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Evolving Architecture
for beyond Standard Model

Physics
Beyond Standard
Model
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H/W Evolving Computing Architecture




Scientific discovery drivers
1. Data

— Sensors, Instruments, DB, Internet, Storage

2. Computational Science
— Theory-Experiment-Simulation

3. Machine Learning

— Al, Statistics, Data Mining, Algorithms, Deep
Learning



Abroad —

HEP Experiments in Korea
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Data p rOd u Ct I O n @ Accelerator Data

@ Astronomy Data
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= Data Sharing

m Accelerator Data Astronomical Data Simulation Data l"

Input Collaboration only Collaboration only All researcher share

Output All researcher share All researcher share All researcher share




) Accelerator Data

Current Belle ~1 PB
10~20 PB/year
Current LHC(CMS) 100 PB/year(Simulation
included)
100 PB
2018~2024 Belle I (50 times of current)
2025~ LHC(CMS) 100PB/year

(5~10 times of current)

) Astronomy Data

Current SDSS 300TB

2018~ DESI (Starting) 1PB
2014~2020 SDSS4 500TB
2017~2022 DESI 5PB
2023~2030 LSST 500PB

The size of data

A summary view of Data Processing in HEP
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= Planned surveys in the future

Dark Energy Experiments: 2013 - 2031




Data Manaaement System

Survey data management

KASI

Data mangagement
DESI (1PB+5PB)
LSST (500PB+7)

SDSS4(500TB+7)

Data computing
2017: 300 cores, 300TB
2018: 500 cores, 600TB
2019: 1000 cores, 1PB
2020: 2000 cores, 5PB

KISTI

Terminal base

Connecting KASI
survey data about
10Gps speed. We
make mirroring all
library and resources
KASI's cores for test,
KISTI's cores for
running.

Web base

Providing the
community service for
those who need survey
data, scientifically and
public purpose

« From Big data

to Fast data

* From theory-driven approach
to Data-driven approach

Prof. Y. S. Song

Theory-driven approach Data-driven approach

The value of data over time
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Fast Data ‘start with the system and

towards the data’




Computational Science

Technical Paper
J. Astron. Space Sci. 33(1), 63-67 (2016)
http://dx.doi.org/10.5140/JA55.2016.33.1.63

Journal of
‘Astronomy and
Space Sciences

e-Science Paradigm for Astroparticle Physics at KISTI

Kihyeon Cho"

Korea Institute of Science and Technology Information, Daejeon 34141, Korea

The Korea Institute of Science and Technology Information (KISTI) has been studying the e-Science paradigm. With
its suceessful application to particle phy
Standard Model of particle physics is still not considered perfect even though the Higgs boson has recently been discovered.
Astrophysical evidence shows that dark matter exists in the universe, hinting at new physics beyond the Standard Model.
Therefore, there are efforts to search for dark matter candidates using direct detection, indirect detection, and collider
detection. There are also efforts to build theoretical models for dark matter. Current astroparticle physics involves big
investments in theories and computing along with experiments. The complexity of such an area of research is explained
within the framework of the e-Science paradigm. The idea of the e-Science paradigm is to unify experiment, theory,
and computing. The purpose is to study astroparticle physics anytime and anywhere. In this paper, an example of the
application of the paradigm to astrophysics is presented.

ics, we consider the application of the paradigm to astroparticle physics. The

Keywords: e-Science, astroparticle physics, dark matter

1.INTRODUCTION have confirmed the Cabibbo-Kobayashi-Maskawa (CKM)
theory (Kobayashi & Maskawa 1973). However, the Standard
Model leaves many unanswered questions in particle physics

such as the origin of generations and masses, and the mixing

Current research can be analyzed by big data in the
framework of the e-Science paradigm. The e-Science
paradigm unifies experiments, theories, and computing and abundance sical evidence
simulations that are related to big data (Lin & Yen 2009). Hey
explained that a few thousands of years ago, science was

described by experiments (Hey 2006). In the last few hundred

years, science was described by theories and in the last few
decades, science was described by computing simulations
(Hey 2006). Today, science is described by big data through
the unification of experiments, theories, and computing
simulations (Cho et al. 2011).

We introduce the e-Science paradigm in the search for
new physics beyond the Standard Model, as shown in Fig. 1.
It is not a mere set of experiments, theories, and computing,
but an efficient method of unifying researches. In this
paper, we show an application of the e-Science paradigm to
astroparticle physics.

Dark matter is one of three major principal constituents of

. Paradigm of e-Science in astroparticle physics represented as.
the universe. The precision measurements in flavor physics i

n of experiment, theory, and computing
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~ Deep Learning

KISTH
Theory Experiment Deep Learning
Vi \ N
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Deep Learning and
Supercomputing

« Supercomputing meets deep learning.
= Heterogonous computing

80
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20

0

HPCWire Keyword Search
Results

_—

2012 2013 2014 2015 2016

— Artificial Intelligence
== [Machine Learning

Deep Learning

Topics of TOP500 Articles in July 2016

Al

B Deep Learning (Machine Learning) ® Heterogeneous Computing

System Components R&D Funding
® HPC System Construction = ARM Processor

B Government

Prof. J. Lee




KISTI Supercomputing center

« 5t Supercomputer

— Processing: 25.7PF
* Heterogonous: 25.3PF CS400 w/KNL
« CPU: 0.4PF CS500 w/SKL
— Storage
« 20PB SPS
« 10PB Archive

— Schedule
+ Installing now
* Service (2Q, 2018)
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In High Energy Physics



HEP & HEP computing

« HEP itself & HEP Computing

— KNU
— Soongsil University
— Yonsei University

— University of Seoul
— KISTI HEP Group
HEP

Collaboration HEP Computing @ KISTI

AMGA
team

KNU
Soongsil
Yonsel

U. of Seoul

KISTI HEP

GSDC

Network
team 16




Contact Persons and Mailing list

KISTI Kihyeon Cho
AMGA Soonwook Hwang
GSDC Seo Young Noh
Network Buseong Cho

_______ Mailinglist______ | Whom _______

hep@kisti.re.kr KISTI HEP Group
amga@edison.re.kr AMGA Team + Kihyeon, Miyake, Hara
belle2_comuting@kisti.rekr GSDC + Kihyeon

belle2 @kisti.re.kr All KISTI persons related with Belle II



Network

<Major Activities>

- KREONET-S (KREONET SD-WAN) Project
- eduroam KR, NRO of Korea

- CERT-KREONET

- Science DMZ, DTN, ...

Gangneung

5
{ncheon Seo/’\

" /
Songio =3 X
<
Sawon

\

. Cheonan

@ Internet eXchange - 10G

yoe

KREONET POP - National-wide 100Gbps National Research Network
KBLIGET IO - 17 Domestic GigaPoPs, 4 International GigaPoPs

- KREONET Backbone Availability: 99.94%(‘| 6)

- KREONet2/GLORIAD Backbone Availability: 99.98%(‘| 6)

- User: about 200 national research institutes, universities etc

(500,000 users) Prof B. S. Cho




HEP sites abroad

StarLight/10Gbps
Chicago

KREONET2/100Gbps
ESnet/10Gbps
WORIAD/10Gbps

GLORIAD-KR/12.5Gbps

GLORIAD-KR/10Gbps*2

CSTNet-APAN-JP/10Gb



HEP Sites in Korea

@ KOREA University
Cvoseou " Soongsil Pe

1G  [1G
1G

m w 1OGm
Japan

10G

i
Hong Kong
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Reports on HEP sites in Korea

« Soongsil U. / Yonsel U.
— Belle II

« KNU
— CMS

o KISTI GSDC
— ALICE, CMS
— LIGO
— Belle II
— etc.

21



Summary



Summary

» Physics goes beyond discovery.

« Computing needs solutions for the
evolving architecture.

= Efforts to fulfill the gap between physics
and computing in Korea
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Thank you.



