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1. Thousand years ago – Experimental Science
§ Description of natural phenomena

2. Last few hundred years – Theoretical Science
§ Newton’s Laws, Maxwell’s Equations…

3. Last few decades – Computational Science
§ Simulation of complex phenomena

4. Last few years – e-Science or Data-Intensive Science
§ Scientists overwhelmed with data sets from many different 

sources 
ü Data captured by instruments
ü Data generated by simulations & sensor networks

§ e-Science is the set of tools and technologies to 
support data federation and collaboration
ü For analysis and data mining
ü For data visualization and exploration
ü For scholarly communication and dissemination

With thanks to Jim Gray

Science must move 
from data 

to information
to knowledge 

1.2 Changes of a Research Paradigm 
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1.3 Status of Korea’s R&D and Education

1. As the amount of investment in national R&D projects increases
§ The science competitive power of Korea continues to be enhanced and is 

in the group of 5 leading countries with the US, Japan and etc
§ In 2010, the Korea’s rank of SCI paper was on the 11th place and 

the rank of international patents was on the 4th place in the world
2. The competitiveness of the national science and technology

§ Korea has been improved and reached to the rank of 5 & 14 in 2010
3. The usefulness and quality of the national science education system

§ The rank of higher education system was the 37th in the world
4. The reeducation cost for the newly graduates is so high

§ The good research results have been hardly applied into the education
§ The higher education of science and engineering in Korea has focused on 

the theory-based learning rather than experiment-based learning
5. Any solutions? à Cyber-Learning

§ Experiment-based science and engineering education on the cyber 
infrastructure is one of the possible solutions. 
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Survey Results (Apr. 2010)

1.4 Necessity of Cyber-Learning System 

75% agreed to Improve 
the higher education 
environment

75% agreed to Improve 
the higher education 
environment

Willingness of using 
a simulation based cyber- learning system

6



7

Contents

I Introduction on EDISON 

1      Status & Necessity of Cyber-Learning System

2      A Cyber-Learning System : EDISON

3      Future Directions of EDISON 



Background and Overview

8



EDISON means
EDucation-research Integration through Simulation On the Net
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2.1 A Cyber-Learning System : Background  

Anyone can learn and understand the theory or system by computer 
simulation anywhere and can predict operations of the system by easily 

changing parameters of the simulation model.

Anyone can learn and understand the theory or system by computer 
simulation anywhere and can predict operations of the system by easily 

changing parameters of the simulation model.
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2.2 Overview of EDISON (1/3)
▣ Science Gateway for Research & Education of Computational Science 

v To establish a web-based open platform on cyber-infrastructure where people can 
easily and conveniently access and utilize simulation SWs for the educational and 
research purpose 

v To help (under)graduate students learn latest technologies and research trends 
in the engineering/science area, and localize simulation SWs in the various 
application areas

v Timeframe: July 2011 ~ Ongoing 
v Budget: U$3~4M/year funded from Ministry of Science, ICT and Future Planning 

Objectives
v Construction of ‘virtuous circle’ between schools and fields

v Localization of science/engineering simulation SWs

G
O
A
l

v Development of EDISON open platform and portals for public service
v Establishment of research communities and connections to higher education 
v Commercialization of well-featured domestic simulation SWs

Computer/ 
Network/ Storage

User Authentication/
Computing Resource 

Virtualization

Cyber-Infrastructure EDISON Middleware

Science 
AppStore/

Web-Portal
EDISON Application Framework

CFD Computational Chemistry NanoPhysics Structural Dynamics Computational Design 
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Simulation SWs

Education & 
Research Hub 

(EDISON)

v Development of web-based EDISON open platform for running simulation, which 
can be expanded into multiple application domains, and user portal service 
environment

v Securement of core technologies through the localization of various computational 
simulation SWs developed and used for education/research fields

v Provision of user services for CFD, NanoPhysics, Chemistry and other domains, 
powered by KISTI cyber-infrastructure (supercomputer, high-speed network, and 
mass storage)

2.2 Overview of EDISON (2/3)
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2.2 Overview of EDISON (3/3)

v EDISON Central Center (KISTI)
§ Development of EDISON open platform and core technologies
§ Provision of computing/network resources for EDISON users

v EDISON Application specified 5 Area Centers
§ Development of Simulation SWs and contents, and incorporation with lectures

EDISON
- Secretariat
- Committee of Experts
- Steering Committee
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Korea National Research FoundationKorea National Research Foundation
Decision of Project Coordination Institution
Decision of Project Partners (Universities, Laboratories)

Central center
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Academia/Labs Academia/Labs Academia/LabsAcademia/Labs Academia/Labs Academia/LabsAcademia/Labs Academia/Labs Academia/Labs
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2.3 Overview of EDISON Platform 
v Convenient System à Easy to Develop Simulation SWs
v Open System à Easy to Expand Various Application Areas
v Effective System à Stable Web-based Simulation Running System
v Easy System à Easy to Use and Understand Simulation SWs/Contents
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2.4 Simulation Running Scenario on EDISON 
v Researchers/Developers: Developing simulation SWs by combining

latest research results with IT through Web environment and register
developed SWs to Science AppStore

v General Users(Students/Researchers): Running their simulation jobs to
solve problems by selecting simulation SWs in Science AppStore using
the EDISON Infrastructure (Physical/virtual computing resources)

14



2.5 Core Technology in EDISON Platform (1/2)
v Science AppStore Management Framework (SpyGlass)
§ Repository of simulation SWs and its metadata, which can be executed on the 

EDISON platform
§ Composed of Science AppStore toolkit (SpyGlass Toolkit) and Science 

AppStore service (SpyGlass Services)  
§ HTTP(S) based RESTful interface provided
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v Virtualized Computing Resources/Job Management Framework (IceBreaker)
§ User authentication/authorization, virtualized computing resources management and 

job lifecycle management
§ Virtual cluster and/or VM provisioning via Xen VM monitor (VMM, hypervisor)
§ HTTP(S) based RESTful interface provided

• User management    
(register/update/delete/retrieve)

• LDAP/X.509/Simple authentication back-
end supports through abstraction layer

• Session management and authorization 
per user

• Physical resources management
• XEN, KVM, VMware hypervisor support 

through virtual platform abstraction 
• On-demand virtual machine provisioning 

support
• Virtual machine lifecycle management
• Physical/virtual resources monitoring

• Simulation data management
• Job lifecycle management such as submit, 

monitoring, cancellation, etc.
• Input/output data management for 

simulation/job execution
• Support of diverse local job manager 

(PBS, LL, SGE, etc.) 

User authentication/
authorization and management

Virtualized computing resources 
management Simulation/job management

HostHost HostHost HostHost…

Parallel File System
/ Storage

Server Farm

Virtual Cluster VC

VM VM VM VM

VM VM VM VM

VM VM VM

VM VM VM

VM

VM

VC

Virtualized Computing Resources & Job Management Framework
• Multi-user support
• Shared and reconfigurable resource pool (IaaS) management
• On-demand VC/VM provisioning per user
• Elastic resource provisioning via performance monitoring
• Simulation/Job Management

HostHost

2.5 Core Technology in EDISON Platform (2/2)
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Application Areas
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< chem.edison-project.org >

< Steps of Running Simulations >

Computational Chemistry

NanoPhysics

< nano.edison-project.org >

2.6 EDISON Portals : CFD, NanoPhysics & Chem
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▣ Develop & use of basic/applied/advanced simulation SWs and contents 

Compressible/
incompressible 

flow

Incompressible
Laminar flow

Compressible 
laminar/

turbulent flow

Design 
optimization

Potential flow

Heat/turbulent/
Stokes flow

Duct flow

Multiphase flow

Simulation SWs and contents 
based on potential/panel methods

Compressible flow simulation SWs 
and contents based on various 

turbulence models
SWs and contents for low Reynolds/ 

Stokes flow and heat transferCore/General CFD simulation SWs

Potential FlowPotential Flow

Compressible/
Incompressible Flow

Compressible/
Incompressible Flow

Compressible 
Laminar/turbulent Flow

Compressible 
Laminar/turbulent Flow

Heat/turbulent/
Stokes Flow

Heat/turbulent/
Stokes Flow

SWs and contents for 
incompressible internal laminar flow

SWs and contents for incompressible 
external laminar flow

Design optimization SWs and 
contents

Simulation SWs and contents for
two-phase flow

Duct FlowDuct Flow

Multiphase FlowMultiphase Flow Incompressible Laminar FlowIncompressible Laminar FlowDesign OptimizationDesign Optimization

2.6 Application Areas : EDISON_CFD (1/2) 
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Flow over a Circular CylinderFlow over a Circular Cylinder
• Karman vortex street 
• Reynolds number = 140, AOA = 0.0
• Grid : 101 × 81 cells

[ Vorticity contour and streamline ]

Flow over a NACA0012 AirfoilFlow over a NACA0012 Airfoil
• Case1 : Mach number = 0.73, AOA = 2.0
• Case2 : Mach number = 0.73, AOA = 4.0
• Case3 : Mach number = 0.73, AOA = 6.0

viscous(a) viscous(b) viscous(c)

[ Pressure contour ]

Flow over a Flat PlateFlow over a Flat Plate

• Reynolds number = 1.08 × 105

x

y

0.34 0.36 0.38 0.4

0

0.02

0.04

0.06

[Velocity contour and vector ]

Cavitation ProblemCavitation Problem
• Reynolds number = 1.36 × 105

• Temperature = 300K
• Grid : 144 × 80 cells

[ mesh ]

Forward Facing StepForward Facing Step

• Reynolds number = 4.4 × 103

• Grid : 4,800 cells

[Velocity contour and streamline] 

Channel FlowChannel Flow
• Fully developed flow of channel
• Reynolds number = 1 × 103

• Grid : 150 × 80 cells

Result Examples from CFD Lectures

2.6 Application Areas : EDISON_CFD (2/2) 
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2.6 Application Areas : EDISON_NanoPhysics (1/2) 
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http://nano.edison.re.kr

§ Simulation SW metadata management, query, and simulation workflow 
executions (Science AppStore management framework: SpyGlass)

§ Simulation job execution and monitoring (Virtualized computing resources/job 
management framework: IceBreaker)

§ Support of simulation results download, one-D plot, and remote visualization

2.6 Application Areas : EDISON_NanoPhysics (2/2) 
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2.6 Application Areas : EDISON_Chem (1/2)  
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1) Creating/sharing 
workflow/input 
data

2) Sharing/
evaluating
calculation 
results

3) Copy/Paste 
of the shared 
workflow with 
sample input 
data

4) Running a 
workflow &  
viewing the 
results

2.6 Application Areas : EDISON_Chem (2/2) 
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Status of User Services
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EDISON CFD

NanoPhysics, Computational Chemistry (Add 2 Areas)

Add New Areas

2 New Area

New Areas

Pilot Env.

Forming & Operating of Community, Dissemination of Results

Formal
Service

Pilot
Service

User
Support

2011 2012 2013 2014 2015 2016 ~

2.7 Roadmap of User Support (1/2)

About
1,000

About
4,500

About
7,000

About
11,000

About
16,000

CFD CFD, 
Nano, Chem

CFD, 
Nano, Chem 4 Areas 5 Areas

26



27

Status of the EDISON Service (July 2011 ~ Dec 2013)

Area
1th year 2th year 3th year Total

Uni. Sub. User Uni. Sub. User Uni. Sub. User Uni. Sub. User

CFD 13 21 606 30 42 2,034 39 74 2,615 82 137 5,255

Nanophysics - - - 5 7 169 15 45 1,980 20 52 2,149

Chem - - - 10 15 1,077 18 40 4,726 28 55 5,803

Total 13 21 606 45 64 3,280 72 159 9,321 130 244 13,207

* the 3st year:  Expected Course Contents
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2,034

2,615

169

1,980

13

30

39

5
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45

1,077
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10

18

15

40

CFD Nnophysics Chem

1th year 2th year 3th year 1th year 2th year 3th year 1차년도 2th year 3th year

The cumulative number of users The cumulative number of Universities The cumulative number of subjects

130 UNI. 244 Subjects
13,207 Users

2.7 Roadmap of User Support (2/2)



v No. of Users: 5,255
Ø The 1st year in 2011 (2 Semesters)

: Total 13 universities, 21 subjects, and 606 students
Ø The 2nd year in 2012 (2 Semesters)

: Total 30 universities, 42 subjects, and 2,034 students
Ø The 3rd year in 2013 (1 Semester)

: Total 39 universities, 74 subjects, and 2,615 students
Ø The 2nd CFD Competition

: Total 48 students in 26 teams from 16 Universities participated
(Jeju National University, May 9, 2013)

v Statistics of Simulation Execution and Time 
Ø The 2nd CFD Competition 

- Total Execution: 11,646 simulations(Time: 58,854 hours) 
Ø The 1st semester of 2013

- Total Execution: 29,210 simulations

2.7 Status of User Support : CFD 

< 제2회 경진대회 활용 내역 ><The 2nd Competition>

Analysis of working hours Use Analysis Program

Analysis of Operations Results of work performed
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v No. of User: 2,149
Ø The 1st year in 2012 (2 Semesters)

: Total 5 universities, 7 subjects, and 169 students
Ø The 2nd year in 2013 (1 Semester)

: Total 15 universities, 45 subjects, and 1,980 students 
Ø The 1st NanoPhysics Competition

: Total 48 students in 28 teams from 12 Universities participated
(Daejeon DCC, April 25, 2013)

v Statistics of Simulation Execution and Time 
Ø The 1st NanoPhysics Competition 

- Total Execution: 1,671 simulations(Total 5,890 seconds) 
Ø Total Execution: 40,322 simulations after 2nd Semester of 2013

<Performing EDISON_NanoPhysics> <The EDISON_NanoPhysics class>

63

26959

40322

13353

26969

26906

2.7 Status of User Support : NanoPhysics 
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v No. of User: 5,803
Ø The 1st year in 2012 (2 Semesters)

: Total 10 universities, 15 subjects, and 1,077 students
Ø The 2nd year in 2013 (1 Semester)

: Total 18 universities, 40 subjects, and 4,726 students
Ø The 1st CFD Competition

: Total 38 students in 17 teams from 10 Universities participated
(Iisan KINTEX, April 17, 2013)

v Statistics of Simulation Execution and Time
Ø The 1st Computational chemistry Competition 

- Total Execution: 495 simulations(Total 3,317,219 seconds) 
Ø The 1st semester of 2013

- Total Execution: 7,581 simulations

< the 1st EDISON_Computational chemistry in 2013> < The 1st Computational chemistry Competition of 
winners commemorative phtograph>

2.7 Status of User Support : Chemistry  
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2.7 Activities of Community Building and Support

v Holding Competition & Exhibition 
Ø Computational Chemistry Competition (17 teams participated) 

(April 12, 2013, Ilsan KINTEX)
Ø NanoPhysics Competition/Exhibition (28 teams participated)

(April 25, 2013, Daejeon DCC)
Ø CFD Competition/Exhibition (28 teams participated)

(May 9, 2013, International Exchange Hall of Jeju National University)
v Holding Summer/Winter School & Kick-Off Workshop 

Ø EDISON Winter School & User Workshop (Feb 4~5, 2013, Hoengseong Gangwon) 
Ø Holding NanoPhysics Summer School (Aug 22, 2013,  KSITI)
Ø Holding Computational  Chemistry Summer School (Aug 19, 2013,  KSITI)
Ø Holding the 3rd Kick-Off Workshop (Aug 30, 2013, KAIST) 

v Operating PR Exhibition Booth@ Various Occasions 
Ø Operating PR booth in 2013 Korea R&D EXPO(Nov12~14, 2013, Ilsan KINTEX) 
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Global Recognition
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2.8 IDC Innovation Excellence Award (1/2)

EDISON (EDucation-research Integration through Simulation On the Net)
“HPC Innovation Excellence Award” from IDC, the first time in Korea

v Grounds for the Award
- By decreasing dependence on expensive commercial simulation software and 

providing the free locally developed domain specific simulation software 
through the development/establishment of EDISON platform & core technologies based on 
HPC(High Performance Computing), our innovative competence has been recognized.

- Our contribution to the spread of HPC community in the area of computational science 
engineering through the establishment of close partnership between the central center and 
domain center has been recognized.
* Central Center: Developing EDISON core technologies and establishing platform for running simulations based on the HPC 
** Special Center: Developing simulation SW in the areas of computational science engineering and applying it to education 

v Awards Ceremony: SC13(November 19, 2013 @Denver, US)
※ Statistics of IDC awards@SC13: Nine from the US, two from UK, one from Germany, one from 

France, and one from Korea which is the only award from Asia. 
While Facebook was awarded only in the area of innovation, 
EDISON project was recognized in both aspects of innovation and ROI.

Country No. of Awards Country No. of Awards

USA 38 UK 4

China 3 Italy 3

India 2 Sweden 1

Canada 1 Australia 1

France 1 Switzerland 1

Germany 1 Korea 1

Spain 1 Total 59

Past award Statistics(11’~13’, Total: 6)

33



EDISON (EDucation-research Integration through Simulation On the Net) :
“HPC Innovation Excellence Award” from IDC, the first time in Korea

v Background
- Since 2011, IDC has given awards to the world programs/projects showing innovative
outcomes and ROI. 

v Goal
- By selecting and awarding the successful cases in HPC area, 
it contributes to the enhancement of global users', especially small businesses' understanding
of benefits and investment of HPC. 

v Award Method
- It is selected and awarded twice a year by International Supercomputing Conference(ISC) 
held in Europe in every June, and Supercomputing Conference(SC) held in the US in every Nov.

※ As an authoritative award in the supercomputing area, 
sponsored by main organizations such as the US Department of Defense and Department of 
Energy, Intel, Boeing, Hewlett Packard and Microsoft. 
IDC "HPC Innovation Excellence Awards" is awarded that was the first time in Korea and 
the third time in Asia(After China and India).

2.8 IDC Innovation Excellence Award (2/2)
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Expanding Cyber-Learning Community in 
PRAGMA(Pacific Rim Applications and Grid Middleware Assembly) 

2.9 PRAGMA Cyber-Learning WG

v Establishment of PRAGMA Cyber-Learning WG 
Ø Proposing Cyber-learning WG at the 24th PRAGMA Workshop

(2013.3.20~23, Bangkok, Thailand) 
Ø Chair(Lee, JongSuk Ruth), and Co-chair(His-Ching Lin, NCHC/Putchong Uthayopas, KU) 

v Main Results
Ø Promotion of Cyber-Learning WG & Spreading Cyber-Learning through EDISON to the  

PRAGMA community (Taiwan, Thailand and Hong Kong)
Ø Establishment of English EDISON web portal(CFD, Nanophysics, Computational 

chemistry) & user service open  
Ø Scheduled to hold a tutorial or workshop on Cyber-Learning at PRAGMA 26

(2014.4.9~11, Taiwan)
Ø Kicked-off “Korea-Taiwan International Joint Research Project ”

(13.7.29-15.7.28, 50million Won)
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2.10 Expected Contributions 
v Technical Perspectives

§ Offering web-based open platform for education and research in science and 
engineering can be expected to produce more practical and inventive results

§ Providing efficient educational system to student familiar to IT environments
v Economical & Industrial Perspectives

§ Replacing expensive and imported SWs with domestically developed SWs by 
domestic researchers, a lot of the national asset can be saved. 

§ Creating new market for developed system and job market for the experts

Simulation SWs & Contents of CFD, NanoPhysics & Chemistry 
on the EDISON Platform

• Application as educational 
tools for higher education in 
the areas of computational 
science 

• Utilization on education of 
talented student in elementary, 
middle, and high school for 
training of preliminary 
engineer

Educational Application

• Application as educational 
system for industrial experts

• Utilization on a technology 
transfer and research in 
industry

Industrial Application

• Application as basic research 
tools in order for training of 
engineers

• Utilization on advanced and 
leading research using 
excellent research results

Research Application
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v More accomplishments from many R&D projects funded 
by the Korean government
§ can be used in higher education on science and engineering  
§ the effect of using EDISON would be maximized without extra 

spending to purchase expensive commercial simulation SWs for 
the educational and research purpose 

v We have learned about  
§ building a computer simulation-based cyber-learning environment 

like EDISON is now inevitable. Everybody likes it and needs it. 

v Develop Mobile Environment & Add New Areas 
§ expand EDISON into mobile environment accommodating such 

as smart devices and support users from other new areas

v Finding Global Partners and Users
§ collaborating to expand cyber-learning Community
§ changing the education paradigm in computational sciences 

38

3. Future Directions of EDISON 



Thank You!Thank You!

Contact Information : 

ü Dr. Ruth Lee: jsruthlee@kisti.re.kr
ü Dr. Kumwon Cho: ckw@kisti.re.kr (PI)


