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1. HEP in Korea
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Goal is for SM or BSM.

Dark Matter

The Universe Today
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Beyond the Standard Model

proton - (anti)proton cross sections

33 2 -1
107 cm”s

events / sec for

Higgs particle
(Standard Model)

Many particles

‘y "~ 4 Beyond Standard

Model

Adam Martin

= BSM needs at least 1000 more Higgs events.
= ML & Evolving computing architecture needed g
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Big Data Production “ag
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Large Hadron Collider
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HL-LHC statistics = DUNE & LSST

« x10 data vs. LHC Run 2/3,

« 200 simultaneous collisions vs. ~30 in Run2

« 15~65 increasing channels J. Goh



Big Data in High Energy Physics

LHC Science Facebook
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2. Machine Learning
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Machine Learning in HEP

Deep Learning

Machine
Learning

Algorithms that learn from examples
(“glorified curve fitting”)

Deep
Learning

A class of ML algorithms
whose fitting functions consist
of multi-layer neural networks

David Shih



Machine Learning in HEP

Big Data

Learning

ML needs big data in order
to achieve a good accuracy
on its predictions.

Big data exFeriments like LHC
are an excellent laboratory to
test ML.

To manipulate big data,
several tools are needed to
process the information.

H.D. Yoo



Hidden
Information

Fast processing Precision

New particle



The changing nature of scientific
research
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Big data & Deep Learning for
Large Scale Scientific Applications

Artificial
Intelligence
- Machine Deep Evolving computing
. ) architecture
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Moving towards HPC
EAXVE: vevraino exeesivent

DUNE has used Grid Farm and Cluster,
the computing power of conventional
HEP experiments.

However, research using HPC is also
underway due to the evolving
computing architecture.

Attempt to submit a job using the KNL
system of NERSC's Cori supercomputer
Applying to CP Violation's sensitivity
setting study for TDR

Supercomputer uses CVMFS to bring

environment variables fitting and
DUNEL library.

It will be used for KISTI-5
Supercomputer of KNL system.
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3. Evolving Computing
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HEP Computing in Korea

e From Grid Farm

Yonsei U-Seoul — Soongsil U. & Yonsei U.
. e Belle Farm

— KNU & U. of Seoul
e CMS Tier-3

— KISTI-GSDC
o ALICE Tier-1, CMS Tier-2,3
e Belle Farm, LIGO, RENO
« To evolving computing
architecture

— KISTI-5 supercomputer

Soongsil ¢

KISTI
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From Grid Farm
To evolving Computing
Architecture



KISTI-GSDC
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ReSOU rces for H EP (2020) 28 Storage Racks with 6 Different Models
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Software and Middleware

— More than 60 open S/W

— More than 100 M/W and service programs
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From Grid Farm
To evolving Computing
Architecture



KISTI-5 supercomputer

Theory Experiment
et oewiemm e Qverview
i Orrapmiedon Conpresson — — CPU 25.7PF
I — » Heterogeneous: 25.3PF CS400 w/KNL

Detector Simulation Analysis Tools
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Deep Learning Input _ Sto ra g e
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« 10PB Archive

— Launched in November 2018
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Architecture of
KISTI-5 supercomputer

Main System
Pllot
Testbed
||| Intel Omni Path High-Speed Interconnect
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Tape Storage

/Scratch 20 PB

\/ /Home 0.5PB /Apps 0.5 PB
Burst Buffer 0.8 PB (SSD) Tape Storage 10 PB

@ Available KNL CORE Time = Available SRU Time x 4,352
@ Available SKL CORE Time = Available SRU Time x 1,280

1 account: 20,000 CPU*hour M.S. Joh 2



Rack Front Door Rack Rear Door Hot Aisle OPA Optic Cables

12x DDN
Lustre
Storage

; y= TS4500 § . . 1 o i | 5 I R ‘_;:,__l_f__,
—ro—r o] Tapeldbrary T T e e T







Profiling

 Using Geant4 tool kit
— High energy physics e
profiling (Fermilab) ) Pt

0.8l

* SimpliCarlo (Sequential)
. Julia Yabara
« CMSExp (Multi-Thread)

— Low energy physics
profiling (KISTI)
 Using Brachytherapy code
« KISTI-5

..........................................................

CPU Time (sec/evt)

0 . . .
10.02 10.03 10.03.p02  10.03.p03 10.04
Geant4 Version



Name
Model

Process

Architecture
Node

Core
Rpeak

Memory

Storage

Interconnect

Service date

Tachyon2
SUN Blade 6275

Intel Xeon X5570
(Nehalem)
2.93GHz

multicore

8core/node

3,200 node
25,408
0.3 Pflops
DDR3/1333MHz

76.8TB

234 TB disk
2.3 PB disk

2.1 PB Tape
Infiniband 40G 4XQDR
2010.8~2018.11

KISTI-4 vs. KISTI-5

KISTI-4 KISTL5

Nurion KNL Nurion Skylake
Cray C5500
Intel Xeon Phi 7250 Intel Xeon 6148
(KNL) (Skylake)
3.0464 TFlops/CPU 1.536 TFLops/CPU
many-core multicore
68core/CPU 20core/CPU
1CPU/node 2CPU/node
8,305 node 132 node
564,740 5,280
25.3 Pflops 0.4 Pflops
16GBx6, 6Ch/CPU 16GBx12, 6Ch/CPU
96GB/node 192GB/node
778.6 TB 24.8 TB
21 PB disk
0.8 PB SSD
10 PB Tape

OPA@12.3GB/s Fat-Tree, 50% Blocking
2018.11~
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KISTI4 vs. KISTI5

2 0022 [ Tachyon2
KISTI4 § 2 I o S
— Tachyon2 (CPU only) E oo
KISTIS

Nurion KNL (Heterogenous) j;jﬁ:éj

Nurion Skylake (CPU only) °“:

10.02 10.03  10.03.p02 10.03.p03  10.04
Geant4 Version

160 I Tachyon2
“°" I Nurion KNL

1w [l Tachyon2 . [ Nurion Skylake
[ Nurion KNL

20 |l Nurion Skylake 250
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Memory in the first event Memory in the last event 5!




Columnar Analysis in High Energy Physics

Back-end Front-end
Format the data from ROOT ntuples into Define signal and control regions,
columns (awkward arrays) apply corrections, produce histograms
Support for several “column-delivery” « Convenient ways to wrap awkward arrays
mechanisms « Histogramming tools based on matplotlib
Choice of mechanism should be transparent * Lookup tools for the easy application of
to the user weights and scale factors

= Single Muon WCR Fail baggy 59,87 fb—* 113 Tew)

ST

Prof. C.S. Moon



KISTI Cloud Service for High Energy Physics

‘redls fd est - »
DASK u IOKubeﬂow

Prometheus

Monitoring

nual and Conbgure

& &K

-~ -

« Recently 'KI(KISTI Intelligent) Cloud' service has been started
« |t allows users to use Nurion via the cloud service.

« Some frameworks (services) might be suitable for HEP .

Prof. C.S. Moon



4. Beyond Standard Model

« LHC with Deep Learning &yon
Evolution of Universe Standard Model
*

Machine Learning

—

Evolving Computing Architecture




LHC with Deep Learning

= Using 4096 nodes of KISTI-5 Supercomputer, we have performed
deep learning using CNN on 7 layers or higher.

= Used CMS data with the world's largest CPU
(cf. US NERSC uses machine learning in ATLAS experiments)

= Separating SUSY signal events from QCD background events

Results

Detector image Convolutional Neural Network

_RPV-SUSY signal :QCD background | (CNN)

) . ; i _ wi "

" - ¢ L 4 Wy ; / /,.. .

lk . | PEAZiR 3 | L
i o=

The result of large-scale deep learning with 7 layers using KISTI-5 supercomputer (4096 nodes)
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Working with NERSC for ML
— NERSC has KNL system of Cori
while KISTI has KNL system of KISTI-5.
— NERSC uses ATLAS data
while KISTI uses CMS data.

& -,i‘ 5
ST O

Cori @ NERSC KISTI-5 supercomputer @ KISTI
36



Evolution of Universe

« Dark Matter Experiment

— The characteristic &
reaction of rare isotopes
are important.

 Nuclear Chart

— The secret of birth of
universe = dark matter

— The origin of element of
universe

— The evolution of star

« Using 235 accounts of KISTI-5

r Ab initio

Birth of Universe:
The world made of 126

T0% Dark Energy -

i The last frontier

\ of universe
4% Normal Matter K ‘C _f }

protons

o

& X
/0

Towards a unified
description of the nucleus

few-body
calculations No-Core Shell Model o,

GFMC formalism Coupled Cluster approach IM_SRG Bruce R. Barrett
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« Production of exotic nuclei and heavy elements
« Nuclear Structure and reactions from first principle

« Lattice Effective Theory

Nuclear reactions at low energies
(< 10 MeV/n)

Projectile Degrees of Freedom Energy (MeV)
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Resolution

.
a~1-2fm
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Discovery

Dynamic/transport properties
of neutron star crust solved

Static properties
of neutron star crust solved

G [ Predict shell structure]
of extreme nuclei

LY

10x tera 100x tera peta

100x peta 1 exaflop year
39



5. Summary

« New physics beyond Standard Model needs machine
learning and evolving computing architecture.

« HEP computing merges from Grid Farm to evolving
computing architecture.

= Therefore, KISTI-5 will play an important role to study
HEP in Korea besides Grid farms.
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