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I Summary I

O Recently data used in scientific research has increased rapidly with the
development of measurement equipments and simulation environments.
Thus, analyzing data into meaningful information and effective

management of the enormous data are emerging issues.

O To address the issues, it will require an interdisciplinary research
between computer science communities and academia. There are various
successes of software utilized by the scientific communities in the

collaboration with computer science communities.

- Software technologies including cloud, distributed processing, and
machine learning have been widely used in various scientific fields
such as neuroscience, bioinformatics, astronomy, particle physics,
and environmental science.

- Especially, the cloud technology is actively involved in the
scientific research and enhancing the efficiency and effectiveness of
scientific research in terms of data analysis and sharing.

O In developed countries infrastructures of interdisciplinary research and

development are being established.

- U.K. e-Science program, the European e-Infrastructure research project,
and cyber-infrastructure in the U.S. support utilizing software for

scientific research.

- Furthermore, non-professionals or amateur scientists are collecting and

analyzing data by using software in the form of citizen science.
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Tier-2 Centres Tier-0 (CERN): (15%)
*Data recording
«Initial data reconstruction
*Data distribution
Tier-1 (11 centres): (40%)
*Permanent storage
*Re-processing
*Analysis

*Connected by direct 10
Gb/s network links

Tier-2 (~200 centres):
(45%)

« Simulation

* End-user analysis
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SHIFT2X

RCI

Various Software Tools

Antechamber

Preditor

RCI

UPLABEL

SedNMR

(4] www.wenmr.eu)

7) http://www.wenmr.eu
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o EZ WeNMR2 SASX #4& 93] Q3 Ab Initio Shape
Determination, Modeling. Instrument Access #¢FollA] 8712 #4

E=TE Aed

<® 4> WeNMROJA A B5H= SASX B4 Au|2

t Me|2~d

gl

DAMMIN
DAMMIF
GASBOR
MONSA

CRYSOL
Modelling SASREF
EOM

EMBL’s SAXS beamline P12 remote
cccess

Ab Initio Shape Determination

Instrument Access

(Z&]: www.wenmr.eu)

[ Az Eg o] &8A47%
0 WeNMR &EAFZ8 oA 71 & A+ AFUE7F 2

o 2007 3AFE 20113@7FA 2727019 -8 CPUL} 2.87H| o] EQ
A dlolgH7F 34

> < &t F 10,0009178e] CPUZF NMR, SASX 59
EAHEEH Ol AFEE I glom AFH 0B = 37HIZHIO|E o)F

o AHEE faTle B4 AY, F82H, 18E 59
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(9) &Zast FoF Al - MODIS
4 3tste] AZESC] Bg B8N

o HEH}sHE o A WA T FHEAE FHLE oY A
8343+ 7 Fofsd

o A AAe &

CATHE A W 129 vk B4, 89, S
HoleE +%

- HolEE SgmE oje B ke ANE REHE 59

o ol#g HolHe A3}, 7% W3t A, dir]e] A7 A
g8 B g Sl A Aeite] AT BA #5 T OE £

opol A f-831A 88

o NASAE ATF#HZ 4o HEAE MODIS(Moderate Resolution
Imaging Spectroradiometer)E ©]-&3t FH3+ HolHE 3N
- MODIS+= ¥4F #=2043 g2 36719 Fddo o2 3%
g9 A5E FHE
- MODIS7} s=g3h= HlolE= 7] HlolE, tiA] Holy To=
s ¢ Adow, =3 39 doly ¥=E Holee vF FH
7t s A=
o MODISIIA =3 HolB& &&
olHE L Aotz ZHlow
tlolg o] s3] a3t

Aoz Astr] {8l " Hl
Haste o s, ti7]ek thA|

- Az 2mA ol WHEAQ Agjo] Wol 8T

- ek P Ee 1095 HolHE Z2AA e Zgdl

2
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[] MODIS ®l°lg & 714
o HolE] sholxweel ATH TRAEE HolE A4 Fio] ¥
g Fehe Aulzel ‘UES od B 2EDAE ASHAL,
BAlols NET 7% Z#el9as 283 uzs

dole wa 2 B4
B ojZe Aol e Aedt

o 19 172 dol=&l @A 5 WH3H(Reprojection) 2H-S 9 %
A éjﬂé% WA S UERd Zo2 ARl AR Eﬂﬁ} 2 Tt
of A4S T FolA EHUE W3 Zejo] Ay

User Requests Agure Vi Sepvice Status Labile
Q '}] ) Service Regquest Queur [~ Senvice 0 g A
S [T ;,;[ e B
/ ' 4 “\}:%k Dispatth 4254 ratus Table

- ~
- -
e . 3 -
.. .

oy, 58 e
fugj / Reprajection AL
X s Task Queve LI ,] I —

&
Q| B
s'_‘_ : . __ix" e, S
o Reprajection Reprojection Reprujection
\ task worker | task worker “t 0 task worker
| S v oo
A i . 7 haure \Ms
N B s —h MvorkerRalel
et
| Reduction Stage
= A1Qlg et A AAEY WA

(22 17] 5D AL

(&X]: Li, Jie, et al., 2010)

13 188 Fo]=ZElel wAo] wE A|AE FTATE JeERN Ao

Z A2 MODIS § X288 53 Z‘?j [ A3
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Source DataFTP Sn.es

w;;,:“ WU
W .

Regquest Ouuo' ‘l

fghnw i

i

MODIS Service Web P01a' 1 Reprojection Oueu:e

El A 1 54}
I e

: lRmJuuliun Queua 1

: > |

: Analysis/Reduction Stage | |

Scientist § [ 2 | 1

I'* Resu: By | a i A

) '

/]

! Winoows Azure

« Coud Computng Environment

o o o o e e e e e

(73 18] mpolmeel ThAlo] ThE AlAS PHE
(&A]: Li, Jie, et al., 2010)

o FE-%E AMH|AE o]&3] MODISS Ho|H 3, "3 53
Ao A% dolH e 358 AT §
o H2IFET AALFS] 150719 T35 oA Jd=vH2E &85}
oF 90uf m=A BAE s & o+ JA H
<E 5> HlA3g oalT ofd QAEA A%
A3 E oA OIAEIA
CPU: o8l 30252 E6850@3.0GHZ | CpU: 1.571.7GHZ X64 =2 Z =2 MM
| tl22l4eB o 2 2]:2GB
: 5= ClA3: 1TB SATA 27 AE2|X|: 250GB
S|4 EY=: 1Gbps ol Ll 4 E|3: 100Mbps
0S: ¥ =<2 7 RC & =7100(328| E) 0S: 2l =2 2008 ME x64(64H| E)

(ZA: Li, Jie, et al. 2010)
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9 Ae)/8g £ ok B #5e 2

<E 6> 1,50071 9] #Fd-& Aglshed A AzE (9417
MODO04_|.2 MODO06_L.2 MYD11_1.2.005
o A = Et 16.29 72.62 33.45
chel oIAEBIA 34.21 116.19 63.56
50 QlAEA 0.76 2.25 1.12
100 QIAEHA 0.40 1.20 0.61
150 QIAEHA 0.30 0.85 0.44
(ZA: Li, Jie, et al. 2010)
o AHEE 84 e ST EY
(10) Y Y= wst AHY - CINET
[ UESN=Z 7o AZEYo &8 84
o MESA #ete el 48 olg, dmelE, dolHE J)u

2y, AlEdold 9 Eoprt lon,
ojst, A8l ghet, wAH, A,
3, Wsk BolA 2653 AL

AFE Y ES

Aed, A, Az =
=, 9 &4, =g

o WS, AHE 53 2 54 A Boke Ax" 43 A%

2 olsialy] Sish 2El= Swel Ae
47t B

o VBT AT S4stE AD che

dol Aassl, drmel MedaE A7
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[] CINET 7l &

o CINET(A Cyber Infrastructure for Network Science)< HWESR =
st A Ad) 2z A4S 93 AtolHlZetd]
o M= HPC(High Performance Computing) & 2E oA &2}+s}
AFE AH AHgAE ddske 7lee 7HR PEd
o AZS dolE wMUAs 8 JAxEAE B A
SR

A g
- AlAE AR 2 a2 geolB 2l Galib, Network X &

- Oz §2 Al2" A4E7]1Q] GDSC(Graph Dynamical Systems
Calculator), ¥4 aZ=2F #e, AldE 4 & 74

o 19 19+ CINET9| Alz=®o g txd golByz], ¢ 7|4k IE

Holz, HAs AZER] MY, SHEE, HolH HEAE YErd

CINET Interface Data Manager
533% wl GalLib |
GRANITE S NetworkX
I Data Broker I g
GDS Request 8 GDSC
CINET Websites
I Computer Resources

]
Job R t E R 2
ob Reques u equest o CECIEOn
Creation o = Egceatan
(] g Broker
o Blackboard @ '
Server
i Request
Digital Library Broker I Digtal Library
| |
< Core Services > < High-level services >
Collections Search Memoization
E’(E-_raml'; Measure User System Incentivization  Curation
7 Metadata Creation ----

(2 19] 4% CINET 2484 ¥ AlsArg
(£4]: Abdelhamid et. al,, 2012)
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CINET> 701'43% 738t 28] =(Open Science Grid)oll &71% o] ot
F3 Hoko] AFAEe] FEZ CINETS 58 A7 4 JA =

g AEAE S, WA, Bopl MEJL ATA Folw HPC A
sElo] A4A HEE 5 9T AZEg ol AR FEF ALY
EE 28T 5 YR TE AR FY Ax9S s F

AHEE 24 7]Ee FEH-E(HPC as a Service) Y

(11) =std 4t W2] At - Taverna
O] #atd T Ao AT EYo &8 IQA

o HEATN A AFgEHE HolEe} HolE BAd AfEHE =77}
Mol e

A3 glol, HolEle] fRo B4 =7 5E @
i ety 58 W Ao Bag

[] Taverna 71 &

O

Tavernat™ A&7 X 8H(Bioinformatics), &g, A
AT ZAY 5SS HEdta 52T o] R4

NE T2

LGPL(Lesser General Public License)”|8Fe] &7l AZEQJo|=E X}
WE sos pa

AT AE2 Catalogue of Life, BioSTIF, eFamily & 3o &o|A
A= HIoJHE oA ol & 4 Aon, HolHY &8s A4

3td =7F o8-St st 24T A=
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Bleempeee—it . ek THENESSSSSE. 220 BTS2 TEEESSESEEE.. o=
i et Ve eifens el
TN e AT D Yy . BT

@ .

[Z2&1 21] Taverna Workbench A8 &%

(£A]:http://www.taverna.org.uk)
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o TrHAYY FP73 JISC 9 AdE ¥ myGrid A7E9 WA
2~ thstue] ARo] 753
- myGrid 9782 WALH tstus 23t A-2EE,
23 E tfsto] gt
o0 myGrid 78" Tavernas *E3ste] @ild AJd2 £4 =<0
utopia, AHE FEA <2l RightField 5 A&, d&3%}, 33 5
T}eFglk Hoko] eScience AZEY S T

(A

o

] AZE9 o &84
o TavernaZ 3l 4HAsiAd+ ol o} A= ti3t T3S
EgA §RE F Jor gE dFAVE gARIgE FHE 55F A
H 2~ 52 378 T U=
0 200430l MHuI=E AIZFSE o] 3 2014 d 6E7FA] 97t o] d&= T
2T} o]Fo] Hom, oF 3803L2] AFT|Fo] ARESIAL &

o A8E £ 71EL oy WME 2 59 7

(12) Ate]atsh Ale - CLARIN
(] A3 73te] AZESo] &8 QA

o AF e AFASe AT HolHE THT 5 e AT Az}
7t B8

- AT EolEh FAsE A9t won, HolEd Fhol Qo
WA BAL BYT 5 A

o AHE e Hlolg 4ol geFstr] WEdl HelHE 5, £+, 4
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[] CLARIN 7} &

O CLARIN(Common Language Resources and Technology
Infrastructure)= 98 A7 <1z} M= EF(EESFRL: European
Strategy Forum on Research Infrastructure)ol] AAE AT A=
et2 ARS)sE AFAE dofskat ddE HolHE AwEAl AT

S PHE B4 =718 B AT JFseAl &

O CLARINZ =A% A5 HESZeH, o A7 HE A=
CLARIN-ERIC(European Research Infrastructure Consortium)®ll
oja @ 2 A B

- CLARIN-ERICY|= 22=Ezgo}, EBrlg], A=, dvl=, d2EY
of, 5, Uddts, ZH=7) FHostar

o 9T7AE2 CLARINS 33 ¥ste ARE gA 2 o]& HA

ol BAlglo]l AA o8 5 A== G

wEtEolE Juo.s ARE FMT & glow, oY Frt vt
A3 Qe Adofst ARe] AWE EAYL FAFEA ol W
BlolEE I 8T + U= FY BB AT

- dFAE0°] CLARINY Ag5E <
CLARINS &3 EF5o] tE d7xE0] HolHE HA z&

2~ ol S
’T‘)x}ld—%sn

(Kl
I
S
3
Al
-
bt
=y

#5351 CLARIN®

0 CLARIN TheFgh & =
SloA AAgo] B4

A HolHE § 7l 248
=

S 915K ElolEE TeRE WA o}

- B EFE Sentence Splitters, Tokenizer, Part-of-speech

Triggers, = Morphological  analyzer @ and  lemmantizer,

Syntax-parsers and chunker < A&

10) http://www.clarin.eu
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o CLARIN Hlgtt|eolE] Z#delas 17 229 Zorm xFE3hd ~
71uKSchema)E Q73 7o) ofyzg} ©lolE] Fle|ag] HA1E
Z](ISOCat) & AH&3slH, o]& 7[Hto 2 AL8x7t 23 wEHH o] E
£ UEd 4T 7 A=

- gloly ZHH g #HAREZE T3 Y3 Z2aUS J|ES
2 293
1SOcat CLARIN
concept component
registry registry e s my profile

concept
registration

metadata
editor

-

" J
|
| S

trusted

concept

registry metadata
description

[7= 22] CLARIN Component BjEtH0]E Zde] =
(Z&]: CLARIN ShortGuide, http://www.clarin.eu)

o 9of3t ARS] EHYS FAFAA oI weHolHE A ALE

g 5 e 5F 4L AN A7 T2 R, A4
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o AHEE 84 7]&e HolE FlElag #A2EZ(ISOCat), HolE
Hlo] 2~ 59

(13) A5 A8l - VRE SDM
0 F43te) axEgle] 38 oK

o BAY ojnlE slelsl] sl teFs B4 PMe AgsE B
of 7129 4 vmste 5o A4S 1 Y Aol WP

[] VRE SDM 7} &
o VRE SDM(Virtual Research Environment for Humanities for the
Study of Document Manuscripts)< =<0 HIA-S o]n]| x| 3}s}
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[ 23] VRE SDM = & EE}Q]
(&%]:De La Flor et al., 2010)

o N1Ee AFAES 1Y e Fukat o] AFAE BAE 7}
A SjEska ool et #elE Aok WOu, VRE SDME AHg
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Axel (Colin)

A: | just wonder about those 'F's
... it looks like more sort of "H' with a top stroke
doesn't it?

... 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 hera?
({mimics pen tracing with cursor))

= —]

S m— 1

EEEE

(72 24] VRE SDM& Edfl 2412 sSole 2
(£4]:De La Flor et al., 2010)
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3. #AFT SWEE XY a3
(1) G=r e-Science

o Gl A= 1999 John Taylor?} e-Sciences 3¢ o] & a<d

ol 2ZEg ]S FEIL YL

o0 Y72 2001dHE e-Science(2001~2011), e-Infrastructure(2012
d~) Z2OHS Tl AstAe AFE A gestAlE A4S Al

(@ A9 B3) AT AFEE F3 EHE F7,
e, B4 7ML dole] Agw TEHA H2E ol

= U

- (e-Science ¥ IHsHA| e} AFESAZD AFUEIZE NS
M, AZEJo] #FH 2EEA(Ontology)E HAHsIAS12. &
gt P Aol 26719 e-Science A LAE 7} Y= oM, 181
Mo FSAF AZEY 7L AFEHAS

(2) S-H AT e-Infrastructure

FHIES] R&D A 2739 AFQ! e-Infrastructure 975
E3] sl Fo) AZEY S T8-S 2 Y3}

— U

©)

- FP6(2002~2006%1) A7 %3} ¥ H(Structuring the European
Research Area)?] A7 X 23S T3l HAHAGAT
W)z 2o ATz YEY IS} agE =g 7=

CFP7(2007~2013d) ICT7]uke] wlolejsl Ad AHSe dAo=
Aofste] 71 ¥ (in-silico)’ 7 T

12) Atkins, D. (2010). RCUK Review of e-Science: Building a UK Foundation for the Transformative
Enhancement of Research and Innovation. tech. report, Eng. and Physical Sciences Research
Council.

13) ®oaix]jedodtal: GEANT: European Multi-gigabit Computer Network for Research and Education
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o0 2002 ¥ A7 =gt M= EH(ESFRI: European Strategy
Forum on Research Infrastructure)< A9
- FH 9 =V Y A7 Jd=Zete] dEH "o Ad #H A
A2 Ao =9 AFFor A7 JA=zeks TSt 7)o
- 2006, 2008, 2010 M LEE LRt A A}, AE
s, &4, dyA, o5, AR, =8 52 &ofoll €83 A+
1=z} vpeot
020099 ¥ A7 A= ZAAIR(ERIC: European Research
Infrastructure Consortium)< AHst] W=x7bd A5 =zt +

Zol Wad WA =Y 5
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[ 25] FP6OA] =A% e-Infrastructure?] L%

(ZX]: http://cordis.europa.eu/ist/rn/ri-cnd/e-infrastructures.htm)

(3) 0]=9] Cyber-Infrastructure

o iEs®d AL HFI=7FReY|=¢ Y] (National Science and
Technology Council) #}3}7]&H A ZaoA  FHstAT] “AbolH
Aazohdy A oA AZE o] &8 wito] =94

14) 19900 Albert Arnold Goreol 9Jsff ‘=7t A& Qlmatat= goj7t Ayt &9l 1998 thesyd A
A Roll osf “Atol] Qlmetets Jide] =Y
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15) National Science Foundation(2007), Cyberinfrastructure Vision For 21st Century Discovery
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- WA UAF=71(LHC: Large Hadron Collider)ollA] HA3t=
HolH & A gslr] ¢l AHH

no Ao Ax 1157019 #Hare Aol die 2@ 59 A4

ATFAE 5 AZA3 U

- 20139 10€FE 1d3F oF 259 Hghnlo|EVF AEE o, oF
79 87 CPU Alzto] & A4

=2 AHYHE 7R = A4t Anjxet BEAlE djBRY s &85,

AHLE AFSHA = YA FF AT E o] 2 AHE|AE ARl =Y
o)

il
SrAlAl Algste] Aol 3RE S

(

o 1A =g, YxHst, A= Y EokllA AMEEHIL
N
- aol|i A =88 CMS, ATLAS
- Y% 38k nanoHUB
- T2 &S} SBGrid
I\/glgons of Hours/Month
70 /.;\0//0\\0//0\,}___-0
60 o/A\O/" o
50
40
30
20
10
P months ago 7 months ago 3 months ago Now

[ 26] 7H9Ey st 2] =oA AFRH CPU AlZHEA: display.grid.iu.edu)
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(5) A9l e}
o AlR1#8H(Citizen Science) Crowd science, Crowd-sourced

L

science, civic science, networked science 5 T}3F o]Eo0 7 <
HA glom, #Ex7t ofd BIHETIY ofulEo|7} HlolHE
st EA4st= g BEokdd

o AR AT E o] WHoz AWZEe] HHo] 7hEdA L,
ol e FR7F LHks) EHA A5

LA A A4e AT HAFAU, Het
e HolHE oA Ffste] duk ARl 7}

b4st Al (EyeWire, Foldlt, EteRNA)S &3l M=% #38H4
A4S BAsE AS 571% &
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- AgE AFrell A Az Ed S Aree waA A8l
AZEL 7L st Ao B =7 FHolee Ko
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NRAAT 2, (2014.12.0). H3r1Ee] SWHE B
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w4 Bogdge A5t A7) mE g, 14-308-029.

1. Abdelhamid, S. E., Alo, R., Arifuzzaman, S. M., Beckman, P.,
Bhuiyan, M. H., Bisset, K., ... & Zhao, Z. (2012, October).
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