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Multiple 3D Visualization of Magnetosphere
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Solar-Terrestrial Environment Laboratory,
Nagoya University



CSI Project(e-Science Program)

Basic Study for Geospace Virtual

Observatory/Virtual Organization
NAREGI Grid Middleware Version 1

Functions of NAREGI Grid System
Information Service
Grid PSE
Grid Workflow Tool
GVS (Grid Visualization System)
Data Grid

VO (Virtual Organization)



Basic Study for Geospace Virtual

Observatory/Virtual Organization

STEL and ITC of Nagoya University 2. Grid Supercomputing and
—m—— geospace simulator:

1. Visualization Grid and Virtual Reality (VR) Development of parallel
Remote 3D movie common usage code and test Grid MPI
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Collisionless shock wave

3. Data Grid: Construction and usage

of data on solar-terrestrial science
v R

earth’s magnetosphere made by VRML

4. Test of Grid 3 functions and integration by

CAWSES and CAWSES-II Database in Japan (2007-2013) NAREGI Middl Version 1 of ITC. N U
- iddleware Version 1 o - Nagova



Processing and graphics of simulation data with NAREGI Grid Portal
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Execution with NAREGI Grid Portal and Graphics with Data Grid
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A NAREGI Grid Portal
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Integration of Simulation
Workflow (Network)

Input (Portal or Command)

Simulation
Supercomputer (MPI Fortran)

10Gbps

Simulation Data
(binary file)

Gfarm

: 10Gbps
Graphics (Fortran)

Graphic File (PostScript)

Graphic File Conversion (ps=> gif, jpg)

|
Edition of graphics (Movie)
|

~—

3D Graphics (Fortran), AVS

3D Graphic File (VRML)

Edition

(3D Movie)

Output by Portal (Disclosure) Gfarm




Observation Data
Workflow (Network)

Input (Portal or Command)

10Gbps

Observation Data Gfarm Meta Data Gfarm
Database Meta Data Detabase
Graphics (Fortran) Data Processing, Graphics

(IDL, MATLAB)

Graphic File (PostScript)

Graphic File (EPS, png)

File Conversion (ps= gif, jpg)

| Edition (Movie)

Edition (Movie)
|
Output through Portal (Disclosure) Gfarm




Data/Graphics Processing

Network: Process and Data on Screen + Pick Up

Original Data Time sequential data
Pre-Processing Data Pre-Processing
Window Haming, Haning windows
FFT Real and Imaginary Parts
Power Sp‘ectrum Amplitude, phase (phase velocity)
Graphics Presentation Linear, Logrizm Eg‘gA

\

Screen Presentation of Process and Results and Pick Up One




New Trends on Advanced IT Usage

Supurcomputer
Next-age Supercomputer

[ Clouds, Grids }

High-Speed Network Wide Area File
SINET3, JGN-X System
1 Gbps, 10 Gbps Gfarm

How can we use the IT in simulation and data analyses?



REsources liNKage for E-sclence (RENKEI)

NIl +
computation intensive
To kyOTeC h applications users database users application developers
Ohsaka U
A A A
KEK v v 0

(4) API for multiple

federation, and federation with 1D e

Tsukuba U application hosting management systems

Nag oya |J [ (1) computing resource ] (3) DB federation, and ]

AIST

international

| eration

O gna aleware
— =
O .\

N\

2) file shari d
(5) evaluation and [.:I = .

] ) file catalogue federation
collaboration with users

computer users T

&_ "

computation/data intensive

N I I Gfar m 2 application users

Kento Aida, National Institute of Informatics



NI + Sites CSI GRID
9 UnlverSItleS Wlth Information Initiative Center,
Supercomputer Hokkaido University

Resources

National Institute of Informatics

Information Technology Center,
Nagoya University

¥ Tohoku Universi Iznter,
Research Institute for Information |
Technology, Kyushu University
Center for Computational Sciences,
University of Tsukuba
Academic Center for Computing and Information Technology Center, Unive
Media Studiés, Kyoto University Tokyo rsity of
Cybermedia Center, Osaka University Global Scientific Information and Com ]
Center, Tokyo Institute of Technology puting

Kento Aida, National Institute of Info ,
rrnatics

NII Gfarm storage system



Computing Systems in CSI 5 HPC|
CSl Grids K-computer

’% World's No.1on TOP500 List

Next

| | Generation

. o & & il Supercomputer
(K-computer)

(ndh: mo\ Ity and
Internatonal Collaboraton S
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Kento Aida, National Institute of Informatics



Network Topology of JGN-X

NICT OneSpaceNet (10 Gbps) Construction of
geospace science clouds

[ NICT (Koganei) ] [ Osaka Univ. ]—

supercomputer
and storage

~Garm2
via APl viaSINET 100TB

, 10 Gbps
[ Kyung Hee Univ. ] [ ] [ Nagoya Unv. ]

(Korea) Kyushu Univ.
~— | T

Wide area file system: supercomputer

and storage 100 TB
Gfarm _Gfarmz
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u\ NICT commodity storage system, Gfarm

| v ERL (T

——

1 Desk Box composed
by 1.5TB x4

1 Server with 8 Desk
Boxes (48TB)

f - Battery covered by UPS with |
= emergenc 1500 VA for 2 Servers (with desk) :

ﬁh) }. K,

Additional goods




NICT OneSpaceNet —in Nagoya University (2011/08/26)

Science Clouds

NICE

ITC Center of Nagoya University

Nagoya University
campus network

GRID
Super-
computer
HX600
16 nodes

M9000

( Management 1/O
node of ITC)

OSN
terminal

Computer
system

Mount point
NSF mount available
only to /backup_tmp/stel

Super-

computer

(NFS client and file

disk
\

10G SW

DELL Power Connect6224 \

Solar-Terrestrial
Environment Laboratory

t
Lcomp'uter disk to Gfarm

ransterfromsuper-. . _ . 1. ... _._.

1
Server room
1 | | ;

I'| Storage
! server
|

SINET
New SW '—
DELL Power Connect6224 Nagoya U node
— \
1G SW

Kawaguchi Lab Manegement

| JGN-X
Alaxala AX3630524T2X |




NICT OneSpaceNet — Nagoya University Connection (2011/11/08)
SINET (Nagoya Univ LAN:NICE) - Internet

NAGOYA ITC S5/ STEL

Supercomputer

FX1, HX600, M9000 C SSh
omputer system

m Linux
Windows PC
o NICT

seg—gw

- (Front Server)

: Specific

. line OSN

NICT SW (NICE) Terminal SSh
| (VR room) |

seg—gfarm-— seg—  |... seg-

n41 visO1 vis04

—— Gfarm Storage System
m (Widkly distributed File
System) Gfarm

“/osn—cst/ T

JGN-X JGN-X Management



Use of NAREGI Computation GRID and RENKEI-PoP

Execution of MHD simulation with MPI Fortran
NAREGI Portal and MPI Fortran job run ‘ RENKEI PoP and W|de area file(Gfarm2) ‘
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= Grid PSE

= Grid Workflow Tool transfer OS image

. NAREGI
C enter for GRID Research and Development Nil - National Institute of Informatics

o |

o
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= Grid Visualization System

Parallel job by HX600 16node 256 cpu
_ )

lcon ; xd3dc0512.hx12 Gfa rm FS

Job Specification

(ByMenu | By ssoL | | — SINET3 L3VPN/CSI-Grid (max 10Gbps, no firewall)| Gfarm File System ‘

Executab{e 1 1 Gbps 1 GbpS 1 Gbps
rgumen
Cutput -

o
§
1

O
: |3
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o
o
=%

=

Etrar -
‘WiarkingDirectory - i

Ervironment -

iallTimeLimit - 3

MemaoryLimit - ' —— — —— —
- gma]  Lgisd ) Lgh . fid]  [ghd] lghd) | Lghd] | Lghd]
VirtualhemaoryLimit -

CandidateHosts Hosthlame [

3

OperatingSystemMame
Indit

. PSE of MPI job :

Tasl

Public Internet (firewall protection) Need prOCGSSing Linux VM



compuiional | | NAREGI Middleware Environment  17¢. Nagoyau
Science Center 2009.10
GridvM SINET3
CSI-GRID DWDM gvms-hx.cc.nagoya-u.ac.jp
Data Grid 202.241.97.136
202.241.97.129
(CentGs) (Red Hat Enterprise
133.6.90.28 Linux4)
1 E
202.241.97.158 ~ Ctalyst3Ta0
I HUB Supercomputer
. HX600
VOMS _ gvmsl.cc.nagoya-u.ac.jp
(SLinux) ||| <iscdas> <isnas> GridVM Node
16 nodes
20224197134 | |16 SDAS IS-NAS 2 (CentOS)
Node Node Computation
202.241.97.130 202.241.97.131 Node
. - <
<ss> — <grid-portal> 20224197134 300TB
Potal _I_'__
SS Node Node Computation
(CentOS) | 0 241.97.132 Node i
02.241.97.13 133.6.90.83 Data Grid <gfarm-fs>
— <gvmcl-1> ~ <gvmcl-5> |
- | 202.240.97.149
—— e 7
(CentOS) Campus LAN 3TB SRS 202.241.97,142
STEL _ (NICE)
GridVM Data Grid 141 |300GB
(Gfarm-fs)
Computation grid-nas
Node x 4




Use of Supercomputer and Gfarm System

Install of Gfortran and ImageMagick

ssh, WinSCP Nagoya University
Information Technology
STEL ssh Center ( ITC)
Windows PC STEL Supercomputer
LINUX Sftp
grc001 iae M9000
gre
24'2/6 FX1, HX600
shared MB/s 3
disk shared
disk
ool | RENKEI-POP (TiTech and others) — .o, 4
Public Internet (firewall protection) sftp 9 put 24-30 MB/s

TiTech

3

Manager

Management
Gfarm

SINET3 L3VPN/CSI-Grid (no firewall) Gfarm system: 200TB

NIl

3

universities

Gfarm2

AIST

3

Gfarm2

Fortran
compiler
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J [-rw-r--r— 1 ogino
-rw-r--r=- 1 ogino
-re-r--r—- | ogino
-re-r=-r=- 1 ogino

-re-r--r-- | ogino
-re-r=-r=- 1 ogino
-rw-r--r=- 1 ogino
[ oginofirpop-nasoya

[oginofirrop-nasoya
[ozinofirpop-nagoya
eartha testl

| oginofirpop-nagoya

binl$ which gec

bin]$ pad

binl$ pnd

binl$ o /homle/ogino/gfarm/home

earthal$ ls -
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RENKEI-PoP (T|Tech)

3D visualization by LINUX and

graphic display by PC

Need wide area file system (Gfarm) and Linux VM
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Making movie by Linux and
graphic drsplay by PC
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Animation movie of simulation All processes can be done

_ Typhoon 1 2 it

| Pey— Sep. 2, 2011
3D VRML visualization o585 R

B -20Re

‘Tilt= 30 deg IMF=10.0 n'I( Y0 deg) ‘1= 202 min I n R E N K E I - PO P Gfar m

Jazaneze

last= 10 ii= 2 nxp= 200 nr= 300

KB Fr0 DO AT

MHD Simulation of Dipole Tilt in Magnetosphere
Tilt= 30 deg IMF=10.0 nT( 90 deg) T= 202 min




: : : . Structure of earth’s magnetosphere by 3D
ng h Resolution MHD Simulation visualization (VRML) for northward IMF

Structure of earth’s magnetosphere by 3D
visualization (VRML) for southward IMF




Kinetic Energy Kinetic Energy Flux

Thermal Energy Thermal Energy Flux

Magnetic Energy Poynting Flux




Procedure of Simulation and Processing
1.

Execute computer simulation on earth’s magnetosphere
by Nagoya supercomputer (FX1, HX600, M9000).

File transfer of simulation data from supercomputer
shared disk to RENKEI-PoP Gfarm (wide area storage
system, Gfarm2) with sftp. (use secret/public key
system, then carry out file transfer by “put file-name”)

Data processing and graphics (including 3D visualization)
by a LINUX machine in RENKEI-PoP system with our
own Fortran program. (make PostScript graphic files
and change gif files by gfortran program and
ImageMagick, make 3D VRML graphic files by gfortran
program)

Get output graphic files from RENKEI-PoP Gfarm to
Windows PC with WIinSCP and display on PC.



Importance of Integration with Software
to Use Advanced IT Infrastructure

Supercomputer
Next-Generati’@n K-computer

Geospace SCJence ‘Clouds
Integration (PSE Workﬂow Network)

High Speed Network Wu;le Area File
SINET3 JGN._.>.<. ...................... ’System
1 Gbps, 10 Gbps Gfarm

We can use it with Linux with Fortran compiler.



Kinetic Energy Kinetic Energy Flux

Thermal Energy Thermal Energy Flux

Magnetic Energy Poynting Flux




Dynamics in Plasma Sheet

Plasma sheet has high temperature and Mach number < 1.
Thermal flux (TF) is greater than kinetic flux (KF) in plasma sheet.

@ magnetic reconnection

@ plasmoid
' @ dipolarization

- Magnetic flux returns from tail to dayside by Poynting Flux (PF).
As a position approaches from reconnection point to the earth, KF changes to
TF, and then to PF, which carries energy from tail to dayside magnetosphere.

KF+TF+PF_%v Vp+—pv+E><B
}/_

k2l Ev p+ip+1B2 +V- Evzv,o+va+E><B =0
ot\ 2 y—1 2 2 y—1



