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Planned Future Projects

* ALMA LSST: = ~

- JWST o &

- LSST

- LOFAR

. TMT ~ a few PB/yr

 Pan-STARRSs | ~ afew TB/night , only object params stored
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Data Intensive Astronomy

« Data deluge
— Huge Image data
— Wide spectral range
— Transient data
— time-domain

* New paradigm in
astronomical research by PARADIGM
IntrOdUCIng data DATA-INTENSIVE SCIENTIFIC DISCOVERY
management and
advanced data analysis
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Flow of Observational Research 4

Issues, Planning
Observation

Data Reduction
— Calib., Select, Combine

Data Analysis

— Physical Parameters
— Thinking

— Solution

Publish

Data
!

Information

l

Knowledge

!

Understanding

!
Wisdom
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VO Projects in the world

16 countries, 1 region (EU) and 1 Int'l org. (ESA)

International Virtual Observatory Alliance (IVOA)
Standards to interoperate VOs

dﬁog;\))-é’g

Meta data, assss -“ ey

data models, Py
data accesses, g
etc. euaomér

output format,
o P @ \AO O

5
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e Structure of JVO Portal Service ?*P'“*°§

Analysis
Servers N\

MDS Subaru

2MASS

Web Service
HTTP Get —:—->

FTp — - — >
k LDAP - ---~> ) g

P. Reg. ‘/‘/ N

~
—— RN~ '
o[ W &4690 P. Reg. Ské"\'7°4de
2 @%: 2% L RIS AOLEFR S A y




Astronomical Virtual Observatories

~ DataZ ') wrIRIE ~

...... AstroGrid
= CiA v? p#  CDS
r. | Canada VO NCSA . =60
| Japan YO _ el |
STSclfJHU
i« o T 8 Caitech S ‘
; a,eci A HEASARC| ESAC
SR i NDaD ' = >
ChinaVO : , . | G ¥
Ve L S L e 1 R e - S
: Fr |
- [ i .

2610:_11JEJIE7(‘ a‘liéODSupCAM’(bHDSODé-r St%latw) i
1()10,000x B A HEIRICT VAT EE,

| ELT, RS

http://jvo.nao.ac.jp/portal/
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SuprimeCAM

FTIURTDE
BEH AV KR
S FHEFAVE
BELAEINTLS
~ 10 TBytes
*BackgroundT30

CPU corelZ &5 51
ALIE

VO R—2ILTEHEH %L
FIAShTLASY—EX

T—RAADTHI1X

, I’a Top | Search | VO Services | Subaru | Analysis | Workflow | IVO Space

JAPANESE VIRTUAL OBSERVATORY  ver.20080119

[Logout]
Masatoshi Ohishi (ohishijva)

=> Location: Top Page > Subaru > SPCan

B Suprime-Cam

® mosaic.sh O cal-flat.sh

RA Dec Size ot OBJECT

FILTER |W-J-B v

MAX FRAMES 100 [v| MAX humidity (%)
Date (vyyy-mm-dd)  From To

MAX seeing (arcsec)

[J Skip Quality Check  [] Only Data Retrieval  [] Skip Mosaic
Excluded exposures
(exposure id, comma

separated)

action=requestlobStatus&jobType=mosaic &offset=0&limit=5& days=1&serviceName=all. OK

If you hawve any questions or requests on JVO, please contant us at:

*.
uis  help_desk@jv s
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ERT—IAZFRIFIIHFRET HED
[ZHERER] £
o« FOLRRAIBELERAT—ADX

BRI R~
— B, KE, BRI (AT —4) W e
° éf —\\_9':4_,‘_-'_?_% X 5”@% “b - Credit: NASA/WMAP Science Téam
7 — S LI Gmmm

IE A 36 5 ALER A A D #e B - SR8
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11

B JV0 Sky Help(s)

Y0bject Name [ Suprime-Cam/Subaru M HDS/Subaru [ Suzaku
Coodirnate or ObjectName : | Go ‘ (ra, dec)=(184.326, 12.899)=(12h17m18.21s, 12d53mb4.82s)
OK

suzaku:9/9, hds:3/3, spcam:36/36, searchtime:40ms

Q b _Jsuzaku

id :SUPM4A4EBEAS5463300
title :12h24m13+14d08m03 (VIRGO_FIELD_2 W-C-RC)
url : Link

type : image

center : 186.05584593 14.13427855

band name : W-C-RC

b _Jspcam
b _Jhds

Subaru:
SuprimeCAM, HDS

ISAS:
Suzaku

More to come

Data Archives and Transmission System

Geoto TOP
Wosaic frame: SUPNBI0226FA00000 (field=0,type=coadd_all subtype=all totalExposure Time=28820[sec] totalMu Astrophysics Solar Physics Solar-Terrestial Physics Lunar and Planetary Science
MAXI AKARI SUZAKU HALCA ASCA IRTS GINGA TENMA

JUDO

BaACK

SUZAKU MASTER / Search Result

The number of display 1/ The number of hits 1

Output ALL hit resords = 5 voutput format. == [ 8w | [ VOTABLE

Download data = select checkbaxes below and THEN push >> | WGET SCRIPT

CHECK ALL | [ CLEAR AL

W’ A@lﬁﬁ'fﬂ A no|seLECT|F1p|HAME| RA DEC w Bll |ROLL ANGLE| TIME |STOP TIME| OBSID | EXPOSU|
fip |NGC |186.5483 | 12.9401|279.0885| 74.6311 2046659 | 2009-06-19| 2009-06-22 (803043010 10177
4406 181451 113014

Download (eziped FITS) | | Download funcampress=d FITs) | 1195.07 WMB
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API to utilize the JVO system 12
JVO portal CU}forjc (jvo command)

Web GUI

@ @
©)

Searchable
An example for using the
computing service \

Registry
D Job submit

@ Submit to JVO grid ~ - ij
® Save result on )
@

Retrieve the result

Q@
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Examples of the JVO API 13

Syntax of jc (jvo command):

jc <command> [<option>] [<argument>]..
Examples:

jc search -1 <jvogl file>

jc registry -k <keyword>

jc copy2l <source> <destination>

jCc run <program_name> <arguments>

jc join -s <votablel> -t <votable2> -o <output> --s-ra
<RA column> --s-dec <DEC column> ..

Other commands:
1s rsync passwd resume suspent abort ps union join select
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Hadoop#Z FL =7 81 f#
IRIEZ A EBRESE

SEEML20 (104&
record) Z0EFLHDIC

3.7h

>ESTHDIZE DI
1=
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Hadoop job_ 2010022501029 0001 on grids0 - Mozilla Firefox

FrfikE) MRE Bm) EEE Ferv—RE Y-AD AAFH
- % -ﬁ 9| hitp: grid§0:50 030y obdetals Jspjobd=job 20100255102 | * | Sl A,

Bkl BEA=0w | Soenms Doippene

#) ratoop fob_z0io02291029_. % e Iware JOMZ - UnCeforman.. ® s Unk Decals page v
Hadoop job_201002251029_0001 on grudﬁﬂ

User: yshiresa

Job Hams ! INstcher

dJob File: pelfe://arigf0: 900090 ha doop. map rac s ve tens | ob 201007231079 0001 |ab, o
Job Setup: Succerslu

Status: Munnins

Started at: Thu Feo 3% 10:34:15% J5T 2000

Rumning feor: Shrs, Smini, Msec

Jeb Cleanup: Pending

Failed/Hillad
Kimd |! Comp late Bus ll.ﬂ:l-|P|M|l1g Eunning |Complats (Killed Task ATtampts

mp | 21 mz|  sw|  a| wm| o 00
redun e 0.00% l:ll ] ] | o | o a0
Counter bap |lhl:|uu Tein
Lauched map Tasks l'."| 1, XS

Jaob Counters

1,285

1]
Data-local mg tasks l:'l ]
0| %364, 383,458
0
1]
0

HOFS_BYTES_READ
HOFS_BYTES WRITTEN 13, 980, 039, 798 |

FileSys tenCountars
13, 960, 038, 739

Map input records '.?Bd-l 1,254

Nap-Reducs Franseark ;

01 | led Records [i] |

Msp Completion Graph - close
100

Eat
B0

i
B0
50

44
30

Ut 123 1Ems zdem 300 84 4805 5508

E;-:;

14
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Experiment 17

v" 1 billions records (1/20 of whole data)
v’ Divided into 6112 files. ~3MB/file

v' Each file contains records of which pos error
circle overlaps with the same region specified
with an HTM index (level 6).

v' Each file are gziped and copied to HDFS.

v' Max number of task executed in parallel
1,40, 70, 100, 160

v" Hardware
10 servers: each has 2x4 core and 4 SATAHDD



igépxplosion
Results 18

v If executed by a single task
9 days for 1G records = 180 days for whole
dataset (20G rec.)

v’ Parallel execution of 70
3.7 hours for 1G rec. = 3 days for whole

v" Scaling relation breaks around ~40 tasks
Overhead of writing to the local FS.
Writing time occupies ~“60% of the total.




Total Execution Time (NET) [sec]

L L I B I L I B N N B I AR A N
13 —@— Experiment E
6 - - --- t1/n (expectation for zero time lag E
104 no competetion among the threads) 3
6_ —
4: Number of total CPU =80 Cores ]
. Number of total HDD = 40 (10xRAID5) -
2;— _;
g E
8 ]
6_ —
o i
o ]
8F .
6 . .
4 AN 7

| III|.........I....I L 1 1 III|. pl el L 1 | III| pnl Ol |

6 8 2 L 6 8 2 L 6 8 2 4

1 10 100

Number of Concurrent Tasks
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Bl IRk &R -
SEENER A% (AGN) D Rl £ & [E B £R 57 25 FE 0D RS &
~1000 AGNS -- SupCAM+UKIDSS

T— ’5”&%75\;&’7)5]915 Eﬂ%’%?)]—%—’éj(fl]a( 7JIJJ_ Ab’Ct( XC IE!

C . z = O 3 O 8 (136 AGNS) = . z = O 8 1 2 (157 AGNS)
280 : 196 E
o ] = 3
] N - | -
S 270 1 192 P =
= - = 3
Z 200 - -
g o 1 188 F —
é’ . . = i | + + | |5
250 S U s 20 N B o I RTEE:
- 1 184 F + =
o4 L1 11 L 1] N NN T N AT N TN T N SNV A AN O N =
[T T T T I T T T T | T T T T I T T T T ] 170 T T T T T T
— 154 = ® =12~ 18(233 AGNs) 3 -
o 152 — N - 165 F
s O f I35y bR 1 ¢
= - 3 160 F
Z o1k = =
£ C _E ol
2 140 F | L H 15
13} H } ] P
FR S B FRE R X R .
s 1a2f tRinlDR I8 ER:
140 I T T I B B 145 Coovovo oy e by ey e by
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Distance (Mpc) Distance (Mpc)
Clustering
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VO-enabled Papers

SAD/NASA Astrophysics Data System (ADS)

Query Results from the Astronomy Database

selected and retreved 172 abstracts.

# Bibcode
Authors

1 2009MMNRBAS tmp 1 016M
Maolla, M. Garcia—Vargas, M. L

Bressan, A.

~170 Refereed Papers that have
“Virtual Observatory” in its abstract

FopStar I evolutionary synthesis model descnption

Z 2009MMNRBAS 396 2230
O'Abrusco, B Longo, G Walton, M. A

1 OOI:\ EaF =R e e el ks

“== About 1500 papers mentioning

3 200940 1375012C
Cakallero, J A Lopez—Santiago, J;
de Castro, B Comide, M.

1.00C

« Mirtual Observatory”

4 2009GecJl1 77,4638

Beggan, ©. D Whaler, k. A
Machdillan, 5.

1.000 0B,/2009 A EE E 8]

Biased residuals of core flow models from satellite—derived “virtual observatories’

2010 Nov 16
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HARDXXFOF =

2D H[EF| AR « ALMA&Subaru®r—4
EHE
ES T'T?EEC'.‘&T (#h L) — High-z galaxies
— Evolution of galaxies
B R — Planet formation
v — efc.
JAXA/ISAS (71 £ ) e« ALMALESPICAD T —4
EHE

— Prebiotic species In
protoplanetary nebula

— etc.



ALMA Archive Architecture

Offline

Pi

peline

QuickLook

Pi

peline

Calibr.

Correlator Pi

Data
Capturer

AV Streaming

peline

Control
System Scheduler

I ALMA subsystem
[ Archive package
[ ] Daabase logic
[ ]ALMA subsystem
[ Bulk data flow

I Veta data flow
I Vionitor & Event data flow

[ JAEDF

Observing

Tool

| ALMA
Science
Archive

ALMA

_ L L Science
Archive

Observatory
Data Model Model

BulkStore

X

ML

Store

A. Wicenec 2004-05-31

(vl Convoedoa » 1 7*Plosion

,,,,,,
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Strategic Coord.
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Data
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