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Research _ @ @ e

Home Our Research Connections Careers Hub Te” us What yOU thin I(

About Us Research in Action Opportunities | Research Accelerators Take our 6-question site survey.

@ > Microsoft Research Connections > The Fourth Paradiar ta-Intensive Scientific Discove ¥ n b I- G | D<) l

The Fourth Paradigm: Data-Intensive Scientific Discovery

Presenting the first broad look at the rapidly emerging field of data = = 1] k3| A
9 ity smerging T—RERERF

-intensive science

7% Increasingly, scientific breakthroughs will be

. B Download
{ powered by advanced computing capabilities that
help researchers manipulate and explore massive ¢ Full text, low resolution (6 MB)
datasets. e Full text, high resolution (93 MB)

The speed at which any given scientific discipline " By chapher g esssy

advances will depend on how well its researchers

The collaborate with one another, and with

F OURTH technologists, in areas of eScience such as e Paperback
2 databases, workflow management, visualization, and

PARADIGM , =

. cloud computing technologies.

Purchase from Amazon.com

¢ Kindle version

] _ o In the News
In The Fourth Paradigm: Data-Intensive Scientific
Discovery, the collection of essays expands on the * Sailing on an Ocean of 0s and
vision of pioneering computer scientist Jim Gray for 1s (Science Magazine)
a new, fourth paradigm of discovery based on data- e A Deluge of Data Shapes a New Era

intensive science and offers insights into how it can be fully realized. in Computing (New York Times)
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Local Disk (Read)
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SATA3/RAID5 -> 3.8Gbps
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A Virtual Remote Disk
for Remote Visualization of Computer
Simulations

Ken. T. Murata, K. Yamamoto, H. Watanabe,
T. Kurosawa, E. Kimura, S. Watari, M. Ishii,
KDDI team, JGN-X team, and H. Tatebe

National Institute of Information and Communications Technology
Applied Electromagnetic Research Institute
Space Weather and Environment Informatics Laboratory
4-2-1, Nukui-Kitamachi, Koganei, Tokyo 184-8795, Japan
TEL: +81-42-327-7931 FAX: +81-42-327-6978
E-mail: SciCloud-office@ml.nict.go.jp
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Typical Workflow of Visualization (post processing)

5 Super Computer

Computer Simulation

’  Binary
. Numerical Data (n-HDF5) * Unreadable
 Large size
@ Visualization
 Binary
p : : :  Unreadable,
) Visualized Object Data (o-HDF5) but Visible
e Small size

'Rendering

s % Display (eq., TDW, 3D)
o /WP

=
vic?ScienceCloud




A simulation data size (example)

- Spatial and time resolution
450(x) X 300(y) X 300(z) —uniform grid (dx=0.2Re, dt=0.5sec)

time

n-HDF5
(numerical)

(NICT SX-8)

0-HDF5
(object)

72GB

(10MB)
<

tool

2 hours (7200 steps)

vne?ScienceCloud




Typical Data Visualization System for Super Computer

 Rendering Site

— The server has two functions: receiving
the transferred data (in object HDF5
format) and rendering on the display.

Numerical data (n-HDF5)
2.2GB/file, file # 7200
(total 15TB)

= Visualized data (o-HDF5)
10MBf/file, file # 7200
(total 72GB) (100MB/sec)

> 12min.

o Super Computer Site

— Numerical simulation data files are
storage on storage(s) in SC site. The
storage is either local disk or NAS.

— The server has two functions: processing
data files on the storage and transfer the
data to the rendering site.

NﬁSC|enceCIOUd ) A Super Computer Site

36



Examination: data size and transfer time
In case of a 2 hour global MHD simulation

Data visualization
/ Data transfer

2 hours rendering

200 hours min. for 2 hours data

[l I_ B _I
encapsulation L
< - b=s

2 hours rendering
for 2 hours data

Parameter setting

ve? ScienceCloud




Typical Data Visualization System for Super Computer

Virtual site

xne?ScienceCloud

Rendering site

No delay

!i.

Fire Walll

Fire Wall

-

@ g:sama!g

(100MB/sec)

> 12min. -
NICY ==

38



Systems for real-time

e TYPE |
visualization — Single-server for visualization and transfer of
numerical data on NAS/local disk
SC12 venue e TYPEII

— Multi-server for visualization and transfer of
numerical data on NAS

TYPE Il

— Multi-server for visualization and transfer of
numerical data on distributed storage system

TYPE I_a

TYPE | TYPE |l TYPE |l
v ScienceCloud 5




Competition!

Information and

[ 200hours+12min. }

Firewall B =5 B
Advantage!

xne?ScienceCloud

Super Computer Site 40




Real-time visualization over international network

/" NICT, Tokyo \ Japan USA /NICT Booth, Salt Lake City
ScienceCloud _— Booth Router
(Glarm+Pwrake) S m Juniper MX80

NICT Science Cloud

@\%illﬁulgu'% i|l' ‘
Heterogeneous servers s f

I M 4

4

Receive Juniper EX4200

%';"i'"""“,”'."'"“"-m" salﬂ.h-ﬁl?"v_" rendering
. oe) ‘J t

g Tfn’75 PAC Ot \_ﬁ

\;. \““.‘ l\ +
& g capital (), Hermosillo
scale 1:27,000,000
Albers Equal-Area Projection |,
standard parallels 28°30°N and 45°30'N ™M
o 300 ki crs

300 Kikometers fee! ‘;-- -t
—— Y -
a .

300 Milcs

L3 100Mbps - | 3Ddisplay

Client server
(data receive &
rendering)

T »

\ TDW /
NICT Booth

ve? ScienceCloud




Low Spec machine (#8)

Heterogeneous environment at processing site

- Gfarm/Pwrake controller

xe? ScienceCloud

42

A distributed storage with parallel
processing on

Middle Spec machine(#6)

CPU #: 8 cores

CPU: AMD Opteron Processor 2350
Main memory: 16 GB

OS: openSUSE 11.1 (x86_64)

HDD: SATA 2 x1

Read: 127 MB/sec Write: 96MB/sec
NIC: 1GbE .

CPU #: 8 cores

CPU: Intel Xeon E5507@2.27GHz
Main memory: 16 GB

OS: openSUSE 11.4 (x86_64)

HDD: SATA 3 x4 (RAID5)

Read: 371 MB/sec Write: 137MB/sec
NIC: 1GbE

ve?ScienceCloud

sServers

High Spec machine(#5)

CPU #: 8 cores

CPU: Intel Xeon X5550@2.67GHz
Main memory: 144GB

OS: openSUSE 11.1 (x86_64)

HDD: SATA 3 x4 (RAID5)

Read: 371 MB/sec Write: 137MB/sec
NIC: 10GbE

42
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Gfarm (Grid Datafarm)/Pwrake (1)

Gfarm
provides environments for data
file duplications

GOOD! ' 7 Pwrake
\ provides environments for 6\\‘
(«ﬁ\z\ arbitrary (most effective)
Processmg — data file access Processmg

ve? ScienceCloud
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Gfarm (Grid Datafarm)/Pwrake (2)

Gfarm
provides environments for data
file duplications

VERY

=) GOOD!
GOOD! g’{ _ Pwrake v _
ﬂ\/ l/\ provides environments for 6\\\‘ /f\
: e arbitrary (most effective \ :
Processing | — rary (most efective) = Processing

ve? ScienceCloud
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JOtX#3/6/8MN IS D ELER

2012/12/01 00:31:28
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Visualization of global MHD simulation

with extremely high time resolution

Y. Kubota and space weather team

National Institute of Information and Communications Technology
Applied Electromagnetic Research Institute
Space Weather and Environment Informatics Laboratory
4-2-1, Nukui-Kitamachi, Koganei, Tokyo 184-8795, Japan
TEL: +81-42-327-7931 FAX: +81-42-327-6978
E-mail: SciCloud-office@ml.nict.go.jp
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Simulation data size (typical)

- Spatial and time resolution
450(x) X 300(y) X 300(z) —uniform grid (dx=0.2Re, dt=0.5sec)

time

n-HDF5
(numerical)

o (iomE) — £
tool < g
2 hours (7200 steps) ﬁ
vme? ScienceCloud
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Distributed Storage/ Parallel Visualization
of 7200 time step data (data size: 15TB)

Traditional Method (36 days) Parallel Visualization (2 days)

Data Read Time (I/O Time)

Data Read Time (I/O Tigs
20MB/sec -> 1.5 million sec.#£ 18 day 100MB/sec x 20 orey -> 1500 sec.
S -5 30 mipy. E
\v

e’

Data Processing Time Data Processing Time
14400 steps x Tracing time (10 sec.) -> 14 14400 steps x Chasing time (10 sec.) -> 14
thousands sec. -> 2 days thousands sec. -> 2 days

== ==

Visualization Ti Visualization Time
14400 steps x120sec -F 16 days 14400 steps x 120sec./200 cores ->f4 hours

o
v

’1(3

eSATA:
Middle end storage -100MB/sec

Disk: Low end storage ($160/TB) CPU: 200

vie? ScienceCloud




“Crown-milk view” of reconnections at
the dayside magnetosphere

Galaxy 15 (133 W) Anomaly 09:48 UT

Satellite Locations

Earth’'s
Magnetosphere

Galaxyl5
mal-functional

The first successful
visualization of
solar-wind transfer
into magnetosphere

Open Question
How does the
solar-wind
penetrate into
Magnetosphere?

~
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nc? ScienceCloud

64bit 3D player
developed by
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