOITLT,

7 —< v FOREE IR 2 B W5, BE (2007 42) 2Dl 5 #1415 % ETOREK
DR FRFT LT,

P IN—=TU—r 1 TE ZN—T T FBURGEIS 52— —D=—Z(User’s
Requirement) | DA H Z#fiH L, RWTIZDO=— X &Mk T2 L MBI —E X
(Solutions: Products & Services)] ZHatL7=,

Technology Roadmap Template
Research domain T: 5 years — 15 years
( ) T ) T, ( ) T )

User's
Requirements

Solutions
(Products & Service)

Technology
applications

Challenges
Technological
factor
Social factor
Economic F
Policy F

Collaborator
(APEC)

(TH/0°—0—KIvTERDI74+—< k)
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9 IW—T ) —%(Exercises)DERF(1)
 TN—TF T LB TRN I R CRER T

« RUANR—RIZIZ, TOa—R~y 7 OT 7L —hO MBS Z > TH<
« TV TAZ— OB ERoTWBN) iTigkimaihiEd s

c fEADOE I, “FIEVICRICEED 77T A —IET

« TV ITAX IR ENETENEL, 77 L — O gRG AT A E A EL
< FRILENERNELNIATEITIICESL

© SHEREYINEIDNTONTI N —T A R —DE R aRd 5

c ANR—DOFRETHEOBINBEEELZD

o TV T AT =T R TDA =D E TEAIINCREES

9 IW—T ) —%(Exercises) DIRF(2)
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2HB (G A23H)

OSession 3: ¥lgH7T 7 /ay—o—R<y 7 O &)V —70—7 2

BEIZ 1 AHDOZ V=TT =27 1 T, =—XHHOKRFBLOHHZRE DIFEITEFL TR, 7
7 /ay—a—Rvy ZERARBROSINE BN TH, 77/  —a—R <y P ERIZ OV T
NEASRCYELTZAA—DITHKRTZ EE 2 DT,

ZITEBIZ BMFICT 7 /ay—a— Ry I 5 m ER L 5257012, B0
[ Je 2k (AR 2 A KRB R SR DoDIiT, BkIg 77 /ay—n—R -~y 7 OVERRELG I
DN, FAH A GLaiE RZ) bt 77 /0y —a—R <y 7 1VER O BARR 72 FFIZHWT
DRENENTZ,

T, YNNI T EITEN ST ETHDLN, VX v/ AIAK (B TH B, BHEEIF RIS R)
DOELIZEY | T TRETSNTZ12020 FEOULFKAT HZ DWW TORBIBITOIZ,

BRI T 7 S aY —n— Ry s

B[ RKE Hdz (AL Aesi B A R FPERF)

Strategic Technology Roadmapping

Prof. Akio Kameoka (Japan Advanced Institute of Science and Technology)

a—R<o 71, AR (0 — R~y 7R ERE R (2 — R~y 7 ERGE R
IZBITDNEDRFER TRy NI —2) &3 DM EAERAN72 58 7 e ATHY, ik~ 1T A
rDY— v ThD, 5>, ERLT-e— R~ 7 13 B E (M TRER) Tlie (ETHIEELE
DWETLIZOLTC, 74T 7T D7 DICR S LD,

— kR 7T Jay—a—R<y 7 Tk, i Market), 845 (Product). $47(Technology). R&D
Tas T LOREHBHEYIL . B RER 2R3, N ENORIZEBIHE B X, BV E A R
B, ZORBRRITRAITREND, IR OEIFREE MOT)TiX, BikHy7T 7 /my—o—R<y 7
IZBWT, ZRHDBITZ T, “MEACHEN B ZER T AT DiEE) L EEsns
[ —¥ R (Services) | D Jg & TG LB O JE DRI AND F A TND,

PF—E R T, BB THIELINA AR — MERE L [RIER I . 8 3R — MgRE. O
PR AR — MERE . 09 R — MERE . A UF 27 L (G23000) H78 — ME&REE 5 7. BEfF OB,
ROVAT AMZEVTER U T —E AR AT I T 5 28T HEF Ol R A =L, Z O8G0
VAT NIEVMIEER 52 5% 2 b5, (E- T, [TgE—Ee 2], [H—e R/ D8 DR
DF vy T WD 57201, TLEIRFERE ) & TGS NVORERE ] LW DT LW REORE & & 3 O 7
—bERE@E LT/ ay—a— R~y BT 5,

iy Hgemert - v
Roadmapping as knowledge management » Comprehensive Strategic Roadmapping:

I Addition of Service Layer

. Rowdmaps
m fesplicit knorwledge)

Markat | Knowwhy  Know-when

Jime

{tawonaray)
Techroiogy | Knowshow Know-when
] Tacit Explict
tochaclogy Tacit Roadmapping is an fterative
S/ explicit knavwledge {roadmaps)
Explicit i Conbing :"dmi m 9 R&D Programs

Soarce Noruks
- UNIVERSITY OF —
™ m Basad on oiscussions in Tokyo [JAIST), January 2004 CAMBRIDGE ”

(EIETASANELTOO—RTIELY) (BERMO—RIYELT 28155 —E RE)
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A Case of Technology Roadmapping: Optical Molecular Imaging Technology
Prof. Shotaro Kohtsuki (Ritsumeikan University)

T /av—a—Rwy TVERO BAAF LU T, FENTIEEZ VT, BEoMiazIFHRIET
BT A LA REL T DA A=V T OT 7 /oy —n—RK<o 7 IR &z,

Strategic Technology Road mapping of Optical Molecular Imaging  Ri§

Technology to Cancer Research
Short term Middle term Longterm __tEIM
T

T

4 Quality of Life To make sure the Human Life in safety and securit;
Key Driver Y ‘ 4 il
‘ To allay the anxieties of the personal health ‘

Needs / wants Detection of a cancer

‘ Appropriate therapy H Appropriate therapy

disease without physical pain without physical pain
\ T\
: High performance observation || data analysis and Diagnostic
Function FpEbnaRe HTE !
of transferring cancer focus visualization of the imaging using the
locus of cancer focus -P| optical molecular

imaging data

Diagnostic data accumulation and data transfer N I

Establishment of evaluation methods to the Medical treatmentJ
cancer disease variation

Development of bio- Introduction of a bio-marker to Development of
marker the target molecules of cancer traceable system of
cancer molecules

Technologies , ; : :
Biomedical data gathering and imaging

data analysis

Monitoring of an organic conditions
in the body

X
‘ Building up the optical imaging database of cancer diseases ‘

(RS FAA—T LT BHOO—FIVELY)

GENn)

2020 DU IV A BT

TV e AIAK (DT X B, BRI TR E R)

Converging Technologies

Jack Smith (S&T Foresight, Office of the National Science Advisor, Canada)

R - T A 7V AT R B EITD 2020 FIZHIFFSILDU VA IR DI ZET BTz, Bl X T
IR, fiEdih) ;t;afﬁrifw\ BUE R O K/ N HOW T AT TREN T,

Convergent Technologies for

Health and Life Sciences 2020

Anticipated Market Size

>
2
mn.-na-uunl amu-um Ihdlenl 5
Brain Monitors g'
¢ L
Aging Modals "’"“’" t g_
wmlmm I
Health Records
|- Unkmown - )
AUPRTY o,
=4
=
Pollhsues | 5

Canad
(2020 EDREE -S4 7Y A T AR FHOINABHT)
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(== R4 A H EF SR 2 ofh )

Exercises 2

TN—TT =72 TlX, IN—TT—7 1 Ofixl LT, ==X fifild 52 A BIOY—
B Z(Solutions: Products & Services) | DFRHIZFTV Y, SHIZEIUITH T 5 TH 4178 (Technology
application) | I DWW T DM ZAT 272, ZZ TIL BRI R 04 Ha it L=,

Technology Roadmap Template

Research domain T: 5 years — 15 years
Ty ( ) T ) Ty ( )

User's
Requirements

Solutions
(Products & Service)

Technology
applications

Challenges
Technological
factor
Social factor
Economic F
Policy F

Collaborator
(APEC)

(T9/80—0—RIvTERDI7+—<vk)

OSession 4: 7 )V —7U—7 3

TN —7TT—7 3
(BT ORESLIZIIT HHEANT, 11z #FF ., BUR LOMBESSX v 7 D)

Exercises 3

TN—TT—7 3 Tld, F)V—TT—27 2 TRUEHEHRIZOWTD I F v oy (HifaO SR | #
SHER RRERIER | BORKEER) | OHE B 2 REL7, Z2i2id, HEioEZBUZE T 5F vy
TRT V=7 AR — DB F T D~ H R K AR 3 DR E PR AE 2R E D% O
RREIDE Fd, SHIZTAPEC 38N TOR N ECW SR 12 DWW TR L=,

Technology Roadmap Template

Research domain T: 5 years — 15 years
( ) T ) TC) T )

User's
Requirements

Solutions
(Products & Service)

Technology
applications

Challenges
Technological
factor
Social factor
Economic F
Policy F

Collaborator
(APEC)

(TH/0°—0—RIvTERDI+—<vk)
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Groupl: Ubiquitous

S5yr

10 yr

15yr

User's
Requirements

«Information of EID

«Fast detection of EID

<EID preventing network system in Asia
«IT for preventing social panic
*Bio-terrorist alert system

LAMP diagnostic equipment urgently
needed for developing countries

*Real Time (network spread)
dynamics/contact maps/GIS

*Animal protection

«Border/airport health security arrival gate
*Real time RFID Health monitoring
«Analysis of long-time series land cover
satellite data

*Forecast of possible pr
(Forecasting model )
*Smart dust (tracking pe
worker

*RFID-mediated monitoring of animals
*Global sensing from space (climate)
+Use of network and Grid technologies for

+Study on vector pattern migration
«Study for tagging/marking EID vector
«Construct reliable information network

*Build ICT infrastructu
APEC economy

*Research about mod:

Solutions voluminous data <Diagnosis kit development process
«Distributed data processing (reasonable price) For poor country *Disposable system fc
+Development of More robust regional «Traditional herbs could be developed contaminate/infected
climate model to help poor people in remote areas
*Review of long-term climatic data/global *Development open access database
data -Easy_ and simple system that farmer
+Detection of climate oscillation and and pig breeder can use
superimpose with vector population
*RFID tagging to wild animals <EID traceability system with ubiquitous «ID tag with electronic ¢
“Wiki le-office-lik K tools f device purpose
E|DI ERAOOQ e-oftice-like workspace tools for +Micro RFID markers tagging for wild «Telemetry/sensor enhz
: birds migration pattern phone
Technology C\c/”enrymﬁmsgﬁgﬁenure Terminal (VSAT) for +Grid computing / networked connected «Context aware KM tecl
Application 3G technologies for diagnosis/reporting distributed computing (Knowledge engineerin:

*Regional spatial database for EID
applications

Emergency Call System before going to
Hospital

Groupl: Ubiquitous

<Disease outbreak early warning
modeling

+Pod-casting resource on reliable network

— push web

«Integration alert systems to detect
emerging disease (for airport) = smart
LAMP and sensor

human behavior))
<Emergency Social con

(monitoring peoples mc
provide suitable sugges

Science and
Technology
factor

Social factor

«Educating/dissemination/communication to all levels:

«Open source

(7} children/public/train the trainer/local volunteer/officer/community leader
8) «Resistance nature (of human) to new things (system/drug/process)
c
Q
®©
N .
(O  Economic
factor
Polic «Compliance of member economies
faCtOIY «Info Standard & sharing policy

«Neutral APEC center/company (drugs/testing/services)
«Controlling law/policy during outbreak/disaster event
«Rich-poor gap (between nation) — conflict of interest/IPR
«Expansion / strengthening international ICT Infrastructure

_16_



(FIL—T 2:38%E])

Group2: Treatments

5yr

10 yr

15 yr

User’s
requirements

Improvement of existing
drug/vaccine to reduce
side effect and provide
proper treatment

Development of
effective and safe
drugs

Development for stable,
long lasting, safe
and affordable drugs

Use of new drug ingredients

S.12 Micro pore siz
S.12 Ventilation system

S.12 Material scientes

S.12 High speed &[safety production
system

S.12 Automatics
S.13 Detect imm
adjuvant effect
S.13 Smart separator (rapid separator
that can rapidly eliminate unwanted
containment) Immunological tech. that
can_activate drug effect

oduction
e response for

Solutions iﬁt‘l Find tge new adjﬁfvartns S.21: Exploration of new changing :gg; ZT\; g:'lal\ée\vjiaisge
at can reduce sifie efiects targets for EID treatment; Infected pathogen, 22
Infected human cell and Hosf immunology
.12 Purify all the ineffective S.22: Search for new alterngtive ingredient such
component ; ;
as plant extraction, along wjth development
. screening library
S.13: Implem¢nt QC&Q4 for Apply the new process
production cgntrgl S.23: New Testing Procegs: .
S.14: Develpp g post-mprketing . 1
itoring Aystbm for detecting side The I_aest/raplq way to character|ze new pathogen
n';;)m In silico experiment to improved|existing dru
effects In vitro testing and Animal modg|,
In vive Human immun, o system tdsting
Technology S.11 Tff’\. fof detect dfug resistance S.213D desig_n of Crystallography S 31 Taildr-made vaccine
Applications S.11 S¢nsorg that detget $.21 Proteomics S 32 Redombinfant vaccine
physiologicgl effect of _he patients S.21 Cell-based High throughput scfeening s 32 Roém terfip. vaccine tech.

active compound

S.21 Computer- assisted design for new

ingredient searching (super cdmputer/
high speed/automatic)

S. 23 New testing process

S. 23 New animal model testing

S 32 Multivalept vaccine
S 32 DNA vagcine
S 35 GM animal model

Group2: Treatments

High performance computing system
New tech for evaluation system
Transportation (Material transfer)
Efficient professional

Development of new material for filter
Limited interface among engineer,
biologist and etc.

Technology
factors

Need a lot of collaboration

Difficulty to detection & identifying for
new pathogen

Prepare public to be aware of unknown
future

Advance algorithm

Specific system to identify pathogen
(virus/bacteria/fun gi (super system)
Sharing tech. among APEC economics
Insufficient of knowledge in host factor

Ability to evaluate the safety impact ON
Environmental and animal aspect
Eradicating system for important diseases

Social factors Information sharing among experts
Personal info. Accession

Training & Education

Ethical issue

Public awareness

Ethical issue
Public education in GMO

Educate people for GM materials

Economic factors | Financial support from government
Sufficient incentive to industries
(as some of them start shifing their
interest to develop medicine for

curing life style diseases)

Challenges

Market need for drug/vaccine

Enforcement of GMP
Patent protection

Policy factors

the exchange material and specimens
across the border
Commitment from the policy maker

Public education in GMO

Restructure trading regulation to support

Collaboration &
Collaborators

Sharing information, Research collaborations, Standardization, Harmonization, Universal Pandemic preparedness

17 -
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Group 3: Diagnosis

5 years 10 years @ Longterm
Characteristics of Diagnostic kit Individual Cost Risk
« Accuracy Individual © r’;lo_ | . "ilheap M;’_‘ar?e_mli’”t
, . No need to « Information physica « No - High ris .
gser_s ¢ refrigerate for decision Burden physical elimination - Continuous
equIrement | Long shelf life oo e Test burden - Separate _ Mmicrobial
Reliability is a  without pain severe/normal  Monitoring
« Rapid test keyword atall . EID cases system
. Give result rapidly  levels education
- Fast, no —
« Easy to use National repetition Gi
in the field « Sharing . AIve an_z\llver
« Small sample intellectual SlacEEsshe
consumption property and
. Reliabi&ity e/xperience
Information System ->
Surveillance| Syste I
Solutions i Detector Discussion
. DlagnOS C res « Sensor: Forum
exchange/anal thermal, pulse,
collectivel immune balance
«In mobile phone
Device Goad Network « In toilet
« Selfdiagnos
toolfinstriclion
4 .
Technology ~ SMAP RAPID System SNP Analysis
Application
5 years 10 years Long term
Field Diagnostic Devices Field Diagnostic Devices Fi_eld ;
Sequencing + Cell chip « Automated data Diagnostic
. Genetic Sequencing « Micro fluidic acquisition Dev1ce§
Technology « High throughput | % New Ilfght
icati « Immune arra - source for
Application sequencer I Micrg array il -Personal Diagnostic Devices - int:rnal
« DNA array . Implaptable bio-sensor - body scan
Personal Diagnostic FEEMISES « Visualization
Devices « Lab in a backpack 2 Weargble bio-senso of pathogens
: ; Mobile video conference transmitter Detection
« Warning messages via il | « Pharmacogenomics °
Cell phone o IRER rar specimentt #$1,000 individual genome methocicl
identification et 1dIVictialg infected cells.
E;wnhln national system.
« Network of assay system . Quivck'éénotyping Ch‘gaﬁu sequencing for
Technology  « Improved database of « Data compression algorithm individual genome
Challenges  genome, proteome of International /domestic «'Novel light theory for non-
causative microbe system for sample delivery uniform condition (human body)
2 « Cheaper mobile Nitric oxide
gas detector
« Worldwide Al network.
. . Obtgini’ﬁé info from thg--fécal ~ Naﬁbnal s":overeignty and
Social « Ediication and commiunication to the public ‘security ¢
Challenges < Human rights/ animal rights (ethical view) '« Local beliefs reject western
« Personal privacy dicine
« lllegal immigrant tracking P
Economic . Law an_d“fégulation ‘ Benéﬁt sharing
Challenges « Economic impact on farmer (concealed cases) i
Poli .___E;ploit military medical technology 4 Nétional sovereignty
olicy 4 Cross border process for smooth delivery T
Challenges _ ntegration of various field related to EID
APEC Use existing network as platform (e.g. bird migration & International agreement on cross-border issues for

Collaboration

surveillance, military infra)

human/animal

« Asian surveillance center — special container (clinical samples)s Submit and release info on sequences of genomes of

« Fast track immigration counter for APEC scientists

_18_
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OSession 5:1Ek L7V /0y —a—R<o 7 Ot REIOT A

T /Y —a—Rvy 7 O
Evaluation of TRMs

VERLTe 77 ay—a— K<y 7 %302, S0 OE O APEC BIZ 36 1T D RYGE R R IZHT 35

IS NDEBR. BIONERIIZ APEC S8 COW I BIRAR S I HWTE A E i L7
Hom U= 8 R EL T, RYYMERRIT APEC HICB W CEHE/LRFRETHY, ENIZBWTHFE
FRICEEZRFE THLHO T, FHEL IO OFE B TES |, TAPEC Ik Co W /&l Z kL 72
W(LTEWEW) |, T8 %G EGIEICB T D RERRT — 2> ay 7 e E OEF0Z ki L THIEL
TEWoWREThoTe,

Fio, THTBLERYYE ST Cldze<, B ORBRGMEDOXIREEE CThHH |, THFEICHEIZ> T
BIEYLSE (N AL T NV IR E) kT 28I A0 7277 /ny —a— R~y 7 A ERk 3 & ||
[ e AR 72 023 B 720 Tldel | fEREAN O E R L ITH A2 H TH & )| 15
B FECBARIEEZZE L7 7 /Y —a— R~y 7 BB | 7R P OE A RENT-,

& 4 N
SmEDHEK
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The 2nd Technology Roadmapping Workshop in Chinese Taipei
Dr. Yi-You Huang (National Taiwan University)

wlal, BET 10 ABE T EDE 2 BT 7 /ay—0—73 9y FIZONWT, 77 @itmns 7
ARSI, T—T 3 ay DT — RN IO W TIIRETHA,

The 2nd technology roadmapping Program
workshop in Taipei

* Opening Remark: Minster of National Science Council
Chien-Jen Chen Sc.D., [Ei{= £&

M ai n Th e m e Also an Expert of Epidemiology, Hygiene and Public Health

The Converging Techno|ogies to Combat * Opening Remark: Minster of Department of Hea
Emerging Infectious Disease (EID): Sheng-Mou Hou MD PhD (RRAEE & &
Technology Roadmap Workshop

* Keynote speech: Director of Dept Intl Cooperation,

NSC #tER R
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Summary

This Research Material is a report on the "Roadmapping Converging Technologies to Combat
Emerging Infectious Diseases™ workshop held by the National Institute of Science and Technology
Policy on May 22 and 23, 2007, at the Toshi Center Hotel. This workshop was sponsored jointly
with Thailand's APEC Center for Technology Foresight and National Electronics and Computer
Technology Center (NECTEC), and with the cooperation of GATIC Japan.

In recent years, severe acute respiratory syndrome (SARS) and highly-pathogenic avian influenza
have appeared in succession, centered in Asia. Under these circumstances, use of technology
foresight methods to study the direction of science and technology and technical development that
can make it possible to combat emerging infectious diseases has become very important.

As a co-proposal with the APEC Center for Technology Foresight Thailand, the National Institute
of Science and Technology Policy is carrying out the "Roadmap of Converging Technologies to
Combat Emerging Infectious Diseases” project adopted by the APEC Industrial Science and
Technology Working Group over two years beginning in 2006. The holding of this workshop is one
of the activities of the project.

Three workshops are planned for the project. The first, the scenario creation workshop, was
already held in Thailand in February 2007. This workshop, the first technology roadmap workshop,
is the second. The third, the second technology roadmap workshop, is to be held in October 2007 in
Taiwan.

The purposes of the workshop were to use “converging technology,” which is "technology that
merges two or more different technologies or disciplines for a common goal,” to create a medium-
and long-term strategic technology roadmap for technology to prevent or control (quickly suppress
outbreaks, etc.) emerging infectious diseases. In particular, this workshop targeted converging
technology in integrated domains of "bio," "nano," and "IT," which are state-of-the-art science and
technology today.

At the scenario creation workshop held in Thailand in February 2007, "ubiquitous,” "treatment
technology," and "diagnosis technology (detection technology) " were seen as the important science
and technology areas that are keys to combating emerging infectious diseases. Furthermore, these
areas were considered converging technology in themselves, or areas that include converging
technology.

This workshop attempted to create 5- to 15-year technology roadmaps for these three

technologies.
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On the day of the workshop, 42 experts (19 from outside Japan) with backgrounds in infectious
diseases, IT, and science and technology policy gathered from nine APEC countries, including Japan,
Thailand, Canada, Indonesia, and Taiwan.

Following Director General Kuniya's greeting, first, Nares Damrongchai, Executive Director of
the APEC Center for Technology Foresight Thailand gave an overview of the entire project.
Subsequently, Science and Technology Foresight Center Senior Researcher Yuko Ito described the
workshop's program.

To provide participants with the shared knowledge and awareness necessary for roadmap creation,
Nobuhiko Okabe, Director of the Infectious Diseases Surveillance Center, National Institute of
Infectious Disease, spoke on the "Status and surveillance of infectious diseases in Japan and the
world." Yoshiyuki Nagai, Director of the Center of Research Network for Infectious Diseases,
RIKEN, and Yoshiko Okamoto of the Center's Information Section presented on "The Asian
Research Network for Infectious Disease and early diagnosis technology for infectious diseases.” In
addition, Chalermpol Charnsripinyo of Thailand's NECTEC described "State-of-the-art IT
technology,” while NECTEC's Suthee Phoojaruenchanachai discussed "What is converging
technology?" Participants further heard from Professor Akio Kameoka of the Japan Advanced
Institute of Science and Technology on "Theory of strategic technology roadmap creation” and
Professor Shotaro Kohtsuki of Ritsumeikan University on "A case of technology roadmapping ".

Creation of the technology roadmaps was carried out as groups divided according to the
abovementioned science and technology areas (ubiquitous, treatment technology, diagnosis
technology). As result, the workshop created three technology roadmaps.

Through this roadmap creation, active discussions were held on technical cooperation and the
proper form of joint research with each country. Participants became aware of the need for stronger

cooperation in the APEC region on combating infectious diseases.
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Overview of Workshop

* This workshop was organized and sponsored by NISTEP,
Ministry Education, Culture, Science and Technology
(MEXT), Japan, and APEC Center for Technology Foresight
and National Electronics and Computer Technology Center

(NECTEC), National Science and Development Agency
(NASDA), Thailand

[ -
Participants of the Workshop
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Overview of Workshop
Day 1 (May 22)

OlIntroduction

Introduction of “Roadmapping Converging Technologies to Combat Emerging
Infectious Diseases (EID),” the APEC-wide project and the progress and
activities

Dr. Nares Damrongchai (Executive director, APEC CTF)

The workshop i1s a part of the activities of the APEC Industrial Science and
Technology Working Group project "Roadmap of Converging Technologies to Combat
Emerging Infectious Diseases," a joint proposal of the APEC Center for Technology
Foresight Thailand and the National Institute of Science and Technology Policy being
carried out over two years starting in 2006.

Most of the participants in the workshop were unaware of the details of the project, so
the first step was to give them an overview of the whole thing.

During the past 10 years, many emerging and reemerging infectious diseases have
appeared all over the world. In the Asia-Pacific region in particular, SARS and
highly-pathogenic avian influenza have appeared with severe symptoms.

The goal of this project is to maintain the security of the APEC region, especially Asia,
by showing a medium- and long-term roadmap against emerging and reemerging
infectious diseases (and bioterrorism).

In concrete terms, it explores whether "converging technology" can be used to prevent
and manage emerging and reemerging infectious diseases. In other words, rather than
discussing concrete measures against infectious diseases, this project discusses subjects
on how much can be expected from "converging technology" and how the infectious
diseases surveillance system will advance with the development of information systems.

The methods are analysis of science and technology development using "multiple
foresight tools" (bibliometric analysis, scenario planning, etc.) and the creation of a
medium- and long-term roadmap on science and technology including information and
social systems to combat emerging and reemerging infectious diseases.

Project Overview Roadmap Collaborators

As of February 2007

@ current collaborators O co-sponsors O Non-APEC network

Report,

recommendations, =
and initiatives APEC Climate Center

'_4 (Korea)

Wrap-up

symposium ITRI (NSC) (Chinese
5 Taipei)

S .
Reporting
3
Rl
88

intensity

Engagement
& Analysis

I-> 15t TRM workshop —> 2% TRM workshop

Scenario workshop National Institute of
Science and
Technology Policy

Bibliometric Online (NISTEP)

analysis questionnaire

Issues
Identification

Australian Biosecurity CRC for
Emerging Infectious Disease

¢—— 2006 — self-funded —#—— 2007 — self + APEC funded —*

. time e

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 12 APEC Center for Technology Foresight (www.apecforesight.org) © 2006 16
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Converging Technologies: Concept and Examples
Dr. Suthee Phoojaruenchanachai (NECTEC)

Next, there was a brief explanation of the concept and some examples of the project's
key technology, "converging technology."

The concept of converging technology was explained as
(technologies that make possible things that were previously impossible) and knowledge

systems that make them possible each other when pursuing shared goals."

Furthermore, today's converging technology is occurring in the interdisciplinary fields
of bio, nano, and IT. Converging technology in the fields of bio, nano, and IT includes

biochip and biosensor technology based on NEMS.

The Flu Chip (a chip used to determine the type of influenza a person has suffered),
real-time surveillance of infectious disease outbreaks,
discussed as concrete examples of converging technology that can be used to combat

emerging infectious diseases.

CT Examples & Contribution

* Info + Bio

— Computational life science
* Bio + Nano

— Specificity & unlimited reach
* Nano + Info

— Pervasive computing
* Info + Cogno

— Human-computer interface
* Cogno + Nano

— Engineering mind and body

CT Examples & Contribution

Bio-
Informatics

(e.g., Genomic Analysis,

Biomedical Imaging)

Nanobiosystem
(e.g.. nanostructured drugs
Microfluidics;

Bio-Info-Nano
Converging Tech.
(e.g.. NEMS based Biochip &
Biosensor)

Disease Surveillance

Digeass Detecton -

Frrrmanee
i, fowd, fiming

Lrkeato Nabersl Livestock
Inormation Scheme

//

Hand-beld
\ oegrogic sevices /

.

Implanistie Chip

S
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(OSession 1: Sharing Knowledge

As discussed above, the purpose of the workshop was to create a "converging
technology roadmap" generated from the boundaries between different science and
technology fields. Participants were therefore selected so that one-third were specialists
in infectious disease treatment, one-third in IT, and the remaining third in
biotechnology, social sciences, science and technology policy, and so on. This was so that
expertise would be balanced.

Therefore, because shared knowledge of infectious diseases and IT and understanding
of current conditions were considered necessary for participants, three keynote
addresses were delivered to all participants in Session 1.

Keynote speech 1: The Surveillances of EID
Dr. Nobuhiko Okabe (Director, Infectious Disease Surveillance Center, National
Institute of Infectious Disease)

The worldwide changeability of infectious diseases was described, from the history of
measures against infectious diseases such as smallpox and polio 50 to 200 years ago and
their extermination, to the appearance in recent years of emerging infectious diseases
(dengue fever, HIV, Nipah virus infectious diseases, SARS, avian influenza) and
reemerging infectious diseases (multidrug-resistant tuberculosis, drug-resistant
malaria) around the world.

Furthermore, although in Japan the number of people who die from infectious
diseases is lower than it was 50 or more years ago, the number of people who died of
infectious diseases in poverty areas of the world numbered 539 million in 2001. However,
the tuberculosis rate in Japan is more than three times that in Europe and the United
States of America, the number of HIV-positive patients is increasing annually, and mass
outbreaks of measles still occur. This indicates that Japan still has many issues with
infectious diseases.

In addition, during 1998 through 2003 alone, mass outbreaks of infectious diseases
occurred all over the world. Because it is impossible to predict where the next will occur,
control of infectious diseases is not easy.

Control of infectious diseases requires "prevention," "diagnosis," "treatment," and
"surveillance." Among these, "surveillance" is vital. This is because when outbreaks are
detected at an early stage, the chances of controlling mass outbreaks increase. In order
to control worldwide epidemics, the following were described as necessary: 1) a strong
public health system at the national level, 2) preparation for diagnosis, treatment, and
vaccination against diseases considered important, 3) establishment of an effective
international system and partnerships that can cooperate on alerts and responses.

Surveillance networks in Asia

Early RET ]
Detection Response

Mekong
Basin
Disease

Surveillance
(MBDS)

EIDIOR




Keynote speech 2: Asian Research Network for Infectious Disease:

Its Concept, Aims and Activities

Dr. Yoshiyuki Nagai (Director, Center of Research Network for Infectious
Disease, RIKEN) & Dr. Yoshiko Okamoto (CRNID, RIKEN)

Director Nagai of RIKEN's Center of Research Network for Infectious Disease
introduced the Center's "Program of Founding Research Centers for Emerging and
Reemerging Infectious Diseases," which was commissioned by the Ministry of
Education, Culture, Sports, Science and Technology in 2005 in order to revive research
on infectious diseases and develop human resources.

This program establishes research institutions as infectious disease research centers
in Japan and collaborative research centers in countries where there are emerging or
reemerging infectious diseases or where they are likely to occur. It promotes two-way
joint research and partnerships with relevant countries. The Center of Research
Network for Infectious Disease supports, operates, and cooperates with the program as

a whole.

Bilateral Collaboration Bases for Emerging and Reemerging
Infectious Diseases and Their Networking
RN mmmns mmmmmn mmmmmimmmmm T S e e s ey,

CRNID (RIKEN);.
O

Japan-China Joint Research Laboratories
on Emerging Infectious Diseases
Inst. Med. Sci. Univ. Tokyo —
CAS (Beijing) CAAS (Harbin)

O
Indonesia (Kobe University)

Harbin Veterinary Research

Institute of
Microbiology

Institute of
Biophysics

Institute
National Al Reference Laboratory
-

4'

RS

\
Wt sl o o | Ny N A

2005 O Center of Research Network for Infectious Diseases (CRNID), RIKEN, Tokyo

@ National Institute of Health, Thailand — (Osaka University)

® National Institute of Animal Health, Thailand — (National Institute of Animal Health)

@ National Institute of Hygiene and Epidemiology, Vietnam — (Nagasaki University)
® Bach Mai Hospital, Vietnam — (International Medical Center Japan)

© Chinese Academy of Sciences, China — (The University of Tokyo)

® Chinese Academy of Agricultural Sciences, China — (The University of Tokyo)

» Avian Influenza (Harbin)
» HIV, Viral Hepatitis (Beijing)

2007  © National Institute of Cholera and Enteric Diseases, India — (Okayama University)
O Tropical Disease Center, Airlangga University, Indonesia — (Kobe University)

© The University of Zambia, Zambia — (Hokkaido University)

« Structural Biology of Infection-
Related Proteins (Beijing)

Furthermore, Dr. Okamoto explained that integration (convergence) of contemporary
technologies such as sequencing with conventional technologies such as staining and
cultivation enables earlier and more accurate detection (diagnosis) of the causative
agents (pathogens, etc.) of infectious diseases. Dr. Okamoto described the principles and
applications of state-of-the-art biotechnology (SMAP, RAPID, etc.) being researched
and developed at RIKEN.

RAPID

Robotics-Assisted Pathogen Identification

Features of SMAP

An outbreak! Database

=N

“Aé
RN

454 sequencer

« Fastest detection within15-30 min

« Amplification = detection (No background)

« Sensitivity

+ Low energy requirements (isothermal amplification)

Extract nucleic acids  perermine nucleotide
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Keynote speech 3: Potential ICT Infrastructure for EID Research Collaboration
Dr. Chalermpol Charnsripinyo (NECTEC)

Dr. Chalermpol described new (emerging) technologies in information and computer
technology (ICT) and ICT infrastructure that is useful for the implementation of joint
research. Dr. Chalermpol stated that ICT is important in combating emerging infectious
diseases.

Among new technologies, Dr. Chalermpol emphasized the next-generation internet
protocol "IPv6" that will replace the current IPv4, "RFID" that tracks and identifies
individual articles using radio waves, and "Grid Computing" that links multiple
computers through a network to create virtual supercomputers. Furthermore, in the
future, mobile telephones and other wireless-connection networks can be used as
effective networks when infrastructure bases are unavailable following natural
disasters and so on.

In addition, Dr. Chalermpol introduced a list of 12 network systems that use ICT and
new technologies in projects against emerging infectious diseases. They include
"BipSense", a surveillance system for precursors of infectious diseases (US Centers for
Disease Control and Prevention), "the Electronic Surveillance System for the Early
Notification of Community-based Epidemics" (US Department of Defense), and "the
Foodborne Disease Active Surveillance Network " that looks for foodborne infectious
diseases (US Centers for Disease Control and Prevention, US Department of
Agriculture, FDA, etc.).

) New Opportuniti ted by IPv6
Wireless Ad Hoc Network B CToated DY TEV

A LAN or other small networks with wireless connections, in which some of
the network devices are part of the network only for the duration of a
communication session (in the case of mobile or portable devices), while in
some close proximity to the rest of the network.

» Useful when infrastructure not available, impractical, or expensive

Global IP address

Mobile equipment

Real-time data Remote

— Home networking, Emergency services, Disaster recovery, Military eliin/astsian Maintenance
applications Secure End-to-End
Communication
Remote
Data ~ Control
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@ e . L]
e ®

Private address

%
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OSession 2:Scenario Workshop results and Exercises 1

Through the first half of 2006, the National Institute of Science and Technology Policy
and the APEC Center for Technology Foresight Thailand carried out bibliometric
analysis on infectious diseases through a variety of methods and exchanged opinions on
the results. Subsequently, Thailand integrated the results. Based on this, it designed an
internet questionnaire with the goal of extracting advanced technologies thought
effective for combating infectious diseases. From November 2006 through January 2007,
the questionnaire was implemented on the website of the APEC Center for Technology
Foresight Thailand (21 responses).

In February 2007, a scenario workshop was held in Thailand. Starting with the
results of the above analysis and questionnaire, participants considered multiple
scenarios regarding the development of infectious diseases and technologies to combat
them over the coming 10 years and the predicted results.

This technology roadmap workshop began from the results of the scenario workshop.
It focused on "technologies" useful for combating emerging infectious diseases and
created roadmaps for them.

Because most participants did not attend the previous workshop in Thailand, Dr.
Nares gave a brief report on that workshop and its results.

Recap from the Scenario Workshop
Dr.Nares Damrongchai (APEC CTF)

At the February scenario workshop in Thailand, participants divided into four groups.
They examined, respectively, social, technological, economical, environmental, and
political aspects of "drivers" (driving factors) that influence the risks of emerging
infectious diseases. In addition, they examined uncertainties such as natural disasters,
sharing their awareness of infectious disease countermeasures.

The scenarios are for the future of the Asia-Pacific region. They were created in each
group, with the primary question being "What converging technology would you use to
combat emerging infectious diseases in the Asia-Pacific region?" Four scenarios were
created as a result: "A new type of malaria appears and spreads in Miami due to the
influence of global warming," "An unknown viral disease from genetically-modified
ducks appears and spreads," "An epidemic of an unknown Jurassic virus," and "The
emerging infectious disease Rainforest Syndrome is contained."

Furthermore, technical elements were extracted from the completed scenarios and
classified. This resulted in technologies in the three research fields of "ubiquitous,"
"treatment," and "diagnosis" as the important technologies for measures against
emerging infectious diseases.

Key Drivers for Emerging Key Drivers for Emerging
Infectious Diseases Infectious Diseases

Social Environmental Uncertainties
» Health concern for everyone » Climate change

» Increasing population Vector patterns changes » Massive Natural disasters such as massive

» Urbanization Land use change

» Gap of Knowledge Sharing Wild life — Changes of wild life_ volcanoes, e-a.rthquakes, etc. ) _
Technological consumption But pet trades will » Global securities (man-made disasters, alien

increase
» Complexity of transportation i species/ breakthrough tech.
» Nanotechnology POl.Il_tlcal. P . g )
» Genetic modification & erorism » » Local/Global panic
» Event Tracking > ﬁ%fg;l':%?"deésgleodpﬁ%mt”es' UTbanivationdi E b
Sounaniel s » Urbanization: Increase, ECONOMIC CrisIs
» Free Trade Agreement » Wrong policy > Gap Of Kn0W|edge Shal‘ing
» Sufficient economy , o
> Rich poor gap » Unpredicted/unplanned technologies

These are the foreseeable trends!
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Exercises 1
(Extraction of requirements and their solutions)

This workshop carried out three rounds of group work (exercises) in order to create
technology roadmaps for the three research domains "ubiquitous," "treatment,” and
"diagnosis" extracted at the previous scenario workshop.

Participants are divided into three groups to examine "ubiquitous," "treatment," and
"diagnosis," and each group brainstormed. Each group had about 13 members, two of
whom served as facilitators. The role of the facilitators was to urge group members to
speak, to adjust the direction of the discussions, to record and summarize discussions
and results, and so on.

Research domain Technology applications

#Field tests networked

#Data collection (real time)

#Data mining

@ Mobile phone tracking

#Data sharing

4Modeling

#Bioinformatics

#Network info system countries sign up for info sharing
#Drug design

#Drug Delivery Systems

#Vaccine development

#Personalized medicine advance in pharmaceutics
#Nano delivery of drugs

®Molecular medicine, Cell-based vaccine development advance in genetic
engineering of virus and antiviral material

@ Conventional Drug Discovery

Ubiquitous

Treatment

#Micro/Nano array molecular
#Implantable diagnostics
#Simple thermo-graphical scanner
#Genotyping characterization
#Advance in micro-fluidic device
#Advance in genetic sequencing
#Advance in lab on a chip

Diagnosis

(Research domains and Technology applications)

Because the purpose of the group work was to create technology roadmaps, templates
were passed out to all members in advance. Each member was to perform the work with
the idea of filling in the blank spaces.

The template's horizontal axis represents time. The anticipated situation from the
present (2007) a minimum of 5 to a maximum of 15 years into the future was examined.
First, in Exercises 1, each group derived "User's Requirements" for emerging infectious
diseases. Next, they examined "Solutions: Products & Services."

Technology Roadmap Template

Research domain T: 5 years — 15 years
( ) T () T, ( ) T )

User's
Requirements

Solutions
(Products & Service)

Technology
applications

Challenges
Technological
factor
Social factor
Economic F
Policy F

Collaborator
(APEC)
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Scene from group work (exercises) (1)

e Each group formed its desks into a square for discussion

e The necessary parts of roadmap templates were placed in advance on
whiteboards

o Facilitators (standing) led the discussions

e Group members summarized individual opinions on slips and handed them to
the facilitators

e Facilitators classified the content of the statements and placed them
appropriately in the templates

e Facilitators placed similar-content slips close together

o Facilitators sought opinions on the appropriateness of classifications

o Facilitators rearranged slips based on member opinions

e Facilitators took care so that all members could speak

Scene from group work (exercises) (2)
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Day 2 (May 23)

OSession 3: Explanation of Strategic Technology Roadmap and Exercises 2

Exercises 1 on the first day already began working on examining and deriving needs,
possibly helping participants who had never created a technology roadmap grasp the
vague image of technology roadmap creation.

Therefore, in order to give participants further advanced knowledge regarding
technology roadmaps, Professor Kameoka (Japan Advanced Institute of Science and
Technology) gave a presentation on the theory behind strategic technology roadmap
creation, and Professor Kohtsuki (Ritsumeikan University) gave one on a concrete
example of technology roadmapping.

Furthermore, although not originally scheduled, at his own request, Jack Smith (S&T
Foresight, Office of the National Science Advisor, Canada) gave a presentation on
"Converging technology in 2020" discussed in Canada.

Strategic Technology Roadmapping
Prof. Akio Kameoka (Japan Advanced Institute of Science and Technology)

Roadmapping is an interactive learning process that integrates explicit knowledge
(roadmap creation) and implicit knowledge (human conversation and networks in the
roadmap creation process). It is a knowledge management tool. Therefore, the roadmaps
created are not fixed (operating schedules). They are revised, changed, and used to
clarify ideas.

Generally, technology roadmaps stack markets, products, technology, and R&D
programs on the vertical axis, with time as the horizontal axis. The categories in each
layer are interrelated, with the relationships indicated by arrows. In strategic
technology roadmaps in next-generation management of technology (MOT), a layer for
"services," defined as "activities that help individuals and organizations achieve their
goals," is being placed between "markets" and "products."

Like technical support functions brought about through products, services include
physical support functions, psychological support functions, intellectual support
functions, and spiritual (religious) support functions. Adding refined services to existing
products and systems can improve consumer satisfaction, adding value to those
products and systems. In order to close the gaps between "markets and services" and
"services and products," he therefore advocates technology roadmaps that integrate
services including the concepts of the new functions "necessary functions" and "supplied
functions."

. = E -
; Rnadmapping as lmmuladge management . Comprehensive Strategic Roadmapping:
= Roadmaps Roadmaping process ‘uddition of Service Layer
i oo kmowleda 4

G

o Honka
- UNIVERSITY OF —
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A Case of Technology Roadmapping: Optical Molecular Imaging Technology
Prof. Shotaro Kohtsuki (Ritsumeikan University)

As a concrete example of technology roadmapping, Professor Kohtsuki described a
technology roadmap for molecular imaging technology that uses optical methods for
non- or low-invasive detection of early-stage cancer.

Strategic Technology Road mapping of Optical Molecular Imaging  Rii5
Technology to Cancer I;{hesearch
ort term

Middle term Longterm _ LETM
T T

Quality of Life To make sure the Human Life in safety and security ‘

To allay the anxieties of the personal health ‘

Key Driver

Detection of a cancer Appropriate therapy

‘ Appropriate therapy }'

Needs / wants

disease without physical pain without physical pain
\ X\
Function High performance observation || data analysis and Diagnostic
of transferring cancer focus visualization of the imaging using the
locus of cancer focus - optical molecular

imaging data
Diagnostic data accumulation and data transfer ’\L I
Establishment of evaluation methods to the Medical lreatmentJ
cancer disease variation

Development of bio- | | Introduction of a bio-marker to Development of
marker the target molecules of cancer traceable system of
cancer molecules

Technologies - - : —
Biomedical data gathering and imaging

data analysis

Monitoring of an organic conditions
in the body

X
‘ Building up the optical imaging database of cancer diseases

(Additional presentation)
Converging Technologies
Jack Smith (S&T Foresight, Office of the National Science Advisor, Canada)

Converging technologies for the health and life science expected in 2020 were
described. The horizontal axis represents market scale, while the vertical axis
represents feasibility. Darkness colors represent the degree to which policy issues exist.

Convergent Technologies for

Health and Life Sciences 2020

Anticipated Market Size

Significant Very Significant
Hiche Market Market
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Exercises 2
(Categories that meet requirements and derivation of responsive technologies)

In Exercises 2, the groups continued from Exercises 1, examining "Solutions:
Products & Services." They added study of responsive "Technology application." Here,
they derived the names of concrete technologies.

Technology Roadmap Template
Research domain T: 5 years — 15 years
( ) () T ) T )

User's
Requirements

Solutions
(Products & Service)

Technology
applications

Challenges
Technological
factor
Social factor
Economic F
Policy F

Collaborator
(APEC)

OSession 4: Exercises 3

Exercises 3
(Derivation of technical, social, economic, and policy problems and gaps in
establishing technologies)

In Exercises 3, group members examined "Challenges (technical factors, social factors,
economic factors, political factors)" facing the technologies indicated in Exercises 2. This
included problems such as gaps related to the realization of technology, the necessity of
breakthroughs, and obstacles and delays in application and diffusion of technology in
society. Furthermore, the groups examined "Types of cooperation and systems for
cooperation within APEC."

Technology Roadmap Template

Research domain T: 5 years — 15 years
( ) T ) T ) T )

User's
Requirements

Solutions
(Products & Service)

Technology
applications

Challenges
Technological
factor
Social factor
Economic F
Policy F

Collaborator
(APEC)
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Groupl: Ubiquitous

10 yr

15yr

User’s
Requirements

«Information of EID

«Fast detection of EID

<EID preventing network system in Asia
«IT for preventing social panic
*Bio-terrorist alert system

*LAMP diagnostic equipment urgently
needed for developing countries

*Real Time (network spread)
dynamics/contact maps/GIS

«Animal protection

*Border/airport health security arrival gate
*Real time RFID Health monitoring
*Analysis of long-time series land cover
satellite data

«Forecast of possible pr
(Forecasting model )
*Smart dust (tracking pe
worker

+RFID-mediated monitoring of animals
*Global sensing from space (climate)
+Use of network and Grid technologies for

«Study on vector pattern migration
«Study for tagging/marking EID vector
«Construct reliable information network

«Build ICT infrastructu
APEC economy

*Research about mod

Solutions voluminous data <Diagnosis kit development process

«Distributed data processing (reasonable price) For poor country +Disposable system fc

«Development of More robust regional «Traditional herbs could be developed contaminate/infected

climate model to help poor people in remote areas

Review of long-term climatic data/global *Development open access database

data +Easy and simple system that farmer

«Detection of climate oscillation and and pig breeder can use

superimpose with vector population

-RFID tagging to wild animals *EID traceability system with ubiquitous «ID tag with electronic ¢

Wiki-google-office-like workspace tools for device purpose

E”:I) IZ%I ge-office-like w P «Micro RFID markers tagging for wild «Telemetry/sensor enhz

. birds migration pattern phone

Technology c\é?nrymim g;lﬁ,ggerture Terminal (VSAT) for +Grid computing / networked connected «Context aware KM tec
Application +3G technologies for diagnosis/reporting distributed computing (Knowledge engineerin:

*Regional spatial database for EID
applications

*Emergency Call System before going to
Hospital

Groupl: Ubiquitous

+Disease outbreak early warning
modeling

+Pod-casting resource on reliable network

— push web

«Integration alert systems to detect
emerging disease (for airport) = smart
LAMP and sensor

human behavior))
<Emergency Social con

(monitoring peoples mc
provide suitable sugges

Science and
Technology
factor

Social factor

«Educating/dissemination/communication to all levels:

+«Open source

0 children/public/train the trainer/local volunteer/officer/community leader
% <Resistance nature (of human) to new things (system/drug/process)
c
Q2
©
o .
(O Economic
factor
Polic -Compliance of member economies
faCtO?’ «Info Standard & sharing policy

«Neutral APEC center/company (drugs/testing/services)
«Controlling law/policy during outbreak/disaster event
<Rich-poor gap (between nation) — conflict of interest/IPR
«Expansion / strengthening international ICT Infrastructure
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Group2: Treatments

5yr

10 yr

15 yr

User’s
requirements

Improvement of existing
drug/vaccine to reduce
side effect and provide
proper treatment

Development of
effective and safe
drugs

Development for stable,
long lasting, safe
and affordable drugs

Solutions

S.11 Find the new adjuvants
that can reduce siffe effects

S.12 Purify all the ineffective

component
S.13: Implem¢gnt QC&QA for
production cgntrgl

S.14: Develpp g post-mprketing
monitoring system for detecting side
effects

Use of new drug ingredients

S.21: Exploration of new changing

targets for EID treatment; Infected pathogen,
Infected human cell and Hosf immunology

S.22: Search for new altern,
as plant extraction, along wjth development
screening library

Apply the new process
S.23: New Testing Procegs: .
The best/rapid way to character|
In silico experiment to i
In vitro testing and Anil

o Human-immun:

existing dru
1,

In

ive ingredient such

ting
S

+S.31: Pergonalized drug
+S.32: GMfdrug & vaccine

Technology
Applications

S.11 Te¢h. fof detect dfug resistance
S.11 S¢hsorg that detgct

physiologicdl effect of the patients

system

S.12 Automatics
S.13 Detect imm
adjuvant effect

e response for

P Y

S.21 3D design of Crystallography

S.21 Proteomics

S.21 Cell-based High throughput scyfeening
active compound

S.21 Computer- assisted design for new
ingredient searching (super cdmputer/
high speed/automatic)

S. 23 New testing process

S. 23 New animal model testing

S 31 Tailgr-made vaccine

S 32 Regombinant vaccine

S 32 Room tenfip. vaccine tech.
S 32 Multivalept vaccine

S 32 DNA vagcine

S 35 GM animal model

S.13 Smart separator (rapid separator
that can rapidly eliminate unwanted
containment) Immunological tech. that

can_activate drug effect

Group2: Treatments

High performance computing system

Ability to evaluate the safety impact ON
Environmental and animal aspect

Need a lot of collaboration

Technology
factors

New tech for evaluation system
Transportation (Material transfer)
Efficient professional

Development of new material for filter
Limited interface among engineer,
biologist and etc.

Difficulty to detection & identifying for
new pathogen

Prepare public to be aware of unknown
future

Advance algorithm

Specific system to identify pathogen
(virus/bacteria/fun gi (super system)
Sharing tech. among APEC economics
Insufficient of knowledge in host factor

Eradicating system for important diseases

Social factors

Information sharing among experts
Personal info. Accession

Training & Education

Ethical issue

Public awareness

Ethical issue

Public education in GMO E

ducate people for GM materials

Economic factors

Challenges

Financial support from government
Sufficient incentive to industries
(as some of them start shifing their
interest to develop medicine for
curing life style diseases)

Market need for drug/vaccine

Policy factors

Enforcement of GMP
Patent protection

Public education in GMO

Restructure trading regulation to support
the exchange material and specimens

across the border
Commitment from the policy maker

Collaboration &
Collaborators

Sharing information, Research collaborations, Standardization, Harmonization, Universal Pandemic preparedness
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Group 3: Diagnosis

5 years 10 years @ Longterm
Characteristics of Diagnostic kit Individual Cost Risk
« Accuracy Individual . r';lo' | . &heap Mﬂf‘aﬁef‘f”t
) « No need to « Information physica « No- « Fighris )
gser_s refrigerate for decision Burden physical elimination « Continuous
squireme o rg heH e o «Test burden - Separate  Mmicrobial
Reliability is a  without pain severe/normal  Monitoring
. Rapid test keyword atall . EID cases system
. Give result rapidly  levels education
« Fast, no
« Easy to use National repetition Gi
in the field « Sharing 3 A'Ve a’?g‘l"’er
. Small sample intellectual S
consumption property and
. Reliabi{ity e?perience
Information:System ->
Surveillance! Systel FHH
Solutions i Detector Discussion
« Diagnostic res « Sensor: Forum
exchange/anal thermal, pulse,
collectivel immune balance
«In mobile phone
Device Cood Network « In toilet
« Self diagnosti
tool/instrdciion
4
Technology ~ SMAP RAPID System SNP Analysis
Application
5 years 10 years Long term
: Fié)kfl DLa_gnostic Devices Field Diagnostic Devices Ei_eld .
Sequencing « el chip - Automated data [ETICEIY
« Genetic Sequencing « Micro fluidic acquisition Dewce_s
Technology « High throughput I b New IIfght
Application  “sequencer I ’\rﬂr;ggr:irz;ray -Personal Diagnostic Device e L
« DNA array ;r;mnglma{:;al'ble bio-sensor body scan
. : T « Visualization
P | D i i
Dzzsiggg B + Lab in a backpack . Wear_able bio-sensol of pathogens
. Warning messages via « Mobile video conference ransicy « Detection
Cell phone - RFID for specimen C Pharmgcqg_qumms method of
identification = .- 451,000 individual genome infected cells.
o ‘within national system.
« Network of assay system . Quipk"'gﬁénotyping g Ch_ga’ﬁ sequencing for
Technology « Improved database of « Data compression algorithm individual genome
Challenges genome, proteome of -« International /domestic «Novel light theory for non-
causative microbe system for sample delivery uniform condition (human body)
~ . Cheaper mobile Nitric oxide
gas detector
« Worldwide Al network.
. . Obtai.nl'ﬁé info from thgviécal . Natfonal sbvereignty and
Social « Ediication and communication to the public ‘security ¢
Challenges  ¢"Human rights/ animal rights (ethical view)
« Personal privacy
« lllegal immigrant tracking ;
Economic . Law and'fégulation e Beqéfit sharing
Challenges « Economic impact on farmer (concealed cases) ; /
Poli . Eifploit military medical technology . 4 National sovereignty
olicy & Cross border process for smooth delivery .
Challenges |ntegration of various field related to EID
APEC » Use existing network as platform (e.g. bird migration ;'.J‘Hternational agreement on cross-border issues for
human/animal

Collaboration

surveillance, military infra)

« Fast track immigration counter for APEC scientists
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OSession 5: Evaluation of TRMs and Announce for Next Workshop

Evaluation of TRMs

Based on the technology roadmaps created, participants exchanged opinions on their
countries' expected contributions to combat infectious diseases in the APEC region and
on future cooperative relations in the region.

Commonly-held opinions included "Combating infectious diseases in the APEC region
are important issues. Because they are just as important domestically, the national
government can make a contribution." "I'd like to strengthen APEC's cooperation
system (for it to be strengthened)." "I hope the same kind of workshops on infectious
diseases will continue to be held in the future."

Other opinions included "Combating ordinary infectious diseases as well as emerging
infectious diseases are important." "Strategic technology roadmaps should be created
for specific infectious diseases (avian influenza, etc.) that are actual problems." "The
focus shouldn't be placed exclusively on cutting-edge technology. Diversion and
improvement of existing technology should also be a focus." "Technology roadmaps that
consider the problems of developing countries are necessary."
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The 2nd Technology Roadmapping Workshop in Chinese Taipei
Dr. Yi-You Huang (National Taiwan University)

Dr. Huang announced the second technology workshop, scheduled for October in
Taiwan. The workshop theme and detailed content are to be arranged.

The 2nd technology roadmapping Program
workshop in Taipei

* Opening Remark: Minster of National Science Council
Chien-Jen Chen Sc.D., BE{= &

M ai n Th e m e Also an Expert of Epidemiology, Hygiene and Public Health

The Converging Technologies to Combat * Opening Remark: Minster of Department of Hea
Emerging Infectious Disease (EID): Sheng-Mou Hou MD PhD (RS2 &5
Technology Roadmap Workshop

« Keynote speech: Director of Dept Intl Cooperation,

NSC #tiER R
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Asia-Pacific
Economic Cooperation

An APEC-wide Technology Foresight Project:

Roadmapping Converging
Technologies to Combat
Emerging Infectious Diseases

Proposed to APEC Industrial Science and
Technology Working Group (ISTWG)

Dr. Nares Damrongchai
Director
APEC Center for Technology Foresight

22 May 2007, Tokyo, Japan

Rationale 1 - why Emerging Infectious Disease?

Emerging and re-emerging infections are increasing in the
Pacific Rim. These include both diseases that are new
(e.g. SARS, Avian Influenza) and diseases that are old
but re—emerging as health threats (e.g. Tuberculosis).
They are important to our APEC community because:
— They cause preventable illness and death
— They drain our economies through the direct costs
of treatment and hospitalization
— They generate indirect costs from time lost from
work and reduced purchasing power
— They lead to unfounded trade sanctions that hinder
economic activity
Source: APEC Emerging Infections Network (EINet)

APEC Center for Technology Foresight {www apecforesight.ong) © 2006 2

Dr. Nares Damrongchai, APEC Center for
Technology Foresight © 2006 - 43 -



Rationale 2 - Why Converging Technologies?

» The risk of region-wide/global pandemic is very high.
For APEC to have sufficient pandemic preparedness,
besides building drug stockpiles, both pharmaceutical
and non-pharmaceutical control options must be
considered and fully explored.

» Converging aspects of relatively familiar technologies
(e.g. Bio-Info-Nano-Material), that is starting to show
importance to the future of key policy domains such as
health, security and new industrial development, will be
key to build such effective control options to combat
these emerging infectious diseases and perhaps help
to prevent/manage the coming pandemic.

APEC Center for Technology Foresight (www.apecforesight.org) © 2006

Rationale 3 - Why Roadmapping?

» Technology Roadmapping (TRM) is a suitable tool to
explore the different pathways to actually develop key
future technologies that are important for the future and
identify barriers and gaps in developing and using
them. The TRM process is highly collaborative and has
previously been used successfully in APEC in the
energy area by ISTWG in cooperation with EWG.

» Other foresight tools such as Bibliometric Analysis,
Scenario Planning, and Delphi Survey have been
assisting policy makers and technology developers in
many APEC member economies to identify and assess
such rapidly developing technologies.

APEC Center for Technology Foresight (www.apecforesight.org) © 2006

Dr. Nares Damrongchai, APEC Center for
Technology Foresight © 2006 - 44 -



Definition 1

What Are Emerging Infectious Diseases?

Emerging Infectious Diseases (EID) are
infectious diseases that have recently become
more prevalent or threaten to do so.

Source: DoD Global Emerging Infections Surveillance and Response Program

Prime examples of such infections include Severe Acute
Respiratory Syndrome (SARS), Highly Pathogenic
Avian Influenza (HPAI), Dengue, Tuberculosis, and
enterotoxigenic E Coli.

Source: APEC Emerging Infections Network (EINet)

APEC Center for Technology Foresight (www.apecforesight.org) © 2006

Examples of Emerging and Re-Emerging
Infectious Disease: past 10 years

'Gry'plua-?fridudl #ﬁ:mdn;ﬁfﬁ"sz';;::
= l__:'_..:. 5 : i i .\X"" - B

Vancomyein-resistant
Staphylococcus aureus
Cyclosporiasis b

3 Enterovirus 71

drome [/, 3
Jrrp SRR W il § i =3 Human monkeypox
Bm 4 I i N,
B2 Yellow fever sa fever  Ebola hemeorrhagic fever Plague

Source: A Fauci, NIAIDINIH, 2005

APEC Center for Technology Foresight (www.apecforesight.org) © 2006

Dr. Nares Damrongchai, APEC Center for
Technology Foresight © 2006 - 45 -



Definition 2

What Are Converging Technologies?

Converging technologies are enabling
technologies and knowledge systems that enable
each other in the pursuit of a common goal.

Source: Converging Technologies — Shaping the Future of European
Societies, The European Commission Research (2004)

The coming together of two or more disparate
disciplines or technologies.

Source: Toward Understanding Science and Technology Convergence,
Science and Technology Foresight Directorate, Government of Canada
(2005)

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 7

Examples of Converging Technologies

Bio-
Informatics
(e.g., Genomic Analysis,
Biomedical Imaging)

Nanobiosystem
(e.g., nanostructured drugs)

Nano-Informatics
(e.g., NEMS, Nanoelectronics)

Bio-Info-Nano
Converging Tech.
(e.g., NEMS based Biochip)

Source: Suthee Phucharoenchanachai, NECTEC (2005)

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 8

Dr. Nares Damrongchai, APEC Center for
Technology Foresight © 2006 - 46 -



How Converging Technologies Could be Applied
to Combat EID: The Application Perspective

*  Prevention of EID

Risk assessment of EID

» Travel & trade, agriculture,
climate & ecological change

Assessing tools

+ patient’s respiratory and
health status

Disease Surveillance

* Local, regional, global
Early warning & Remote
sensing of EID

» Traceability of tiny outbreak
Rapid & field diagnosis

* Reagents & test kits
Pathogen Identification
Vaccination & Tech-based

* Management of EID

Infection data management

Strategy for drug
administration

Preparedness & Rehearsal
Treatment Facilities
(Hospitals)

On-demand Experts/ Pub
Services

International Collaboration
Policy Supporting
Framework

Public Supply (e.g. water)
Network Management

barriers

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 9

The project aims to...

Explore the
possibility of using
converging
technologies* that
can cross discipline
and should
contribute to the
prevention and
management of
emerging infectious
diseases that are
(and could become)
widespread in the
APEC region.

Use multiple Recommend
foresight tools e.g. the resulting
Bibliometric scenarios and
Analysis, Scenario technology
Planning, Delphi roadmaps to
Survey, and TRM. related APEC
These could be groups,
applied region-wide member
or to specific groups economies,
of economies or and industry
geographical areas || for further
where infectious implementing,
diseases are especially to
currently a problem. develop the
technologies

* If necessary the project may focus on specific converging technology-application
fields e.g. nanofilters, RFID, sensor networking, biomedical imaging and

telemedicine etc.

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 10

Dr. Nares Damrongchai, APEC Center for
Technology Foresight © 2006
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» We expect that this series will help the APEC
region to jointly identify necessary research
themes and formulate collaborative network
between different field of scientists and
industry experts.

APEC Center for Technology Foresight (www.apecforesight.org) © 2006

11

Project Overview Roadmap

¢— 2006 — self-funded —#— 2007 — self + APEC funded —*

ﬂ time =

APEC Center for Technology Foresight (www.apecforesight.org) © 2006

=)
'1%, Proposal to Progress Progress Report,
APEC report to report to :
‘ g_ ISTWG, APEC ISTWG, APEC ISTWG, recommendations,
Q Manila Singapore Vladivostok and initiatives
® —
2 Wrap-up
2 £ symposium
g 9O
E E2> I_f
- g ©
5 s & 1st TRM workshop =% 2" TRM workshop
T £
£ w
5 Scenario workshop
€ c
: 5 1
-]
238  Bibliometric Online
?E 1 — Tine
nE analysis questionnaire
[}
k=)

12

Dr. Nares Damrongchai, APEC Center for
Technology Foresight © 2006 - 48 -




Expected Output

Multiple Scenarios of the Future
with policy recommendations for APEC member economies

=
?

Source:
Siemens
“Pictures of the
Future” 2005

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 13

A Technology Roadmap Links the future to
present, and resources to market/applications

Time
Market \ !
b
| ll
Product E ‘i Wh d
ere do
Where are R ]
Technology i We Want
we now? i =
” 5 I togo”
rogrammes ' 2
prog 0 @
Resources .'! E

Source: Centre for Technology Management, University of Cambridge

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 14

Dr. Nares Damrongchai, APEC Center for
Technology Foresight © 2006 - 49 -



Possible impact of the project

The industry realizes clear
new business opportunities
and contributes further to

the fight against EID

L

APEC maintains mid-term

to long-term regional
security through practical
solutions in managing EID
and bioterrorism

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 15

Collaborators

As of February 2007

© current collaborators O Co-sponsors O Non-APEC network

APEC Climate Center
(Korea)

ITRI (NSC) (Chinese
Taipei)

National Institute of
Science and
Technology Policy
APEC Center for (NISTEP)
Technology Foresight bl

Australian Biosecurity CRC for
Emerging Infectious Disease

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 16

Dr. Nares Damrongchai, APEC Center for
Technology Foresight © 2006 - 50 -



Relationship with Other Groups

Large body of experts network. Prepared
scenarios and best practices
recommendations, etc.

Have informed
Chair (Canada),

WHO and to seek further,
collaboration
; with APEC Health
; Task Force
To gather Present EID-related projects are mainly on
information and .-~ bird-flu — mostly focusing on information
sharing. Will meet in Hanoi 27-28 Feb 06.

drawon... 7/

OIEl "

e =~
~
e N
, \

/ / A
" / APEC Counter "\
FAO ) ! Terrorism Task |
To inform and | Force /,’
. . 3 /
Mostly bird-flu-related research discuss with... N ,
and capacity building. S

= Activeflow ofinformatian Also deals with bioterrorism

* Passive flow of information

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 17

This workshop is...

« The second step -- a technology roadmapping stage
-- to review technological important applications that
could converge in the combat against emerging
infectious diseases.

« To address the challenges for these technological
development over the next 5-15 years.

* An input to the technology roadmapping workshop
planned to be held next in Chinese Taipei, and finally
again in Thailand.

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 18

Dr. Nares Damrongchai, APEC Center for
Technology Foresight © 2006 - 51 -




Roles of participants

* During the 2-day workshop participants
will have an opportunity to:

— listening to invited lectures in many different area
of expertise and exchange views in a facilitated
small group discussion.

— Brainstorm within the small groups and help in
formulating the Asia-Pacific technology roadmap
to combat EID.

— Networking with other experts in the same and
different area of expertise.

APEC Center for Technology Foresight (www.apecforesight.org) © 2006 19

Dr. Nares Damrongchai, APEC Center for
Technology Foresight © 2006 - 52 -
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NECTEC

a member of NSTDA

Converging Technologies:

Suthee Phoojaruenchanachai

National Electronics and Computer Technology Center

22 May 2007

Qutline

Rationale

Concept

Recent Advances
Potential to Converging
Examples & Contribution
Concluding Remarks
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Rationale

e Technologies drive socio-economic
impact

e« Many of them are converging
— Interdisciplinary; Info-Bio-Nano-Cogno
— Interface; Macro-Micro-Nano

e Understanding of convergence assists
strategic management of
— Innovation
— Technology
- R&D

Concept

Converging technologies are
enabling technologies and
knowledge systems that enable
each other in the pursuit of a
dellniai goal Source: EC Report ; "Converging

Technologies - Shaping the Future of
European Societies” 2004

_54_




Recent Advances

e CT for Improving Human Performance
(NSF Report 2002)

— Nano-Bio-Info-Cogno (NBIC) for Human

e CT for Shaping the Future of European
Societies (EC Report 2004) .

— Treatment of Obesity
— Intelligent Dwelling /f
l Bio

B /
Info

Recent Advances(2)

e CT for Agriculture & Environment (AUS
Report 2004)
— Intelligent Sensor Network
— Precision and Sustainable Agriculture

e Infectious Diseases: preparing for the
future (UK Foresight Report 2006)
— Detection, ldentification, and Monitoring

e Converging Technologies to Combat EID
(APEC Foresight Report 2007)

— Scenario Workshop on Converging
Technologies to combat EID

7557



Potential to Converging

e General purpose characteristics:
— Pervasive in applications
— Complement with other technologies
— Further room for improvement

e Potential technologies:
— Nano -> Atoms
— Bio -> Genes
— Info -> Bits
— Cogno -=> Neurons
Source: Greg Tegart, “Converging Technologies-

Characteristics and Examples”, APEC CTF Workshop on
Converging Technologies to Combat EID, Feb 2007.

CT Examples & Contribution

Info + Bio

— Computational life science
Bio + Nano

— Specificity & unlimited reach
Nano + Info

— Pervasive computing

Info + Cogno

— Human-computer interface
Cogno + Nano

— Engineering mind and body

_56_




CT Examples & Contribution

Bio-
Informatics
(e.g., Genomic Analysis,
Biomedical Imaging)

Nanobiosystem
(e.g., nanostructured drugs
Microfluidics

Nano-Infomatics
(e.g., NEMS, Nanoelectronics,
Nanosensor)

Bio-Info-Nano
Converging Tech.
(e.g., NEMS based Biochip &

Biosensor)

Flu Chip

A novel "Flu Chip"
developed at the
University of Colorado
at Boulder that can
determine the
genetic signatures of
specific influenza
strains from patient
samples within
hours may help world
health officials combat
coming epidemics and
pandemics.

Colorado

University of Calorado ot Boulder

Source |: http://pda.physorg.com/lofi-news-flu-chip-said_7948.html
Source I1: http://www.colorado.edu/ocg/reports/2003-04/flu.html

10
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More than Moore

Source: Microsystens Pa Fesearch i
Cantar at th Georgia Institura of Tachaalegy I

Mo than Moore: Diversificatian

R B
TR Ti g Wi Fiete

mnd snvimnment

Mani-akgiTad conmnn
Spmemeinpackaps
5iF}

Moore's Law for ICs

mformation
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Beyond CMOS
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Source |: Moore's law meets its match; /EEE Spectrum, June 2006
Source I11: Prof. Claeys, “Trends in Si based sensor”, NAC2007

11
Disease D etection . Implantable Chip Web-bazed data colledtion
Perfarmance: E
Breeding, weight, feed, tracing -
Linked to Mational Livestock
Infarmation Scheme
/ Data servers
v Interrogation by:
dizeaze
onEr managers
Hand-held Hand-held data '\
i i i llection dew
diagnostic devices mellection devees Field data from surveillance & outbreaks
Source: Stephen Prowse, “Biosecurity and Emerging
Infectious Diseases”, ATSE Focus, No. 136, April 2005.
12
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Real-time Outbreak and Disease
Surveillance (RODS)

The RODS Laborstory is & collaboration between researchers s e |
ttory of Lab h
Univarsit's Sehool of Comp ance. Drs. Wagnae, Tausi and Evg
reakime detection and assessment of disease outbroaks. Current research inerests of the faculty include algorithm development,
B and Becent Cents ass@ssment of navel ypes of sunveillance data, natural language processng and analyses of detectability (descibed in

Msnwon or UIsm LA Eublications and Fesenrch)

ity of Pitsburgh and the &uion Lab in Camegie Mallon
d the labonate. st mithods for

Fiosearch in this Seld resombles research in paricle physics: a amount of {e.g. deployed
sy stems) rmust be buil befare the frst ypothesis can be ested. I it firs fve years of existence, the laboratony poured resources
o b and deploying sunaillance systems. As o result he laboratony i now home 1o four 1879 projects thet wotk with haalth
depanments 1o croate surseillance syshan e Haraith Diate Camtar, the Mational Fetail Data
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Concluding Remarks

 Key Technologies are Converging
— Bio-Info-Nano-Cogno Convergence
— Demand Driven by Society & Industry
— Enabling each other

e Key Challenge & Approach
— Need to educate society

— Need to improve collaboration and
networking

— Need supporting tools for cooperative work

— Foresight and TRM could be a good

approach in dealing with these converging
technologies

15

www.nectec.or.th

16
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Convering Technologies to Combat Emerging Infectious Diseases:
Technology Roadmap Workshop

“The Surveillance of EID”
Infectious Diseases

as Global Issues and Human Security

Nobuhiko OKABE, MD, PhD

Infectious Disease Surveillance Center
National Institute of Infectious Diseases, Japan
22 May 2007, Tokyo

Infectious diseases caused by transmission of micro-
organisms. It should be spread widely among human.

Prevention of Infectious Diseases

not contact with infected patients (isolation)
to clean materials contaminated (disinfection)

to give immunity (vaccination), if available

to keep healthy and clean condition

761,
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Treatment of Poliomyelitis: 1940’s USA

Number of Reported Polio by Year in Japan (1947-2006)
6000 1
Urgent introduction of OPV imported from USSR
n and Canada
4000 4
2000 A
Legal use of OPV as a routine immunization with 2
doses 1964-
o -
1950 1960 1970 1980 1990
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Last case of wild-polio in the Region

Americas Region
Luis Fermin Tenorio
Peru 1991

Western Pacific Region
Mum Chanty
Cambodia 1997

European Region
" Melik Minas
Turkey 1998 @)

Polio Eradication 4.2

Spread of wild polio virus 2004-2005 75255 £

® Wild virus type 1

* Wikdvirus type 3 16 polio-free countries had importations from Nigeria.

Polio was 're-established’ in 5 of these polio-free countries

Endemic countries
Re-established transmissi®

B case or outbreak following importation
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»* Leading Causes of Death in Japan

1950 2001

1.TB 1. Malignant diseases
2.Brain vascular disease 2. Brain vascular disease
3.Pneumonia 3. Cardiovascular diseases
4.Gastro-enteritis 4. Pneumonia

5. Malignant diseases 5. Accident

B

Sakai
outbreak
July,1996

Hospital in
panic with
diarrheal
children

1IDSC
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Leading causes of mortality, 2001
Total = 53.9 million

Low-income nations Premature mortality
(South-East Asia & Africa) (worldwide, 0—44 years)
30 2°A)
6% 2% 1% 10%
1%
45% 19% 48%
iseases
iseases
0,
35% 18%
Infectious dis™ EEE Non-communicable Injuries
EEE Perinata B Maternal Nutritiona

Leading infectious causes of
mortality, 2001 estimates

3.5
|:| <5 years old - > 5 years old

ATH

AIDS Diarrhoea Malaria Measles

ﬁ%ﬂ%ﬁ THIfF ﬁ.*ﬁ XSUT (LA

3.0

2.5

2.0

1.5

Deaths (millions)

1.0

0.5

0
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=80

Dergne/Densieyever 7 A

Average annual number of DF/DHF
cases reported to WHO

1,000,000
800,000 |
600,000 492,820
400,000 295,591
200,000+ | 454 15547 12ZL74

0-

877,888

1950s 1960s 1970s 1980s 1990s 2000s*

*2000-2003, provisional data

Emergence of dengue/dengue haemorrhagic fever

| Prior to 1860
I =er 1960 0o g= o e

Tha
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TB trends in Eastern Europe and Africa

Africa

Eastern Europe

S Il hyperendemic
[ outbreaks

Cost of treating multidrug-resistant TB:

¢ USS$ 250 000 per patient in industrialized countries,
¢ US$ 1 000 —$ 10 000 in developing countries

769,




TB in Japan (#54%)

Anti-malarial drug resistance to treatment

worldwide, 2001 RS
sZ/ 953%%%’%07 = =
(TSI <
: S /‘

%

O Chloroquine resistance

. O s/Presistance o
€  Multi-drug resistance
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HIV: current prevalence
and recent ckqngg._s, 1996

e

v

Adult prevalence rate
_— 15,0% - 36.0%
— 50a%-15.0%
= 1.0% - 5.0%
0.5%~- 1.0%
0.1%- 0.5%
0.0% - 0.1%
not available

Figure 1. HIV cases and AIDS patients, 1985-2005, Japan

900
800
7001 —e— HIV cases

—o— AIDS patients

(The 2005 Annual Report on HIY/AIDS Surveillance in Japan, the National
AIDS Surveillance Committee, Ministry of Health, Labour and Welfare)

IASRI

In¥chivs AgmESurellnce Reort
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Rabies in Asia, JEAJE

Human cases of plague
flicial
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Infectious Diseases: A World in Transition

UP
AJ |

AIDS v o
SARS .
Ebola, Nipah Guinea worm
Plague d Smallpox
19;:;:: Poliomyelitis
Tuberculosis Measles
Malaria
L
Dengue eprosy
Influenza ? Neonatal tetanus

*merging Infectious Diseases

T B R S i

EID are those due to newly identified and
previously unknown infections which cause public
health problems either locally or Internationally.

¢ Re-emerging Infectious Diseases

BERLE

REID are those due to the reappearance and
increase of infections which are known, but had
formerly fallen to levels so low that they were no
longer considered a public health problem.

NIID
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WHO-facilitated outbreak responses

in the field. 1998-2003

Ml.;lbdr hrlasisiam

salmone;

E cofi non-O157
E wro-;s? “”W“
Cryatosporidiosis j
P West Nile faver VCJD Turarernla
Lyme borreliosis e - ‘. Malarias . ——————Flague
— Wast Nile f ® & col O157
Legioneloss eyvas aver Laqshmamams
Dangue Echinocogcosize
Venezuelan / haemorhagic Lassa fevere Rift Valiey la\la{ De ® [nfluenza A (HEN1)
equine k . iy Yallow faver, Meningitis m;Tr%tr'.-?r’r\-aglc
encephallils ] e “——h-_____. fever ® —, Nipah virus sncephalis
\\_ Marburg HF
Hantavirug ———= o Dph'!herlil
pomOEry \ /. ® Cholera (139
s'fndru'ne / ‘g’ E Orlmng—nyorg Fravar
Yedkow tover = m,“g e Humaﬂ MONkEYPox Hendra virus nfaction
e Chokl ®| ®nfuenza e
A
ACholera
Legioneliosis @
= - Svarce: WHKO. 2001
Microbes are unpredictable! ™

Worid nieaith Orpanizadion

A Changing World !

+ Collapse of public health
infrastructure Poverty,
urbanisation and population *
displacement

4+ Environmental exploitation
and degradation

¢ omplex and natural
wisasters
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BAD TO THE BONE?

4+ Development of antimicrobial
resistance

4+ Animal diseases crossing into
human populations

¢ Globalisation of travel and trade

¢ Inappropriate social, political and
economic responses to
outbreaks

] ‘glhit-k(-.u Ebola® Cases
' Frighten Hong Kong

[Krwwt Frifestisom of D
e iy

Acute encephalitis,
cause unknown,
outbreak in Malaysia
1998-1999

Novel virus named
Nipah virus was
found.

PerakH

N.Sembilan/H
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¢ Nipah virus infection
Fruit Bat no illness

l

Pig pneumonia, encephalitis

l

Human encephalitis

1999 Malaysia
2005 Bangladesh
2007 India?

e
H7ANSUE
—%*

W[ Fy |

FEDER

SoHR—IL
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Additoinal Situation on Infectious Diseases: [ ',
Bioterolism

Fu_n_ga_l infection_s Bacterial infections
e Coccidioidomycosis ey e Plague
- N Anthrax (FRYE)
: e Tularaemia

Ricketsial infections

e Typhus Y .

e Rocky Mountain A 2P
’ e

Virus infections
spotted fever ~

e Arbovirus
e Filoviruws
e Small pox (R#&¥E)

A region where no children suffer from......
Polio (7K 1) 7)

A

Neonatal
Tetanus

Ty

and diphtheria, pertussis & infant tuberculosis
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WHO Regional Measles
Elimination Targets (L2 #ER)

Infectious Diseases Control

¢ Prevention
Hygiene (personal, public)
Immunization
¢ Diagnosis
Clinical Diagnosis
Microbiological Diagnosis
¢ Treatment

¢ Surveillance
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Late Delayed
Detection Response

Early Rapid
Detection Response

90
80

70 Control

Opportunity
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Pref. Dep. Health
4.
R

/ Local Committee T \ )
\J

Jap. Med. Ass.

Public Health Inst. 'f
E Central Commlttee

\; I

‘ll _ <\>

Publlc Health Ctr

t?
\ Field Epidemiologist

Clinic/Hospital

<«

=

Local Med. Ass.

WHO, CDC, PHLS, etc

Community Quarantine St.

Pref. Dep. Health

A
IA‘

/ Local Committee T

Jap. Med. As:/
2

N \iﬂ

Public H =N
E Central Commlttee

Local Med. Ass.

N L
«c'
Public Health Ctr.
P
L \ Field Epidemiologist
) &

Clinic/Hospital

J WHO, CDC, PHLS, etc
| [

Community Quarantine St.
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Epidemic/Pandemic Control

Requirements
1. Strong national public health systems and
capacity
2. Specific preparedness for key priority

disease threats (e.g. diagnostics, therapies,
vaccines, containment measures)

3. An effective international system and
partnership for coordinated alert and

response

Surveillance networks in Asia

)
Surveillance Ng
(PPHSN)

nnnnnnnn
nnnnnnnn

......

Disease
Surveillance R
(MBDS)

EIDIOR \ JO <
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Global health protection -
the challenges

No single institution

has all the capacity!

Thank you !
Arigatou
BYHESITENELS-
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Converging Technologies to Combat Emerging Infectious Diseases
(EID): Technology Roadmap Workshop

May 22-23, 2007,Toshi Center Hotel, Tokyo

Keynote speech 2

Asian Research Network for
Infectious Diseases. Its Concept,
Aims and Activities

Yoshiyuki Nagai and Yoshiko Okamoto

Center of Research Network for Infectious
Diseases (CRNID), RIKEN Institute

Mortality Trends for Leading Causes of Death in Japan

Death Rate per 100,000

550
500 Pneumonia & Bronchitis PT—
450 | change in the
400 mid 50s !
350 Gastroenteritis Malignant
300 | Tuberculosis neoplasms
250 /W Cerebrovascular
200 | dlsea‘ses Heart disease
150
100 |
50 \W\/\f

o L L L L L L . .
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Source: Vital Statistics of Japan, Statistics and Information Dept., Minister’s Secretariat, Ministry of

Health, Labour and Welfare
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The society believed that mankind had
overcome major infectious diseases.

Consequently, the focus on research
into infectious diseases lost its
prominence and human resources
eager to carry out research in this
area declined, resulting in the
compromise of Japan’s readiness in
taking measures against emergency
public health situations caused by
infectious diseases.

Mortality Trends for Leading Causes of Death in Japan

550 ; - AIDS(81) SARS(03)
500 | Pneumonia & Bronchitis Ebola(76) Nipah(99
Lassa(69) HPAI(97)
450 |
o 0157(82)
8\ 400 | l
S i
S 350 | Gastroenteritis \J ;
= Malignant
g 300 | Tuberculosis neoplasms
% 250 | Cerebrovascular
g 200 | diseases Heart disease
§ 150
o
100 |
50 \ W\/J\/

o L L L L L L . .
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

(Source: Vital Statistics of Japan, Statistics and Information Dept., Minister’s Secretariat, Ministry of
Health, Labour and Welfare)

_86_




The subsequent turn of events including the recent
global outbreak of SARS and emergence and spread
of HPAIl was enough to make us once again keenly
realize that infectious diseases represent one of the
most pressing medical issues and seriously
reconsider the Japan’s readiness against infectious
diseases.

More conventional diseases such as AIDS, malaria,
tuberculosis continue to be major threats to
mankind worldwide.

We have learned from these circumstances that
infectious diseases have no border and the need of
close international research collaboration to cope
with them, especially the collaboration among Asian
countries.

Against these backdrops, the
Ministry of Education, Culture,
Sports, Science and Technology
(MEXT) determined to revitalize
research and train human
resources in the research area by
launching in the 2005 fiscal year
the PROGRAM OF FOUNDING
RESEARCH CENTERS FOR
INFECTIOUS DISEASES.
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The PROGRAM

(1)selects some domestic institutions (Research
Centers) that have a potential to become a strong
research point for emerging and reemerging
infections (ERI) and reinforces their infrastructures
and facilities,

(2)promotes bilateral joint efforts by encouraging each
Research Center to establish a overseas
collaboration base in partnership with the local
institution in a country where ERI are breaking out
or will likely break out,

and

(3)sets up the Center of Research Network of Infectious
Diseases (CRNID) at RIKEN as a support, operation
and coordination center of the whole program.

Bilateral Collaboration Bases for Emerging and Reemerging
Infectious Diseases and Their Networking
CRNID (RIKE !
@)

O
Indonesia (Kobe University)

2005 O Center of Research Network for Infectious Diseases (CRNID), RIKEN, Tokyo
@ National Institute of Health, Thailand — (Osaka University)
@ National Institute of Animal Health, Thailand — (National Institute of Animal Health)
@ National Institute of Hygiene and Epidemiology, Vietnam — (Nagasaki University)
@ Bach Mai Hospital, Vietnam — (International Medical Center Japan)
@ Chinese Academy of Sciences, China — (The University of Tokyo)
® Chinese Academy of Agricultural Sciences, China — (The University of Tokyo)

2007 O National Institute of Cholera and Enteric Diseases, India — (Okayama University)
O Tropical Disease Center, Airlangga University, Indonesia — (Kobe University)
O The University of Zambia, Zambia — (Hokkaido University)
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RCC (Research Collaboration Center)
NIH (Bangkok, Thailand) - Osaka University

. «- m =

* Viruses

— HIV/AIDS, avian flu, dengue, hepatitis E
& enteric viruses

* Bacteria
— enteric & respiratory bacteria
» Bioinformatics

Center for International Collaborative
Research (Friendship Lab)
NIHE (Hanoi, Vietnam) - Nagasaki University

« Zoonosis

eg. Avian flu, virus surveillance
in bats

* Insect borne infections
eg. Dengue, West Nile, JE
* Food borne infections
eg. Viral gastroenteritis
 Human to human infections
eg. SARS, TB

7897




Japan-China Joint Research Laboratories
on Emerging Infectious Diseases

Inst. Med. Sci. Univ. Tokyo —
CAS (Beijing) CAAS (Harbin)

Institute of Institute of Harbin Veterinary Research
Institute

Biophysics Microbiology National Al Reference Laboratory

+ Avian Influenza (Harbin)
« HIV, Viral Hepatitis (Beijing)
« Structural Biology of Infection-
Related Proteins (Beijing)

University of Zambia (Lusaka, Zambia)-
Hokkaido University Research Center for
Zoonosis Contrnl

Ebola hemorrhagic fever
Surveillance, molecular pathogenesis

Influenza

Surveillance, diagnosis, molecular
pathogenesis

Mycobacterium

Diagnosis technology
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Other Joint Efforts

Thailand NIAH (Bangkok) — JP NIAH: Avian & swine flu
Vietham Bach Mai HP (Hanoi) — IMCJ: AIDS, TB, flu
Indonesia Airlangga-U (Surabaya) — Kobe-U: Avian flu, Viral hepatitis

India NICED (Kolkata)— Okayama-U: Cholera, Bacterial diarrhea

b AN

NIAH Thailand Bach Mai HP Vietnam TDC Indonesia NICED India

Creeds and Aims

The bilateral joint efforts are based on
equal partnership and love for public, and
aim to contribute to security and safety of
Japan and each counterpart by facilitating
(1) better understanding of infectious
diseases of the regional andlor global
impact, (2) technology innovation for their
diagnosis, treatment and prevention, and
(3) human resources development in the
field.
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Attempts to Converge
Modern Technologies on
Rapid and Accurate
Identification of the
Causative Agents on an
Occasion of EID Outbreak

 Conventional Technologies: Staining, EM, Culture, Serology etc.
» Modern Technologies: Nucleotide Sequence (Molecular Biology)-
based, combined with IT

PCR (polymerase chain reaction)

95°C Lol : \ : Agarose gel electrophoresis
S N
x20| 65C T © P
—x'—‘-ﬂ-—v [0} "—:':#z”
e e T
7, l J'L)'__.__)‘.(
e

It needs a thermal cycler and multi-step procedure (PCR in a test
tube followed by detection of the amplified products by gel
electrophoresis.
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Comparison of three methods
for diagnosis

PCR LAMP SMAP
(Loop-Mediated
(Polymerase Chain Isothermal (Smart Amplification
Reaction) Amplification) Process)
Developed by | Roche Diagnostics,| Eiken Chem. Co. Ltd. RIKEN and Dnaform
Co. Ltd. Co. Ltd.
Amplification Thermal cycling Isothermal Isothermal
temperature (4°C~95C) (65°C) (60°C)
Sensitivity High High High
Cost for High Very Low Low
Equipments
Feature Conventional Low cost Fastest detection
method Fast detection High fidelity (useful
for SNPs analysis)
Disadvantage Time (1.5hr) Difficult primer Difficult primer design
design

The whole procedure of LAMP & SMAP
amplification

(E=—— > ¥ 0} v
\ N e
& 3 s C:‘/Ei
i) Primer extension from the FP and TP. Strand

Y
= displacement extension by the OP. T

3 =
~- TN
Q&g | r§

= ii ) The FP and TP-linked strands are
released and serve aia templates.

S - (= 3
7 k3
s (\_ B 0 v) Self-primed DNA synthesis.

v) Self-primed DNA synthesis.
Intermediate product1 (IM1). T

Pathway A
- / Intermediate product2 (IMZ)'[‘;nlmuy B )
=" =y =
) iv) Double stranded DNA will reach

iii) Self-primed DNA synthesis from a dynamic equilibrium at 60°C
intermediate product. ’

>

iv) Double stranded DNA will reach
a dynamic equilibrium at 60°C.
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Detection of M. tuberculosis by LAMP

Standard procedure for TB-LAMP

Standard
treatment

> > Freezing
Boiling

/4
Suspension in LAMP reaction
sputum Pellet sterile water 63° C, 1h

LAMP reaction can be seen by naked eyes or under UV lamp with FDR
FDR: Fluorescent Detection Reagent

(= | . PPi
| 4 * ii I
Vis uv

Vis UV

Detection of tubercle bacilli (TB) in sputum
from Thailand by LAMP

Specimen ID smear culture (4-8 wks) LAMP (60 min)

514826 - - -

514827 1+ + +
514814 2+ + +
514815 2+ + +
514935 2+ + +
514838 2+ - -

514841 2+ + +
514855 2+ + +
514819 2+ + +
514878 3+ + +
515027 3+ NTM -
514944 3+ + +
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Features of SMAP

» Fastest detection within15-30 min

+ Amplification = detection (No background)

+ Sensitivity

+ Low energy requirements (isothermal amplification)

Real-time  detection by measuring

m'_ Templates % 22 WIDE | fluorescence intensity of SYBR Green |
| 6000 copies - .
5000 | GOOCoSies - "’“_:_ et SYBR Green | — %
g I 60 copies " “1 et
4000 | . L e
g | g COopIes, 6000 * 600 .60 | .6
§ o copies FA. # v
=1 | O primers i P -
2 2000| » 4 1
l S A i 1
Lovid | i T
N CECOREREADNY. oSl o PR - DOPLL L |
L] 10 20 30
Time (min)

SNP (Single Nucleotide Polymorphism) typin

Aldehyde dehydrogenase-2 (ALDH2)

§ _Blood3pl
Needle +
e ‘ v ‘ . (98,3 min) DNA extraction
= reagent
Pipetman '-‘ i
The rate classified by race
Alcohol
ALDH2 Sensitivit of an appearance (60°C,30 min)
Genotype L ! y
Activity (flushing Mongolold
experience) Nogrold |~ Cavcaslan | (4spgnese) Wild primer  Mutant primer
prd High Non-flusher | 100% | 100% | 56%
2%1/2%1
Hetero Light
241/2%2 <y flusher L2t L2t ROzt
Mutant Very
242/2%2 Low Flusher 0% 0% 4%

Aldehyde dehydrogenase 2 (ALDH2)  Genome : -ACACTGAAGTG- -ACACT&?TG-

Amino acid : Glutamic acid Lysine
!

Enzyme activity : High YI lzhﬂ‘s’%i:u ki
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SMAP
to monitor mutations in avian flu H5N1

— Tamiflu resistance (NA gene)
* H274Y and N294S

— Receptor (avian to human) change (HA ge
+ S223N, Q192R, G139R and N182 K
(Increased affinity to human receptor)

— Human pathogenicity marker (PB2)
« E627K T A
(Cause severe symptom in human) G G

RAPID

Robotics-Assisted Pathogen Identification

An outbreak! 454 sequencer Database

= N B
" W i‘ﬂ =P
‘Q ﬁ =

N Extract nucleic acids = : 3o S_e - ';—‘ - - I -
s : reoger s
What is the fm"; ?Iood, a'ma"’j sequences (20 Mb in 24hrs) sl v;l.r it
swab, feces etc, and \ i4p, 5 high throughput 454 + ¥ :

causative  Tawmentin "I
agent? '
~1 Week
Question: Is it a Answer:lt is smallpox;

known pathogen,
unknown but related
to some known one,

or completely new

completely unknown;
related to human/
animal corona viruses
but new.

one?
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Three steps in RAPID

(1) Sample preparation
The best way is under developing
(2) Sequence

Amplification and beads preparation

Applied to 454 sequencer

24hr

Y | 200000Read X (@) (100b)

Follow the maker’s instruction

(3) Homology search How to reduce the time?

100 base acctagagacaaaatgttcctagtgcgcattatgtggcgeggcattatgttgaggggcag
nucleotide sequence tcgtcagtaccattgcgccagcactgacggcctcacttge

v

Public DNA database

Sequences producing significant slignments:
(Blick hasdsrs ta sort colums)

e Dasiakinion Max  Totsl  Guey @ E M ik

score  seors  coversge  walue  ident
AB200800.1 Vibrio cholsras O1 DNA, Vibrio phags GTX, Vibria phage fs2 regions, strar: Bgd 17 188 198 1o Se-48 100%
AB208780.1 Vibris chuolerss 0138 DMA, Vibrio phage CTX, Vibria phage f22 regions. strain: Al 450 183 163 100% Be-38 BN
AEOD3BSZ | Vibrio cholerss D biovar eftor str. NIB3B! chromosame | comalete sequence m o on3 60% Se-23 9E%
AY349614.1 Bacteriophage HybRS-Krohi att-RE1/VGJ junction region. complete secuence s n3 o Be-20 BEN
AY242528.1 Vibria cholerss phage YGJphi stil. region imegrated st chromosomal sttftS ste g aon -2 08N
ABOUZG32 | Vibria cholerss Hamentous bactericohage f5-2 DNA, complets genome sequence m o 60% sezs s [
CPOD0GZT.1 Vibiria chiolerse 0395 chromasome 2, comolets gencme o 6% Je-22 1008
CPO0S26.1 Vibria choberss 305 chromosames 1, complete genome moom 6% S22 1008
AF2383721 Filamertous phags CTXphi zona oockidans toxin gans, partial ods o s6% 3e-22 1008
AY349175.1 Vibria cholerss strain 9773 hypothetical protein gene, partiel ods: 108 we 6% Te-20 BN
AF511003 1 Virio phage OTX Zot {zot) gene. partial cods 106 08 &% te-20 38%
AF510985.1 Virio phage CTX Zot (zot) gere. partial cds; and CtxA (ctaA) and Ctufl (ctill) gones. complete ods 108 106 6% Te-20 BN
AF510084.1 Viorio phage OTX Zot (zot) gene. partial cds; and CtxA, (ctzA) and Ctall (o) genes. complets cde 106 106 56N 1e=20 88%

Vibrio phage GTX GtaB (otxB) gone, partial ofs: RstR (rstR), RstA (rstA), and st (rstB] gones, complete
108 106 £ 1e-20 BE%

DOD12285 1
eds: and Cep (oep) gene. partial ods
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Data-processing System

Calculation time of BLAST search
Database: ncbi/nt
1000 -
100 | 96 hours (4 days) 3
2 !
= i
£ 1 "
5 10 — N
E| ] ”
g
= 14 o
U
0. ] T T
100k 1M 10M 30M 100M
Fujitsu PRIMERGY —L200 Sequence length (bp)
16 nodes, 32CPU Pentium III 1.2 GHz
Hi-per BLAST System
Installed in Yasunaga Lab.,
Genome Information Research Center

Newcastle Disease Virus

MAX: 349, AVG: 152.56

Total read Coverage

NDV 24,053 99.80%
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Vibrio Parahaemolyticus

AVG:17.12, MAX: 301

Chromosome. 1 Chromosome. 2
Total reads Coverage
Chr. 1 581,831 98.00 %
Chr. 2 311,820 99.43 %
Total 893,651 98.52 %

1 gene
== RNA

454 system to identify unknown virus

NATURE Vol 447 3 May 2007

Rapid sequencer puts virus in the frame for deaths

Thediscoveryof a virusthat mayhavekilled  Thethree patients received for thowsands of telltale signs
three transplant recipients in Australia orgaas from a sinle donar afknown pathogens without
adramatic i ber success, Lipkin, who sits on
the spaad at which new ns can zma}lmmwmmme the advisory board of 454
be identified. But it raises concerns that dead. Ian Lipkin of Columbia LifeSciences in Branford,
the ease with which such suspects can University's Mailman School Connecticut, decided to use
now be found could lead to researchers of Public Health in New York, the company’s technology o
veriooking the ed i irmiy estabishy ‘who specializes in identifying sequence genes from samplas
q new heard about that had been filtered to
i wrong micro with earich their non-human DNA
inappropriate treatment or divert artention the who
144,000 fragy later, 2 i David Ws ‘The guilt-by-assodiation approach
Igorithm in Lipkin's lab had of Washi levemq inSt Louis. 10 pathogens can be misleading, wams
pulled out that looked ciually caused st Diavid Rel £ Stanford
viral. Preliminary, unpublished analyses the deaths i also critical, and isalot harder.  University. Viruses do notn
At present, thavirus has ben found in behavein the same way as their closest
the family Arenaviridae. A this sort patients, and not in known relatives. And the very factthat these
e i . Thevi new techniques work with raw sequence,
past, the 454 cuts tobe rather:
down on time and effort, says Anthom i irus, which is i ﬂnhb lnnlesﬁn].l.w-ﬂp

of Allergy and Infectious Diseases, which
funded part of Lipkin's work. Lipkin
estimates that the technique could be used
to process samples in a matter of days.

But simply finding a virus is not enough,

have: inthe

past. But the team does 0ot know whether
the virus was also present in the donos.

Lipkin says donor tissue samples have not
been supplied to him by his Australian
collzborators,

L L

“Its not hard to find samebody you
can implicate says Relman, in police-
procadural mode “Whats tealy ardisto
nail the conviction”

Heidi Ledford

:
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RAPID: New DNA sequencing
technology (454 life sciences)

* Features
— 20Mb sequencing within 24 hr
— No need of specific primer nor probe
— No need of pathogen containment facility

* Problems to be solved
— Elimination of DNA/RNA from human materials

— High cost (machine; appx.$1 million, running
cost; $8300 per run)

— Speed up information processing

New technologies for diagnosis

« Simple, inexpensive and quick
— LAMP

» Useful to monitor point mutations
— SMAP

» Useful to identify unknown pathogens
—RAPID
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SUMMARY

1. Recombinant DNA technology (P. Berg, 1972) — Nucleotide sequencing
(viral genomes in 1980s, bacteria genomes in 1990s) — A large body of database
has become available.

2. PCR (K. M. Mullis, 1986) based on known sequences is becoming a routine
technology to detect pathogens in both developing and developed countries.

3. PCR-based concept was developed into more sophisticated, yet inexpensive
technologies such as LAMP and SMAP.

4. Early in 80s, at least several months were required to decide an entire viral
genome sequence of e.g. only 15 kb, because all procedures were manual and
because of the lack of software that would help reconstitute the fragments of
sequences into the whole genome. However, it is now possible within hours by
robotic RAPID. Even bacterial genomes with millions of bases can now be
sequenced rapidly by RAPID.

Who could predict such rapid progress in BT!

SUMMARY - continued

5. Novel new, revolutionary technologies will further
come onstage that will deserve introduction to cope with
infectious diseases. We therefore have always to be as
close to the advance of BT as well as IT as possible.

6. Those inexpensive technologies such as LAMP and
SMAP can be introduced into developing countries, and
those expensive system such as RAPID should be set up
in a developed country so that it will be shared with many
other countries, although some (SMAP and RAPID) need
to be verified for their feasibility.

7. Human resources (specialists) development is a crucial
issue to converge technologies available currently and in
the near future on the fights against infectious diseases..

Thank you very much.
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N
NECTEC

Emerging Technologies
&
Potential ICT Infrastructure for
EID Research Collaboration

Chalermpol Charnsripinyo

A Driving Foroe for National Science and Technology Capability

Outline

Emerging Technologies

ICT Infrastructure for Research
Collaborations

Examples and Projects
Concluding Remarks

A Driving Foroe for National Science and Technology Capability
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Gartner’s 2006 Emerging Technology Hype Cycle

visibility Mashup
Speech Recognition ﬁ
Maohile Devices <]

Corporate Semantic Web

RSS Enterprise &

MadekDriven Architectures
Collective Intelligence

Event-Driven Architecture
Telepresence
Speech-to-Speech Translation
| offine Ajax

Augmented Reality

Prediction Markets

Wyeb 2.0

3 Folksonomies

Q Digital Paper/E-Paper

(J Social Network Analysis

WalP
Internal Web Services

tem)
‘o Grid Compuling

RFID (Case/Pallel)

Smartphone
Location-Aware Applications

Q- Wikis

Tablet
Py

T Enterprise Instant Messaging
Location-Aware Technology
Quantum -
Computing ™ Mobile Phone Payments
s Tera-architectures
DNA Logic
As af July 2006

Peak of
Technology Trough of < Plateau of
Trigger . Inﬂale‘d Disillusi Slope of Enlightenment Productivity
time ¥
Years to mainstream adoption: absolete

Olessthan2years © 2tobyears ®5io10years A more than 10 years @ hefore plateau

Source: http://www.gartner.com/it/page.jsp?id=495475
A Driving Foroe for National Science and Technology Capability

Emerging Technology:
Wireless Networks

A Driving Foroe for National Science and Technology Capability
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Mobile Phone System Evolution

Peak D/L
Data Rate 100Mbps  ___......,
A or Beyond+"g hanced”
100Mbps .. CDMA2000
10Mbps
10Mbps
1Mbps

2006

154Kbps_=EMA2000
100kbps X

14.4khps  PETITE QQ

(_(IS-95)

dmaOne™ Apr. 2002

10kbps g
Jul. 1998 2002 2005 2010 Ldunch Date

Source: ITU-T workshop “NGN and its Transport Networks”, April 2006 "% e r tational Science and Technolagy Capabily

Wireless Ad Hoc Network

A LAN or other small networks with wireless connections, in which some of
the network devices are part of the network only for the duration of a
communication session (in the case of mobile or portable devices), while in
some close proximity to the rest of the network.

» Useful when infrastructure not available, impractical, or expensive

— Home networking, Emergency services, Disaster recovery, Military
applications

e || e |

[ e sebayusem ][5

A Driving Foroe for National Science and Technology Capability
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SENSOR NETWORKS

» Specialized wireless networks to gather data from a specific system
— usually no mobility of sensor nodes

— APPLICATIONS
Military, Environmental, Health, Home, Space Exploration,
Chemical Processing, Disaster Relief....

— SENSOR TYPES:
Seismic, Low Sampling Rate Magnetic, Thermal, Visual,
Infrared, Acoustic, Radar...

— SENSOR TASKS:
Temperature, Humidity, Vehicular Movement, Lightning Condition,
Pressure, Soil Makeup, Noise Levels, Presence or Absence of
Certain Types of Objects, Current Characteristics (Speed, Direction,

Size) of an Object ....

Cellular

Internet,
Satellite,

Task
Manager

A Driving Foroe for National Science and Technology Capability

Example of Future Wireless Networks

LEGEND

@ Laptops

ﬂ Handheld PCs

Public Switched
Telephone or Public

' Muitimedia terminal

mmh Access Point
Vertical or Inter-tech

@ ' Handoff

' Router

O Cell

A Driving Foroe for National Science and Technology Capability
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Example: KDDI’s “Ultra-3G” Vision

U Fixed-Mobile Network Convergence J

Bluetooth
ZigBee, etc.

Source: ITU-T workshop “NGN and its Transport Networks”, April 200!

Integrated Services
¢ MMD-compliant
(MMD: Multimedia Domain

& IPv6-based Network

/Variety of Access h

Means

| fhe Next-Gen CDMA2000,
‘Wilax, etc.

¢ ADSL, FTTH &
CATV

¢ IEEES802.11

a/b/g+n, e i
e CDMA2000 1x/EV-DO

+ 1XEV-DO Rev. A
\ + NxEV-DO, etc.

S

65\ Driving Force for National Science and Technology Capability

Emerging Technology: IPv6 i

* |IPv6 is the Internet Protocol Version 6
designed by IETF to replace current IP (IPv4)

e |IPv6 Advantages
»Much larger address space (128 bits)
»Trust network: real IP address
access
»More efficient header format
»Improved routing
»Enhanced security and QoS

»Improved support for mobile IP and
mobile computing devices

» Support Multicast and Anycast

The IPv6 Forum
The New Internet

e |IPv6 deployment issues

> Transition takes time.

»Mechanisms for solving IPv4
address problem are used

=Network Address Translation
(NAT)

—Internet becomes InterNAT!
—Not for IPSec, QoS

=Dynamic Host Configuration
Protocol (DHCP).

»>No Killer Application yet

A Driving Foroe for National Science and Technology Capability
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Global IPv6 Deployment
e ] Wetp: lfvweew stces: ratimcis)griaioy 2B @
Pos FI;; Country V| A| VP [|Pos Fiag Country VA | VP ||Pos|Flag|Countr
1 United States 107]|371]6.54%|| 38 Hong Kong 5110]0.31%]| 75| B [Macao
2| ™ [Germany 75]123[4.55%| [ 39 ! Brazil 3]10]0.18%| [ 76 ! Saudi 4
3| (o] Japan 72|108[4.40% (| 40 Slovakia 51 8|0.31%:]| 77 Mauriti
4| B [United Kingdom (Great Britaing| 40| 672 44%||[ 41| X [Philippines 5] 710.31%]| [ 78] M [Fenia
5 E_Netherland-; The 32| 63[1.96%|[ a2 E Tran 1] 7|0.06%) [ 79 Catar
4 France 15] 47]0.925%(| 43 Lurembourg 1] 7]0.069%](| &0 Iether
i Italy Zd| 4511 47%(| 44 Singapore 2] 7I0.12%|] 81 Paragu
3] P |Korea 13] 43)10.79% [ 45 Turkey 1] 6]0.06%:)| 82 Tunisisl
2 Switzerland 20] 4211, 229 48 Peru Q] 510.00%) [ 83 Angola
10 Swadan 14| 34[0.66%|_ 47 E Bulnaria 21 5|0.12%) [ &4 i Baham
11} bl [Paland 17| 32]1.04% || <48 Israsl 2] 5|0.12%]| 85 Fapua
12| B |Talwan 16| 30]0.98%||_45] I [Fomania 1] 5|0.06%) | 86| H |Andorrd
13 ! China 15| 2B[0.92%][ 50 _E Egyot 1] 4]0.06%)| [ a7 g Tigerial
id Canada a] 28[0.55%]| 51 Palistan 2| 4|0.12%|| 83 Latvia
15] B [Spain 14| 27|0.86%|[ 52| b [Colombla 0] 4]0.00%|| 89 Waticar]
16 i Austria 13| 26]0.79%|| 53 Camninican Republic[1] 4]0.06%) [ 20 Puerto
17 Australia B8] 23[0.49%|] 54| B |Chile 3] 4]0.19%]|| 91 Tzelan
18 E Czech Republic 12| 20]0.73%)]| 55| I [Asisn Pacific o] 4]0.00%] [ 92 l Malawd
19 Maxico 6| 19|0.37% 56| M [Slovenia 3| 4]0.18%|| 93 Qmian
20| M [Firland 12| 18|0.73%]|| 571 B |[Uruguay 31 4|0.18%| [ 94 T [Senend
21 ! MNorway 7] 17]0.43%]| 58 ! Bangladesh O] 410,00%||_95 E Srl Lan
22 Indonesia 7| 16]0.43%c|| 59 Cuba 2 310.129%|| 96 Camend
23| B [Portugal & 16]0.27%| | 50| @ |Panams 11 3|0.06%] | 97| B |Sudan
24 Iraland 7] 15[0.43%]]_ &1 Costa Rica 1] 3]0.06%) [ 28 Triniday
25 Thailand 6] 15|0.375%%]] &2 Wietnam 1] 3]0.065%]| 99 United
25 I Europe 10] 14]0.61%|| 63 Malts 2] 30129 [100 Monac
27 South Africa 6| 14[0.37%|] ad Greece 1] 3]0.06%|[101 B
28] I |Cenmark 6] 13]0.37%|]| &5 Croatia 2] 3]0.12%] 102 E-ahirair]
29[ & [Aroenting 4] 13(0.24% || 66| [ |Serbia 0] 2[0.00%] [103] ¥ |Republ
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New Opportunities created by IPv6

Global IP address .. .--uu--uu--uu--uu--uu---uu--uu--uuuuuuuuu-u.‘

“-t.

.~
-

: . : 3 Secure End-to-End
: B = = ks

— ome =

i <o Network :

prvate address  Information appliances OA equlpment ¢

IPv4 : one-way communication IPv6: two-way communication
- due to NAT, the business model is -two-way communications between information
only client & server. appliance and mobile equipment
+Mew internet business models will be created

Source: NTT Communications A Driving Force for National Science and Technology Capability
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m2m-x (Machine to Machine for any[thing|place|time])
=Provide End-to-End Secure Communications Using IPv6~

m2m-x "Secure, Easy
Management Server and Low-priced”

Mobile Phone
Gateway

Non-PC devices

Home Network

M2m-x management server functions: Core Technology
= Authenfication of all the devices
- Access Control based on the security policy = SIP & IPsec

- Transmission of encryption keys in a way making the calculation process light-weighted
- The existence of the device is hidden from unauthorized users

- Transmission of Information necessary for dynamic ¢ f +
e of ik ary for dy antrol.of Firewall devices.. . ...,

m2m-x |IP Home Appliance trials

Multi-Media Communication Personal VPN Ubiquitous Printin
|Banyo) (WTT Com, Fujitsu, Toshiba, DITy (Ricoh)

P52 TV-Phone
{Somy)

Visual f"“fﬁ?’“‘ I.lbiqull:ous
: Commmi::a:tinn

m2m-x -
(N-rr Com) Cyber Conference
J‘ Net TOY [Pioneer)
Horne
Securiry
>
EMIT Home System

(Maisushita) Bluetooth Home Security Hotline w/ TOY Control Port

|

C Tasibe] A D Fome fo ‘J:Tn'klnsr::" d Teckeoiogy Capabity
So - NTT ARiHisatons riving & for nal Scisnce an ¥ l
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Integration of IP Technology with Real-Space

Adrcraft ! Airport

e
=

Evacs | Wimay

&
\

S W, I
MJMRT: ——

1 Netwol

(Mohile IPv& RT) ;
== IEEEHOZLLL
o

= Wireless LAN
AP

o IEEE #0211k E
fMob.ll IPvi BT, hopping'iall, Station, Airpo _/

=" FA : Factory Automation '{

BA ; Building Automatio
HA ; Home Automation....|. «i., cowe

Source; WIDE project

IPv6 Applications: Vehicles with the Internet

Probe Information System (road traffic)  Probe Information System (rain condition)

A Driving Force for National Scence and Techaciogy Capabity

Source: WIDE project
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[Pv6 Applications: Monitoring and
Surveillance services

Subway, Train Safety nghway Traffic

-

Construction Site

@

Fire Watch Home & Company Safety .
O E— _— -
= , S
|,, i y s
e, AN /" IPv6 Network Camera
Manufacturing Line Event Broadcast

A Driving Foroe for National Science and Technology Capability

Source: WIDE project

Next Generation Network

* Next generation networking (NGN) is a broad term to
describe some key architectural evolutions in
telecommunication core and access networks that will be
deployed over the next 5-10 years.

» The general idea behind NGN: one network transports
all information and services (voice, data, and all types of
media) by encapsulating these into packets, like it is on
the Internet.

* NGN are commonly built around Internet Protocol ( ‘all-
IP” is sometimes used). -

Source: en.wikipedia.org A Driving F
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Next Generation Internet

e Applications

Call Genter Inbernet Car :n’;“"‘"“ Hama Sanarty
Network Management " Conlert & Mallimodia ™, [ Security =
WVoice | Telaphony | Music P Securily
Traffic Moniloring Shesming 4 Virto 1P Mabiity aBusiness sPaymant
Traffic MeasLrament i Cﬂﬂfﬂ'ﬂ"ﬂ:ﬁ Mobile Phone apps MMS PKI Digital Signature
Billirg i econeting age, eBook, Mall, Web, SM5 BJIIIr_:_na'Acmunrnn
wam;z.'umm Movia w"“"“ B ;_:n-h.g
Broadcasaling DRM
Game P2P
SNMP BGP OSPF EHUR SE WaAP IPSoc RADIUS
ICMP QoS RTP Mobile IPvB (RFC37T5) 8SL HTTFS 85H
RMON BSVE HTTE SMTF ICMPYE VPN SIMIME
MPLS JE: MoRicat Hierarchical Maobile IPvE L2TP GRE Profocol
LA e et
P b _nums Service

FIBER OPTIC [DWOM] COPPER CABLE [CATVY, LL. ATM, SOHISONET, FR. TOM]

RADIO WAVE [SATELLITE, MICROWAVE] POWER LINE

Physical Backbana

A Drving Foice for National Scrence and Technoiogy Capabiity

Emerging Technology: The Grid

Definition 1998: ian Foster and Carl Kesselman: The Grid:

Blueprint for a New Computing Infrastructure

“A computational grid is a hardware and software
infrastructure that provides dependable, consistent,
pervasive, and inexpensive access to high-end
computational capabilities.”

» Definition 2002: 1an Foster, ANL:What is the Grid? A Three-Point

Checklist

“A Grid is a system that coordinates resources that are
not subject to centralized control using standard,

open, general-purpose protocols and interfaces to
deliver nontrivial qualities of service.”

A Driving Force for National Scence and Techaciogy Capabity
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Building Grid Systems

» Different Grid systems
— Computing Grid, Storage Grid, Information Grid,
Access Grid
* Globus Toolkit: an open source software toolkit
used for building grids.
— Software services and libraries for
= Resource monitoring, discovery, and management

= Security
» File management

» PyGlobus: An interface to the Globus toolkit
using the Python scripting language
By Lawrence Berkeley National Laboratory,
http:/fwww-itg.Ibl.gov/gtg/projects/pyGlobus/

A Dring Foie for Mabonal Scrence and Technology Capabiity

Computing Grid

» Making use of resources of large numbers of disparate
computers across administrative domains
Virtual Comouter

Drstributed ccmputing over a
network: VAN, LAN, MAN,
Internet, \Wi-fi

Hateroceneous resources.
processing power, application
servicas, oporating system services, -

CPU, memory, siorage, 1/0.

Using open slandards: ANSI, W3C,
OGSA. }

Grid
Bayond multiple organizaions. Seniicas

i0Eofoio

A Driving Force for National Science and Techaciogy Capabiity

Source: www.ibm.com

- 113 -




Storage Grid

* Applying grid topology to a storage network provides
several benefits
— Reliability, Performance, Scalability

» Grid-based storage has grid attributes associated with it

I

!

k

\

Conventional 16-node storage configuration 16-node grid storage configuration

Source: www.computerworld.com, Www.networkworld.Com , oying Force for National Scisnce and Technology Capability

Information Grid

* The structure that allows end users and applications
to share information, no matter where it is stored

Information Grid Architecture

A Driving Foroe for National Science and Technology Capability

- 114 -




.

M.DImnloq'

R Hospital A

Source: Somthep Vannarat, NECTEC A D e Rt S s b et

Access Grid

« Support large-scale
distributed meetings,
collaborative work
sessions, seminars,
lectures, tutorials and
training
— Consists of multimedia

display, presentation and
interaction environments

— Interfaces to grid
middleware

— Interfaces to visualization
environments

A Driving Force for Mational Science and Techaology Capabiity

- 115 -



Emerging Technology: RFID

* RFID (Radio-frequency identification) refers to
technologies that use radio waves to
automatically identify and track individual items.

Source: “Ubiquitous Network Societies: The case of radio frequency identification”, ITU workshop on Ubiquitous Network Societies,
Y e U A Driving Foroe for National Science and Technology Capability

How does RFID Work?

* An RFID system consists of

— A transponder to carry data (e.g. a tag), EF'Z
which is located on the object to be eader
identified

— An interrogator (or reader) to read the
transmitted data
* Inan RFID system, RFID tags are
“‘interrogated” by an RFID reader that patt
generates a radio frequency signal to . o
communicate with the tags. The reader !
also has a receiver that captures a reply
signal from the tags, and decodes that RFID Tag
signal. The reply signal from the tags
reflects the tag’s data content.
* RFID frequencies could be
— Low frequency (125 kHz)
— High frequency (13.56 MHz)
— Ultra high frequency (800-960 MHz)

A Driving Force for National Science and Technology Capability
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Underneath RFID

LOW-FREQUENCY SYSTEM
The field interacts with the
An invegraved circait sends 2 That eurment, in tuim, coll in the 1ag, which induces
asignal o an oscillator, generates an alemating @ CUrTRNT that CausEs charge 1o
which creates an sltemating magneric fleld that serves flow Into a capacitor, whete it ks
current in the mader's coil as & power source fof the fag. trapiped by the diode.

Oscillator As charge accumulatesin
the capacitor, the voltage
BCrOSH it also ncresses snd
setivates the vag's integrated
circust, which then transemits
s |dentifier code

Fluctuating
field lines.

Tag's

Varfatians in the fesistance of {He elrellt, magnetic
mm';::m IL a resubt of the wansisrar twrning on and off; field TAG
CRNRIIOM L CSHESE Thi T [0 QNEriTe 16 DM varying

reader coll are sensed by :

3 device thatconvenisinig T inetic Beld whichnteracts it he o Sy o o0 ot o
reader's magneic flekd. In this techniqee,

pattem te a digitalsignal oy g jnag modulation, magnetic fiuctuaions IR COMesponding

The reader’s integrated tothe ones and zefos encoding
CAUFS® Changés In current flow from the reader

chreuit then discerns the the Identifler number, wma
o s call in the '
o ivs call in the same patiern @sthe ones and {ransissoron and off.

tag's identifier code. T#90s transmitted by the tag,

Source: *RFID; A key o automating everything”, Scientific American, January 20047 Forme B Nabonal Scence wnd Teckasiogy Capebity

Underneath RFID

HIGH-FREQUENCY SYSTEM e electrc fekd of the
propagating signal gives
Anintegrated ciroult sends a dighal IS 10 B potential difference
signal o a transcelver, which across the 1ag's dipole
generates a radio-frequency signal thay anenna, which causes
Is tramsmirted by  dipoke antanna; cutrent o flaw into the
capacitor; the resalting

charge is wapped there The volvage acress the
by 1he diods capacier ums on the ag's

integrated circuit, which sends
out [vs unique idenufier code a5
@ senes of digial high- and low-
voliage bevels, comesponding
10 ones and zevos. The signal
Moves 1o Lhe Lransisior,

B (7 R
e Capacitor
Transistor

The reader’s iransceiver Tae

QeleCrs e refecied smtvanllmlnmrmpinudl The ransisier gers tamed on or o
signals and canverts them o of the reflected signal, in whai ‘off by thie highs and lows of the
& digital signal thar is relayed Is called backscamer modulation,  dipial signal, alternately causing 2 1
10 the integrated circul, comespond tothe patiemof the  the antenna 1o reflect back of al o
'where the tag's unigue transisor narning on and off. abrsorb same of the incident radio- Fan—
|dentifier |s determingd frequency energy from the reader.

Source: “RFID: A key o automating everything”, Scientific American, January 200477 Fores B Ratonal Esence and Techaciogy Capabity
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RFID Tag

* RFID Tag Types

— Passive tags: no power
source of their own, operate
within a short distance
(typically <3 m.)

— Semi-passive tags: rely on a
battery built into the tag to
achieve better performance
(communication range)

— Active tags: with their own
power source, can actively
transmit and processing data
OVer Considerable diStanceS Hitachi mu-chip tiny RFID tag Powder RFID chips next to
(> 100 m) the human hair

A Driving Foroe for National Science and Technology Capability

Examples of RFID Applications

* Transport and logistics:
toll management, tracking of goods

« Security and access control
tracking people (students etc.), control access to restricted areas

e Supply chain management: item tagging, theft-prevention

 Medical and pharmaceutical applications: identification and
location of staff and patients, asset tracking, counterfeit protection
for drugs

* Manufacturing and processing: streamlining assembly line
processes

= Agriculture: tracking of animals, quality control
e Public sector: passports, driver’s licenses, counterfeit protection
for bank notes, library systems

Feed grain

Humberger

.

A Driving Force for Natiol nd Technology Capability
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RFID: Opportunities and Constraints

Opportunities Constraints
 Analysts: tremendous market-  * Pricing: (5-cent-tag)
growth + Standards landscape
* Problem: estimates vs. » Security and privacy issues:
guesstimates (remarkable consumers, policy
differences in market volume, makers, researchers

growth rates)

* Frost & Sullivan: 11.7 billion
USD (2010)
Research and Markets: 3.8
billion USD (2011)
IDTechEXx: 26.90 billion USD
(2015)

Source: “RFID: Opportunities for mobile telecommunication services”, ITU-T Lighthouse

A Driving Force for National Science and Technology Capability

DOCTOR FUN

16 Jan 2006

WE WANT TO IMPLANT THIS
RFID Tae m You,

THAT VIO LATES
MY RIGHTS!
Q WE WANT TO IMPLANT

‘-. &) THIS RFID TAG IN You
AND IT'S aL50 p CELLPHONE,
PIGITAL CAMERA, AnD
MP3 PLAYER,

Copyright © 2006 David Farley, d-farley@ibiblio.org

heepi/fibiblio.org/Dave/drfun.html
This cartoon is made available on the Internet for personal viewing

only. Opinions expressed hersin are solely those of the author.

A Driving Force for National Science and Technology Capability
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ICT Infrastructure for Research

Collaborations:
Research and Education Networks (RENS)

A Drrevng Foe for Mational Soence and Technology Capabiity

Examples of National Research and Education Networks
Around the World

Europe-Middle East

Austria (ACOnet) Malta (Univ. Malta) Australia (AARNET) Argentina (RETINA)
Belgium (BELNET) Netherlands (SURFnet)  China (CERNET, CSTNET, Brazil (RNP2/ANSF)
Croatia (CARNet) Norway (UNINETT) NSFCNET) Canada (CA*net)
Czech Rep. (CESNET) Poland (POL34) Hong Kong (HARNET) Chile (REUNA)

Cyprus (CYNET) Portugal (RCTS2) Indonesia Mexico (Red-CUDI)

Denmark (Forskningsnettet) Qatar (Qatar FN) Japan (SINET, WIDE, IMNET, United States (Abilene)
Estonia {EENet) Romania (RoEduNet) JGNZ) Venezuela
Finland (Funet) Russla {(RBnet) Korea (KOREN, KREONETZ) (REACCIUN-2)
France (Renater) Slovakia (SANET) Philippines (PREGINET)
Germany (G-WIN) Slovenia (ARNES) Malaysia (MYREN)
Greece (GRNET) Spain (RedIRIS) Singapore (SingAREN)
Hungary Sweden (SUNET) Taiwan (TANet2, ASNet)
(HUNGARNET) Switzerland (SWITCH)  Thailand I  UNINET & -
Iceland (RHnet) United Kingdom -
Ireland (HEARet) (JANET)
Israel (IUCC) Turkey (LILAKBYM)
Italy (GARR) *CERN
Latvia (LATNET)
Lithuania (LITNET)
Luxembourg (RESTENA)

A Driving Force far National Scence and Techaclogy !y}
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Global Lambda Integrated Facility
for Research and Education Networks

World Map — August 2005

Visualization courtesy of Bob Patterson, NCSA/University of lllinois at Urbana-Champaign.
Data compilation by Maxine Brown, University of lllinois at Chicago. Earth text

www.glif.is
ire from NASA

A Driving Force for National Science and Technology Cagability

Asia Pacific Advanced Network (APAN)

v \\
/ North

America |
-~ -
>3 s [
Bo=sm e

\ (usa) /
S
amwan’
0
L]
bt W
.\J 8 ) Viel ‘f;} Pines
r L - =
78 Sri Lanky o1 2Ysidg = e O
@ Access Point Si i D{ei‘ar'\: _; - “_\1_‘ 2
] Exchange Point S
e International link ) \ L
\
=

Asia Pacific Advanced Network (APAN) is a

A
dstralia
non-profit international consortium established in June 1997.

A Driving Force for National Science and Technology Capability
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Internet2 Backbone Network

INTERNETZ2

Abilene

Quesc < s [Eluniper NONEL

A Driving Foroe for National Science and Technology Capability

083w
dle Ea
Europe %,

Perth

AUSTRALIA

Qaarnet

NEW ZEALAND

— 155Mpbs
—  622Mbps
s 10Gbps Research
mammns  Planned AARNet Links
= Peering Links
im=m=s=  Planned Peering links
® Existing International PoP
@ Potential Peering Point

© AARNal Py Lid
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International Research Networking

- GEANT?2 Global Connectivity S
DANTH

A Driving Foroe for National Science and Technology Capability

GEANT2

[&

:."H.\
DANTE
“ ey
< ey

- International Research Networking

* Interconnection
network for European
NRENSs (32 countries)

* +3500 universities and
research sites

rriving Foroe for National Science and Technology Capability
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EUME%M Linking Mediterranean research and
=" educational communities to Europe

» Interconnection

network for
Mediterranean NRENs

P W -
(12 countries)
, At
o
13 tid

A Drving Foice for National Scrence and Technoiogy Capabiity

International Research Networking

* Interconnection
network for NRENs in
Latin America (19
countries)

% Driving Force for Mational Science and Techaology Capabiity
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Trans-Eurasia Information Network 2 (TEIN2)

» Connects the R&E networks of Asian partners at Participating Partners:

regional level : IE:;"EL?:EE:}TJ
» Link the Asia-Pacific to Europe and beyond —  Malaysia (MDC)
“ ~  Philippines (ASTI)

hailand (ThalREN)
B

Thailand ’«; ?{,Phllipmnus

g

training programs
collaborations

A Drreing Foice for Mabional Soence and Teckaclogy Capabiity

il &

International Research Networking

= Services
+IPv4/IPvE Multicast
*QoS

» Applications
*Telemedicine
sDistance learning
*Disaster warning
*Oceanography
«Climatology
«Etc.

T

= Lk warwrl s
Makrin
= Link srrer of B M Simevicd b

Taml B

UMD Trapusiogy Fiarsmed Miowsrrises 30081 [T Force far Hakional Science and Technology Capabiity
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SINET/Super SINET (Japan)
Composition Figure (Japan Map)

== Supis SINET W0Ghps.
-~ intermational line  Appowersisy 5 R — .

== Supe SINET rode

- T e 0 S T o e
il

m“— Il'

foireny
- -

)
a8k

A Dreving Foce B National Soercs an —whndior apabiity

| Outline of JGN 2 Network I g
[Legends | |«

— :m" nn (O core network nodes “1coms Free

B Optical testbeds {Available as actess points)

oy {s10= 1 == - {Snta}
“M‘B‘ Caiw setwork fode  (Dhipind) ===y i ¥ mmy rrura, mms Prelecors|
‘;"g-mu = ot

| BeEm e
T m.:‘-‘m

[ ——

- 126 -



NECTEC;I-I

P u——r——

Thailand Research and Education Network

Internet2 (USA)

155 Mbps

A Driving Foroe for National Science and Technology Capability

Projects, Applications and
Collaborations

TEIN2
Kfe » 8 glislne 2 JZREN j%‘mj SURF net
oire | @ ﬁ? : vier | NI | Mesis | KISDI

gt
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TNGC

Examples of Projects and
Applications on ThaiGrid

A Driving Force for National Science and Technology Capability

“ . _ _ _ SIPA
&% Thai National Grid Project ===

TNGC

A national project under Ministry of Information and Communication Technology
*  Goal
— Building the next generation advanced computing infrastructure

— Stimulating the adoption of grid technology to support research, education, and industry
— Building up man power for future generation IT industry

‘Asian Institute of Technology
Chulalongkom University (am
(cu)

Chiangmai University
KMIT North Bangkok (cMU)
(KMITNB)

KMIT Ladkrabang KnonkrlTKluJ?\uers.:y
(KMITL)

KMUT Thonburi Prince of Songkhla Universily
(KMUTT) (PSU)

Kasetsart University Walailak University
(KU) (wu)

Suranaree University

Mahidol University of Technology (SUT)
Mu)

s, | hai meteoroiogical Department
Silpakom University (TMD)

[Source: Thai National Grid Project http://www.thaigrid.or.th] LG g" it SR s Ea”a""‘“
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i ThaiGrid Computing Infrastructure

wu sSuT PSU
* First Phase: 80 dual tprocessor nodes (160 CPU) has
0

been installed in 14 founding institutes (IBM X series)

+ TNGC has two IBM X3550 cluster (Araya, Sunyata) for
POF application testing

+ TNGC will also be equipped with a teraflop
supercomputer

— 200 nodes dual processors dual core XEON EMTE4 (B00D Core) |,
Gigabit Ethernet, Infiniband (partially)
— HP DL360GS

A Drving Foice for National Scrence and Technoiogy Capabiity

S

Virtual Research Center

b= H@

T T &S
=
1 T

(e:lwuun:hmuu” Dsta sy

» Investigator: Dr. Tiranee Achalakul, KMUTT
*  Project to explored the use of Grid technology to build an advanced
collaboration environment for researchers
- Resources sharing
— Collaborative environment over grid and advanced network
— Funded by Thai National Grid Project

A Driving Force for National Scence and Techaciogy Capabiiby
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ThaiGrid Drug Discovery Infrastructure

« Partners:
— Dr. Chak Saengma, KU
— Somsak Sriprayoonsakul, TNGC
— IBM Thailand
= Challenges
— From over 10000 active
compounds available from Thai
medicinal plants database, find a
smallest set of compounds that
has a potential to be used as a
drug
— Very compute intensive. Several
month of computing time tner : war
» Solution: Use grid to increase B | 0 7,
computing power to 10-100 times '
— Distributed screening process to
hundred of hosts on the Grid

« Benefit
— Speeding up time to results

— Allow scientists to spend more
time analyzing results

Gene Mapping Study for Severity Expression
Thalassemia Patients

Regionally matched pooled DNA Construction

Disease ik Birth _Living Patient
Homo 3-Thal 625 6,250
Thal/Hb 3,250 97,500

Hb Bart's Hydrops 5000 1,250 1]
Hb H Disease 23,000 7,000 420,000
Total | 48500 12,125 523,750

to perform a genome-wide search by the association approach
using gene-based SNPs to identify the severity modifiers in /3-
Thalassemia disease.

— &80 _F_ R T T EE R Y

Sissades Tongsima, Ph.D
m 30 SNPs spanning the LCR and G, -globin genes are strongly

Mational Center for Genetic Engineering and Biotechnology n
associated with disease severity

{ \:? @ !
O =1
SEQUENOM @ 25 Pousbamr BI0TEC

m The strongest association is Xmnl G,-globin

A Driving Force for National Schence and Technology Capability
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L =)
Wﬁ‘; In-silico Mutagenesis of
HS5N1 Hemagglutinin

Principle Investigator

CHAK SANGMA, Cheminformatics Research Unit, Chemistry

Department, Faculty of Science, Kasetsart University, THAILAND

Problem

Up to now, HA of H5 prefers avian receptor to human receptor but
mutated HA found. Can mutation on HA cause the pandemic
outbreak?

Objective

Structure and binding affinity prediction of mutated HA by molecular
dynamic simulation using

Benefit %

*  Need for H5 mutation monitoring and provide a high throughput ] P
prediction "y

Challenges - b

Estimated 240 selected mutations on 24 residues. Estimated computing
time: one month per mutant (AMBERS on 8 nodes cluster) Or 60
months for 240 mutations (32 nodes)

Reference: 1.Sangma C., Nunrium P., Hannongbua S. (2006) J.
Theor. and Comp. Chem. 5, 1-16.

Sponsor

The National Science and Technology Devefopment Agency (NSTDA)

The National Center for Genetic Engil ing and Biotechnology

The Thailand Research Fund

K t University R h and Development Institute

.
.
.

A Driving Force for Mational Science and Technology Capability

K

TNGC

CCUC: Biomolecular modeling
and simulations

« Computer-aided molecular modeling on Bird T‘:uraminidase
Influenza virus H5N1 and HIV-1 (NA)
enzymes. Hemaglutinin

— To study the structural properties of the

enzyme.

— To explore the dynamical behavior of the
enzyme as well as the inhibitors/drugs.

— To investigate the interaction between enzyme *
and inhibitor.

... Understand basic properties of
known drug-target interaction.....

,,,,, design new compounds which fit
better to the catalytic site of both Wild
and Mutant types.....

Put yaur material in and wa'l serve the calculation

A Driving Force for National Science and Technology Capability
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PSU Genomics and Bioinformatics
Research

Automatic Synchronization and Distribution
of Biological Databases and Software over
Low-Bandwidth Networks among
Developing Countries

A Driving Foroe for National Science and Technology Capability

EID Collaborations

O current collaborators O Co-sponsors O Non-APEC network

APEC Climate Center
(Korea)

ITRI (NSC) (Chinese

National Institute of
Science and
Technology Policy

APEC Center for (NISTEP)

Technology Foresight

Australian Biosecurity CRC for
Emerging Infectious Disease

Collaborators could use existing ICT infrastructure As of February 2007

A Driving Foroe for National Science and Technology Capability
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Example of EID Research
Collaboration: RCC-ERI

Research Institute for Microbial Diseases, Osaka University

frefrm g, 8- HEOS

T m—————r— B ~ce- &

oo
Research Collaboration Center on Emerging and
Re-emerging Infections

National Institute of Health, Thailand

et 1 o g oy S ks
[T — e

Eesend Systnm.

O v
The L T . et o

National Institute of Animal Health,
Thailand

[ [T

A Driving Force for National Science and Technology Capability

List of EID Projects using ICT and Emerging Technologies

BioSense is a syndromic surveillance system that aggregates syndromic
data from a variety of electronic sources to improve early
detection of possible disease outbreaks, bioterrorism threats,
or other urgent public health threats. The data are collected
and analyzed by The US Centers for Disease Control and
Prevention (CDC). Data sources include patient encounters
from the Department of Def ’s medical tr facilities
in the United States, the Department of Veterans Affairs’
medical facilities, national clinical laboratory test orders, and
more than 10,000 over-the-counter retailers nationwide

Electronic Laboratory Exchange is a Web-based system for real-time sharing of food safety
laboratory data among federal, state, and local agencies. As of
Network (eLEXNET) July 2004, there were 113 laboratories representing 50 states

that are part of the eLEXNET system.

A raphic information m is a system that can be used to identify spatial clustering of
geographic ° atio SYSte abnormal health events as the data are collected. This can

assist public health officials in identifying affected areas.

Electronic Surveillance system for is a syndromic surveillance system operated by DOD that is
used in the early detection of infectious di outbreaks and

the Early Notification of it provides epidemiological tools for improved investigation.

HY H i The system collects data from hospitals and clinics on a daily
Communlty based Epldemlcs basis. Epidemiologists can track, in near real-time. ESSENCE
(ESSENCE) analyses by using historical data for baseline comparisons and

analytic methods such as a geographic information system.
Epidemic Information Exchange is a secure, Web-based communication system that CDC uses
B to share information relevant to disease outbreaks with state
= and local public health officials and with other federal officials.
(Epi-X) d local public health officials and with other federal official

Epi-X users can post questions and reports, query CDC, and
receive feedback on ongoing infectious disease control efforts.
As of 2004, over 1,200 public health officials had used the
system.
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List of EID Projects using ICT and Emerging Technologies

Foodborne Disease Active
Surveillance Network
(FoodNet)

is a surveillance system that is a collaborative effort among CDC, USDA,
and FDA.. FoodNet is used to detect cases or outbreaks of foodborne
disease, identify their source, r g trends, and r
So FoodNet is intended to provide more accurate estimates of the
occurrence of foodborne diseases than are otherwise available.

Global Outbreak Alert and
Response Network (GOARN)

GOARN electronically links WHO member countries to investigation of, and
to, breaks of interr | importance. GOARN issues
real time outbreak alerts and gathers global disease information from a
number of sources, including media reports, ministries of health,
laboratories, academic institutes, and WHO offices in various countries.

Global Public Health
Intelligence Network (GPHIN)

is an Internet-based application that searches and translates in French and
English more than 950 news feeds and discussion groups around the world
|n the media and on the Internet for information onpossible outbreaks of
fecti di In 2004, tr 1 capabilities will be expanded from
French and English to also include Arabic, Chinese, Russian, and Spanish.

Health Alert Network(HAN)

is an early warning and response system that is designed to ensure that
state and local health departments as well as other federal agencies and
departments have timely access to emerging health information.

Infectious Diseases Society of
America Emerging Infections
Network (IDSA-EIN)

is a network of over 900 infectious disease practitioners to enhances
communications and health education among its members, collaborates in
research projects, and provides assistance during outbreak investigations.

Laboratory Response
Network (LRN)

is an integrated network of publlc health and clinical laboratories run by
CDC to test K and d p diagnostic tests for identifying
and biological or chemical agents.

g

PulseNet

PulseNet is a national network of public health laboratories that perform
DNA “fingerprinting” on bacteria that may be foodborne. The network
idenifies and labels each “fingerprint” pattern and permits rapid comparison
of these patterns through an electronic database at CDC. This network is
intended to provide an early warning system for outbreaks of foodborne
disease.

Concluding Remarks

« Emerging Technologies and ICT
Infrastructure are important. They should
be wisely used and applied to efficiently
combat Emerging Infectious Diseases.

A Driving Force for National Science and Technology Capability
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Thar « you
Que: fjon?

A Driving Force for National Science and Technology Capability
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Recap from the Scenario
Workshop

Nares Damrongchai
APEC Center for Technology Foresight

EID Risk model +4-
Roadmapping Process

Climate change, Socio- (from understanding the future
economic drivers, e.g.: to designing the future
Governance, Conflict,

Economics
Risk

_ Sources ) Future Estimate
Reservoirs Soi diseases

Natural Airborne and levels of
Mutation Food-borne infection in: :
Available Water-borne People Risk
niches Vectors
Direct contact Pla_nts
Waste disposal Animals
Ecosystems

Analysis

Modified from:
Identification ai
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‘drivers’

» ... are the positive (or negative) driving factors
that increase the risk of emerging infectious
diseases

» They are the reason why we always have new
diseases.

» Most drivers could be identified by analysing
trends: the pathways of events that are driven by
the drivers, that can go into any direction

» For some drivers it is not possible to de._" :am
trends (no trends), and for some we don’t k' w
its impact whether large or small, positive
negative --> impact unknown

Emerging
infectious
diseases
scenario
workshop
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Scenario Workshop Day 2

» Work in groups to create future scenarios of
the Asia-Pacific

» Focal issue: how converging technologies
are used to combat emerging infectious
diseases?
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Scenario Workshop Day 3:
Assessment of scenario coherence

» Assessment of the coherence of the
scenario is carried out by critical
examination of its logic, identification of key
events or turning points, and linkages with
the greatest weakness.

Scenario Workshop Day 3:
Assessment of implications of
scenarios for strategic planning

» Implications are examined by returning to the
focal issue. What emerges as the consequences
under each scenario? What vulnerabilities have
been revealed? What kind of strategies might be
robust under all scenarios?

» Scenario helps us to

= jdentify clear and logical outcome
= take the stakeholders to a new level of thinking
= raise new issues for future action.
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Key Drivers for Emerging
Infectious Diseases

Social Environmental

» Health concern for everyone » Climate change

» Increasing population » Vector patterns changes

» Urbanization » Land use change

» Gap of Knowledge Sharing » Wild life — Changes of wild life ;
: consumption But pet trades wi

Technological braas

Political

» Terrorism

» Complexity of transportation
» Nanotechnology

- Consiecelico » Patent in developed countries
> Event Trackmg incubate for developing ’
Economical countries

» Free Trade Agreement Wrong policy
» Sufficient economy
» Rich poor gap
These are the foreseeable trends!

Key Drivers for Emerging
Infectious Diseases

Uncertainties

» Massive Natural disasters such as massive
volcanoes, earthguakes, etc.

» Global securities (man-made disasters, alien
species/ breakthrough tech.)

» Local/Global panic

» Urbanization: increase, Economic crisis
» Gap of Knowledge sharing

» Unpredicted/unplanned technologies
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The Four Scenarios

» Group 1 “"Malaria in Miami 2017”

» Group 2 “20,000 People Now Confirmed
Dead from Mystery Disease”

» Group 3 “"The Mysterious Achaean Virus”

» Group 4 "Emerging Rainforest Syndrome
(RFS)”

NOT CLEARED FOR OPEN PUBLICATION

Technological Approaches Can Enter
Throughout the EID Lifecycle

Treatment
Preventive Surveillance ()

Measures & Detection
(PM) (S&D) Prevention

of Spread
PoS

EID Decision Model (PoS)
* Severity estimation
* Timeliness and efficacy of intervention

Adapted from: Dr. Richard Silberglitt, RAND Corporation (2007)
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The 3 Domains of Technology
Application

Ubiquitous Computing

» Field tests networked

» Data collection (real time)
» Data mining

» Mobile phone tracking

» Data sharing

» Modelling

» Bioinformatics

» Network info system countries sign up for info
sharing

The 3 Domains of Technology
Application

Treatment

» Drug design

» Delivery vaccine

» Vaccine development

» Personalised medicine advance in pharmaceutics
» Nanodelivery of drugs

» Molecular medicine, Cell-based vaccine
development advance in genetic engineering of
virus and antiviral material

» Conventional Drug Discovery
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The 3 Domains of Technology
Application

Diagnosis

» Micro/Nano array molecular

» Implantable diagnostics

» Simple thermographical scanner
» Genotyping characterization

» Advance in micro-fluidic device
» Advance in genetic sequencing
» Advance in lab on a chip
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

Ghinelogyae Eembat Emerging Infectious Diseases
(2ID): ;echnology RoadmapWorkshop
2224 \Vay 2007
Qoshi @ernter Hotel, Tokyo, Japan

Prof. Akio Kameoka

JAISHETokyo-MOTT Course,
Graduate School ofi Knowledge Science,
Japan Advanced Institute of Science and Technology (JAIST)

Prof. Akio Kameoka Graduate School of Knowledge Science

2. Strategic Roadmapping
%er\ﬂce Innovation and Service Science
4. Service&aﬂ Integrated Strategic Roadmapping
5. Strategic MOT Goal: Just-in-Time Innovation
6. Techno-producer

7. Industry-Academy Collaborations through
Communications with Roadmaps

Final remarks : Symbiotic Competitiveness

Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

“Linear Model of Innovation

>

-
-

Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST

22-24 Mat 2007, Tokyo Japan

Distribution
and Marketing

Market
Finding

Invention and/or | Detailed Design | Production and
Analytic Design and Test Redesign

Chain of Innovation

g5, s, FS

(from S. Kline (1985) (1)

Prof. Akio Kameoka Graduate School of Knowledge Science

A Cross-Generational
ovation.Process Models

2nd G
‘<Kline Model>

3rd G
<Abduction Model>

Market Evident

Market Finding Market Experiment

Needs are clear

Technological
application is
simple
Scientists and
engineers could
judge the market

Technological -

needs can be
found by a careful
marketing
Techno-marketing
is essential

Prof. Akio Kameoka

- 147 -

Needs can be found
by experiments in
the real market
Putting sample
products in to
market and see
what happens

Graduate School of Knowledge Science




EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

eration Innovation Model

-_—
Gﬁration

arket Creation Model>

Market Creation

- Users and producers Coordinator
interactively creates new

products Concept Creator

- Produce what users really Techno -producer

want by participating into the Creative Platform
initial planning

»

: “Ba
- Experience values are

obtained through participation

Prof. Akio Kameoka Graduate School of Knowledge Science

<
Creato >
Consumer Business

Partner

Created Market Platform

0& eoka 00 Octobe 00 Alba }\ISPI\ ’
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

SR>

"

Strong Positive effect &

Create New Market Platform

S /]
Prof. Akio Kameoka Graduate School of Knowledge Science

.

b Y

s
/ The Valley '
| of

Anoyng

pieH

Basic/Advanced Tech. Development/ Scale up Business

Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

munonal Linkage to Explore New
F I’

Compination

Professional Application
Field A Domain Y

What Function
What Functior‘. is required ?
can be supplied

Professional Application

Field A Domain Y

Functional Linkage

Prof. Akio Kameoka Graduate School of Knowledge Science

1: -Technology-Serwce Convergence:

NBIC

» New
Competencies

> Rapid Change

U\O'\\-‘«/\f\’)m

Specialization Convergen n ;

Iy

»New Value
Knowledge Environment,  Basis

Safety & Health
Commerce & »New Players

i New:
ndustry BCOCictics » Globalization

Agriculture - Industries Future?

Early History 17th Industrial 1900%s Now Time

Century  Revolution A
From Michel Radonor, 2003 and Kameoka

JAIST Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop
22-24 Mat 2007, Tokyo Japan

'
‘Communica

Information
Technologies

S 2. xob
RO
0“\%\)(\%“ \'bs\
'%\Q'\(\%%‘ s
e

Computer Technology

JAIST

Presented by Prof Akio Kameoka, JAIST

Tnvmf information technologies

On-line enquiry
Professional data bases
Management information systems

Electronic mail and Teleconferencing
Computer-aided design
Computer-aided manufacture

1980 1990

Prof. Akio Kameoka Graduate School of Knowledge Science

Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

A A

Generic Technology Roadmap

Family A
Product ———
Famil)ﬁ

Techno-
logy Field B

R&D Programs

Time

Prof. Akio Kameoka Graduate School of Knowledge Science

Segment B

Family A

. Field A
Science/ '°©

Techn omﬂ, Field B

Programs

Finance

Pi ty/
Resources iiaicure

Human /
Capability

Core
Competences

(From Dr. Philip Bucher, 2003)
Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST

22-24 Mat 2007, Tokyo Japan

, N Graka’s Theory
SEC Iio‘ur Iaewledgeniransformation Modes

xHE

Socialization Externalization
-~y

c \
¢
W
[izik] o Ch et |

Internalization Combination

abpajmou
noldx3

abipajmouy
1011dx3

Explicit Explicit
Knowledge Knowledge

Prof. Akio Kameoka Graduate School of Knowledge Science

= Centre for Technology Manag

, - Roadmapping as knowledge management
) 1 Roadmaps Roadmaping process
ﬂ (explicit knowledge) Time (tacit knowledge)

¢ — %
Market | Know-why Know-when 5
Knowledge f) =1 \

Architectureq  Product | Know-what Know-who
(taxonomy)

Technology | Know-how Know-where

People, networks and

Tacit Explicit process
Socialisation Extemnalisation
Tacit Roadmapping is an iterative
A% ing learning process, combining
QW explicit knowledge (roadmaps)
Explicit and tacit knowledge
Internalisation Combination (roadmapping process)
- | . e ETE UNIVERSITY OF —
B8 Manufacturing Based on discussions in Tokyo (JAIST), January 2004 &Y CAMBRIDGE
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

IS “Service” ? : A Definition -
ingﬁcti\ﬁy to help an individual
0 l organizationto achieve its objective”

supporting functions,

- Psycholw’al&pporting functions,

- Intellectual supporting functions,

- Spiritual supporting functions, as well as

- Technological Product supporting functions, and Others.

“Product” only provides a function to
achieve “Service”

Prof. Akio Kameoka Graduate School of Knowledge Science

Total Customer Value

Integrated Product + Service Value

“ Product Function Adding Function

Total % _ =
Customer Product Service Individual User’s
Value a Value Value Additional Value
Exp. Maintenance, Operations
Operation Unique to Ind. Users

211

— High Value-Added
New Service

4—
Product Product
Suppliers T Users

New Service Providers

Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop

Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

’Comprehenswe Strategic Roadmapping:

dition of Service Layer
-

ervice Integrated Technology Roadmap

@Domain A

in B

Family A
Product
Family B

Technoiogy

R&D Programs

Time

Prof. Akio Kameoka Graduate School of Knowledge Science

S
» % Nano-Technology Dilemma

,'l -

-
Valley of Death

TSGR0, Products and Services

Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

-Layer Reciprocal Linkage by
a4 Functions”

ired functions vs Supplying functions

Service
”»

Prod[‘SuppIying funy

Product

Service Required
function
Technology
Supplying function
Required Product function
Technology

Prof. Akio Kameoka Graduate School of Knowledge Science

Ch IIe ging Goal of Future MOT

&
d: Just in Time (JIT) Production
‘ To: Just in Time (JIT) Innovation

-

Production Innovation

Direction of Next Generation MOT

Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

e
,-he ‘Fhird Mode of UnlG Cooperation

/ g Commen Objectives and
utonomous Participation

-
Mode 3.:0bjective

haring /
@

Techno-producer

- Common Objectlve

Mode 2 : Coordination

Coordinator

Mode 1 : Cooperation

Prof. Akio Kameoka Graduate School of Knowledge Science

Innovators A New Concept of Creator :

“‘Techno producers”

Common
Objective

Information Flow

A highly advance
technological
knowledge flow
platform based on the
market mechanism

JAIST Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

-
o o

i ‘Chnp-Pr-educer: Roles

CUNCEONEEEllor (Setting Objective Target™)
who has capability of creating objective
target lu recognizing the environment*

SCOoaRHAEITOr (Achieving Objective Target*)

Who can design the process to achieve
the given objective target*

acdler (Process Execution™)
Who proceeds the given process and target*

* : M. Matsuo, S. Kinbara “Trends of Science and
paradigm shift” Science Council (in Japanese)

Prof. Akio Kameoka Graduate School of Knowledge Science

-
'Congtr tion of Next Generation MOT

+

q l Customer Satisfaction l
44 1

< Strategic Roadmapping

- -
;| »
e - &

© - Knowledge Science

Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

National Innovation System,
promatea' by Government in Japan

By METI and NEDO

Prof. Akio Kameoka Graduate School of Knowledge Science

METI - NEDO B ]
at MOT Study Group, JSSPRM (Japan S
hience Policy and Reseaseh. Managements ¢

2005 and-June-2006 by Dr. Watanabe (1)

Prof. Akio Kameoka Graduate School of%owledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

METI « NEDO # ology St ‘esented
at MOT Stud M(Japan ° iety of

Prof. Akio Kameoka Graduate School of Knowledge Science

cluding Remarks (1)
&

‘& Next generation MOT moves its focus to 4" Generation

Meation model; for creating higher value by szrvice
1ozl o gspe@ased on integrating more sophisticated service
imct]onﬂthaonventional products and systems.

<, This approach provides a scheme for the newly
emerging “sZg%ice Scignice’ expected to support service
innovations and derives practical methodology to integrate
New Services tothe <jtiziiccjic i=crinoldc)y

rozielgetd/ reztelenizig olnlgle) By Introducing a vy iriclzoericlert
layer of s2rvices between the market and products layers.

Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

5 Concluding Remarks (2)

.F = - - -
Mo i:e g/ (e 41s widely defined as “zi
supporting activity torhelp aniindividueifoReIEEIZEIb]s!

‘ii achieve Its objective™.
ZFSACcordmngly, itincludes o) y/sical supporting

functions o:ﬂho lgejizzll supporting functions,
JnreJJ,JEﬁJ supporting functions, soiriilz) supporting
IUNCTIONSIASMMEINGS  =v}sTn[e) [ec][cz1 F5tig oo riirig) furictions
provided through products.

5. Valuating products and systems with their added
Services Improves ciistosrier seisfzictior) and the total
customer value should be considered as the summation
of the groclucis/sysign value, added servicas value, and
individually user ziclclzc] value.

Prof. Akio Kameoka Graduate School of Knowledge Science

cluding Remarks (3)
-

J As fora new methodology for managing the service

i%technology/products innovation, this paper

pro Service-intec ated tecnnolouyAeEEIEI);

fU:'CJ” [z1g el lglsf WMRICh Involves a new concept of functions,
“requ nﬂncﬂ (eTaS@anERit] e o) )/isle) funiciions” to fill the

gaps between the market and service layers, as well as the
service and products layers.

|pleltisE gzl dpaee | lzigo ceitiors through Effective
Gommunicaons)’/ | Roadmeps aneReaE ey

Prof. Akio Kameoka Graduate School of Knowledge Science

- 161 -



EID Technology Roadmap Workshop Presented by Prof Akio Kameoka, JAIST
22-24 Mat 2007, Tokyo Japan

bic Competitiveness by Roadmapping
for the 21° Century &
WMetiti:eness"? Dr. Hiroshi INOSE : \f

The word “‘compete’ derives from Latin word ‘competere’.
N IX ‘com’ means ‘together’, and ‘petere’ means

‘pursue’. Consequently, ‘competere’ means to ‘pursue
together’.

But, what ﬁo pursue ? The answer is “human ideals”.

When people pursue ideals, they help each other and strive
together. In correcting each errors and compensating each
other’s weakness, and in acknowledging each other’s insight
and strength, they see the true competitiveness.
Competitiveness, thus, should come from the power for self-
discipline and not from the motivation to be superior by
commanding power, tricks, or fraud tactics, because its
purpose is to pursue human ideals.

Prof. Akio Kameoka Graduate School of Knowledge Science

.Th!nk you for your attention

Prof. Akio Kameoka Graduate School of Knowledge Science
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EID Technology Roadmap Workshop
22-24 May 2007, Tokyo Japan

Strategic Technology Roadmapping
Case Study :

Converging Technology based on Optical Molecular
Imaging Technology to attack the Cancer Desieses

Prof. Shotaro Kohtsuki

Graduate School of Technology Management
Ritsumeikan University

Optical Molecular Imaging Technology

Total concept of Optical Molecular Imaging Process

Detection and identification of unknown cancer cell in an
internal organ by optical molecular emission

High performance observation of transferring cancer parts
from its original site to another part of the body

High sensitive analysis and visualization of the cancer
diseases

Medical treatment by use of the optical molecular imaging
process

- 163 -




Optical Molecular Imaging Technology

* key drivers:

/ Quality of Life
/ To make sure the Human Life in safety and security
/ To allay the anxieties of the personal health

* Needs or wants:

|/ Detection of the cancer diseases in early stage

- Suitable treatment to the traditional cancer molecules

- Accurate diagnosis of a new type of cancer disease

- Accurate evaluation of a spread stage of cancer focus
/ Appropriate therapy without physical pain and damage
/ Cancer disease prevention, etc.

Optical Molecular Imaging Technology

* Function:

/ High performance observation of transferring cancer
focus from its original site to another part of the body

/ Detailed data analysis and visualization of the locus of
cancer focus

/ Diagnostic imaging using the optical molecular imaging
data

/ Medical treatment by use of the optical molecular
imaging process

/ Diagnostic data accumulation and data transfer

| Establishment of evaluation methods using the optical
molecular imaging to the cancer disease variation
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Optical Molecular Imaging Technology

Technology : Optical Molecular Imaging

/ Development of bio-marker
- molecular fluorescence, molecular luminescence

/ Introduction of a bio-marker to the target molecules in a
part of cancer focus

/ Development of traceable system of cancer molecule
/ Monitoring of an organic conditions in the body
/ Biomedical data gathering and imaging data analysis

/ Building up the optical imaging database of cancer
diseases

Strategic Technology Road mapping of Optical Molecular Imaging RS
Technology to Cancer Research

Short term Middle term Long term term

Quality of Life ’ To make sure the Human Life in safety and security ‘

’ To allay the anxieties of the personal health ‘

Key Driver

Detection of a cancer Appropriate therapy Appropriate therapy
Needs / wants disease without physical pain ™ without physical pain
¥

\ = \

F . High performance observation || data analysis and Diagnostic
unction : Semel St :

of transferring cancer focus visualization of the imaging using the

locus of cancer focus | optical molecular
imaging data

Diagnostic data accumulation and data transfer ’\L I

Establishment of evaluation methods to the Medical treatmentJ
cancer disease variation

Development of bio- N Introduction of a bio-marker to Development of
marker the target molecules of cancer 1 traceable system of
l cancer molecules

Technologies — : — : : : e
Monitoring of an organic conditions Biomedical data gathering and imaging

in the body data analysis

X
Building up the optical imaging database of cancer diseases
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Which prospective nano-bio-info and

bio-nano-info convergent technology — Prévsinsar: — saTforesight:
applications do industry and

government need to pursue to ensure
that Canada prospers in the future
global economy, what are the
prospective areas of application,
products and impacts; how should
these be stewarded; and what steps
should be taken to accelerate their
development?

Incidences surla R a D R&D imalications

Office of the Bureau du 1
National Science Advisor Conseiller national des sciences (:a‘rla(lb~

Key Activities 2007

The Foresight will engage a diverse group of experts to:

. Explm:e a runge_af applications . *  Provide insight to government
involving emerging and converging with regard to converging
technologies in the nano-bio-info and technologies in order to be able to

bio-nano-info innovation space; be appropriately prepared for

e Examine the potential implications of these {echnolog ies (imp rqved
these technologies for various sectors planning, regulatory environment,
(energy- environment, agriculture-bio- regulatory science, HR needs )
products, health and life sciences, public
safety and national security);

e Stimulate the development and/or
refinement of future-oriented, innovative
product and services strategies in
participating organizations;

* Influence priority-setting for provincial
and federal investments

Office of the Bureau du 1
National Science Advisor Conseiller national des sciences (:a‘rla(lb~
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Why Are Converging Technologies

Important For Canada?

Technologies and markets of the future: be involved, or be
overtaken;

Canada has evolved good research and knowledge- technology
strengths in both nano and bio which should now be capitalized
upon through a focused approach to commercialization;

Convergence identifies a space where new means of
coordination are required — existing structures, budgets and
expertise domains may be insufficient to the task;

Moving from “hewers of wood and drawers of water” up the
knowledge value chain requires examining assets in a new
context,

Risk mitigation and social weal: avoiding technology
“miscasts” , early design of ethical and social benefits;

Essential tools for dealing with tough problems Canada will
face: energy, climate change, health, security.

Office of the Bureau du [
National Science Advisor Conseiller national des sciences Canada

The PACT Research Team identified 12
technologies for detailed consideration
by the Expert Panel in each of three
application areas:

 Energy and the Environment
» Water, Food, and Bioproducts

* Health and Life Sciences
* Public Safety and Security

(will be examined in Stage Two)

Office of the Bureau du [
National Science Advisor Conseiller national des sciences Canada

- 168 -




Bio-fuels, bioenergy systems
optimization

Nano-bio pharma-drug design, delivery

Bio-computation, nano-imaging

Industrial bio-products

Bio-nano materials for health

Synthetic, bioengineered foods
Bioterrorism and vaccines

.
.

Bio-nano devices, arrays, diagnostics

Food processing and packaging

Bio-nano-genetic medicine

Energy production and distribution Food freshness and preservation

Energy end use and device efficiencies Human Surveillance, smart “dust”

All hazards detection, critical
infrastructure monitoring, protection

Environmental stewardship + toxicology

Environmental monitoring + sensing

Climatic events warning and prediction

Bio-remediation, toxic removal
 Soldier capabilities and performance

Office of the Bureau du .1
National Science Advisor Conseiller national des sciences Canadh

Each technology/application area was
evaluated by each member on three
relevant dimensions:

» Commercial Potential
e Technical Feasibility
* Public Policy Issues

The midpoint of each team's evaluation
are shown in the following 3
diagrams...

Office of the Bureau du .1
National Science Advisor Conseiller national des sciences Canadh
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Convergent Technologies for

Energy and the Environment 2020

Anticipated Market Size

N ) Significant ) Very Significant
| “m, e ; Market ; Market
Very Feasible e | Organic LEDs]

: Self-Powered : : Environmental >
/ |Nanodevices | ! Nanobiosensors =
' . - ' . o
H j Nano-polymer ! i ="
- Feasible —————————— P " |Package mumitnnsl """ o P S
H H Nano-cements, H H C"D"
-------------------------------- R s e s e B -
3e|f-as¥:mhling N.anol-enzyrnallc c-ll)-l
Unknowr - Nanabatteries | CO2taCHa | | T T o
________________ L Polic | g
Organic Policy Issues =
Thermoelectric Mingr <

Unlikely Materials Mod

Office of the Bureau du 1
National Science Advisor Conseiller national des sciences Canad

Convergent Technologies for Water,

Food, and Bioproducts 2020

Anticipated Market Size

Significant ) Very Significant
Market ; Market

Very Feasible Water-moni loring]
ey ! ! ! Nanobiosensors
Directed Evolution ! : !
Chips ; [water Nanoniters|

_______________________ art Biocidal
_Coatings

Ajgises pejedpnuy

= 7 :
. | |Nanoimaging for| |  Sprayable | . ]
Unknown g ~ Cloning Bionanosensors| ! :
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Policy Issues
Minor
Unlikely Moderate
...............................................................................................
Very Unlikely
Office of the Bureau du 1
National Science Advisor Conseiller national des sciences Canad
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Convergent Technologies for

Health and Life Sciences 2020

Anticipated Market Size

Significant Very Significant
Market ! Market

VeryFeas:'b..\‘e ------------- SSURUINS N Bionano- | S S
' ; ; Personalized ;
! ! ! luledn:lne !

i . .

>

. =

i ) i BimanGMImI Envlmnrnentall Medical o

. sible lBrnln 5 I ; i Msdlc;:a "Tri o
; ‘Whole-Person ©On-time Nano- 1 R mn::.::‘: pﬂm| '9"

. ! Aglng Models ‘vaccinology i af 8
| pathology-linked i l

' H Health Records ! @

| Unknown | 23
- - - - =

g

s T e S oo --------- Policy Issues

i | ralwﬁmhlna | Minor
i~ Unlikely Telepresence |

Office of the Bureau du 1
National Science Advisor Conseiller national des sciences Canad

The most technically feasible
technologies were then re-evaluated by
the group with an eye to what plausible
role Canada could play in their
development out to 2020.

Each of these technologies were
evaluated as to their expected uptake in
Canada, either by the public, the
private market, or by relevant
government agencies.

Office of the Bureau du 1
National Science Advisor Conseiller national des sciences (:a‘rla(lb~
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Canada's Role in Energy and the

Environment 2020

Canada's Role: Energy and Environment
100% @ "Clean Coal"
100% - B | B"Biomass ==> Biofuels”
90% ok O "Biosensors"
il 0"CO2 Sequestration”
80% %
0%

70% Majr Aoe  Intermediate  Minar Rale
= Flola
2 60%
o
S
»  50%
=
g 40%
oo30%

20%

10%

0%
Science Incubator ~ Technology Application Producer No Role
Developer Developer
Canada's Role
Office of the Bureau du 1
National Science Advisor Conseiller national des sciences (:a‘rlzl(lﬁ~

Canada's Role in Food, Water, and

Bioproducts 2020

Canada's Role: Water, Food, and Bioproducts
100% — " ]
L 1 HE Food Tracking Nanotags
90% L] — B Implantable Nanoarrays
. s O Water-maonitoring Nanobiosensors
B0% T— am | ODirected Evolution Chips
70% e R e P B Smart Agri-bio Nanoencapsulation
= Fale
2 0% ] ]
e
3
0w 50%
5
o 40%
3
w
30%
20%
10% ﬂ
0%
Science Incubator  Technology Application Producer No Role
Developer Developer
Canada's Role
Office of the Bureau du U
National Science Advisor Conseiller national des sciences (:a‘rlzl(lﬁ~
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Canada's Role in Health and Life

Sciences 2020

gL

Canada's Role: Health and Life Sciences

100% i @ Bionano-Health Monitors.
100% — so% B Medical "Tricorder”
90% x OOn-time Nano-vaccinology
wo | T T
[0
- 70% Major Roke Iﬂle‘;:l:’am Minor Role
2 60%
n' o
]
0 50%
t
g 40%
»
w
30%
20%
10%
0%
Science Incubator  Technology Application Producer No Role

Developer Developer
- Canada's Role

Office of the Bureau du 1
National Science Advisor Conseiller national des sciences Ca]]ada

Top Converging Technologies

© oo N o g~ w DN e

10.
11.

For Canada ?

""Clean Coal" technologies (science incubator)
Bio-nano-health Monitors (application developer)
Implantable Nanoarrays for Livestock (application developer)

""CO, Sequestration" technologies (application developer)

Environmental nanobiosensors (producer/application developer)

On-time Nano-vaccinology (technology developer)

Medical ""Tricorder' (producer)

Smart Agri-bio Nanoencapsulation (tech. developer)
Food-tracking Nanotags (science incubator)
Directed Evolution Chips (technology developer)

Office of the Bureau du ]
National Science Advisor Conseiller national des sciences Canadh
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A Partnership Approach

S&T Advisory Board Chaired by Dr. Arthur Carty
and Dr. Ted Sargent

A multi-partner, collaborative project with federal,
provincial, industry and academia;

Project development and foresight design by ONSA
and Lead Sponsors;

Lead delivery agent is the Centre for Innovation
Studies — THECIS, based in Calgary;

Includes shared events, strategy discussions with
stakeholders, and aligned & contributed studies
sponsored by individual organizations;

Linkages with similar foresight work in Europe, Asia
and the US; OECD, APEC, TFRUNT

Outcomes to be applied to development of a
Canadian nanotechnology strategy when policy
authorities are ready and receptive

Office of the Bureau du
National Science Advisor Conseiller national des sciences

Canadid’
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Welcome to the 2nd
technology roadmapping
workshop in Taipei

October 2007

Speaker : Yi-You Huang, Professor
Institute of Biomedical Engineering,
National Taiwan University,
Director, Dept. Biomedical Eng
National Taiwan University Hospital
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P o 2
Yangmingshan

Kinmen Nationsl Park

»>Hsin Chu Science Park
»>Industrial Technology Research Institute
»NTCU

: g Hua Lian Country
Vinglirm & A {4 Taroko

National Parks are

1.cultural/historic areas. These are areas
where development and visitor use are
limited to those which preserve important
prehistoric sites,monuments of historic
value,and lifestyles of indigenous people.

2.significant scenic areas. These are areas
possessing significant natural features
which;Aif destroyed,cannot be restored.The
areasjAtherefore,shall be strictly protected
from development.While the public shall be
allowed to enjoy the scenic beauty of the
areas,physical impacts must be kept to a
minimum.

3.ecological protection areas. These are areas
of unique ecological value. Biotic
communities in these areas shall be

Kao Ksiung carefully protected from development,and

access to these areas shall befor scientific
research only.

3 Kenting

Taipei is not only the capital of
Taiwan, but a very adventurous
place. Taipei has a wide variety of
attraction places, many temples,
night markets, hang outs, shopping
and it has a very convenient way of
transportation, which is the MRT
(Mass Rapid Transit System).

Kenting is located at the tip
of Taiwan. It is a very nice
place to go for vacations in
summer time. One can enjoy
the sun, as well as the beach.

- 176 -




TaiDong is famous for its
night market. TaiDong is a
small quiet city, but once the
night market starts, it is a
place full of people and life.

Taichung is the third largest
metropolitan area in Taiwan.
It is a center of culture and
education. Taichung is an
attractive city due to its
commercial district,
abundant cultural activities,
and the warmth of its
residents.

-Lunar New Year (Jan or Feb)
-Lantern Festival ( Feb)
-Dragon Boat Festival (June)
-A Carnival for Ghosts (August)
-Mid-Autumn Festival (Sep)

Taipei Lantern
Festival
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Taipei 101 Building

Taipei 101 Building
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National Taiwan University
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About NTU The predecessor of National Taiwan University was Taihoku (Taipei) Imperial
University, founded by the Japanese in 1928.
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National Taiwan University
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National Taiwan University

National Taiwan University

» As of the 2004 academic year, the University has a total
of eleven colleges, 54 departments, 96 graduate
institutes (which offer 96 Master's programs and 83
doctoral programs), and four research centers: the
Division of Population and Gender Studies, the Center
for Condensed Matter Sciences, the Center for
Biotechnology, Japanese Research Center, and the
Biodiversity Center. The number of students reached
29,877 in 2004, including the students from the division
of Continuing Education & Professional development. A
new library was built in 1998, and now contains over
3,000,000 volumes of books.
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National Taiwan University Hospital
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National Taiwan University Hospital

National Taiwan University Hospital
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National Taiwan University Hospital

The 2nd technology roadmapping
workshop in Taipei

Main Theme

The Converging Technologies to Combat
Emerging Infectious Disease (EID):
Technology Roadmap Workshop

T
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Conference Venue

Fnlt

L ”"!P‘l ulmm;

http://www.thcc.net.tw/index.asp

Program

* Opening Remark: Minster of National Science Council
Chien-Jen Chen Sc.D., [fig (- =%
Also an Expert of Epidemiology, Hygiene and Public Health

e Opening Remark: Minster of Department of He
Sheng-Mou Hou MD PhD {3457 &=

» Keynote speech: Director of Dept Intl Cooperation,
NSC Ffk [
02-27377810
1 sdfuh@nsc.gov.tw
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e Speaker : Dr. Nares

Introduction of “Roadmapping Converging Technologies to Combat
Emerging Infectious Diseases (EID),” the APEC-wide project and the
progress and activities by Dr. Nares Damrongchai (Executive
director, APEC CTF)

e Speaker : Dr. Steve H. S. Kuo #[[lj (Director of

Center for Disease Control, Taiwan)
SARS experiences in Taiwan

e Speaker : Dr. Minoru Kuniya
(Director-General NISTEP)

e Speaker: Professor Lee (Director, Dept of Eng and
Applied Science, NSC)

» Speaker: Professor Lin (#] F)

New technologies of combating the Emerging Infectious
Disease (EID)

» Speaker: Professor Chang, MD/PhD (3= Fj¥, NTUH)

New strategies of combating the Emerging Infectious
Disease (EID
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Thank you for your
attention
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Converging Technologies to Combat Emerging Infectious Diseases

(EID): Technology Roadmap Workshop
99-24 May 2007
Toshi Center Hotel, Tokyo, Japan

Day 1: 22 May

08.45

09:00

09:10-09:30

09:30-09:50

09:50-10:00

Session 1

10:00-10:50

10:50-11:00

11:00-11:50

11:50-12:40

12:40-14:00

Session 2
14:00-14:30

14:30-14:40

14:40-17:00

17:00-18:00

18:30-20:30

Registration
Opening Remarks: by Mr. Minoru Kuniya (Director-general, NISTEP)
Introduction of “Roadmapping Converging Technologies to Combat Emerging
Infectious Diseases (EID),” the APEC-wide project and the progress and
activities by Dr. Nares Damrongchai (Executive director, APEC CTF)

Converging Technologies: Concept and Examples
by Dr. Suthee Phoojaruenchanachai (NECTEC)

Introduction to the workshop by NISTEP

Keynote speech 1: The Surveillances of EID by Dr. Nobuhiko Okabe (Director,
Infectious Disease Surveillance Center, National Institute of Infectious Disease)

Coffee Break

Keynote speech 2: Asian Research Network for Infectious Disease:
Its Concept, Aims and Activities by Dr. Yoshiyuki Nagai (Director, Center of
Research Network for Infectious Disease, RIKEN)
& Dr. Yoshiko Okamoto (CRNID, RIKEN)

Keynote speech 3: Potential ICT Infrastructure for EID Research Collaboration
by Dr. Chalermpol Charnsripinyo (NECTEC)

Lunch

Recap from the Scenario Workshop by Dr.Nares Damrongchai (APEC CTF)
Introduction to 3 Exercises by NISTEP
Exercises 1 (3 groups)
User’s requirements for emerging infectious disease
Solutions (Products & Service)
Technology applications
(15:10-15:30 Coffee break is available)

Group Presentations 1

Welcome Banquet (at Restaurant Iris in the Hotel)
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Day 2: 23 May

09:30

Session 3

09:40-10:10

10:10-10:30

10:30-10:40

10:40-10:50

10:50-12:20

12:20-13:30

Session 4
13:30-13:40

13:40-15:10

15:10-15:30

15:30-16:30

Session 5
16:30-17:30

17:30-17:40

17:40

18:20-22:00

Objectives of Day 2

Strategic Technology Roadmapping by Prof. Akio Kameoka (Japan Advanced
Institute of Science and Technology)

A Case of Technology Roadmapping: Optical Molecular Imaging Technology
by Prof. Shotaro Kohtsuki (Ritsumeikan University)

Coffee Break

Introduction to Exercise 2 by NISTEP

Exercises 2 (3 groups)

What are the challenges ahead for the technology applications in the next
5-15 years? (Technology factor, Social factor, Economic factor, Policy Factor)

Lunch

Introduction to Exercises 3 by NISTEP

Exercises 3 (3 groups)

How research could be linked to initial industrial application and then
widespread social application of the technology?
What challenges do APEC members have to the widespread social

application?

Coffee Break

Group Presentations 2

(Chair, Prof. Kameoka)
Iuation of TRMs

Eva

What would be the strongest point about TRMs in your economy?

What do you see as the most significant barriers to undertaking TRMs in
your economy and collaboration between economies?

What would be possible future collaboration among APEC members?

The 2nd Technology Roadmapping Workshop in Chinese Taipei
by Dr. Yi-You Huang (National Taiwan University)

Closing Remark by Mr. Terutaka Kuwahara (Deputy Director, NISTEP)

Reception (at Tokyo bay)

Departure from the Hotel at 18:20 by bus.
Back to the Hotel at 22:00
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Day 3: 24 May *

08.00 Departure from the Hotel
10:00-11:30 Visit at DoCoMo R&D Lab. (Yokosuka)
11:30-12:30 Lunch

14:30  Arrival at the Hotel

*A person who wants to attend.
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An APEC-wide Foresight Project

Converging Technologies to Combat Emerging
Infectious Diseases (EID)

Technology Roadmap Workshop

Organized and Sponsored by

National Institute of Science and Technology Policy (NISTEP)
Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan
&
APEC Center for Technology Foresight and
National Electronics and Computer Technology Center (NECTEC),
National Science and Development Agency (NSTDA), Thailand

@ Ng» a] Naong Y
Asia-Pacific T IHMN% !HmEEDTEC NSI-DD

Economic Cooperation

- 194 -



List of Participants
Total number of participants 42 from 9 APEC Economies

CANADA

Mr. Jack Smith

Director

S&T Foresight

Email: Smith.Jack@ic.gc.ca

CHINESE TAIPEI

Prof. Yi-You Huang

Director, Department of Biomedical Engineering

Institute Biomedical Engineering, College of Medicine, National Taiwan University
Email: yyhuang@ntu.edu.tw

INDONESIA

Dr. Djoko Pitono

Senior Scientist

Indonesian Institute of Sciences
Email: djokopitono@yahoo.com

Prof. Pratiwi Pujilestari Sudarmono
Dept of Microbiology

University of Indonesia

Email: psdrmn@yahoo.com

Dr. Donald Tambunan
ASEAN Secretariat
Email: donald@aseansec.org

JAPAN

Prof. Akio Kameoka

Special Research Professor, MOT (Former vice president)
Graduate School of Knowledge Science

President, GATIC-Japan, LLP.

Japan Advanced Institute of Science and Technology
Email: kameoka@jaist.ac.jp, akio_kameoka@hotmail.com

Prof. Shotaro Kohtsuki

Professor

Ritsumeikan University

Vice President, GATIC-Japan, LLP.

Email: kohtsuki@jeans.ocn.ne.jp, kohtsuki@mot.ritsumei.ac.jp

Dr. Nobuhiko Okabe

Director

Infectious Disease Surveillance Center
National Institute of Infectious Disease
Email: okabenob@nih.go.jp
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Dr. Yoshiyuki Nagai

Director

Center of Research Network for Infectious Diseases (CRNID)
RIKEN

Email: yoshi-nagai@riken.jp

Dr. Yoshiko Okamoto

Center of Research Network for Infectious Diseases (CRNID)
RIKEN

Email: yoshiko-okamoto@riken.jp

Dr. Shigetaka Katow

Center of Research Network for Infectious Diseases (CRNID)
RIKEN

Email: s.katow@riken.jp

Dr. Mika Shigematsu

Infectious Disease Surveillance Center
National Institute of Infectious Disease
Email: MIKAS@nih.go.jp

Prof. Tomofumi Anegawa

Professor

Graduate School of Business Administration
Keio University

Email: anegawa@kbs.keio.ac.jp

Mr. Soh Osuka

Research Priority Planning Member
Research Priority Committee
RIKEN

Email: sosuka@riken.jp

Prof. Kenji Okuda

Vice president

Yokohama City University

Email: kokuda@med.yokohama-cu.ac.jp

Dr. Koichi Kugimiya

Fellow

International Innovation Center
Kyoto University

Email: kugimiya.1g3@hotmail.co.jp

Prof. Shojiro Maki

Assistant Professor

The University of Electro - Communications
Email: maki@pc.uec.ac.jp
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Prof. Michiaki Masuda

Professor

School of Medicine

Dokkyo Medical University

Email: m-masuda@dokkyomed.ac.jp

Prof. Akira Nakamura

Professor

Division of Medical Information Science, Department of Social Medicine,
School of Medicine, Akita University

Email: nakamura@ipc.akita-u.ac.jp

Dr. Takashi Nishimura

Professor

Division of Immunoregulation, Institute for Genetic Medicine
Hokkaido University

Email: tak24@igm.hokudai.ac.jp

Dr. Reicko Saito

Senior Lecturer

Department of Public Health, Niigata University
Email: jasmine@med.niigata-u.ac.jp

Dr. Kazuo Suzuki
Chiba University Graduate School of Medicine
Email: ksuzuki@faculty.chiba-u.jp

Prof. Hiroshi Takano

Professor

Department of Chemical Engineering and Materials Science
Doshisha University

Email: htakano@mail.doshisha.ac.jp

Mr. Minoru Kuniya
Director General,

NISTEP

Email: Kuniya@nistep.go.jp

Mr. Terutaka Kuwahara
Deputy Director

NISTEP

Email: Kuwahara@nistep.go.jp

Dr. Akihiro Fujii

Senior Research Fellow,
NISTEP

Email: fujii@nistep.go.jp
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Dr. Yuko Ito

Senior Research Fellow,
NISTEP

Email: itoh@nistep.go.jp

Ms. Yaeko Mitsumori

International Research Collaboration
NISTEP

Email: ymitsumori@nistep.go.jp

MALAYSIA

Prof. Aini Ideris

Dean

School of Graduate Studies, Universiti Putra Malaysia
Email: aiini@admin.upm.edu.my

PHILIPPINES

Dr. Jose Edgardo L.Aban

Senior Science Research Specialist

PCASTRD, Department of Sciencce and Technology
Email: jelaban@dost.gov.ph

SINGAPORE

Prof. Kee Tai Goh

Senior Consultant

Ministry of Health

Email: goh_kee_tai@moh.gov.sg

THAILAND

Dr. Nares Damrongchai

Executive Director

APEC Center for Technology Foresight
Email: nares@tmc.nstda.or.th

Dr. Chalermpol Charnsripinyo

Chief of Network Technology Laboratory

National Electronics and Computer Technology Center (NECTEC)
Email: chalermpol@nectec.or.th

Dr. Nathasit Gerdsri

Program Chair of Management and Strategy
Mahidol University

Email: nathasitg@etm.pdx.edu

Ms. Suthida Kerdsanti

Project Analyst

Emerging Infectious Disease Program

National Center for Genetic Engineering and Biotechnology (BIOTEC)
Email: suthida.ker@biotec.or.th
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Dr. Chaichana Mitrpant
National Electronics and Computer Technology Center (NECTEC)
Email: chaichana.mitrpant@nectec.or.th

Dr. Suthee Phoojaruenchanachai

Acting Assistant Director

National Electronics and Computer Technology Center (NECTEC)
Email: suthee@nectec.or.th

Dr. Parntep Ratanakorn

Dean, Faculty of Veterinary Science
Mahidol University

Email: vsprt@mahidol.ac.th

Dr. Ponpiboon Satangput
APEC Center for Technology Foresight
Email: ponpiboon@tmc.nstda.or.th

Dr. Sirirurg Songsivilai

Senior Expert

National Center for Genetic Engineering and Biotechnology (BIOTEC)
Email: sirirurg@exchange.nstda.or.th

Dr. Piyawut Srichaikul

Program Manager

National Electronics and Computer Technology Center (NECTEC)
Email: piyawut.srichaikul@nectec.or.th

VIETNAM

Dr. Dinh Duy Khang

Head of Laboratory of Molecular Microbiology

Institute of Biotechnology, Vietnamese Academy of Science and Technology
Email: khangvspt@ibt.ac.vn or khang_vspt@yahoo.com
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Organizing Committee in Japan

National Institute of Science and Technology Policy
Terutaka Kuwahara (Deputy Director & Director of Science and Technology
Foresight Center)

Science and Technology Foresight Center,
Yuko Ito (Senior Research Fellow), (responsible for this report)
Tami Imai (Assistant)
Akiko Sasaki (Assistant)

Planning Division,

Yaeko Mitsumori (International Research Collaboration)
GATIC-Japan, LLP

Akio Kameoka (President)
Shotaro Kohtsuki (Vice President)
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