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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

Research Paradig

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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“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
< 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
e Brand new supercomputing building
Div. of Div.of S&T Info T et -
Assistant Auditor Advanced Information 5 = .
Convergence
| NTIS Cen
Future In
Research
-y Div.of  scientific
pivof Cenvergence Technalogy Center
Policy Research Research

Div.of | Biomedid

_ Flanning ] Technole

- - Center
Div.of

Adminstration | Disaster

- Technole

. Center

Div.of

grear.i\:elKorea Div.of ( Technola ght
| Supporting Analysis
( Div.of p
| Public Relations SMEs Supg
Fethmalomy policy '- Supercomputer
Center
nformaioiztion | Unique organization in Korea, our mission is to support various

R&D activities through ICT infra. service
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Supercomputer...not for specific, but for open to various R&D

Current supercomputer, introduced in 2008, provides 360TFlops(Rpeak)
Supporting various R&D areas including academy and industry

Preparation for new supercomputer having 25.7PFlops and 20PB, targeting the 4th
quarter this year(2017)

5th Supercomputer

1+ Supercomputer in Korea 1% Large-scale cluster in KISTI Computation Network(Optional)

Commodity Cluster

1
1
: Accel, Accel Accel,
: Nodes Nodes Nodes
. 1 Burst Burst Burst
Cray-25 == e : Buffer  gompute Node Buffer %86 Node Buffer
Mov 1988 ~Oict 1993 &l .»C-_";,: PLUTO(128cpus) IBM e1350 cluster (512cpus) Sun C48 cluster (3072 cores) Sun C48 cluster (25k cores) | | | |
KISTI1 y =g 2002~ 2008 Jan 2004 ~ Sep 2008 Sep 2008 ~ Sep 2010 ~ i IB EDR” 0GhE for Computation!lo
i
Cray C90 { [ MDS MODS 0S5 0S5  MDS MDS 055 0SS Provisioning
Nov 1993 =~ May 2001 s | o~ o < [ o e -
L 1 H Scheduler
Fs0 Fso F51 Fs1
KISTI-2 : i | - — .
C T3E i T | KISTI-4 ! Monitaring
0y 1§Fr¢a?¥-Dac I : NECSK-5 NECSX - & i : |B EDR for Data Move(Optional) I Management
! May 2001 - Feb2003-Sep2009 1 | !
: : : Policy Engine Datamover Datamover Provisioning
H KISTI-3 1 | 1 l l
H : ] SAN/Ethernet/IB for Storage Network o
__ ! ' w v ! Provisioning
- i : | ked o H
— A = :
=x! 1 ] é < o i - g : " A
ol ; & , e 3,
1
HP SMP 1 IBM p690(4nodes) IBM p690+(17nodes) | IBM p595 (10nodes) IBM p595 (24nodes) H
May 2000 ~ | Jan 2002~Sep 2008 Jul2003-Sep2008 ! | Jan 2008 ~ Oct 2009 ] KISTI-5

High Performance Cloud
Computing RS

Accelerator based System %86 based System
Large scale Storage High Performance Storage

= Performance: 25.7PFlops
CAVE & SGI Onyx3400 Visualization Cluster HP visualization cluster Storage: 20PB

1988 1993 1997 2000 2001 2002 2003
2GF 16GF  131GF 242GF 786GF 5.2TF 8.6TF

1% CAVE in Korea 4

High-end visualizaion

Apr 2002 ~ Oct 2004 ~ (892 cores, 109 GPUs) Power Consumption: ~8MW
2008 - \ Installation: Jul 2017 y
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Advanced KREONET Center...fast & secure data transmission

. . AT
i - -~ y-:-»\:;“‘__-

D (Swiss) CERN LHC '&‘-— " ::be,
P> (France) ITER Grid .
b JIVE: European VLBI Ne PacWave >
P> (Norway) Satell. Data Receiver

Seattle 2 20G
=3 106G 5 «S.tarl_lght,.
. .,‘1& Chicago
10G 1009 & Jdntemet2
HongKong (Moll )>

<TEIN mov) >

P (Japan) KEK Bell Experiment
P (Asia) CERN Tier2/3 anw

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)

e e
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«©

CERN —)
Fermilab KEK-JAPAN

hit

’ ===
( BROOKHAUVEN
Balloon NATIONAL LABORATORY Open Science Grid
30Km >
- = .\.‘/.\

IN2P3  WVLES
C I e n C e rrrrrrrrrrrrrrr it fir 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)
Contribution to global scientific @)‘
research

< (Domestic)
Scientific data management and

— 3
-
€
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History

|

©0o o0

Korea-CERN Korea-CERN (LHC)
Agreement Protocol
5 o
2006.10 2007.07
2016

G

Top Quality of
Service
(~11th ranked)

10Gbps Network
Established

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
l_f 4
I
-~ - 201007  KiSTi
2008.08 2009.12 (" s
2015.5 2014.04
[t SR T m _ o ‘
= 3@ : b =y e

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

Cornerstone 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 .
Efficient Storage d WLCG Tier

: Agen
ment u [ Med/G || Clima 1 Asia Hub ga
Infra Unification enome te

Open Science Data Platform

Fermllab

Develop

NATIONAL LABORATORY

T

Infrastruc
ture

o |
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World-class CERN Tier-1 Center

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

Worldwide LHC Computing Grid

Providing reliable and stable service

Best equipment procured every year Interlocking with existing systems
" > -, = : done by 100% KISTI experts

M

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

& 9.6 control
24h control

$1,600,000

$1,400,000

109.5
$1,200,000 ;
$1,000,000 B A] A 2B
335t
$200,000 s

$600,000 FHatsh

(skep)doys ad1nias

mEZH Y

. = . $400,000
' 8 =2 EHH

11.0 M $200,000
73 37
5,
55% 97% 70% 98% 83% 99% Open Source

Service Availabilit T8

100% open source used, requiring expertise and
advanced skills [NOT FREE]
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Infrastructure @ KISTI-GSDC ... keep growing

Major vendors' competition place due to every year procurement,

KREONet

Firewall

Care Switch

Network Attached Storage

Core Switch

Rack Switch Rack Switch Rack Switch

3 PB Tape

Tape Storage

Public 10G Etherne

Public 40G Ethernet

KISTI-GSDC

9500 Core /600

Rack Switch Rack Switch Rack Switch

8.5 PB Disk

HTC Computing Node

Public 10G Ethernet Bundle
Private 10G Etheret Bundle

requiring big efforts. It is impossible without expertise.

Six steps to enable basic functions

ﬁ 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

Automatic System Management
Stack for Service
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Role Expansion to
National Data Center



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 @;;&’5::%/7 b \QR\"\"":;/i C S ¥ Elementary Particle Physics
S WLCG {CM i Tier-3 : (CPU) 1,000 cores / (DISK) 600 TB
WL(_/(‘I I lﬁr 1 Worldwide LHC Computing Grid i o : )
(CPU) 3,500 cores/ (DISK) 1, 500 TB / (TAPE) 3,000 TI S WLCG Tier-2 (2017)
Tier-3 (KIAF) : (CPU) 200 cores / (DIS I ) 300 T y (CPU) 1,000 cores/ (DISK) 800 TB

Astrophysics

LDG Tier-3 - s
(CPU) 800 cores / (DISK) 600 TB LIGO CPU) 360 cores / (DISK) 600 TB
. L]

LLDG Tier-2 (TBD)

Elementary Particle Physics (D _l RENO Neutrino Physics
B2G Tier-2 </t , RAW data storage

(CPU) 300 cores/ (DISK) 100 TB Belle IT V/\/\/\/\/\O (CPU) 360 cores / (DISK) 700 TB

Structural Biology (TEM)
(CPU) 300 cores / (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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Unified Data Analysis Platform @ KISTI-GSDC

B U M Nt A rr————————————

H v
<% | Equipment || Equipment Equipment
E F Z

Science 0
Gateway
Analysis S/W
Logically Unified Single Resource
Fast Data /sWA
~ ~ Access (immmnue (Immmnue (mnmuemmmm /SWB
= — — / (immmue (immmue (mmmuemmmm /SWC
" ——— ~ 2 = (immmue (Immmnue (mnmuemmm
—— S — S — 3 C Data Z e i (mmmue e
- - - B e rou e Z
Data A (immmue / \ (mnmuemumm /SW
H (immmue (immmue (mnmuemumm
SCIence Data DMZ (immmnue (XTI (mnmuemumm
(Immmnue (immmnue (mmnmuemumm
(mmmnue (mmmue (mmnmuemmmm .
\ /' /N Automatic S/W
[Adva ntages)

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 Officially joined KEK Belle II Computlng Grid

@ T ENERCY CCHLERAT BESARCH ORGANLATION

Transmission electron microscopy
Data Sharing-Analysis Farm

~ Total cost for )
W/ d B large facilities
. ©

ol El b zn ]

Sincerely,

Xy ¥

Toshiaki Kansko, Ph.D.
Computing Research Ceater, Head
High Enargy Ascslorator Research Orsunization (KEK)

MOU

KISTI & Belle Il

billion
New Accelerator

K:31|

Data Gen. KRI-_/JE‘)\IET e onl arge vesearch faciis
@ From Data
Acquisition to

i Utilization of Tier-1 know-how
Analysis for data management

in Korea

Reial data center

(under discussion)

50% of Time

Reduction

Improving R&D efficiency by linking data Officially participationh
center and large research facility in data management

m Gravitational Wave

Detector in Japan

TEIN-GLORIAD-KR

Network Connection Imprgve ment

[— ommom
|y el OE
Al

Enhancing collaboration
in Asian community
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Thank you.



