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SUMMARY

1. A study on current state and collaboration measures of

software utilization in science and technology research

2. Objective and Importance of Research

Modern scientific research requires software as an indispensable tool. Domestic
research activities do not facilitate software engneers in its full swing. Some
researchers just learn basics of computer programming and do it themselves. Other
researchers do try collaborative research with computer scientists, but successful
collaboration results are hard to find.

Science and technology are getting more and more important for national
competitiveness. Therefore we have to find the measures to promote utilization of

software in science and technology research to keep competitive down the road.
3. Contents and Scope of the Research

Foreign cases and domestic status are investigated. Foreign cases include success
cases using software to enhance research performance and the government programs
developing software infrastructure to support scientific research. For domestic research,
advisory committee of scientists and engineers was formed to discuss the problem in
the domains. We also conducted interviews with researchers of government funded
projects. From the findings and a series of advisory conferences we drew up plans to

promote collaboration by enhancing open research culture.
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4. Research Results

Software technology acts as an infrastructure in modern scientific research. The
governments of the developed countries have been supporting many projects to
provide cyber-infrastructure that helps researchers utilize connectivity, high
performance computation, large data management, visualization and collaboration. It
should be noted the culture to share software research tools and scientific data with
other researchers lies under the projects.

Our circumstances are slightly different. Most experts contributed to this project
complained Korean researchers tend to keep software tools and research data that
they made inside small group. Lack of good interdisciplinary researchers, the problem
of academic reward system, and the need for more opportunities to share information
are also pointed out. But the key to promote collaborative research between scientists
and software experts begins with the change of mindset toward the value of software
and data.

We located three problems that should be addressed. Promotion of collaborative
research projects is the easiest and direct way to stimulate researchers. As the
government has already been supporting many convergence projects, we will see how
influential they may be in the coming years. The next is the interdisciplinary human
resources. The convergence department program is not the right fit. What is needed is
the experts with at least a master’ s degree in a discipline diving into new area. The
last one is to cultivate the open culture that scientists and experts share information,
knowledge, software and data. The second and the last problem can be alleviated by
the spread of openness in the research culture.

The success rate of commercialization in government-funded research projects is as
low as 4.4% for the projects by the universities and the research organizations. It goes

up to 20% for those by the corporations, which is still quite low. Therefore we can
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take new measures to improve openness and make an exception for the successful
commercialized cases without losing the generality.

The software outcomes of the government-funded R&D projects are encouraged to
register as an open source. The principal investigator declares what software will open
to public in the proposal. He should make it public before the project closing. The
quality and the popularity of the open sources are traced and consulted in every
evaluation process. Those for commercialization have rights to ask for delay before
registration. (ex. 3 years) If it fails, the software is also made public.

We expect the measures can lead openness to prevail gradually. It will, in turn,
facilitate interdisciplinary collaborative research between software experts and others
by expanding learning opportunities about the problems in scientific research to a

great extent.
5. Policy Suggestions for Practical Use

Small changes should be made in the forms of RFPs, proposals and final reports to
specify software deliverables. The process is also changed accordingly.

Current R&D management regulations still require Minister’ s approval to make
software deliverables open to the public. Requiring the approval to get an exemption

from making public may expedite the change of mindset.
6. Expectations

Open software policy will promote the reuse of R&D deliverables and enhance the
quality of software. Common code can be reused, and expand the information sharing.
Through the process of software quality enhancement, scientists can understand the

software more and software experts can learn scientific domain problem.
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2 ﬂﬂ DORe P,
e }'IiiEi} ] i EEVL] NASA NIH,
‘_ : NIST, NORA, NSa,
?4243! ; ; NSF, ODDREE
--------------- 2822l DS -
agaza sy U_] AT |u_] HUETL |u_] HHETL |u_] agtezs |

Am: AL, AA Fase] el 2AAA L Ha 24715 HlaEA, 2010,

2. Alo|t{el=a} =X A|A|

n)=& olm] 8} Hof FAlS 9sle] Alow ¢l el Cyberinfrastructure)S A=/2) 2t
g v #3), Als A8}, A #8), 1s, 93, 38 3 A8 5 AEE 7128
38t Eopoll ZEA AR Qi

Hej 199030 @ zofol 93] “=7} AR A=ep g fof7) dukslE o]% 1998
d oiE%E A A3 A4 dzeh Bek BEPDD-63)V g Uvk tiF i ko]
Al “AbolmRlE el s ol A E Qi

o]F BT e, Ar|eAANd Fr A A3 FoF P4 2zt o]
YAME|B7} oldol wgE 1w ¢lon, IFP3}skAthNSF, National Science Foundation)

1) The White House. Presidential Decision Directives 1998



Rolwelzza} SlgolA “Ts AFH, HolE B4 B sAsh B ARUES
A 24, 2% 8 Qg AR o W] REOZ o] 214718 $1@ Aolmlzel ua

(Cyberinfrastructure Vision for 21st Century Discovery?)& 2007d 23]t}

[O& 2-2] Afoje{el=at =X &|1A

Smithsonian
Institution

Z3]: Greer_ESIP_Jan2007_briefing.ppt3

o]oA] 20120l Atelw el el T Y= HIHEA(Cyberinfrastructure Framework
for 21st Century Science and Engineering®)E ®txstal 57d Alde 3350w, AA)

= AR Alolwel=Ze} =2 1(ACI Advanced Cyberinfrastructure Program)e] <o

2) National Science Foundation, Cyberinfrastructure Vision For 215 Century Discovery,

March 2007. http://www.nsf.gov/pubs/2007/nsf0728/nsf0728.pdf
3) http://wiki.esipfed.org/index.php/File:Greer ESIP_Jan2007_briefing.ppt
4) National Science Foundation. Cyberinfrastructure Framework for 21% Century Science

and Engineering. 2012
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2 1) BEe z2 3o 371 Fo|th

AZEYS Qxe} B G4 AZEYY A 84 AZES] TP, 4%
Edo] sBZ Agsle £ZES o] 7|Re g o] 4zt BxE. ol we}, g
A7 7183 AFYES oAl Al diitR AR AdEEASA, T oA E
AR st AFE AT 23 9 Alolwdze} Z=AETE EASta Qi

(12! 2-3] AZEY0] ol=Z2} EX} ¥A

) &
2 &
C} &

& %
s %
& (-3

A5 Implementation of NSF CIF21 Software Vision (SW-Vision)s)

5) National Science Foundation. Division of Advanced Cyberinfrastructure Programs.
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504947&org=ACl&from=home
6) http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504817&org=ACl&from=home
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ojgfgt AtoluiRlzel 75 Bd T FEAR] FEE EBZ oAl ks A
E7bed Frled T ngS FXse T AIHAZE} T29} HolH Al T4
F71ee] 2L 7lse Agsted, A7ArE Az Aowelzets FEeiH Mz
TAEs du F o sty B =4 HAE AT F RS sk Zlelth
ol& #lll A AtelwQlzeh= A, TR, A, AE7EsA0l 27HH, B714
)l Ao FA7L Basith AlojHlzZetel FHZ XFEL A oy FE v+

(8] 2-4] Alo|H{QIZEKTmZIA)o| QbR Lx

\ FHBLIE|Y HAE ofZ2| 0|4 |

CilOJE, &, &, QIE{TH[O] £,
2|4l 2h2| M el BEINENE

\ J|8E 7|12 AL AER|R], EAlS

=
— O

Z2]: National Science Foundation, 2003

(23 2-419) Quby PN B 5 gl Aolmelzat slo] Fejol we} ol
4o FY AT =YD G4 BY 32, W, 9% 2FY Azt BE, Aes
oz, ERA B NS 37, AT AIFLS AN FOE ol B £ gtk
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3. MZ Alojw{olzet 224 (Advanced Cyberinfrastructure)
=g A3t Age AAA] F2 AAE (27 2-519 2ok

[T8! 2-5] =&l 2fst mEh =T AP

.. National Science Foundation National
& Director — N3 Science
Deputy Director Board
Research Directorates
Offices
Biological Sciences
Cyberinfrastructure Computer & Info. Science & Eng.
Integrative Acfivities Education & Human Resources
Engineering
Polar Pregrams
rivog Geosciences
ntemnational Sclence and Mathematical & Physical Sciences
Enginecring Social, Behaviorial & Econ. Sciences

Z3]: Greer_ESIP_Jan2007_briefing.ppt

=9 I3 ATe] M2 Aol et AQRE B3} Sl WAzt WS DA
A Aolmelzme} Agl, BT 8 Aulze] A, 9 2 ATE 24D AU
w3, Aolelzete] Ha 9 8 J15e Bk W AFH AT} 0{e A
S A, A7, A9 2 g0l A2 S8 A GFAQ 7)4H AuAS
SN T A B oy Az, WEYel JEsHe RE Rojo 2AH B3}
A 2 7\eAe] ARIE A S

MR Aol et A RE AT, tFR HolH Aga 2 UALSE 33}
dole el Azgl, AmEgle] 29)E, B, eolnde ¥ x2 Iy $4, A
WEYIE T PRIF Aol zet 714S ANV Bk opek, Axde] &

S we), ASH fA) B, AAAL Bl ASHES Tk Ly T2

- 13-



O 32 Abo]w|el=2} (Campus Cyberinfrastructure

- Infrastructure,
Innovation and Engineering(CC*1IE))

O A2 Aoielzer =2 73We #4783 Computational Science) ]

AFH UEYZ 2 ANz A72 57 9% EAS doldH A
S AYetr] s A FE ANF ALAC FAete T2
ojth. 73t Hoke] g} Bk AT A E] A3, oA, o 7}

sS wol7] fs) MEYA T3l #H3 T Xl%o}i AT

|

<E 2-1> WA Alojg{el=el =22 e

z233 39 a9

AH 29l ATAE 93 golE] 7w WYEYA A=ZeKData Driven Ao 233k
Networking Infrastructure for Campus and Researcher Award) o) 507+ & A

2R AT 7S A% EYA AA 2 T3 (Network Design Ao 233k
and Implementation for Small Institutions Award) Ao By & #Y

YEYT B3 9 28 da(Network Integration and Applied Aol 297k
Innovation Award) Ao 1005 & =AY

D 2 HZ #] S3Hdentity and Access Management Integration Hol 243k
Award) Ho 0% & A9

783 2~ Cl AA|(Campus CI Engineer Award) ol 2dzt
T Ao 409 & A9

Ia UEAAS B¢ A94 24 9 3E4(Regional Ho 2zt
Coordination and Partnership in Advanced Networking Award) Ao 157 & 2

Z2]: Division of Advanced Cyberinfrastructure Programs (ACD?)

golg <= 74 24 (Data Infrastructure Building Block, DIBBs)

O 2147 38t 2 g3t 71&e A% Aolwlzel x# Y e ACIF2,

Cyberinfrastructure Framework for 21st century)oll tigt =5 3shA|th
o] AE Fd A A A&7 AelHA =S E #et B ¥

Rl
o Roke] Halg 98 BHEHY Ao DFATL HolE Aze} 74

7) http://www.nsf.gov/funding/pegm_summ.jsp?pims_id=504947&org=ACl&from=home
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84 (DIBBs) L2132 Apo|WlZE} L dege] T8 Fiolrh
dolgl Qlze} 74 94 ZEIWL dloly 7|y FAojet AT thek
g d99 A 9 FF ATE UHESE] Sls A"ty Fad d
olE] FAle] Atolwelxze} /e At Stk

=

.

O Aelelze 74 247 A7 Hol 87ALE BEHES B
B817] Sl Aelwlarel i A2z 7 ok A dTAEe] ¥
T BE #E FEL A L FF APl BAEE Heol

g8
B 2AE sidsiel s,

<& 2-2> "ol A=} 74 84 T2 g

Z2a9 99 a9

8 H =2 (Pilot Demonstration Awards) | & a7 &of Uo] FA3 a7AE a4

ofg] A7 2ok el B4l

a2

ol
fo
-
>
>
odk

Z7] T¥(Early Implementation Awards)

Z+&.: Division of Advanced Cyberinfrastructure Programs (ACD

O 24% #AFH A28 =JMHPC System Acquisition: Continuing the
Building of a More Inclusive Computing Environment for Science and
Engineering)

O 21417] 48t 2@ F8t 7]eS 98 AtolwAze} =#|9) 9] Z(CIF21)°l
e =Y B Ao Hde oxd W @ ws TEAs AW
I e P BT B ol s SAs] s Wad uExel A
Abolut dlolE 7nk HEFeE k& & QUER 3= Al 2HE T 9
th o5 #f3l RE ®oke] A3t 4l FI vle AFAEC] HHE B
T AEE U FEo] FFAolA A dzet W 1= A4
A = davt ok aEt AAA £Eo 1485 AFE #EES
mxskal Aoz Heh 99 FR AT A s W AF

_]_5_



savhe, Aol T Bobel I3 LRAAE TP BAHDL
FAol vhopd YA ol 2P T Yk YF ohFe)
A

AT Y E = dAAdnternational Research Network Connections,

IRNC)

O 22 a7 MEYZ 92 =2a3e =g 343 Ak A7 AR

7F Zodste A A8t " FE AT 9w FYo Ied IAF
HEYAE AY3ith o] RO A EAslE 1S UEYIAE =
g g Fe AT} wS R EAlAE AWs] A ASE w=
AT 2 1S AFUEYE HHG A4 MEL I Ay 507k §
A 2 dlolg AMulze] HA HEE & AEF It F3AE A4 v E
AAE B3l o8 F Ae dF E AL HEL A AH2Tt oy

Al Eo} =) AT YEYD AulaE e =

H

<E 2-3 2A| o7 HEST o4 =272 ¥A

[

23 99

n= AT WEAZE A AA A7 dEY 2 92t 7€ =4 YEYAE /i

T/ UIES D Q2R W vl=e] 7z 5l HAlS A

fit

A7 9 L% VEND 9 AHE AT H4 @AWY 4P o A9

A HESS A2 3 A HESD 4 A3} Arlze) g, &8 3 28 243

AR HEAA e did 97 717dEle] &4 8 MEAA A5 e 243k A

Z3]: Division of Advanced Cyberinfrastructure Programs (ACI)
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O AtelRlzetE €83 15 dAike] dagh #38t Fopo] =9 73 Ak
H 2 9-(NSF Fellowships for Transformative Computational Science using
Cyberinfrastructure)

O stze AAZE Yuse a3 A AF  Bokl Ayt
(Computational Science)2| H]

=
=
% }4e A%ss o Baol Y AT A ASA

) HekAp gl
AU g A gt 43420 H29E d& €9 A2l FopoA F
HAR RE o] F7] 9l Aelwiclzels &8 + i, =& Y4l
ZQl A4k WS TSt d7] sl Arelw et TRk 7]&ES i
g & Atk AZ 9= 10%~25%2] AHE w8 ol Fefsfjof gt
= 87o] Jon, Ak npzhe 20143 11€ 1492 A A Aol
= =2 gl

O set @9 729 HAFH AY FF(Petascale Computing Resource
Allocations)

A= HE 5 AFE Ade 2 3
of gttt AQF wizhe 2014 11€¥ 14YE, A A} A e =
EIHo|th
0 Aol lzegy AxEe] 7 (Software  Development  for

Cyberinfrastructure)

O Aozt 2z 0] 7lte] B2e Pga 33 2 &
gAoldo] e e F JEF AYAE 7Hsst 5
Edo] 74 849 AN2"HS
< F KA ¥99Es Ad3h

-17 -



T 2-4> AO|H{QIZE} ATEQ0] JHE ZZ= 724 9o

Z3]: Division of Advanced Cyberinfrastructure Programs (ACI)

O A9HE FZo)= thaFat Boke] A7 2L wfo] o) 7, H)
AgA W L AW Ago] BF Z3H)
FollA =g} dFoz xHol WAHUTE=

hva
deold, =7 3 AFH, 28X A F/E T3l I

L

Y S FAs Ay YA e FHseE BE AZEY
o] BRI, QE A2 ATES OIS B3 J)dsjof dtie

AT AFLS PE A

O A& 7Fss das Y3 A2z EH Y 7¥b+-%(Software Infrastructure
for Sustained Innovation)
O 2ZEgolE= AR, A8 2 o229 223 dxdozA 2
olzebe] s)4 T4 fiolth HehE A g Aol
LLEG oI Aol oJs) TRHoZ A2 A2E W A3

Ut aZEdolE ARAoT oA Yy
o I
k<]

oAere AN AP Aok FY H3} Ave B3 2L 9]

4% 94 AFAS P, 7% 2 A% Fesl 3] 98 &
e} =R AYSHOH, ol AT D wge] AL Aol
Qxete] FaF PEA A% /Fsd £AZES] AACE W
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H 2-5> X% Jl58 SAIS 98 2ZEYf J|HTE M 2o}

z2a3 949 Arg
S o) de] Ak et gl Fo Hopel IRE
s}t Az e 24 (Scientific A3 8 AFE A = JYEE A
Software Elements) AZTE0] A 84S A 9 viXe AR

gl

I3} Lz E o] Fe (Scientific
Software Integration)

Ao} Lz ES0] YA A 71H
(Scientific Software Innovation
Institutes)

Z2]: Division of Advanced Cyberinfrastructure Programs (ACD

O SSE Ao+ 717+ 20159 1Y€ 19U HE 29 29U71x|, SSI A|¢H 7]7He
20159 69 12¥RE 69 26¥ 7% ot}

O Atelnlzgts gk A 7]&  (Strategic  Technologies — for
Cyberinfrastructure)

O Aewelzete 943t A 7%

=9

o=
e A}Olﬂiolza} ZH A2 I AJ(CIF21) 9] L2
Al A Alzwlo] HalAola g glow 2§
Aol Ee Aol R s & e AN Ol 9}%% E@l

2 % glofok @k,

m rﬂ
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1
Z}

A% AHFHE, tats dHoly Refa HFH, A7

9/

Eo

AZ

ofe] s=glo] 2

1=}
hln

]

1
il

=T

2]

|
—
o
ToH
24

il

Organization as

(Virtual

Ey

7+

RESEE PR

=

O A+E]

Sociotechnical Systems)

O 28] 71%3 Az=gozae] 7}

B
=K

Ho

oA 7}

No
il

=3
o

b AmAg 5

o

ol

H

o

i
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4. 74248 zkst J2|=(Open Science Grid)®

=

WY 9 2PEE AW FFA D A AT Bl FF ANz L AAS AF
AENGOE & AP Hol: it Aulxe] BAE e BEU /)
AT 2zEGe] Y AN2E AHEA
o A e TP BlF oA

S
o i
A
ok
Ll
[
rlr
_>|i
e
o
[
o
_0|£
=
%0
N
rir

B
rio
24
ot
>
2,
X
24
ofl
ol
ol
s
)
e
lo
of!
o
]
P
2
ok

1 o x 738 . CMSe} ATLAS
0 Yx=33t : nanoHUB
0 #+=% AE3 : SBGrid

op) : o F

i

O ARIE 74 24 G Hat

g B3 L F2 oud W3 BAE 474 oz Sud 5 Uk
=9 Aqlow BUs] dAsks o ASHT ANY B3 TselN FYss

P 4829 &7 fseiAold S vt 22 54 2 Sl

7

==

bt}
rlo

N
=~
>

[J x86 == x86_64 o}7]€lx o] 252 of&ejA oA
O wAA sidE 2784 &= 2 2dd 52 Ag 2449
O 1~-247318) g2 A8

=
T

ot

O 55 A &2 AA4 8 58 A

50

o
=]

O 2held 27t B aqt AMuol H&8HA] e LZES =2 4

8) 7/IWd 38t 1El= JlQ, http://www.opensciencegrid.org/about/
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O 33t #AE e 58 4gos 748 Jag2ez 49 /s

o

¢

A

flo

O #e #o 2 2y Bal s Be +9 %

AR £ AP|edTe) SWEE A

1. 939 YsplE F =Y HY
FE A S ARRATL Bofsle] ool wek Hug HAsw 2YskE o
Fo) AAoleh. A3pr|eioks Heke AR FY o1F( 074 68) FUR

(Department of Innovation, Universities and Skills)& Alds}e] 7}8t7]&8 A3} 15w
71%5S 5§staL, A - 719 - 7AI70 S F(DBERR, Department for Business, Enterprise
and Regulatory Reform)E 4ldste fANES B3 719 284 4 758 33
Ak olofA 20090l o] F REAE T3t 7|9 YAI71EHBIS, Department for
Business, Innovation and Skills)E 2143tk oA AF7de] 7|9k T 4HdA <]
S FUsHITE AE W Aot@=strsr|dHrHY, 2009, AL,
2009; &35, 2014)

BiSell S&d At s o] Fa e AATE] A7 A% B 9
TS AH P 9 Ar|erol 1Y Aoy HAd|e, Uit 2 HIreH

ARl HA 2t 24 A= FEsta vk AbehRARl #8HH(GOS, Government

&

I‘SB‘.H

Office for Science)> % 4 #38 & (GCSA, Government Chief Scientific
Adviser)e AYARE st FA 3+ A3re A 24, AF 2 H57|=9] L3 (CST,
Council for Science & Technology)®] AHF= H&s F3hstal A Fr|ed+E F
Hel= 4% ATHAY 3 Research Councils)?}t 7]& 23] 2|(TSB, Technology Strategy
Board) 59 #stel4t vilE AAS gEgith
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(02 2-6] S= 25|z AH AA

|
|
|
o e Zey
AHA DU 29U "_r”_'_f‘

Earliamentany Cifice of Scisnce E___J Council for Science & Technology i
and Tschnology acdvica {chaired by Chief Scientific Adviger)
[ I I p—
Nze= Hu | |
BIS — [ 22+ | o | .
usE : jl F—l’—‘f‘- |
|
| i
******************* R HEE 1
| Govermment Cffice for Science : - =T b -
| (od by Chisf Sciantific Adviser) | : .
[ : —[ | : MNadonal Health Service Foreign &
HEFCE | | Bezearch Tachnalogy ; l ; Commonwealth Offica
Councils | | Strategy Beard Stratagic Health Authorities I

| International Scisnce |

| 2213024 (BDA)
i v ; l b
‘ Wi 8 1EnE @ ‘ —>< 1747 BTCE | PSEEs

To] e EBRAAS} T Wakeh SARA, 2014,

o

of

d7o] ATHANE eIt 2L EAL XD Yok A, ITARE A7)
Aol B AL AT Fr ANZA BN} AFA)H Aolo] ATHE T

gloml, AT/IBE ARe N BARTE Austn BEshe 98 FHAYY
(Haldane Principle)oleh o802 AHAZAT. B4, ATANINE HRE thalstel &
TBe BUY By o, QUFTORRE A5 AT/HL AT A4S FA

AHBlock Grand). &2 wola] A7l MEAT AR, 48t A7)l thale] dl,
A)Y, QAo T2z, 5 A4 AAAL AU, ATAH 9} A7)
Be] Azte] AT AL AAHon sl WA Bespl AHeAAL, A9
e AH@RA0] ofd) FHo| Wl oA WS, WA, AFAARE
b ATo)8 ojste) APeee HBsE 715 S Atk (F85, 2019

o

ofr
rr
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2. ¥=29| e-Science(e-infrastructure) == 24

=2 19999 F=373t71&H(UK Office of Science and Technology)2] John Taylor
7} e-ScienceE FATL olF AHH R ek A7 AFH Jles st kY
e-Sciencew #3 A4 AFEHE Bl AP dolH £, A, £4% 4714
dlolee] AR &E&ZQ HIE olFHoEN HehH WAS FHXd= AL v
ok

42 2001 dHE e-Science TS A7 L3| e} T4k B (Department of
Trade and Industry)7} $<9&F3ch A1SA(2001~20043) 2k A)25H741(2003-200613) ol 24
2914389t 9he-=7 AU o 22 A3 E T 4] RoellA Al

AL S QBT

[

a

[ Ae3s A3993] (BBSRC, Biotechnology and Biological Sciences
Research Council)

O AA - A3 971993 (ESRC, Economic and Social Research Council)

O F8 92 Adxgst A79)9¥Ys]  (EPSRC, Engineering and Physical
Sciences Research Council)

00 o8 A+99¥3 (MRC, Medical Research Council)
O 438 A5¢9)93 (NERC, Natural Environment Research Council)

O ddAFAELY A799¥Y3 (CLRC, Central Laboratory of the
Research Councils)

O dA=gs 2 HES A+9¥Y3s] (PPARC, Particle Physics and
Astronomy Research Council)

9) http://en.wikipedia.org/wiki/E-Science
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1, 2eAle M= &8 2 AAAEE AFd37E AT A3 E tiESt e-Science =
29 AF AT E Lol dskATE AZHA2006-201D A= &3 L AAst A
7919387} e-Science RIS sk ZoA Yoyt Ao e}k AYs U=
ZAow ZeId Fxrb WIEgon, dAAe ¥ 9 AAHS ALV
e-Science ZE171-S o]o] e-Infrastructuregt= ZE2IH 02 218§ Fo|t},

e-Science Z=1H & 7I3F ¢ F= AR} AHAART o} ¥ A%, o

}, JISCUoint Information Systems Committee) 2F-E A Y& Btk =3 AFY 713 &
oF 219t ol EmE gl National e-Science AEI7F AHENoH, F7 A
267112] e-Science A ¥ AME7} YA

20099 A7 Y3)e] Ry wpEH e-Science TS Filo] FHET £ e
AZE Y 59 LEEAE Ayt AEA otk Brkethon £ 4
gAst oFsh AR, oluA] okl A EdAolitkal Bt 2001'dFE 20093714
e-Science T2 1S F3) 966712 FH Ad T, 2064709 AHYA FE, 181719
AZESO] AFo] o]Foigon, HH Foko] AdS FAH 11210709 =#o] Fi
Aot EZE HuXoas o] ZRAES Tl Astrtet ZAFE HekA}t Abole] 7FYE

7F 349 2l 2 At S

m5 >{,

10) Atkins. RCUK Review of e-Science: Building a UK Foundation for the

Transformative Enhancement of Research and Innovation. 2010
1) &#% 7ld3Kshared conceptualization)ol]l thalk A& 3lE v HA|ZQ1 = A|(formal

and explicit specification). &EZA= @ole} AAEE T4H LT ARoln,

1 Felle 54 ErQlel R dojEe] AFHoR wdE glu, FUhHoR
ol FHT e FE Al EFEO] Slol, ¢ 7Rk A4 APy 3-8
Z27 Apole] Xl T, A 5ol 7TFeES Hol k. 2ERAIE A
9 &89 7P A 7HL§2§*1, ol ] S8l 27Ivtet E T2
A3l 9loj7} LE &4 ¢loj(ontology language)ol™, A DSML+OIL, OWL,
Ontolingun 5] k.

E]
=
<
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<E 2-6> AT U8 F ma Al AR

o3 A AR
CombEchem
DAME
Discovery Net
GEODISE
myGrid
&t 9 xpoimpst RealityGrid
SEODE
GOLD

Integrative biology

PMSEG (MESSAGE)

CARMEN
NanoCMOS
Qrtges 2 A2 OridP¥
A de] AstroGrid
Biomolecular Grid
Proteome Annotation Pipeline
A Esh A de

High-Throughput Structural Biology

Global Biodiversity

15
49
re
-
1
r ©)
o

Biology of Ageing

Sequence and Structure Data

Molecular Genetics
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A L9 Al AFETY

Cancer Management

Clinical e-Science Framework

Neuroinformatics Modeling Tools

Climateprediction.com

Oceanographic Grid

riol
oX
i)
]
re
4
49
rO
toh

Molecular Environmental Grid

NERC DataGrid

w3 JLe 15uS7) 3 D3|(Higher HEFCE, Higher Education Funding Council
for England)se] AE 7|FoZHE AdS wh= ¥AHR FF7iBe=Z JISCUoint
Information System Committee)E +@3s+x Utk JSCE= 19939 15 FolA ICTE
o, A7eA ICTE  E8skedl =v< 71 fsl A"Edth  JISCe
e-infrastructure £oFe] R&DE A Y3kl Atk Super JANET 5, Integrated Information
Environment, Virtual Research Environments, Digital Repositories, Core Middleware
Infrastructure and Technology Development, Semantic Grid and Autonomic Computing,
Shared Services Fo| JISCY A& wol AFHIL 9o, AT ds|ete] HEs §

&) e-infrastructureE A7 = 3ok
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3. 78

e

8l 58

= [=]

40

FHddge R&D 2139l FP6(6th Framework Programme for Research and
Technological Development)$} FP7(7th Framework Programme for Research and
Technological Development)?] U302 e-Infrastructure A7E ALttt A=
FP7& 9l Horizon 2020 Z213S 3] 24207 e-infrastructure #oFs | Ug
oA o] T}12)

FP6= 2002 35-E 20063744 st Z2a3og {3 AT AT 2 53 99
(Focusing and Integrating European Research), 3 <7 7238 99(Structuring the
European Research Area), 8 7 719t 43} <(Strengthening the Foundations of
European Research Area)e] 3717 wiako & FAEoiglon o]F f¢ A3 7z 9
H(Structuring the European Research Area)e] A7+ <Qlae} Z=2 3o Ugko =
e-infrastructure Z2 IS ZIPSIATE [T 2-T]ol|A] B Zo] FP6 Z2 7oA H
F YA AHGEANT: European Multi-gigabit Computer Network for Research and
Education)s} 28 A4z YEYF9} 18le xS o] &3t e-infrastructures -
g3t

FP7& 2007A%E 20133d70x] HaPe zzag:oz  F<d(Cooperation), ofo]t]o]
(Ideas), AteHPeople), & Capacities), 3(Nuclear Research)®] 57} FA| 2 X185
Rom, o]F HHCapacities) wobollA ATt =} ZEIOHe] Yo w
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*Data recording
«Initial data reconstruction
*Data distribution

Tier-1 (11 centres): (40%)
*Permanent storage
*Re-processing

*Analysis

*Connected by direct 10
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Tier-2 (~200 centres):
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+ Simulation

* End-user analysis
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[O& 3-1] XMIcH AlEd 7|=0] Foie MZlg

$100,000,000
$10,000,000 -
$1,000,000 -

$100,000 -

$10,000 -

$1,000 -

~a- Cost per Genome
= Moore’s Law

$100 T

0“6" @’Qb‘ﬁb 0‘3@6\6"@\“‘ RIS
S PP F TR VPSR Y

A& http://iieglabletters.blogspot.kr/2014/01/1000-genome.html

[O2! 3-2] AMIcH AlF &M MAt== 0|5 37|

Per sample
Fastq (.92)
BWA BAM 300G 8G 8G
GATK BAM 300G 8G 8G
Pileup 400G 10G
Pindel 1.3G 200M
VarScan 86.2M 20M
CNV & SV 200M 45M
Others 300G 8G 8G

Total Size ~1.5Th ~40G ~27G
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T dolE $42 A% ATEQC] ZT2IWL Bl 9T ¥ BAE Yok Fu)
T BRoIANE F2 B9le) FNAZENE Ho| AHFIIL F/hE BAF Ae 7
229 4 97E Sk (19 3318 ) @ @78 Aol of @
FAGNAE A 4 A7) %8 Seto] AY, 3 AREE AGNA dole 243}
£ Qo A3, 3% AR AA ARE BRE U A8HT dokn Ak olle 4E

AT7F Lokt AZE ol ofEsta EAE & HojF= Aol
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[0 3-3] 4= 74 £ZER|0] EE Al

Functional biology

> (Bioinformatics

Genetics <€

BWA, EL AND, BOWTIE
Samtools, GATK

Polyphen, SIFT
Plink
and many more..

Medicine

Computation

Open source tools

70% dry, 30% wet experiment

A e BT o] 7122l HolEE Bl A7 Aol ohel lwnct
) BAS] RNA, B0F, AT w919 2% ARG AU ARBAT TR A
9 ARSIAE 2XEgo} HE Bashl Hok d7loit 4B gre Az, 4
Bel A, WA 454G 5 TR PR Ao FRE BT el AL} 55
Fe ae B4el] mzel HS H3ke Aol Washy PFEA el 269

A7 BT

ol
rr
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Z2O dof, AR Fd WY 5 T AH o] FEHolok qtt o] ‘ofell= A
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AESH AFoAe AAAAR Foj& Fhtel itk 8 o] 83t o]E5 WSt
¥ o] Fad 3 FoplAe o]d Wo] WEAYA ¢ty 18y AET)
s AT FAsHE AFEY 718 2P Exolvt By fARGE FiEo] Stk
RAEFANAE ol fFAES ol 8ste] AE A EdS HAFHAAYL T5o=
sl 875 IthBrent and Bruck, 2006)
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A&: Brent & Bruck, 2006

ofgfolA] gol zolx gl CTsk MRS BAulolEl Befela BAshe AFEES
A3 ks Z1e oln] % gtk of FAHelE BAsm AdEs YA

7%e WANA BT AAT ARE T 5SS s @70} B A9H 9
o 71 MRIZ A& o) o) Gae BAse A 4710 od ARE oheh A
of BE WF 40 U A ARE 9L & 9tk o] /1%L olgsd Ao W
F 48, A% U2 2 W4 5 B0 A 24T 4 T A4F 2AE A
@ % ok
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[OE 3-6] FYX2IE 0|8 alTEF AlY

EndDiastoIe

2t $HA gl o) QAR Gt BESH AYE A aHste diste @
g o7 ®Hu Utk ofrloE FAISKgenomics), A A S
(epigenomics), T2 A SHproteomics), =] 2 2(glycomics) 5 49 LY Holg 9

BA 7140l 209 AT o7 U7 of HolHE EAY & = AT o]} B

26) http://www.bbc.com/news/health-29251765
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[O8 3-7] D2e| &At =Y Tz

Personalized Medicine vs. Data

?3
e 4
4|
- Physical observation ” -
s Phenotype
Bl | Blood pressure,
- Cholesterol, ”
Qg Medical images, etc
Susceptibilty,

) g
Human " Genome Sequence
i ,!a : — .

Sequencing

Susceptibilty,

z‘ Genomics, ynamics
Beyond Hum MJ- ‘ Epigenomics
Genome X Proteomics,

Sequencing . Glycomics

=28 foks vEokste HolH e FRyE &S doldth daEg st A
H AR YES FEor Atelr] offr] Wil Algdolds stol A7E st
o o] A W2 Ho|ElE ALkt A sfof ity mygael 290 AH F5
4 dE AdA Sl FAYGEIS Al AR AAleln Ask 100m, E#7}
27kmel @3k A A3 Adulojth o7]odAe uid 4 FEptelES] AY b0l
EI7} ALk o Holele] &4, A%, #EE A 40705 170 71Ho] Fedsh=
Worldwide LHC Computing gridE %938t FFoz 4 WA S st ok 3
27871 BATAKISTDS] Global Science Data-hub Center® 2014\ d%-E] Tierl 7]
Hog FRlFo] A7l FskaL Ak

27) http://wlcg-public.web.cern.ch/
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[12! 3-8] Worldwide LHC Computing grid

Tier-2 sites
(about 160)

Tier-1 sites

10 Ghis links

A& http://wlcg-public.web.cern.ch/tier-centres
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28) University of Tsukuba. Center for Computational Sciences.

http://www.ccs.tsukuba.ac.jp/eng/
29) http://www.journals.elsevier.com/journal-of -computational-science/
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sle] Al 2AlA BEe] ARFE F7bA Aol He& BTE BAE T 5

AEE AAFEHS 7|Ee A8sta M d7stal M2 ok AT ¢ e A&
o= 714 AgE A FA8AL 9tk A2 gE ARt gl I=
dola A= ol astAT Ao AFelME & sttt Ae olsfsta St

g syl s ARFA EopellAe] AR 2 @ ARE FH 2u
o Hr|EATo e AZEY ] T8-S AYsr] 93

30) http://hcikorea.sgl.co.kr/2014/
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1. SHZt 3 o170l chsk AT Al
A7 E% A7 (Collaborative Interdisciplinary Research)e] EA4dol thajA= af ol
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€5 £.//sourceforge.net/ ~ C )l B sourceForge - Download,
SI:ILII‘CE-FDrgE Search Browse Enterprise Blog Help Login or Join ~

SOLUTION CENTERS ~ Go Parallel  Smarter IT Resources  Newsletters

Find, Create, and Publish Open Source software for free

Search from thousands of software titles m

THIS WEEK: + 28,842,011 DOWNLOADS @ 31.220 CODE COMMITS @ 3554 FORUM POSTS & 1,435 BUGS TRACKED © MORE DETAILS

(el Asia IPTransit $3/Mbps :

Translating Multicore Power
mln Application Performance

IPv6+IPv4 Global Backbone Equinix Tokyo/Singapore, Mega | HK

inteD fl stashdotmedia

Audio & Video Projects Of The Month
Business & Enterprise

Staff Choice Miranda IM

Communications ¥ Asmaller faster, and easier IM client
Development i
Home & Education
Games
Graphics 08 c ity Choice Portabl _com: Portable Software/USB
©  Portable software for USB, portable, and cloud drives
Science & Engineering S
Security & Utiliies Windows.

A5 http://sourceforge.net

O GitHub

N

sEE Z@iolehe £ZEY 0 MR EFE ol8dhs £ZEYE ¥

B FEAY Aulzolth R4OE ST FE glor QEasel At
TEOEE A 4 ok 201196l 78 VI F 4 ARAE F
Hoh ASuAAE WABYsh 22 FHE WA HYT 5 gon B4
29l o] Ak GitHubi FeHQl Apl2sh QEL2E U3 R4 Al

— 4223229} Google Codes WHEA HA I Jv LEAS ZEAHE FAXA
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2 4=

5ol W £57h 71E WA B

- GitHubE 2271 913l Git& AH&3te AFEe]l 51 A+ (GitHub7t 24 3}e]

Fa< 2m)

[T2! 5-3] Zi5|E2 MO|E

€) GitHub - Build software bet... %

The easiest way to use GitHub on Windows

Downlead GitHub for Windows

For Windows Vista, 7, 8, & 8.1 - Learn more

Merge pull requesl #481 from octokit/sort-is-actually-case-sensitive

History

W e s i
10 doy ogo by Phil Haack

atom
. & cache |m\ bel
Gitbad e
B B tost raias
155 by Brandan Forste
awi

(request);

Ao
Z+&: https://github.com/
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<GE 51D 2EAA MFA IS H|n

i~ GitHub Google Code SourceForge
Code review O O O
Bug tracking O O O
Web hosting O X O
Wiki O O O
Translation system X X X
Mailing List x X O
Forum X X O
Personal branch O O O
Private branch O X O
Announce O X O
Build system 3rd-party X X
Team O X O
Release Binaries O O O

A& http://en.wikipedia.org/wiki/Comparison_of open-source_software_hosting facilities

<E 5-2> @Q=ZAA K

KA 07| H|u

Name GitHub Google Code SourceForge
Users 6,700,000 Unknown 3,400,000+
Projects 1,100,000+ 250,000+ 324,000
Ruby on Rails, LPAol\(/e[dEi’t h?{lgzv
Prominent projects ]Query, Molee, Inferno, Andro1d, Audacity, EMule,
node.js, Spring Chromium e
Framework, PHP FileZilla,
’ phpMyAdmin
Alexa rank (77}
Aoz o 0 134 (2014/08/22) - 177 (2014/07/03)

A& http://en.wikipedia.org/wiki/Comparison_of_open-source_software_hosting facilities

- 101



[0 5-4] My 21v[of st

SOU!'CEfOI"gE

google codemﬁmf,

| ) e
S
- —

A& Google Trend, Ao 7]=
3. = 37 MolE 2

71E Aol esrsiA] gAY = S5 3 st
e SNAZES O] Ao ES TSt o7l 28 5 AES YU T 4=
Aofe wol AOES mE wdsh o] vkAshA] AT H7kelA #jshe Aol

ES +9¢ €84 2 7HA itk

rir
o
o
2
rir
H1
=
o
X
Ho
of

AZEGole] 947 %o ATAE WA Bel So ST YasT FH A

JEE WA 5tk ol B8 3 4 52T & U Fh Aolest

AR Al 9] Aol RZESAE MolEdl S5 AT = ARRIE o
_1'|§"__

O Arga AT
FIME Pout T AEATS gdos S A Aol FU F) Aol
EE o|$31ESE Atk Fad e T AHgAekE Ao) $3F Bk o]
e A opdeke AHolth ulgd sigld #EHY o HE I5E 3 &

rir

-102 -



ZEGolZ SB5H ok Bk oM ASAE ABITHE A YHow
AR 5B AT 4TSl REEG FDE AT AR oJup,

U /IRl EL Hele F=9 copforge 72 Rdo] = Zo|thdh) o] HolEx
P AR AYoE st e It 3f 2 AFUE TR F8H Q)
o} o] MolEV} Uk F-f Wo|ES} T2 He A8 BAE F o s Aotk A
o|E o] =gl F AYS 7k A7AIA RISt ofe|t)E W F= 9AVt
Atk T HolEE U A7 tido R EA Y=l duks tides dx HE
& Favt AR o= Ax ARgAtel] Wi #ejrt Besita £ 4 Y

[J2! 5-5] CCPForge =RMO|E ool 5}

CCPForge

| &=

Welcome to CCPForge

w the i B o

JISC @ pomstporser EERRE..

Latest Blog posts

Visualisation survey

A& http://ccpforge.cse.rl.ac.uk/gf/

46) http://ccpforge.cse.rl.ac.uk/gf/
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4. 37HSW 2fo|MA

S7ISW gholxd 2o ik Al FRe JREAFANEAR014)] 29F= o] ot o
7l ME Fa golAxe HRE A3t

[J GPL(GNU Public License) 2.0

O GPL 20& &4 713 2o F/sW7F Adsta Qe ol daz A4
2 E 9| oJ A H(Free Software Foundation, FSF)ollA] THEIL W] EZ3}S]
oh FASW gholid 2 FolA o FAgte] wie ZHFk gho]id ol
HEH EALZ o] FoldAg 2 AAFEE AMESY] Z2OdS
WEW O 22O AXFEE BT /s ok itk Holth

O GPL 209 #8 o|FAge gex 2o

— Bk iz} o] Fo] A wie & s7Me g tigk BFo] AF
A Feths AR tisiM dEEdd 2E U8s IuE fAAF ok
ahH, g3 GPL glold =g 9 AlgsfoF gtk

- Y AT U S A AL W B T 9 52 5 ol
w Aok ek

—SWE FAHAY NZE 2ZE ]S B A(static?} dynamic linking 57
N71= 7% GPLo 93l A5 =2 AlFsfof g,

- RO 9NE B WS WE 212 OB A% Z2ad% W

AR @ A5l Y Z2adel ALAERE AR FUAL W}
of gtk
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Z0] wet o] gshs TR o] &R} EHo}@l EAEEE A &

u ofgt 7 T2 IS GPLE mjE3h= Zlo] 7bssith

[] GPL(GNU Public License) 3.0

O 718249 y&e GPL 2034 H]<=3}2 9+ GPL 3.0014+= DRM ## U
%, 2ZEO EFEA, FHA EA 5o| F/HEA

O z2 Wge gedt 2o

—GPL 3.09] &35 E AREAL AlFol| ZIATIAY £ 19 3 wjxst
= 7é—r°ﬂb e Ao XA H(installation information)E A A-&3l
oF gt}
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et A 34T $4E FTES AEo] UAT 5 Y Ao AAYRE
AEEA ghobe k.
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[J LGPL(GNU Lesser General Public License) 2.1

O GPLo| AFgAIA UF- %38 AoFe Fo] &go] Zo]Sxt FSFoA

FASWE] A8 Felsh] 9As) AFHOR AgAe ITE B3P
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A& Jorissen et al., 2012
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- Jorissen et al., 2012
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[T2] 17] WIEN2k AHlAke| 13|

S
a5 ;
KS for large system
at 1 k-point af
25

H size 56,000 (25GB)
Runtime (16xB processors) :
Local (Infiniband) 3h:48

Cloud (10Gbps) 1h:30 ($40) sk / ]

Speedup
n

o
1
VERY DEMANDING of os b local Infiniband cluster ——
cloud HPC cluster —=—
network performance N . . 121 perfect scaling — .
1 8 16 32 64 128

Number of Processors

A& Jorissen et al., 2012
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O B2g8 YeYa #d d72 T3 YEII d7E= 19909003
T2 gatEa Qo ol = FA43, o] &,

53) Abdelhamid, et al., 2012
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[O2! 18] I4ZF CINET PASA 2 ASER

Duts Varager

EX a S

A5 Abdelhamid, et al., 2012

0O gg &3
O WAYole oM A2Ele &3l dut tiFolA A=A

O 4B A 2Ee Open Science Gridsdel| WP == Zolth

54) Open Sicnece Grid A&AY-E 8t ATFE 93 B4k AFES =705+ Open
Science GridE #&sts 22 o2 200430 AFEFY oW Mulx D Y AF
A, et 9 =8 A48 A7A # opyet W] Mo A3 HFE AlEHS
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[712! 20] ICME ZElo| ofF [Ellx

ICME Portal
(single point of access)

Login once
Collaborat Knowled Reposit Mwu;rwﬂonku
o Runtime emvironment

management management data, models,
tools tools tools, and codes Wekiiow management
Autonomic computing
A5 Haupt, 2010
O g% neh, 74, $4 5ol AEHE Aolw AzZe 75 o4
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[TJ2] 21] TO BE O}7|EdXq

A5 Haupt, 2010

O A8 B4 A% 4(RMP, Repository of Material Properties)= A| 71| ]
3" § ASgAlA(ED HolH ARL, Am e AL, 22
) EY B e THshs ALE, oy ARzt ALt MHl==
FA 9}
[O8 22] Mo Mz 29 F

Dua ype [ asowaoms 8 () () (=)

?n_::" e Material Summary: AZ31

:-:ll’:::_ Vouny's modubus: 45000 MPa  Polsson ratios 035 ( change wanies of s convumrs ) .

i:‘*;m :lza_lzm :g:: el « AZ3LLD-XDOLTIF %,_:"m::::“

e e

A& Haupt, 2010
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whge U there] g2

7. Ml At - 2 20 7|t Al At HlolE 12/ =(SDGrds

O 4k

s
P
=

o
Beks Aow, A3 AR tid FPA dve L= AFEHI
Hdd g A EAEC Bl 787 TEe ATk

O e

O NSF(National Science Foundation), OASCR(Office of Advanced

Scientific Computing Research, Office of Science, U.S. Department of
Energy)®] H9 stol o}2f Y A7} A7ka FY diste] F=
Hog Y3t ZAER, b3 22 F9 dcks sAsof At

olH EgHo FYFE H2E, ofvlA, e, FI4, ¥ A
2

O Abg3l7) goldt & e o2 AF

56) Wu, 2009.
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Apphcation Registry | 1 Rastful
! JSON-RPC Data Servk
: / { Query )
Workflow Script
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O 2o AFF 24 UEYH ZddY32 OpenSocial S 23t

O »9|zE ~IYE o, He 18t &

[OZ! 24] SIDGrid 2t&t HO|ES0] 7|2 7=

A5 Wu, 2009

O [28 2A)E SIDGride] #3 AoJEdole] 7|& T2E HAFETh
SIDGrid of&EF&Aeld ZH P a= 59 7|58 BE AxHlog
et diEdAeld del =&, 7Hl 328 BE, SIDGrid § AH
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[12! 25] OpenSocial Z4E{|O|L{ AEH

|

OpenSocial |
Environment

OperSocial AP

Gadget Container AP|

Oipe Sl 5P Gandiget Cortmmer 5P

Social Data AP SIDGAd
Server Cadget Server Application Page

Social Data SP1

E OpenSocial
Server

Socsal Data

b5 Wu, 2009

O =3 OpenSocial ZEI°I W 7H3l AuoAE 7H3 XML 5+d< 9+
3le] HTML/JavaScript =9} AR8A FZ, OpenSocial A YIE=E
Aok 7l AW s 7R 3Ee] B4l ARlaE Al F3t Social
Data API ¥ 98 AF4o &4 HOHE & & IES 3 &+

o,
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O 128 Social Data APIE 83l 428 WEYA ojZegAolHL v
31, ]2 %38 SIDGrid ¢S AYstath
O 2¢ a3
O 2009 At3] 3t 2 Y5 S A B AT
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fol

<E 1D Ao Q=2 Mg MZ

Aol Qlze} g A Aol <z} A g F

Atold] Qlzgt At 71eS A &ste] &4
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mhge @Y there] §lg:

Ad. 79 ZF Eopd SWEE AH

1. AlZpSHE0F - CARMENS?)

O 4 e

2174 78K neuroscience)S 4174 Alzglell #gk Ao HEHoRE AYET &3}
o, Aol oAM= e, Al oFs}, AN 5 TEse FHAT ShE ofo]
=3
[] CARMEN 7} &

CARMEN(Code Analysis, Repository & Modeling for E-neuroscience)2 ¥=-2] 33}
2 A3} AL YUS)(EPSRC: Engineering and Physical Sciences Research Council)2]
e-Science®] AW HAEM, A7F s 2okl 7Pt AT BHE TG ZEAE

oItk W7, AR 5 1) HstelA AFARs, AARRSA, AR} ol

57) Watson, et al., 2010.
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Web o Service
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A& Watson, et al., 2010.

2. M28t - AstroGrid Virtual Observatory58)

O 4 &l &AZEQo &8 F8 4
Z, A @4, & HAte] WA & dATske A5
AA A e tellA #59 ojw|A], ~FEL}, & o g Felz @
g o] tlolElE T3l AT ok webA ol Wuidk &9 el A sk,
Agfste] AT = e e AFE o] e stk 53] 190diFE 20004
tjol]l EojA= Chandra, XMM-Newton, Spitzer 53 22 134 = &= 717180 5%
SHAA EofE7}F BobAaL A4 o] sl Hoh
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IVOAE ot2dlgy, F=, Z&2 54, Jrie, A% 59 2099709 VOS] Frodste
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o
N
lo

N
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M

58) http://www.astrogrid.org/
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FAE 9 BY A F dolE B4 57 52 AZsHE Ad AR B
He ZREFSY 358 toat d8se T2AEo|t,

o

[J AstroGrid 77
AstroGride= Java 7]8Fe] AMHIAZH, [VOAY 53 7|&e 483kt AstroGride
A Server-sides} Client-sideZ W™, Server-side?] #4824t o33} 2ok
O Registry
AstroGrid Au|z=olX d&7Fs b HloJelel of&elAloldel wEttolE 2] ]
oleHjo] 2 giEo|th
O VOSpace
ATAE0] HeolHe} fAEEE Fdhe A EXtelth
O Data Set Access
tlole FaAtelAl ®£F VO U] 25 Fall tlolEE HEgA & + =
2 3k aZE ool
O Astro-Taverna

Taverna €22 AZ="olM AREsEr] 3 74 242000,

- 167 -



O Community
SSOGingle Sign On& %k AHSAF #e] AZES ool

Client-side®] +4& o= 2t
O VODesktop
a9 M)A E & %] VODesktop VOES AH83h7] 1% ARgARete] <l
Eolzoltt. AR FHOR AAHY HiA sk AnE Hl HAasE 2
1 Pazdd HoEE F28 A F dolEHE ATA AFEe eRs
WA B2 B4 B WA BHS £9E 5
O Astro Runtime

AstroGrid VO W=l 2, Tt VO Mul2gte] £5 AE 0|25 Algditt

[22! 27] VODesktop2| ARSOfA|

Lheiese i

) i
L Fl
Lo i
Lamery [l
T

;,
M PR LM [ema e ) b8 gt 8 Bwsiy

IC5700 A3% <] AstroScope S 233+ v

- 168 -



(] AstroGrid &8 43}

AstroGride &3l &ZEgoje} Mn|2gt TiEo] 1227]19] Ad3} A¥dzo] HEd
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[J GENESI-DEC 71 &

GENESI-DEC(Ground European Network for Earth Science Inter-operations - Digital
Earth Community)= FP7¢] ¢S W& ZZAEZ (Global Earth Observation System
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MY B F8 Fo] 7BSo] FAF AT H3} ool Qdzet 75 ZRAECT) Al
8 =Z2AEQl GENESI-DRE ©]o] GENESF-DECE <QlZgh 3o F7bHSith
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ATFAREAl AE A= dHole e AlF A, dHole Ak H2H E4o] 7FssH
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59) http://www.genesi-dec.eu/project/
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60) http://www.wenmr.eu

61) A Egioldt oA FEFHAY B F5e 2HERS E451Y
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)M Bad ek By XA B3 94 B3 So] Qloh

62) ZAREe Edo £x9 3HZE M Qo] YehE AR 227 AFKSAS:
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Small-angle X-ray Scattering)o]2tal gt o8 53 ofH YA} EA =R

Fgol 7P
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WeNMRE ZA NMR AJH]| 29} SASXAmI~2 e zlth NMRAIHI 2~ Processing,
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1 99 AZESY E2 F /MY & 4 ETE s AlLEoR AFsta 9l
o 3% 29} Zth SASX AH]2= Ab Initio Shape Determination, Modeling. Instrument

Access okl A 8714 B4 =35 AlFsta ot
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# A 2573

M

MDD NMR

Processing Auto Assign
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UNIO
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Analysis
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Structure Calculation UNIO
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AMBER
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Molecular Dynamics Simulation
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[22] 30] WeNMRZ MDD MNR AfH|A i,

MDD NMR
Input Files and Parameters X
Files Upload
Archieve/Zip/tar file with fid/ser files
FHOLEY|..
nmrPipe script for initial FID conversion and FT of the direct dimension :
FHOLEY|.
nmrPipe script to FT remaining dimensions in reconstruction after mdd has produced full matrix :
FOLEY|.
Choose the type of Schedule File
® Bruker NUS
© varian NLS
\_: sparseFT (this is DFT of sparse data, it is meant only for quick test / checking data / phases etc.)
Enter Processing parameters
Leftmost (high field) point of region of interest (ROI) (ppm)
Recommended size of sub-region (ppm}):
Number of iterations in mddnmr (30-50 for preliminary and 100-500 for final calculations) :
Default number of ¢ P ts in sub-region (10-30 for small-medium proteins) :
Calculation parameter Lambda (0.001-0.05 with higher value for high SIN) :
Memory allocation (Mb): 200 for small size of FID (<1 day of recording) and 500 for 4D (>2 days) :
A
.. . o . o~ |

MDD+ NUS(Non-uniformly samled) nD 2% E8-& Multi-Dimensional Decomposition

Programg AHg3te] A2 3 @k welgl HolEES FT Z2A4e 5 9
Holy2 whed,

- 176 -
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T4, A, A 22 o] @Al 24 e A 555 "ARIst wEolxl &
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T 52 ¢ ol A F e A 55 del Alzde] BashA FHAth
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A9 555 AU 7R YA & F QoA e Rdslsiy ARE 4
=t B J52 F AU
0 Taverna 71 &

Taverna= myGrid A7&el &3 = WA~ thstwe] A4kstsl Carole Goble
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g e ATHOE dAAE g X8, AR E, S2FE igte] o
stal Qltt. Tavernas Eebsto], Tl Alfz £4 =7<1 utopia, MY &4 =7
¢l RightHeld 5 A&%}, &g, 33}, 5 o 2ok e-Science &< A8t Q)

o

Taverna® A&7 R &(Bioinformatics), A&, AEUFAY 59 AToNA &Y 258
et 5% 2ol #4249 & F e Z2Idtk Tavernas AHES 249

528 (19 3113 o] Yehdt}. LGPL(Lesser General Public License)7]dte] @& 4
2 Z2R 07 NS 7o 2 &b, Tavernad| +&= (19 3219 2t

63) Missier, et al., 2010.
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[T2] 31] Taverna2| =l SZ oA

A& Missier, et al., 2010
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[O2! 32] Taverna #+:%=

Taverna 2 WI:_rlr.bench

Design Perspective Results Perspective
Service || workflow
Panel Diagram Run Monkor
> And Workflow  Dialog
cm,:::“l Explorer Output Values
Woriflow and Workflow
Input Values Events
Tmrna 2 Ensiﬂe | W“mmEFm
. |
Reference
> J Workflow
Il‘.ma
I I Service Iivocation I I
Soaplab W5 BioMoby ocal scnpt
activity | activity aclivity activity |

A& Missier, et al., 2010

Tavernag A% 3 [17 333 Zon, 24 558 Wil 493 2498 AA
st A]le] sEUE ARG tolH B4 AH|2El A3 Holert AsoE 4
Hi 7|4 Yo ARE E F dth A7AES Catalogue of Life, BioSTIF, eFamily

S 33l FolA Q= HIolHE 3lA o]8d 4 glom, HolHe sEs A4S
H =TE ol8ste] #Fst £4T Atk o TR dolEe] Tade 47

FAT 5 glom Aze) Ay BBL FAT & Uk =2 OE AT} OIS

Aq) 58I AUl 5L FHY 5

30
e
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[212] 33] Taverna Workbench 8 2&

- | o o B o DR

| gmnmtmrm || netwonsanun |

i e
el PP p——
-~
[ T
pr—.
Lp—
KR vt v b e s i s

5, an
SR
=

P -

A& http://www.taverna.org.uk

[] Taverna &8 =3
Tavernas 2004 dol] AHIAE AZSE o] & 2014 6€ 99 Ho] & ez =7} 9

2olxom, oF 380 o] A ty|Ho] ALt 9Tt

6. 2A/8} - VRE SDMEY

3]

U=

S0} WAl 2] Rt ¥

1z

L0

o
flo
2
By
okt
rir
J_?(J
M
o
=
f
J_?(_l‘
i)
M
r G
£
Lo
ofN
r_}[_‘
J_?(_l‘

64) De La Flor, et al., 2010.
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TOR G}, B}, dojd Sof nawjsolu,
0 VRE SDM 7 &

VRE SDM(Virtual Research Environment for Humanities for the Study of Document
Manuscripts)2 Jisc(Joint Information Systems Committee)e] Qo2 AW E tfdho) A
st on, FAF Ao 2o Qe B dEshed B v SWE Y
ahe meAEo

l

O s4stelA sWag2 4284

FHE ATE HAol} ol 2ol Qi AR A9l B4, 1YA4 BH 58§
g & govl, #4 e me Aste] ol Q% Sk wAolt Feo sl

BARE 540 BolAe A5k ol Ao meh 24e) R geba
Atk mEp FUIAES BAE RS S TR B PEE AEHEA
719 ElojElst Mlwstn FHIAE 1 GBS UL 4 Y= FY Aol Bas
ik
0 VRE SDM = wH

VRE SDM& 450lut 1418 olnlA|siatel A4Sia, Wlsh A= $& 243l o
P PYOE B 5 VA Stk EF FANSAE 7o) FHS P Ashel olv]
AT FHT & =S A9k ot olr] FEE0] Y oleIA B4sIA 5
£ BASH N5T BABS 2T BIFOEA, SRS M%T BAE 37 93

=85 @ 4 A HSith VRE SDMe| Z2EERIL [ 3lol|A] Bl & & .

50
I

4
i

[J VRE SDM &§ &3}

VRE SDM¢] &&= [17 3519 2tk A7 249 sjdd tisf E2a3
=2 Y F M H3AL ol= N HAFEE wol= AHE TS
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[ 34] VRE SDM ZZEEfQ!

M s gt bt
Do e

| 1ot

Descuanicn [_cruata or 3o

A&: De La Flor, et al. 2010.
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[O& 35] VRE SDME &3l EAE sii=stke 2

ECOIinl

A: | just wonder about those 'F's
... it looks like more sort of 'H' with a top stroke
doesn'tit?

... A: Do you know what | mean?
((traces letter with pen))

So there and then curling to the left
and then back

It's very- I've never seen an 'F' like that before!

... C: So it starts here?
({mimics pen tracing with cursor))

Z&: De La Flor, et al. 2010.

7. olF8} ol Al5|2f8t - CLARINGS

[J CLARIN 71 &
CLARIN(Common Language Resources and Technology Infrastructure)e f5 A7 <
xgl ek XLH(ESFRE European Strategy Forum on Research Infrastructures)oll A%

@7 Qzelolh, ATAE] Qojs AL AR L A HoHE AFEA A2

65) http://www.clarin.eu
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ol
of

bl e 4 =7F AFste 2lo] CLARING| 3ot

CLARINS A+ 7]#ol7] Buls =AAY A7 UESA0H, o] dF HESIE
CLARIN-ERIC(European Research Infrastructure Consortium)ell ¢]sj #&] 2 A€t}
CLARIN-ERICS e 2Ego}, B7lg], A=, dnl=, o228y}, 5d, Ydads, Zdc
7b Zedsia gl
O SW&8 U

CLARINS dA1E0] ks dofst ARE fAl 2, o8& HAYU EAljlo] o] &
& Q=R 3t} WE HolEE 7oz A8E A S glon, oy =7} 7}
A3 Je AoAst Age] AWE S3ES FASHHA o] HE tolEE A A8
T Ade B ¥ AT

ATAES CLARNe) Hlo|HE Y= & 5= 9lor, o] AR5 CLARNS %4
EREY d7AEY dolH &8 =& Frh o]24 CLARNS /ME A7AE]

A57E 74 HA BEF s, g2 A7AEe] o)F AMEY AZe AT

2488 5 =S Fh

%3 CL < Sentence Splitters, Tokenizer, Part-of-Speech Triggers, Morphological

D)
ol
2L

W

analyzer and lemmantizer, Syntax-parsers and chunkers thFsh SW B =12 A&
gk o]E g £42 CLARING AA=o] e dolst #d AssS ¢ 7IRlA &4
& QoA AFAEe] W 4o HolHE A4S fa tEE A gotx H
=3

CLARIN®| wetdolE] zydYas (29 36l Zon, xFstd 2~7|rKSchema)&
a738h= Aol ohye} ISOcat wlole] 7le|iE] HA2EE AMEstH ol 7WteR
AREAZE AF wEEolHE e AT & itk AL 1SOcat HA~ERdlA o

F 2SS VEo R s Aot
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[12! 36] CLARIN Component MIE}H|0[E] Zaf|le|3

ISOcat CLARIN
concept component
registry registry regiotration my profile

CENmEn >

o« mun >

component —p | Liear
J

(

concept
registration tad
editor
J ) v
registry metadata
description

A& http://www.clarin.eu, CLARIN ShortGuide,

8. 2IF ofl= F0} - DARIAHSO)
(] DARIAH 7} &

DARIAH(Digital Research Infrastructure for the Arts and Humanities)= g 47 <l

zg} g LH(ESFRE: European Strategy Forum on Research Infrastructures)l] A14%
A+ Ql=glolt). DARIAHE

AE cl& BollA ICTE B3 ATE AU, 77
s oge a

66) http://www.dariah.eu/
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[J DARIAH®] 4
DARIAH= 7 7]#o]7] X®u= DARIAH-ERIC(European Research Infrastructure
Consortium)el] ofsf fAH= A7 YIESZeIth o] YEY]AE 22Ego}, W7, =
g2, 5Y, a8 T 157 3712 749 F3)(General Assembly), ©]AH3], Zrjd|o]E
59 JIFER FAEY [29 371 2t DARIAHS =37 9] Virtual Competency
Centre(VCO= e-¢lxzel, A7 B 1S, 3 ddf 59 535 71 glon, d+F
=

o)z} e VCCO 3y 2oz $ydr)h

[22! 37] DARIAH 7|7 A

General Assembly

(Mational Representatives)

Member State A Member State B

Board of Directors

Chair and Chair and
Vice-Chair Vice-Chair
NCC JRC

=
©
o
(aa]
U
=
=
=
i
[}
wn

Senior Management Team

National Coordinator Ve ||vE CC3(|VCC4
Committee Heads||Heads| |Heads||Heads

National Coordinators Joint Research
(Full Members and Observers) Committee

221430 uolieulpioo) N3-HYIHYJd

Z+&: https://dariah.eu/about/organisation.html
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DARIAHE QlFd& &oF /8 A7abso] A4k HolHe 4T 5 378 +
Teg Fh D = PIDs(Persistent Identifiers)s 53 ctlolElE st
& 7 JAEE 51, vE dolHE &3 dHHA VT 55 AFdh
DARIAHE 4 E2Z32E <d+ <= (EHRL European Holocaust Research
Infrastructure) £} 4 % YAE olylo]H A=ZzKCENDARL Collaborative
EuropeaN Digital Archive Infrastructure)& %38l th. EHRIE frolA dofd 4k
HdE AFE JPst=d Qlof, A7t §Y

£ A% vlolH ARAE FF3I e,
ol2x dlolEle] Al Fratgon, E ik Aus) AElHoR WG AvE
o] YR E FEHA YEE W3k DARIAHE CENDARISH 3 FAl¢} &) #+d
ABle] FAzshe AAL AT ARES SR mokon o)8 Austel ArAtEe] 47

Bl & 4 JEE sk
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[12! 38] DARIAHE Sl EHRIC| e-0lZ2} 1=

Role EHRI Role \
P e
_//_/ V \\\H\_‘—-‘_
Package Starter Kit bl Package ‘ éGeo—Search
[ YN
STpEbH S  echinical SENices| |
/ Front-end
: / Services
- Geo.

PO
Consult

- B

Archive \ RE-in-2 i carch
e V, " ¢
Workshois | H \ A /

Intermediate

! i / Senvices
P = T oy
| Service istrie

Cocumentati | Service | =

: i ) i 3

\ =t

ala CLE| f g
Core g

Semvices g

- fD

| Implementati : - o
: L “PID | | Service
Preservallon \ ;

Z+5: DARIAH ERIC - Technical and Scientific Description, 2011.
http://www.huma-num.fr/sites/default/files/dariah_scientific-technical-description. pdf

A3E AR ske] SWEE Al

Citizen Sciencex= Crowd science, Crowd-sourced science, civic science, networked
science 5 T3 olFo= LA SloH, H8Ar} opd HIHETRY ofwkEo]7} o]
BE mow BAste] dsly BAS sk 2lS B,

AT ES] F1&e] WHOR AR Bol AUAT Holele] FH7h Lntsh
A Citizen Scienceell ¥ &2 7137} 4713 Qv yoprh it tis5e] A
H A AsAt A2 HAE Sus) Fe dole 5¢ Uitk thFl

sof Quk thEe] B W) B4 FE ASE Sorka ek AREo] 3

=)

o
-

oo ouow
_L?{J

7]

bt
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Mo
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Lo
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1>
tlo
e
o
ol
rir
PR
tlo

Z2HEY o} A9 A7
Center for Research and
AgeGuess A E3} Interdiciplinarity,University of 2012
Southern Denmark
s Las Cumbres Observatory Global
A&t
Agent Exoplanet E Telescope Network
Amphibian Migrations and | F&%, Department of Environmental
Road Crossings Yt Conservation, NY, USA
. YA E
Asteroid Mappers: Vesta o CosmoQuest.org 2011
Audubon Christmas Bird Z7% National Audubon Society 1900
Count
B.C. Cetacean Sightings wee Vancouver Aquarium,Fisheries and 1999
Network Oceans Canada
BirdSleuth K-12 ZHE Cornell Lab of Ornithology 2004
Budburst e National Science Foundati 2007
udburs A ational Science Foundation
BugGuide =58 lowa State University 2003
Xerces Society, University of
Ottawa, Wildlife Preservation
Bumble Bee Watch =%t Canada,Natural History Museum, 2014
London, BeeSpotter,Montreal
Insectarium

- 189 -



Z2AEY

Canadian National
Wildlife Disease
Surveillance

Canadian Wildlife Health
Cooperative

1992

Celebrate Urban Birds

Cornell Lab of Ornithology

Cicada Watch: Brood II

National Geographic Society

2013

Clumpy

University of Exeter

2012

Condor Watch

BN
e
o

Zooniverse collaboration

2014

Cooperative Observer
Program

N
A%

National Weather Service

1890

eBird

BN

i
i

Comnell Lab of
Ornithology, National Audubon
Society

2002

eButterfly

University of Ottawa,Oregon State
University,Vermont Center for
Ecostudies

2010

EDDMapS

University of GeorgiaCenter for
Invasive Species and Ecosystem
Health

2005

eShark

Crowd-sourced

2005

EyeWire

MIT, Gatsby Charitable
Foundation, NIH, HHMI,Max Planck
Society

2012
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2 ey A9 A2
. Society of Biology,University of
Flying ant survey Gloucestershire, 2012
. Sainsbury
Fraxinus Laboratory,BBSRC, DEFRA 2013
FrogWatch USATM Association of Zoos and Aquariums 1998
Galaxy Zoo Zooniverse collaboration 2007
Zoological Society of
o London, British Trust for
Garden Wildife Health Ornithology, Froglife,Royal Society 2013
for the Protection of Birds
Great Backyard Bird National Audubon Society, Cornell
Count Lab of Ornithology
Genographic Project National Geographic Society, IBM 2005
Hybrid Hazelnut Consortium (Arbor
. Day Foundation, University of
Hazelnut Project, The Nebraska-Lincoln,Rutgers and Oreg 2000
on State)
Herbarium@home Botanical Society of Britain and 9006
Ireland
Herpetological Education HERP Board of Trustees 2007

and Research Project
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ZEAEY ok A4 A&
Hummingbirds at Home ZHg National Audubon Society 2013
IceWatchUSA[6] ki Nature Abounds
ceWatc %5} ature Aboun
2 E5S}, 2
=3}, AH
3} 223 ) )
iNaturalist o, :'} iNaturalist 2008
,AE
AA
s = &g}
_I_E_l_
g Ae)st | Project Seahorse,Guylian Belgian
, @9k | Chocolate, iNaturalist,John G. Shedd
iSeahorse &8 3 | Aquarium,The University of British 2013
% Colurnbia, Zoological Society of
HE & London
3}
Federal Ministry of Education and
&8} A Research (Germany), Freie
Loss of the Night app | B8}, ¥4 | Universitat Berlin, Leibniz Institute 2013
AL of Freshwater Ecology and Inland
Fisheries
%38 A N .
Monarch Health o University of Georgia
Monarch Larva =+%38h A o .
Monitoring Project o8} University of Minnesota
=53, A .
Monarch Watch o) Z_; University of Kansas 1992
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T2AEY Ho} 2¢ AEY
373
Moon Mappers Ans CosmoQuest.org 2011
Nature’s Calend ol Woodland Trust
ature’s Calendar P oodland Trus
Al =
Nature’s Notebook g?_ USA National PhenologyNetwork 2009
7153
NatureWatch e, 4 Nature Canad
atureWatcl = Ads ature Canada
Ags, 2
%3}, A
8l 2Hg New Zealand Bio-Diversity
NatureWatch NZ , e Recording Network Trust 2006
AA
s =&}
. 3 Migratory Bird Center,National
%573} .
Neighborhood Nestwatch F Zoological Park Sl
NestWatch ZHE Cornell Lab of Ornithology 2008
North American Field e = North American field herping
. L 57 g . 2007
Herping Association community
qg, &
Notes from Nature %}, =7 Zooniverse collaboration
3}
Old Weather 71%s} Zooniverse collaboration
Bioacoustic .
Orca Game Orchive 2013

S
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Z2AEy ol A4 SR
373
Planet Mappers: Mercury Amst CosmoQuest.org 2011
Portland Urban Coyote | oo 7
ortanc Moan LoV g4y g Portland State University 2011
Project 5
5}
e
Quantum Moves =83, & CODER, Aarhus University 2013
7 3t
Radio Galaxy Zoo HAEE Zooniverse collaboration 2013
Snowtweets 7178} University of Waterloo
423, 2
=3t A e .
Species Observations 8}, z2R/3 Norwegian B1od1ve.rs1ty.1mfomz.1t1on
o Centre, Norwegian Biodiversity 2008
System i Network
AH
g, 5=38
A ~ .
Target Asteroids _ﬁﬂn ) OSIRIS-REx astr;rqld sample return 9012
HES mission
343 .
Target NEOd! . The Astronomical League 2012
UBiome u| A &8} uBiome
VerbComer olojst Massachusetts Institute of 9013
Technology
WildifeL og.org ofA) AE WildlifeLog Community Interest 9014

Company
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ZeAEY o} A9 PR
Stardust@Home A&t University of California, Berkeley 2006
Yellowhammer Dialects Z7% Charles University in Prague 2013

A= http://en.wikipedia.org/wiki/List_of citizen_science_projects

1. Foldng@home Z=2HE

-—

A &7

L] A
Wl gee o3 B3} o

o2H FIHCE T SR Rof

% 8

(R
Folding@home-& ©hd ZQ67, 159 Alo] HQ3 k& AAY 7[eF e 73
o] Bx} dgtg AlEgoldste AW ATE A3 A HAFH Z2AEC. o] T2

24

67) T BxE Ak JEE AREo] AR 23RS HjAEA R
X2 Ea) uxF2E A

[O2! 39] Eed =5

http://en.wikipedia.org/wiki/Folding@home
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of ZRAEE A9 Azwlel §F AZEE HAT A FAAEC]
MU AFEH] /7 A gaxg et 20149 7€ @A 179237¢] 3
Atk o] ZRAEE 2lx T A APAAA vlAlo] Fu|e] A3 stof] L F &
=i gow A AAd A toket 98t 718 D AT EF lzaguirre 3, WAYo}
FHUE, 2555 gy, F=E2= FHUs, HKUST, CSULB, ®1& tid}, A =ofglo}
A At AFl A4 D FAEAL, BFF YA FEURIE, 7=, 44,
ATI, NVIDIA, 2E319 $)¢h ARFUE EARE] Zedz A5 glck

£ b
ol

1
K

o] ZRAEE AU AT 27T AU AFEY 4F A2 JLAE B

o
X
olding@home ] &ZESo}= AREAR A olM 2]

r
L
r1r
gg
K
2
[
N
N
©
%
o

A st o EolElolth Ay Tel= vt
23 e 23 U FEHE ] AlEEelA F 3 FEoth A BAAE
£ OheRL wol ghild F9S A3 9 ¢sskal Folding@home
AMujol] Al REdh, o] o] SaEHH A BAAE AFUe et
o] &3 F7]E Ao E HHEHEL. RE A4 "le FY 71gke] 9lon 7]
ol At A9 A TAARE AEUE A F flon AFoE tE i
oA AgFH o2 FeFA A 7|7kl 7] wiEel AnkAQl A&
old Aol AdHom s 5 i, Ha A2 27 ARRlo] AEY
450MHz CPUEE® SIMD 3 4 x3h AEZ vt 145 Fgold
of thet 24 ©els B Z2A A tigk 73k Frof, Al&stA AlEdol

e 45 < =S Atk

3
E
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O =0

“FahCores” & opgo= “3ol(Cores)” 2t &&l& 53} £ 8 =27
B2 24 99l Qs Fdshs Aok ZEA 2R, Foo thRES
w4 93t 2ZEgo] A7)A F 7P w2 FY3 GROMACSH 7|uksha

A=H, o] GROMACSe & H#3td o & Z=2 i o794 Sl
steglo] A5 2FE o] gtk GROMACSE QEAZ~o) ATt Hlo|El9] f&
A 1A Y8 Ha A2 FolAas ALLsTh Fol= ZEloAdE =
AR AFo 2 UolE He Tt Iojs FUHoE ik Aax

JAES Y43, FUE A4S Y ATZAERE 44 oA AT 5 9
=

O geolo
Folding@home A EARAR= Zbzke] 71918 ZAFE|o Selo|dE ZE1d S

AAgt FEtoldEE Wk Ee] i AZE o] 74 Q4E HesiH,
A SEoldES} BeAgdith STOlAES S8 AHEAE Y A
25 99 7 9om, A 1Y FS AT
SAIE B & 9tk o] FElo|dEE JIdE HFEH FF A
25 Z8Y F UEFE v e S EE Mg EdA AL A
AElo], FdAA AFE Aol FFE WA Ytk A CPU AME-Fo] S
EE B3 2A" 4 91, Folding@home A1¥ollA 24 ©h9]E wholQ 71
A 708 22T 5 Qith o] FEoREE ©Y ZEAA, FE o
ZRAAM 2 GPUA 3] 242 4 ok SEoldE GUle 2F 4&20)A
ok SEolAE AAE Bt B A8 RAFE o] fE Hf &2 goldl
of Atk Fete]AES} Folding@home ©lolE] A1¥ IF B4l 2048HIE TjA"
M-S B RaEth

oll

0 &8 834
20149 7€ #A F 1792379 0] Fofsie] 39022 |2} Ew(FLOP, 1zl 38+HE}, 5
38000x3]9] -5 ad d4be] AR S RS, olv] 2007 6€47E 2011
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W 6¥ Abeld Folding@home(7h)-2 71 w2 500712 w73 AFEH(AEA)Y] B5< |

o} v} ot A seti@homee 681 Elgt Z72] HFHE o9& BT Uohed

[Z12] 40] Folding@home Als

B Folding@home 36 TFLOPS [ Fastes! [ ] B Third Fastest Supereomputer

4 —
1113004 1112006 113008 1o ez

o]2|3+ Folding@homeS &-8&&to] 2= HKUSTolA Fo] 3oke] 1% hIAPP(human
islet amyloid polypeptide, amyliné9)e] Z5EH ZQE ZAsly] &) tive 24 g
AEHOIAS T 7 1 G k] 95%7F hIAPPY] ZRE £9& Holx
Atk Fo] Fofo] IFL hAPP 9 & 723 AHE Ity IE Alolo] A3 o3t
S gopgtozH §3 1 9l X80 3 4L o i & Jdslon, o9 e 4

= 20131 JACS(w] = 3tets] Ad)el] AlA) = A0

68) X9 B4 A=, http://boincstats.com/en/stats/0/project/detail/overview

69) #ge pHEAAN FA - ERlsks A9 JE =S 2R Qledd Zo] JuAE
z2A3t 8419 sdoly AelF 5o swe] dA P Utk
opd A Al = BIRkIEH A Fitete ndYFolY Asd BoEd
I 5o A=AV 2 7FsAol At

70) Qiao, et al. 2013.

- 198 -



<E 18> Folding@home X% 21} Q2

Am e A 4 A%l

fi

SETI@homex & A B-AAF ZFE] <]

B A g 5 593
281 Xf;:; 9w }] Eﬂjﬂ»lﬂ 1‘;]’—0 o] T ALY =S 8o 2
e e e A A 3 de o ok F A

2. Foldit

O e
Foldit-e ¥ #4925 913 28 #E By Aldolth o] AYS A4FAA A+
zZeAEY AR, YUY o3t A3 st 5 oS AY A3 AL FEoE
st A AY WA AFHe gt =75 2884, 371
Adge @A F2E 7hsd o 8ol dofete] E9shs Zlolth Hao| s W
= EFAL d7AE0] EAT A3 A AlACA BE i A8d 5 Q= 7]
A3 o)t} TRASL olF LU TRrE oy

s -k, A=y gile weouis 5 A A ZAES s H

[A
Fr
—[o
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[T2! 41] Foldite| CHHZE! =g 51

Z4&: http://fold.it/portal/info/about

O 74 34
Foldit-e ©id 29 25 whe] gohy)7] fJaiA] Feheeaidad) 24 78 WA
<= 283 538 FgeE AAF ARUY ol Axdth =3, M BEAE
(Virtual Interaction)# A¢)3KGamification)7} F7}= o] EE8t1 A Z2AE 3
730] ZHAA =Yk
O 713 4sg
Foldit-& <Izke] ¥7h Z¥a Qe AA#Qd 32k A s wid 3 33 &
TS F83te i 72 oS BAE dAsEE AR sk gl @A)
o] HEL oju] Fxo] tiF oS viHl EHAESS VMo R sta glow
el ABA R olHT HE

AZEgol7} g dnEL AMeLA B

tlo
—l
rr
oL
1>
o
M
1%
okt
2
N,
Y
o
=
i
i
ol
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P28 ATen A4 SNES Moz ¥ HE S Ar)Hos AR

. el dEEolaE Ao dad TS vad T2} wAE,
O A

Foldite #18h4 £78 &k o ol AU $42 Agsie] U t5s

A O 44 T2 § A=S et 1ol me F5 ms Auo] g

AFEE AT 5 AT, webd o Be tES #elA & etk 7

Ex nZ fHch
O &8 55
20119 Foldit AHg-AFE©] oflo]2E do7)E Yo Hiolg]2e] UFel Hoj&-glo]
A dzo] el 2~M-PMV)9] HER ulojef Tl Raf G| A 725 5
g FE B Folzl AQe QAT ASASL T 102
gholl A3 A 3D RS P ATE AT Tho FRE P WA oig A
T AT Ad 159 F<F F3Ase] E4 ZYd HAG
= 38k Scientific American Foldit AF&AME©] A WHAZ F}
TE 2AE T8 9d F2E APANT et i e de 44 g
sto Al AHEEE 99T WS E31ske maolth Mg e JAE oighe]
A #H3 AE A BloHE Ho]7] T "o] ASHE o] A HASH YU A
o] ag, AMEAFEC] 13719 opm|ghe Frlste] EAE AAMA AL o et
S5 afo] 18y oytth
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<E 19> Foldit M= 1} Q°Ff

R -

TEEErE R -‘7]'73 Hg
el

ARTUE 2 Lolok 59 B 72
AgEed B 4 Aem 11 9 rhad @

=
thetol e

2

3. EteRNA

O e

EteRNA:= National Science Foundationo] #|¢3te] 7hd)7| a2 thstw el 20z e
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