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Data & Infra-driven
R&D Era



Research Paradigm Shift

Data & Infrastructure are Key in
Scientific Discovery

Describing natural  Modeling and Computing Data Analysis of tremendous
phenomena based  Theory Simulation data produced from large
on Observation experimental facilities

Observation |~ Theory | Simulation

Galileo's telescope Higgs Theory Black Hole Simulation CERN’s CMS and ATLAS experiments

— Higgs discovery
More chance to do research with advanced equipment,

higher chance to get Nobel prize

87% of Nobel prizes have been given to researchers who produced outstanding Source:
scientific discoveries using advanced experimental equipment since 1914. The Fourth Paradigm
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Trust in Data ... data is leading science

B CERN noticed a signal like a new
particle in CMS & ATLAS

Lots of theory papers submitted to PRL

: : PRL 116, 150001 (2016) PHYSICAL REVIEW LETTERS 15 APRIL 2016
experiments in December 2015. -
Editorial: Theorists React to the CERN 750 GeV Diphoton Data

. The 750 Gev d | phOton Last December, the ATLAS and CMS Collabomtions at the Large Hadron Collider reported
1 1 1 preliminary data with a small excess of diphoton events at an invariant mass of about 750 GeV
excess In pa rt|C|e phySICS was an [1.2]. which, if verified, would require unexpected new elementary particles. The collabomtions
anoma|y in data collected at have recently reanalyzed their data [3.4], and the signal has become slightly stronger. Though
. . the results are extremely intriguing, more data are requined o establish i the excess is real, or a

the Large Had ron CO”Ider(LHC) N statistical fluctuation.
H Owver 250 theory papers have appearsd following the December announcement, and a number
.201.51 ‘A!hICh COUId have .been an of them were submitled o us. We found it approprate 1o pubhsh a small sample of them. To
Indlcatlon of a hew pa rtICIe. raxi mi ze the coberence and firness of our cholces, we obtained informal advice from seveml

experts.

Four such Letters appear in this issue [5-8]. Others may follow, but we think that this set
gives readers a sense of the Kind of new physics that would be required (o explain the data, if

B However, the anomaly was absent confirmed.
in data collected in 2016, Ko Gt
suggesting that the diphoton excess | |
was a statistical fluctuation. DO 10,1105 FaysRevLat. 116150001

B In the interval between the
December 2015 and August 2016
resultsl the anomaly generated #Run2Seminar and subsequent yy-related arXiv submissions
considerable interest in the
scientific community, including

about 500 theoretical
studies.

@DrAndreDavid]
. w P

ons [by

number of submi

We are in data-driven science eralll

Our trust is in data B More than 500 theory studies found in arXiv

Cumulative
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“Open Science”...hot keyword among Policy Makers

B OECD produced the first Open Sudsines toraccess  Acknowledgment on the
Science report, mainly focusing on iR importance of openness
Open Access, Open Collaboration

and Open Data (2015)

Please cite this paper as:

OECD (2015), "Making Open Science a Reality”, OECD

Science, Technology and Industry Policy Papers, No. 25,
OECD Publishing, Paris.
hitp:/dx.doL.org/ 10, 1787/51rs2I96:

OECD Science, Technology and Industry
Policy Papers No. 25

Making Open Science a
Reality

3zs1-en

B Several expert groups in GSF have
been formed to build advisory
policy for Open Science: Research
Infrastructure, Data Infrastructure
for Open Science oEcD

Open science is more than open access to
publications or data; it includes many aspects
and stages of research processes. [...]

THE DATA ARE MINE! | 7

... 1S @ broader concept that includes
- interoperability of scientific infrastructure
- open and shared research methodologies

< Provides cost-effective access to digital research
data from public funding
<2 Enhances utilizations of research data to scientific

Open Data, Open Access and Open Collaboration communities as well as societies including
through Information and Communication Technology corporate sectors

SENE From THE PAST P

“THE TFUTURE?
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Data Infrastructure...that is what we need

Science relies on data, requiring infrastructure for data.

Data is getting more important and growing fast.

Data Infrastructure is the one of key factors for successful science and

tackling big problems of humankind.

KISTI has been in preparation for big data research era. Our mission is

gradually expanding to national role for data intensive research.
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Data Infrastructure:
KISTI-GSDC



KISTI...providing powerful ICT infra. service

Supercomputing Service
Supercomputing Center

Advanced KREONET
National Research Center
Council of Scence & ‘
Technology

Supercomputing R&D
Center

Brand new supercomputing building
i ;-_:'-.ﬂi:-.a - e "
Div. of Div.of S&T Info ) 22 ’
Assistant Auditor Advanced Information
Convergence
| MTIS Cen
| Future In
Research
- Div.of " scientific
Divof Convergence Technology Center
Policy Research Research
Div.of | ( Biomedid
_ Flanning ] Technole
- 4 Center
Div.of :
| Adminstration Disaster
- Technole

\\\\

Div.of

Creative Korea Div.of [ Technolo
| Supporting SMEs Innovation Analysis ight

Div.of E
| Public Relations SMEs Supj

eettoty policy -- Supercomputer

Center

| Conter " | Unique organization in Korea, our mission is to support various
R&D activities through ICT infra. service
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Advanced KREONET Center...fast & secure data transmission

~~ s : = = y = E\Q(?-
D (Swiss) CERN LHC . sp::"\, -
b (France) ITER Grid MO,

b JIVE: Enropean VLBI Net “PacWave >
P> (Norway) Satell. Data Receiver

Seattle 2 20G
i 106G 5 «S.tarl_lght
. .,‘1& Chicago
10G 1009 R Jdntemet2
HongKong (Moll )>

<TEIN mov) >

Astromomy Observatory)
P> SAAO (South Africa Astro-Obser.)
- KMTNet (KASI)

Providing domestic researchers with a
constraint free collaborative research
environment through KREONET (locally)
and GLORIAD(globally)

‘ﬂbﬁﬁy nmer” PP
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hit

CERN @
Fermilab KEK-JAPAN

Q.. BROOKHAEN
alioon NATIONAL LABORATORY Open Science Grid
30km Y

= =3 .\.‘/l\ &

S : XIT
=\ IN2P3  MVEGS
c I e n C e Karisruher Institut fr Technologie Los deux infinis

Collaboration with
global laboratories

experimental
Large-scale Scientific Data: Data

20Km CD stack with data
produced per year in CERN

{ hub Center

Data from
large and high-valued
research equipment

> (Global)
Asia representative Data Hub @)‘

< (Domestic)
Scientific data management and
analysis platform service
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History

|

©0o 00O

Korea-CERN Korea-CERN (LHC)
Agreement Protocol
3 \_4
2006.10 2007.07
National 2016

Data

G

Top Quality of
Service
(~11t ranked)

Center
for R&D

10Gbps Network
Established

LT PSR

'''''' A —
(P— i

Particle Physics

Detector Construction and Exploitation

LHC Computing Grid

CERN'’s training programs and schools

Strategy Study on

Computing Infrastructure
for experimental Data

Enhancement of Grid
Computing Support for
large-scale research facility

(Science & Technology Master Plan 577) Sharing
|_+ 4
I
. . _—
- - 201007  KiSTi
2008.08 2009.12 (" s
2015.5 2014.04

\ A e
Certificat

=

WLCG Tier-1
Approved
(11th Nation)

Launched Global Science
experimental Data hub

Center@KISTI

KISTI-GSDC
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Goal and Roadmap

National Unified Data Center for

Science and National Agenda

National

R Data Center for Unified Data
Data Intensive Center

Research

Accelerator centric
Data Center
(Asia hub)

2015~2018 2019~2024 2025~
*WLCG Tier-1 +Top 10 WLCG Tier-1 *Tailored data analysis *National data portal for
Service *Asia representative hub  platform service sciences
* Pipelined service with « Unified scientific data *Supporting national

high-valued facility management service agenda

Unified Data Management Solution Distributed Data Handling Solution

Open Source-based Cost-effective Large Storage System Development

High Performance Parallel Data Processing Solution
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Strategy

Promotion of Data Intensive Research

GSDC Promoting Science

R&D Partner for World-class Scientific Achievement

Role of National Unified Data Center
GSDC for Science and National Agenda

Data Mgmt. KiAF LDG CcMS
(ALICE) (LIGO) T3 . 5 _"_7 s Fermllab
Develop Efficient Storage d WLCG Tier :

ment u | Med/G | Clima 1 Asia Hub g | ooy
Infra Unification enome te ;

Open Science Data Platform

Infrastruc
ture
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World-class CERN Tier-1 Center

WLCG Tier-1 officially certified in 2014 (applied in 2012)

Worldwide LHC Computing Grid

Service-level ranked top 11t among 164 WLCG Tier centers’

Best equipment procured every year Interlocking with existing systems
- | R . done by 100% KISTI experts

. . ‘

M

-, 4
-
il .
-

—

_

24x365 service quality control Cost-effective service
(at least 97% availability) - configuration

& 9.6 control
24h control

$1,600,000
$1,400,000

$1,200,000
$1,000,000 B A] A 2B
335t
&
$200,000 -

$600,000 FHatsh

(sAep)doys adinias

mEZH Y

= 25

$400,000
$200,000

3.7
$-

55% 97% 70% 98% 85% 99% Open Source

Service Availabilit et

100% open source used, requiring expertise and
advanced skills [NOT FREE]
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WLCG Tier-1 (ALICE) Resources & Usage

T1 Proposal Full T1 Approval 10Gb/s
Mar 2012 Nov 2013 May 2015
SR < KISTI WLCG Tier-1 is the latest
= million jobs . o
: Cdfpleted officially approved Tier-1
Haly
o |5 . . . .
sl < the unique Tier-1 joined after LHC
= operation (the others joined 5 years
= before)
RUN1 LSl RUNZ2 2 However, it provides very stable
p~Pb raw data transfer 2PB Tape service in short time and achieved
o0 I fast catch-up
E TAPE commissioned
Sk HRb 201, 1.3PB Disk
n 5’2 TAPE procured
= Oct 2012 More than 1.5PB of raw data transferred
= from ALICE during RUN2
4000 2500 3800 3500 100%
zzzz 2500 2500 2500 9% T B
2000 1500 — 2000 W Disk(TB) 00% o Availability
1500 1500 + W Tape(T8) Reliability
1000
500 1000 - 85% |
’ 2012 2013 2014 2015 2016 2017 ]
cPU ° 2012 2013 2014 2015 2016 2017 o ‘ ‘ 2016

Keeping smooth increment of its capacity Keeping top quality of
in computing and storages as pledged service
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Infrastructure @ KISTI-GSDC ... keep growing

Major vendors' competition place due to every year procurement,

requiring big efforts. It is impossible without expertise.

KREONet

Firewall

Rack Switch Rack Switch Rack Switch

3 PB Tape

Tape Storage

KISTI-GSDC

Public 10G Etherne

Public 40G Ethernet

Network Attached Storage

Care Switch

Rack Switch Rack Switch Rack Switch

9500 Core /600

HTC Computing Node

Public 10G Ethernet Bundle
Private 10G Etheret Bundle

8.5 PB Disk

Six steps to enable basic functions

E Service monitoring
Elastic search  Icinga
Checl MK Kibana
Ganglia Logstash X

(5]
— User mgr.
IPA «—>]
LDAP
(4]

App. SW deploy MW install, Security conf.
Foreman
Condor PBS/maui
Auto | Puppst Stash
Deploy

x

P Jira
Sorpt Confluence
Git

— HW spec. bocation, ..
A | RackTables

Switch conf.

Cisco Nexus Application SW
Dell Force10 Application SW
VLAN SNMP

—

H

— OS install, Network conf,
DNS DHCP
Kickstart iLO/IDRAC

PXE

[T [T

Automatic System Management
Stack for Service

Introduction to GSDC - data center for data intensive research
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Expanding to other Scientific Domains

Experience on WLCG Tier-1 operation and service has given
many benefits to expand its service availability to
other scientific domains in Korea

Heavy-Ion Physics - g ¥ Ucnlcmar}'I‘m'ticlsl‘h}'sics
WLCG Tiu‘ 1 mlﬁgﬁ {EMS j Tier-3 : (CPU) 1,000 cores / (DISK) 600 TB
e mputing g
(CPL 1:;.mmwm—ws;/ml‘%l;v 1,500 TI /(IArf 3,000 TB Wl (/(J l 1er— 2 (2017)
Tier-3 (KIAF) : (CPU )(H cores / (DIS I ) 300 TB (CPU) 1,00 res / (DISK) 800 TB

Astrophysics
DG Tier-3 \1 dical Scienc

(CPU) 800 cores / (DISK) 600 TB LIGO CPU) 360 cores / (DISK) 600 TB
mgatay 4 5

.LDG Tier-2 (TBD)

Elementary Particle Physics
BZG Tier-2

(CPU) 300 cores / (DISK) 100 TB

Neutrino Physics
RAW data storage

Belle I (CPU) 360 cores/ (DISK) 700 TB

nu tural Biology (TEM)
CPU) 300 core / (DISK) 500 TB

and it is still expanding to many other research areas.

Service for additional domestic experiments is under preparation.
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Asia Tier Center Forum ... central place for Asian community

Steering wheel to solve common issues and troubles
faced by Asia Tier centers

7 Tier Centers, ESnet,
TEIN, KREONET, CERN

| 4 Registration ~— " Net Tuning Site Reports

ASIA TIER GENTER oy

FORUM

22-24 September 2015, KISTI, Daejeon, Republic of Korea

GLORIAD-KR

T I

= () ‘
D 7. 71

2 3rd ATCF in Korea
2 Forum Regulation

< Secretariat Office at
KISTI

http://www.atcforum.org/
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Network Connection

10Gbps direct link between KISTI and CERN through Chicago
(sharing 100Gbps GLORIAD as a backup)

L’W‘%ks‘*;} e

A

s KISTI-CERN LHCOPN
m———  KISTI-Asia Tier Center LHCONE

= e =Sy

X

Routing information sharing between TEIN-
GLORIAD, improving network connectivity among

Asia Tier centers
(June, 2016)
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Network Connectivity Improvement in Asian Tiers

Before TEIN-GLORIAD interoperation

Interconnection & exchange route info.

TRANSPAC

Bl e

Tracepath -
All Tier-2 centers are connected to TEIN
GLORIAD line reaches Hong Kong
f _ : Possible to exchange routing information
o[ ISTIKR) — COMSATS(PI) [ k B

.......................... 6—\

PACIFICWAVE

287.264ms

delivered to Asia Tier-2s directly

Response time: 155.546ms T

Not an easy task, but done in time with support from 442.810ms
Advanced Network Center@KISTI

10 hops removed
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Role Expansion to
National Data Center



Why we have to focus on data analysis

Data intensive R&D through large-scale infrastructure requires

a new strategic model suitable for Korea circumstance
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KISTI-GSDC Introduction to GSDC - data center for data intensive research




A Korean Model in Data & Infra-driven R&D Era

A model of considering scale is required to keep up competition level

with advanced countries of having large facilities and research groups

Korean Model

Advanced Country

Data Analysis

Strong | Data
Scientific Collaboration Center
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Data Center

Discovery

Facility

Oﬁtleliglace. {Common Goal} Y
Scattered
< Large scale research group < Small scale research group
< Large scale research facility VS. < Small or medium scale facility
< Dedicated data center 2 Not easy to have a dedicated

data center (in size and experts)
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Unified Data Analysis Platform @ KISTI-GSDC
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[Advantages)
1. Pluggable Science — Supports in unified way for various groups and equipment
2. Data Infra. Sharing — Reuse and full utilization of infra. saving tax-payer’s money

3. Simple R&D Process — Fast results from data acquisition to data analysis
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Role Expansion

Transmission electron microscopy
Data Sharing-Analysis Farm

~ Total cost for
large facilities
-
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billion

Equipments

3 Survey and analysis on the status of
national large research facilities

From Data
Acquisition to
Analysis

50% of Time
Reduction

Improving R&D efficiency by linking data
center and large research facility

KISTI-GSDC
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Officially joined KEK Belle II Computing

Grid

Sincerely,
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Toshiaki Kansko, Ph.D.
Computing Research Ceater, Head
High Enargy Ascslorator Research Orsunization (KEK)
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KISTI & Belle II
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m New Accelerator

in Korea

Utilization of Tier-1 know-how
for data management

Reial data center

(under discussion)

m Gravitational Wave

Detector in Japan

Officially participation
in data management

TEIN-GLORIAD-KR

Network Connection Improvement

[— ommom
—

Enhancing collaboration
in Asian community
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Conclusions



Conclusions

Data and infrastructure are the key in scientific discovery

CERN'’s recent 750GeV thing shows that we are in data-driven
research era and we trust in data

Three driving forces - openness of access, collaborations and data

helps to have competiveness for data intensive research in Korea
through synergy with KISTI-ICT professional institute

helps to expand WLCG knowledge to various science domains
smoothly and to build strategy plan for Open Science

Tight collaboration with CERN WLCG project, extending to
development project in computing general beyond operational service

KISTI-GSDC, unique infrastructure for data intensive research in Korea,
our role is being expanded to national data center for science and
national agenda
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Thank you.



