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Introduction to the K-DMSS

KISTI - Decision Making Support System
For Reducing Risks from Natural Disasters
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Government supported
Research Institute
(Since January,19b2~)

The National
Supercomputing Center
(On September, 2012)

Personnel : ~ 380
Annual revenue : ~ $12oM
Location : Daejeon

v' R&D Motivation = MOVIE
v'Overview of the K-DMSS
v'"Modeling & Simulation Models
v'Achievements & Delivery Plans

v'Future R&D Plans (‘18~ )
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R&D) Wietvatien T a—

Right Information = Right Decision

Let’s make a Decision-making support system.
Let’s gather, produce, analyze, and visualize Data in one system.
Let’s use HPC system and Emerging Technologies.

Decision Making

HPC & Big Data
Emerging Technologies
(VR, AR, DL ...)
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R&D

wisen. How make a DMSS? (ST

] ] EARTH OBSERVATIONS
the Right Information

A central part of GEQ’s Mission is

. to build the Global Earth Observation System of Systems (GEQSS)
to the Right People,

at t h e R i g h t Ti me, Numerical Simulation Systems

to Make H PC .

Global Earth Observation System of Systems

Predictions

Decision Support Systems Users

* Senarios

* Assessments Policy
HPComputing

& Communication / T ;\ _ /' Decisions

& Visualization Management

- m = Decisions
. 7_'14' = \
H_ Standards & Decision Databace D2

Y

it ot i
Research =
Background of S BlG DATA
Developing i |
The K-DMSS et

Societal Benefit Areas

9 SBAs GEO 1°t Phase (2005~2015)
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- Numerical Simulation System STH Lot e it

- DMS Infomation

Decision-Making Support

> Typhoon-induced disaSiere..
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- Assessment System: DIPDAS KISTH e
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Overview or K=DIVISS KISTH S

Integrated _ _ “

® S/W Package for Predicting Disasters & Damage Assessment
Developed on _ _

® HPC (high performance computing) & Big Data Platforms J
Supports for High resolution

® Modeling & Simulation for Atmosphere-0cean & Hydrology J
Supports for Huge data _ L _ |

® Vijsualization & AR (augmented reality) for Scientific Analysis J
KISTI’s independent _

® Decision-Making Support System for Disaster Management J

J
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Overview P

sikovss| Components of K-DMSS KT EE e

A
C\ High Resolution M&S Disaster Information System

- MPAS Web Portal Service

5 tnmns

.16_ : -’ﬁ -g ‘!. lQ ; " AR FIE
o \ -Precjﬁl.‘-‘:ébewétéraﬁa. gis
system Based on GNSS

N B

SR, —

Data Register/Search Scenario Operation

Data Storage

-

- Disaster Dat Disaster Prediction & Damage
Surge Tide Surge Information ata Assessment System
Prediction Prediction Management Exchange

Visualization System

River Flooding Prediction

Data Assimilation

E>E o vr @ . s
S EEE e i - %I-‘;J * ; 0, 0 (=]

Predlcable water, AWS & Sensors, WWW, Open API, SNS Knowledge Detection Framework

HPC OpenMP Fortran @f&wnsm VPCTIALL Big
Testbed o J? _ ey Te[.::;aed
o0’ Nu0uSQL - R
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3-Dimensional Integrated
Visualization System

K-DMSS : Software system

Numerical Model
Visualization System




Overview

siomss. HPC & Big Data Testbeds T a—

Total 169.4 TF

Intel CPU (Xeon) + NVIDIA GPU (K40M)
Cluster system

Firewall(UTM)

1G switch n
s ] e T e ] L T o
i 112.8TF 56.6TF | i
: Cluster for M&S* Cluster for big data analysis** i i :
i (30 nodes) (15 nodes) b i
E Cluster for 3-D visualization | | i
i (9 nodes) i i
i Cluster for user service Cluster for data management i i :
i (2 nodes) (6 nodes) i NAS i
| S Trial Service Construction & Service Development 169.4TF ' Storage System 838TB K

(Service for collecting, producing, analyzing, and visualizing information)

*  Cluster for M&S: 30 nodes(CPU+GPU), 12TF + 100.8TF = 112.8TF / 600 cores + (172,800 cores) = 173,400 cores
** Cluster for big data analysis: 15 nodes(CPU+GPU), 6.2TF + 50.4TF = 56.6TF / 300 cores + (86,400 cores) = 86,700 cores

(Service for storing input/output data)
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International Collaboration with NCAR/ MMM

Development of K-MPAS & KI‘—IVI(’AS based on MPAS

South Korea is located in the middle

KISTI’s independent

| Development of EDAS for K-MPAS based on LETKF

Ensemble Data Assimilation System Local Ensemble Transform Kalman Filte

KISTI’s independent

Development of GPU Acceleration Code of MPAS trnysics Part)

OpenACC (2017) = CUDA (2018)

J
J
J

NCAR developed MPAS GPU code (Dynamic Part)

Development of Integrated Prediction System of W-0-W models

Weather-Ocean-Water

J

(WRF/K-MPAS) — (ADCIRC/FVCOM) — (SURR)

Slmulatlon of Typhoon-Surge-Flood for SDBCIflC regions

Weather-Ocean-Water The Imjin River, Busan City, etc.

)

MPAS = Model for Prediction Across Scales | K-MPAS = KISTI MPAS focused on Typhoon Prediction

® Kore I stitute of
and Technology Information

J
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Modeling
Simulation

waes | Prediction & Analysis Systems ST S i

High Resolution Coupled Modeling System Based on HPC TPAS (Typhoon Prediction and Analysis System)

Wind speed (m's) Wind direction Surface pressure (hpa)

A MT Y

Geomundo

Satelllte ﬁg 5 5 N, =
J Data Assimilation ‘ A ' 4;”1 ’,,;Y,
i' _____________________________________________________________ i _g ,_,/'A\« Aﬁ/mr = ) v

WRF & K-MPAS : Weather Prediction

FPAS (Flood Prediction and Analysis System)

edoee
(@) e 000 &
oen'e

o]

()

" of
0809 080;,/905 0

XX R LX)

¥ Flooding
Predictio

SURR : Flood Prediction N-FLOW — SPH Modeling

Model Coupling

| ADCIRC
L UG-SURGE
FVCOM

SPAS (Surge Prediction and Analysis System)

0BS
---SIM{tide)
—SIM{tide+surge)

Surface elevation (mm)

1
1
1
1
1
|5

1 .
................................................................. sV 76 7667 7668
W-Juian time (day) i

FVCOM : Surge Prediction Coastal Inundation
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Modeling
Simulation

Models

Prediction & Analysis Systems

MPAS Ensemble Data Assimilation System

RADIATION
\

Korea Institute of

CPU-GPU Heterogeneous code of MPAS

i S— _g_\

OATA

Logging TOWCRATURC
RAATVE
HAMOITY

nno

AWS 25
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0000000000 | )C
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Computation cost of WSM6 Speed-up factor of WSM6
800 35
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Increasing Accuracy of Prediction

Comparison of track errors among three NWP models
MPAS(60-15km), UM(N768, ~17km in mid-lat), ECMWF(T1279, ~16km)

oot s v e

Defining features of K-MPAS

New generation

Old generation

,Singularity problem over the Pole “ 67.6 80.3 68.4
A " 48 44 110.9 148.0 112.8
1 No singularity problem over the Pale
2 No boundary errr problem [72 2 182.1 269.2 2241 |
3) Effective high-resolution simulation
96 21 214.6 364.7 279.6
120 14 272.5 432.5 374.7

(For the 1% ~ 18! typhoon in 2016, data collected till 20161004UTC)

K-MPAS is developed
Under the KISTI-NCAR international
Collaboration Project (2014~2017)

Comparison of Typhoon track errors
done by KMA (18 typhoons in 201b)

2017 MSJOH @ Korea Institute of Science and Technology Information

Increasing Speed of Simulation

VReduction of computing resource
w/ variable resoltuion®

¥V Boundary error®

Reference | w 200hPa

- [MBkmoY > I
Park et al 2014 Tl e o e o e
o Uniform Variable Ratio of computing time
(Left) Simulation w/o boundary conditions resolution (a) | resolution (b) of a to b
(Right) The same simulation but w/ boundary 15km 60-15km X5
conditions: discontinuous boundary condition
introduces errors distorting wave patterns, 3km 15-3km X 10
Best Better Good

K-MPAS > ECMWF > UM
24h, 48h, 72h, 96h, 120h (forecast hours)
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Modeling
Simulation
Models

Prediction & Analysis Systems

CHABA

—— Typhoon influen

ce on the Korean Peninsula
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Typhoon Track Prediction in 201b
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Modeling

Simulation

wes . Prediction & Analysis Systems = —

©,

Flood prediction system with the Hydraulic structure in North Korea

/\ Subbasin :i Dams in North Korea
Hl Channel B2 Q o

Streamflow Station 1 B e D, — April 5" - 4
® 56 6 D, — April 5t -3
\ 3 55 D; — Hwang gang
% : oo I Dam sit D, — April 54 - 2
_____ ; ' ‘ s A ..‘> v 3 = . 3 2 B7 c7 D5 —Aprll 5(h _ 1

1 ildaegyo 7 o
M, — Jeogs (5
Mj; — Jeonkon |

| M, — Gunnam

e

Pilseung bridge

Gunnam Dam

B14

EL. 105.8 m Hwanggang dam:’
o o oo " ] [~ uto oM
elevation E_'E"'_" EL-107m |2 | (Dam operation when dam water level reaches
the designed water level)
5 F S LB N G
o oj= a4 0
%f»‘i(g.\\ \QJ\ sl I v seHE -
o% b’@ ]\(>\ olume T ABEHWY) 4 .
1\6‘ o((\ v o2 0 0
N \
V 847 HESHRWL) . ]
Dam data Pilseung :
e v Henmy ! bridge “ f\‘ i
EMH}EET EL. 73m Cvaeen - B \ = b >
(Bottom elevation of Dam) p | \ \ J Ll
\ Time (hr)
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Blisastiel@linfieinaticnESysten

DIS is the integrated information system which has several features including

Data Management & Search based on Standard Metadata

~ Such as GNSS data from KASI

@

D) Metadata Harvesting from External Information Sources

o Open APl to share Disaster Information

High Scalability in Computing Power and Data Storage

@

Workflow Environment for Creating Integrated Scenarios

Such as Military Weather Scenario, Flood Scenario

@
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Disaster

"swem . Architect of Disaster Information System G Tp—

: /. A
Scenario Operation

Scenario Generation Scenario Monitoring K-MPAS
» Workflow Generation & * Real-time Workflow
Management Monitoring
Process Registration Statistics Service
» Workflow Action Registration + Analysis of Scenario Use — -

Weather Prediction

k WL shmg LT 1 WIS
Data Management I

Data Collection Data Search
Z * Observation/Prediction Data « Metadata Search Surge Prediction
e Collection « Open-API
Satellite Image + Standard Metadata Registration
e Data Processing Data Exchange
v + Data Compression/ + Metadata Exchange
: i Decompression (OAI-PMH)
Ocean Observation + Data Movement/ « Observation/Prediction Data
Format Conversion Distribution

Data

. N
m Data Storage

River Waterlevel

River Flooding
Metadata/Raw Data Storage Prediction

Scenario Storage

Raw Data
(Luster)

GIS Data

Cluster-based
File System for Massive Data Damage Prediction

Cluster 3

Cluster 2

Cluster 1
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Disaster

“swem . Disaster Information Web Portal HISTH 22

System
V¥ Disaster Information Web Portal (Main Page)

—~ 1
Disaster Information Portal A% ORUEY HECOH 210 = 0

KAF—WRi: Oberaﬁon Scenario

— ® fet_wrf_plot_dm1

fet_wrf_nest_dm2 ® ft_wrf_s . fet_wrf_plat_dm2

EErE )
- = oy
Scenarlo (/] 2017-02-13 17:36:10 e
(] 2017-02-12 14:37:38 e
M .1_ . ) = = 2017-02-10 18:04:11 e e s
Onl Orlng (/] 2017-02-10 14:57:44 ) o e
@ = 2| AL (YA S%) 2017-02-09 16:30:28 ma| A
@ 2Lz =42 C= AILI2I2 - WRF SURR 2017-02-09 16:30:00 mala

Page

5cenario ; V¥ Disaster Information Web Portal (Scenario Page)
en

Development : )
Disaster Information Portal 24 = olE e =AM OAUAe AuzowEa moys )
Page . e

Navigation e

a
o @ 2o FHAls ec e e
.

fet_wrf_run_dm1 fet_wrf_plot_dm1

. ] .ee
= Workflow
Environment

o Workflow for gy
°" Military Weather Scenario . ... ..
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Korea Institute of
Science and Technology Information

_ K-DMSS (KISTI- System Military
KC o Decision Making Delivery Weather
I I Support System) In 20117~2018 ‘ Info. Service
‘ — www.kisti.re.kr
Weather Wing
K-DMSS Subsystems & Models Deliverable in 20171

TPAS (Typhoon Prediction and Analysis System)

FPAS (Flood Prediction and Analysis System)

B
SPAS (Surge Prediction and Analysis System) Military Operation Scenario Flood Prediction Scenario
in the South Korea on the Imjin River

EDAS (Ensemble Data Assimilation System)

3D integrated Visualization System

K-MPAS CPU-GPU Hybrid Weather Prediction Model
Numerical Model Visualization System

DIPAS (Direct damage Prediction & Analysis System)
FPAS (Flood Prediction and Analysis System)

IPAS (Indirect damage Prediction & Analysis System)

Disaster Information Integrated System
Deep Learning Typhoon Track Prediction Model

Disaster Information Integrated System Deliverable in 2018
Disaster Information Portal System

3D integrated Visualization System

Numerical Model Visualization System

Flood Prediction Scenario at the KAF airbases
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Military

Weath ® (] 0 _—~ _
Scee:anz; FIM PMICUO“ &emno LKiéli IS(gir::cl:satrllmgrfmologyInlnrmalion

BHEE B U B (7]4) YL
Weather assessment system in Flight Regions

Weather Prediction Scenario
for Military Operations

. e : . U
1) Web Portal for 2) Client Program for
Scenario Monitoring Military Operations

HBA} BHO| B 7| AA ZE X S B AL Z (2017.09.15.)
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Weather/Climate Simulation Model GPU Acceleration

IPCC for Weather and Climate nga;]hel:)r antcil Clifma;:e Alli;mcte (V\IC;’K(JIAI)zA - Final Port and Integration Strategy
Simulation: Mid-year 3 update e I R e -
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GPU Acceleration of MPAS Physics Speed-up factor of MPAS physics

Schemes Using OpenACC
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* Good scaling on massively * Increased accuracy and
— wele panalle] computers flexibility for variable
LKi_sTi oree et o ; ) . UST o * No pole problems resolution applications 0

v
SCIENCE & TECHNOLOG) * No abrupt mesh transitions.

w

~

-

hsw_32cores 1P100 2P100 4P100

Adopted from MPAS tutorial New tiedtke M New tiedtke_without [/O = YSU BYSU_without I/O = WSM6 B WSM6_without I/0

MultiCore7 Workshop at NCAR (2017.09.28.)
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Weather/Climate HPC & Al Research Collaboration
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<ANVIDIA.
Recognition of Excellence in Research

nvIDIA PLATFORMS » DEVELOPERS | SHOP DRIVERS » SUPPORT ABOUT NVIDIA »

NVIDIA BLOG
09 Sep 2017 GEFORCE FORUMS
Dr. Minsu Joh RIDTORONS
Principal Director, Decision Support Technology Research Lab PRy
Disaster Management HPC Technology Research Center \ | N

Korea Institute of Science and Technology Information (KISTI) N
Daejeon, Korea, (http:/fwww.kisti.re.kr) Photorealistic Collaborati NS RENY

Dear Dr. Joh,
LEARN MORE
Thank you for recent updates regarding the next phase of KISTI leadership-class research in high performance
computing (HPC) and Artificial Intelligence (Al). Following a review of past collaboration between our organizations,
wour recent scientific contributions and achievements in HPC and Al, NVIDIA would like to express our recognition of
your excellence in research, and offer support for related future research. NVIDIA considers weather prediction and P
::male :Tcwanca as an |mp:lortant dnnjaml that has advanced significantly from application of HPC and Al, ancli wa_are_ As is 29 October 2017

ry excited at the potential of application software from KISTI that can model extreme weather events with high-
fidelity and scale-resolution in a practical way owing to GPU technology.

Better Predictions in Less Time

NVIDIA Corporation headquartered in Santa Clara, CA, invented the GPU in 1999 that sparked dramatic growth in PC
gaming, redefined modern computer graphics, and revolutionized parallel computing. More recently, GPU-based
deep learning ignited modern Al - the next era of computing - with the GPU acting as the brain of computers, robots
and self-driping cars that can perceive and understand the world. NVIDIA continues to achieve milestones in parallel
that lead to breakthroughs in advanced, energy efficient, and cost-effective HPC. As a result of this
collaboration between KISTI and NVIDIA, and in recognition of recent achievements, NVIDIA would like to
ute the following resources to your research:

An award of 4 x P100 GPUs (valued at more than $40,000 USD) for use by your organization at KISTI
Remote access to the latest GPU technology at NVIDIA Santa Clara for performance testing
Pre-release access to next-generation NVIDIA GPUs (e.g. Volta) and CUDA software environment
Technical guidance on applications engineering from the NVIDIA Developer Technology group
Technical support on hardware and software implementation; GPU cluster use; bug fix support, etc.

.
.
.
.

NVIDIA are interested in your research in two respects. We are generally interested in supporting innovative and

promising approaches that demonstrate the capabilities of GPU-based system architectures with relevant real-life
applications. Further, NVIDIA have interest in the experiences gained from a continued KISTI collaboration on
implementation of optimized GPU-based solutions that can apply to simulations of Earth’s environment.

Gimme Shelter: How Al Could Help People Dodge
Monster Storms

Thank you for the valuable contributions towards NVIDIA technology and solutions in weather and climate research,
and we look forward to further collaboration and breakthroughs working together with your team at KISTI

Sincerely,

< NVIDIA Corp Signature >

2701 San Tomas Expressw Santa Clara, CA 95050 | T 408.486.2000 | F 408.486.2200 | www.nvidia.com
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Regional Workshop on Impact-based Forecasts In RA Il (Asia) (19 November, Seoul/Korea)

To Provide the Right Information
to the Right People, at the Right Time,
to Make the Right Decisions.
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