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Role of the Graphic Design in Science
~ From Space to Cells ~

Akiko Sato™"?

Abstract
In order to progress research work and enhance research outcome, it is necessary to make research appealing to a broad audience.
In order to achieve that, we need to highlight interesting aspects of each research topic. I propose that illustration gives a stronger

impression than verbal description. Here, I demonstrate the importance of graphic design for research by presenting my recent work.

Keywords : Graphic Design, Visualize
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Visualization of Trajectories and attitudes of “Hayabusa” probing Itokawa

Akira MIURAT, Yukio YAMAMOTO1, Makoto YOSHIKAWA1

Abstract

We have developed methods to visualize trajectories and attitudes of “Hayabusa” spacecraft probing around the asteroid Itokawa.

We visualized trajectories and attitudes of “Hayabusa” using public data of those parameters. Then, around the touchdown phase, we

corrected the positions of “Hayabusa” using the public data and engineering data, until we succeeded to enhance the accuracy of the

trajectories in the visual of the rendezvous of “Hayabusa” and Itokawa.
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Development status of SIB2/GSTOS-1

Kayoko NISHIMURA™', Keiichi MATSUZAKI”, Hideyuki MIYAZAWA™', Ryoji TAKAKI
Miwako YAMASHITA", Yoshikazu MIYANO™, Seisuke FUKUDA™, Hajime BABA", Hiroyuki NAGAMATSU"',
Takahiro YAMADA™

Abstract
GSTOS is Generic Spacecraft Test and Operations Software applied for test and operation system of future ISAS (Institute of
Space and Aeronautical Science) spacecraft based on database SIB2 (Spacecraft Information Base version 2). SIB2/GSTOS-1 is a
project to provide SIB2/GSTOS for SPRINT-A, ASTRO-H, Bepi/MMO. This paper describes goal, achievement relative to typical
test and operation system for former ISAS spacecraft, development status and tasks for the future of SIB2/GSTOS-1.
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4. SIB2/GSTOS-17’AY =7 MBI 2HERRESHDIEE

SIB2/GSTOS-1 71 ¥ = 7 hTld, fE3KD ISAS OFFEEH T AT 2 & IIHORY GSTOS ~DERAAE Y 2% %,
BV T VAT LOWREREITY, Y7 bV =7 OB ETo7-. BB - EBHR, EFENRY 7 by =711, EFED
B REH v 2T 2 OFEREER IR & o RHEL(Red Hat Enterprise Linux) 5% OS Z48@E L TV % 2013 4 FHIHLE,
BRFIE—BE L, MERFEBE Y = — RIZ A>T 5D, SIB2 X URRER - EHRIZOWTIE, T CICEE0EETr Y =2 b
OHERRTIHAITL TN ENTEY, SIB2/GSTOS-1 7r =7 k& LT, REAGRLUWHENE DK LR Z 2R L AT
IZEMTETCND., EHEEHRICOVWTS , HET Y27 b~ORMIENAE D, #uE LA ToORBICTe ) 7= 1
PEA TN D, T2 TORUEBTE L2y — PR SCEIC B LT, B web X—U 2Rk L, AL TWS. 72720,
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SIB2/GSTOS-1 7’m =7 FTiX, B (1-1) IZ7-T KT, HEilaOMBRERGI FIEEZH— 7T 27201, BERERRFHT
KT DA & LTI MEE T 2R OMETT L) OMEEZHEAT I LaFfMmETu Y =7 PBEL
72, FEOHREETTLVEE, A7 V27 MRAIT a7 I I 0 7ZBITAA TV 2 FOBEIZHES . MRS HEE S
NHOARIBEEOE L EV 2T T AUTHREA T V=27 FELTERLEY, AT —bh~vr ELTERLED T
LD, FRESCHEEERRGFEA REWREERT L. 1RO SIBIZrb LT —2_X—A L LT, BRI HEET
FACESVTHIF SN TS Z L 2AHEE LT, SIB2 OF —##E#i21r-72% Zhicky, A7 740k
WL, RO SIB & ORHNENIELS 702 & & BT, |H M H L <, MR- 72720, ik K0 SRIEMED SV ATy —
NVORR% Y, JBIE - MRE BT IEORENL, £, WERREAE TH o7 SIB VAT AMZONT, 2—FRFNReT <
B Y ICHE - BIRAIT o7 (BEE 12 ITKS ). TERD T 27 AL OAES DML, B A T TOEY Th 5.

< BREET T MCHEASL Z LT, SIB2 O MEBHE Y 7 by 2T OFT LA MY - avr REAPET AERERV A BEN T
BT DT EMRAREE fe T, E£72, AR FEBT 5 — /L (SIB2Generator) & BH%E L 72 1.

- PEkD SIB TiX, HET A7 AHME N, BERORGHE FIEE T £ L0, BEEORFTEAIELT 52 & THAES
KD SIB ZHESET BN B - 7=, SIB2 TIE, HEI AT LS FEOAECEE I X 2T 5 L 5, W&o
ERNEEY—LVRAE C~—UF 52 L.

+ SIB2 DF — & R_R— ZDJF 5 (HEREEHRMENIETS ) DEFLITIT XML 280425 2 & & L, EEFmE ey 7
AT LW e & EEORY £ L DHEAEFITEEDO XML 7 7 A VTR L. XML 7 7 A V&R ET D
728, SIB2 # AJJ 7% —/L (SIB2 AJ)Y—/L ; SIB2UI) IZi%, XML 7 7 A V% 1T DHEED A 72 597, XML 7 7
AN B ATHERE L Fi-E7- . 728, SIB2 AV —/L72 & Excel L XML 2 A /1425 Y —L&5)5 I <
B3 5728, WH7T 4 7 Z U xmlExcelHyper ZBA%E L, SO Y — /L OREEICHEH L TN 5.

- SIB2 DFIFIEREL LT, B - B\ R EHERD SIB DR FIM LT W7 2 25 AR\ITIC, (R SR L
Tz SIB 7 7 A VO (EiAiH SIB) %, HTH O RICKHE S E 7= b D% SIB2 7 L a~vbEa—7 7 A LA L
EF LT, o BREFERMYER XML 7 7 A Va2 T LavEa—7 7 A VERICERT DY — L (T LavEa—
T — ) BB Lz,

c kDT AT ATIE, SIB #E 5 7=, RDB (Relational Data Base) (2 SIB 2%k 9 2V — " &{E L= AT
LRERR L e o CWNE, 2O — NI EHEREEEZ - T o272, SIB2 T, ZoO#—/3L RDB 29
LExEhE Lz,

- SIB2 OEHRHMAZILRT 5700, HEMH T AT ARFEA =D MEA TR TV — LI O T HEEVH L,
JAXA I CHNE 2R - MFEH T LT 6 E, Vol EK 7= (T VA MY ERBEHERY 7
ANMERCY —v, HRAEVERMAY —L, BEEGTERERY —V). £, Thb0Y —L= SIB2Ul 72 &
SIB2 BI#H D AT DY — /L& —§ETA VA M=/ VAalgZe K 9D &£ & i 3w 47— (SIB2Suite) % BH%E L 7-.

C REAEHOREAR L, £, BEORFNIEYS LS, WHREEEMY 7 MY =7 (mercurial) & HVy, JEE -
KERRAEPEZAT 9 L 912 L, SIB2Suite |2 Z DFERE A FF7-H 7=,

c O REHE 7 7 A L&A D e <R LK MREET D720, SIB2 (23 < B O =5 ¢ 4 (SIB2PlanEditor) % BA%E L 72 9.
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RAEAR Y 7 F o =7 ZB% L, HEQLICHIET2HDE LT, TLANIERY 7 by =7 ORREIToT. &Y
TR =TI L RIEOMRER R L, MEREBULY AT AR E T2 ENARETHS. B, a~vr FET R
BERY 7 b7 O5h, IREEHRY 7 Y =7 OMREIE, SIB2/GSTOS-1 7’2 Y =7 hOAa—F 3o 7273,
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avy REAT - RBEERY 7 Fy =T

© LR S AT HERERCEIEME 2T 5720, §EkD SIB 7 7 A L DIER (EA T SIB) %, Hill O 216 S
TbDTHDHSIB2 T Lava—T7 7 A MTESEIET O8GHE L, IERNOREEN AT LA — I BA
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k7R — 2%t L7 SELENE 8 H S 27 1 9 DR E BT b X 2 bR Lie v 27 A %8 MO S0 Th
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c av U RONRT A=, mra— RERD 16 T TR, NI A FEOTHEERETE LI IRz,

TLARMIEHRY 7 ho =T
-%%Km&iiﬁﬁﬁ%ﬁﬁb BILO Y 7 v = TR A ER L2, SIB2 IZHSWCEMET SRE S LT
c eSO QLIE, T U A NI RREEEER - EHE T DL, BEA—I~T 1S T AOUIEDRENLET - 7=
TULANIEGRY 7 by =7 TiE, BEHESENEH OEEERDY — L EHWTEREITAH LI LTz,
YR A F RN SRRe [ L7z,
c TLANYOTEEBROIEE LT, IREERY 7 by =7 LA—0 C S0 L 588, (T80
karkHEmzsrrrc L.

LA N i

WK, YT hv=TOky M7y IFIRE, A—ANOBTHREFS TV, SIB2/GSTOS-1 7' ¥ =7 kOl -
EHAY 7 b =T 1E, WITvd RPM (RedHat Package Manager) /X 77— b9 5 2 & T, A > A b—/LRJHDE
Wb &2 5 L 3ls, =—FicxtL, By b7 v I FIEEZH LM E Lz,

BT 72T ORFEITET L, SIB2 VAT LAEGDOE CEBICKHE oY 27 hofERABRCHEHINL TS
SHBOBELE LT, XEL-IREEERTD2OT, 2—FOEREZINEL, WEEEXEEZED TS,
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SIB2/GSTOS-1 ' m =2 +TiX, MEMFHE « 2~ REHEERY — /ST 26D & LT, a~y REHEMRGEEY 7
MY 2T DR EToTZ. T, ROV ATATHHLHREBEL SN TV oo~y REHEERT, R ny <
7 MENENWTHESD RIFRIZICA T A TY =V EERT 570 8 LTl LT 2@ HFHRIVERGES, T iR EEED
DOEREND. 2095, FHERIESIE, MEEOENBRKEI NI &L, £72, BepiMMO TIXBEIZ—H>Y — V& {ERK
wat_&%%bi?iﬁm%’ﬂ%% (5 kb LCHm B@%%%ﬁot.%VSWWTA:%LT%%V:~
NOMEEZFTHZ LT, TV a— UEICTHNEZERTE I LE2R L. ZOIED, RV AT AL OFIE
WLLF @Y Th 5.

FHIEERCED
© RO — L THERD AR IRE Th - 7245 2~ o ROESECIFZ OB FIEIZOWTHREICT 5700, Frllichiss
RN L7

. @)ﬂ%ﬁﬁti:ﬁ@ﬁ LEITo7z. RETICHIZ->TE, MARSEXHNI=vLIREL LS, TV
7 E 5% Ruby OFESCIZIH 9 £ 9 ORLG (Operation Request Language for GSTOS) % iE# L 7-.

< SR RO T — F%%&EWE&% (DWW TUIHLB R TlERIHG
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Development of Anywhere Satellite Operation System
Hiroyuki Nagamatsu”'

Abstract

We are in progress to develop a system for automatic operation of a satellite in order to reduce human load at satellite steady
operation phase. The ground station for small satellite REIMEI is used as a test bench for verification of the proposed method. The
automatic operation system is nearly completed for downlink operations of the data recorder that account for 80% of REIMEI steady
operation. This approach is very effective to reduce psychological and physical load of operators. To extend or complement functions
of automatic operation system, we are also in progress to develop a system for remote operation of satellite using mobile gear, for
example, tablet or smart phone, as well as personal computers. With this remote operation system, operators can monitor status of
satellite and ground station anywhere. In addition, on receiving emergency call, operator can send appropriate commands or operation

plans by controlling automatic operation system.
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Concept of Data Center
supported by a consortium of Lunar and Planetary Exploration Bases

Hirohide DEMURA™

Abstract

This report emphasizes significance of data centers as outside of JAXA, which is cooperated with JAXA and universities in
research community. This also summarizes activities and histories for invitation of the data center to University of Aizu in Fukushima

and establishment of a consortium of Lunar and Planetary Exploration Bases.
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IR A 31 & D & 5 RBSICE D E COMB (T rt v v /) &47 5,

2) F— 2 RAF DA
Hufg L7z R TORSET — 2 1%, A TE 2 RETRAICRET 2,

3) F—&HF—t RO
F=BLH—E, T TR L ER LI L ETEOF — 2 REHICHE > TTE 57 KV FFE O
=P —(ZEDND L T B0V — b2 2 WA TR 5,

ISASAAXA IR ILFEFIAME E L CoMBERL, ERO4A—0T7 4 XKL T, RE2I2=27 1 D
B LTERIRAN KSR TWS, Fio, BHEEEOBINT —Z 2B £ 59, EEARIC L2V T 055
TOEBPFER I EEHRRZOMEORNT 7 N7y ho T =04 TSN X&ThHD &, YD C-SODA H#HE %
BAETIEARENTWE, LrLAans, 29 LEFAZFZITT5EE - PESMENLTHDINEWD £ 95 TlE
RWHENRD D, T D=8, K[E Planetary Data Science System[2] (LT PDS) O KFZEMEEFEHIEZET L E L, K
AN & o A sk kT 5 Z & CRIAME O EE M D iR A S LTS, KIE PDS 23 2013 ARBUEA BRI &
FEL TS/ — RiZiE, 73> b2 K22IZ Geoscience Node[3], KIEFHAFTIZ Imaging Node[4], ¥ = » MEEAFIEATIC
Navigational & Ancillary Information (LA NAIF) Node[5]. %5236 %, % Z Lm0 TR A E W22 & T, %05 E
AOEFIZELE TN DEEER RIS, MEEZF I 2= 42T TRT Y M) —FIFEE THIERIZITOI
Tnbd, 29 LEHEEE, PRSI EANICTREST 5 AAOMEM & i LT, FEEIET S, BIChHIF7=3 250
JRAIZ K [E PDS OEHNITM - LTBY . ARICT —Z 2 —RN5%IELND AL, BEIZ C-SODA 3E 5 THDH L9
(2, SLRFIRMZER R L7 S RN EE L2 ISR £, BB AR - O TN 2 HE5 L
R BEEROERI E T2 26T, KFPFaIa2=T7 4OV AT —F) VY —REHHEY AN S s Z & nliffs
b, HY - R LFE L ORI - I, SBNBER TELIREZEN, [KVRWED] AT REE
7Y FlERREOREICETLEA D,

Fo. SRS 2 HT — 2 RO FANCER LT, T—% & #—ISAS BRFTLLE DT — & 3B EIZ O B @& v T
LZERNEE SN TS, BRSO ARKEOR Z VI WEEOEINZ, 37—V 7 LT —4kr¥—
U IR T — I A T2 DB CHRETD I EE, HRELTEB Ay 7Ty 7E LTHIEL, VAZEBRLEOAY v
EBDD, THEEDLT—F B —OHMIZT — A 7T HRERIGC T, K¥E, BE. &0 E L ka2
LR DN, Din B HIPRAICEEE L2 AT E D LTV B BRI, ATEERER 0 3SR B WEA 5,

2. EERBSLUVSEXRFZOES

AARCTH, 7—F ¥ —REICTE22T ) BIIEED 2 L BN 523, ZZ CIEmEBRBLOSHRKZOE R
WZDOWTHEIT T 5,

BEFITHRBARKRERFIN ST =22 Z—OF BRI Th 5, ZhiE, BERBSKNZTTRIKT) AT -
HIEAE WO T ARRET AN X — b GO TERRENZERANL S TEY, EHOKEESCEBCEORELIIN A TER
EHWEEEXOER EFEHLERAL CE D TH S, To—8L LT, HRIZICHL LI BRI 2HRE % 1993
FICBHF L, BHREEOFBHEBREZK > T\ 5,

SERFOFEOOE DE LT, R A B L7 BRRT ¥ (PBL: Project Based Learning) # £ < HTe 1 U ¥ =
TLANET NS, FEHEOREEBAEANTH Y, EEO M ME EEEEIRE OEERREZEE> T 5, 1000
ANROZPAELE N D MBI DL ASERFOR TR LI RFHREAN T v —RELTEMIZHY (201344 A B
254, BRBIIEEIE Y0 x 7 NOEFEERZ B U CERREEDORTENIEZ EH LTV D,

FHEY L EW LR NEEET 25 L LT, 2009 /4 I, EimEmA At o ¥ —FHERB Y2 7 A X —
(CAIST / ARC-Space) [6][7T] WEL L TEY | IIXL5E - RO T — F i & ZET 5 /by — L ORI ET
U T DERERELOO, ITRPEI2RETEHI v a U~ DBERERE S MIICIT> T\ 5, BIFREM & LT,
/N e EARHRITIR R IR & AL L 3D-GIS & L THRAT2BHLTH 5, FEHIZH 2011) [AR Y I URARET V% ik
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& LT ARBATER N RIBBLIT — 2 85k - it 27 20 [8]. 2 <SROHA T — ¥ Z&BHICBE W AT 77 > b7 4+ —
LOFTH D, FEIEN (2012) [H « BMERRET — X KR - fiffT > A7 A TWISE-CAPS1] [9]. & L CRERRMF & $E[RIBH
RO RCH W NT — 2 & AL - AT 5 — v THYD [10] 2 8RB 5, F£i2, ENL KA X OFHM2E
JEBRFE R & M ZE T H I O AM B A B & Lo RPBEBE B E 2 fifs L TR Y [11]. FAESREER L EZIA
LT, FHT —ZRHOFRRE L B L LT 0 v I Y o ~OBERE R 175 TV 5 [12][13][14],

2013 4EICIE, EERBRENHE L CHERZ ST LT 5720 0FEREEEEOY & U TEREGE Y 2 — [15] BAFE L
7o WRBRRMERET — X % 30 fF A/ CEBET LR Z 3l oo, [REEFEEES T U K L LCREELFIHA
fE72 laaS — E AR I N L TETH D, Z OIEWIEEEIT, B « BAHISEET 2 HARTIEN J-Tierd L~/LIZHERL L
TWa, T7bb, B0k SITx LT—REY L0 & L~ TOREVENTHER 5% Ot S v, 8 RNl Fo i
fRIC & B EEEE L e © QNS BERF I LA IZAM R RREIC L D ) B — MR 2B 272 5 BHlkH 2 & 5, RMoOF—4 &
Z—LEZEOV—ECAWEE, BEX2 T 0 OH & TANKBENTREYICE S TEET DI LWV ORERH D, 05
BB, BRZAELE T TR TEE 2SN ohs T 28— 7av=r MEfiOU LD L
L CFH % - FHARIMES TN TEY . Z0oFBCATREEREZHITF-XENMFON TV, BT —4 &
VA= L EOHEEEICET 5 HENRERHNIIEECE > T, ERIFAEZER LT — & X —HROREIBICE B iR,
DERFOMBKIIS, EHEEET 2787 02 = 7 N OFIRELE & ABHEOMERCH S - REFH 2 FERICE LD (R
1), 1B L, EXRPOBECERE S IIATRR DS E TR & 5 LTV 5,

Rl T AL A BEICHLIREHTY - HERRIREE

£AH =X
BERRHSUAENE MEBENSIAICE T GHERAEBREANE—HAT)
20074108 USGSTTwH R Ay I FH M EFF—L(PDS Imaging Node)ZEFERIZL T, tHEMS

ADNEFES. EHREFHERA SO B M RESRITESEEDIRTR. [16]
RISFEEBARIR HtEMN

2007-95F & FEFHFEHT —IDCSADOHE LERLRBHEFOWE ), BRI F LB
BERZFOMETODIIL, RIEXFIENIHEE,

BARERZS AREREFRRNTIARE. B

20084 & AREREET SRBN1——OEHFELITIEHELT. T HETEE2XOE
EMSHAL. BEDLBE.
20094 4R B2 IR T EE, 22 KFCAIST/ARC-Space ¥ R [6][7]

BASMEERKERARABE Y RI—TSVBETAEICTARET 42— 1B
C-SODA, EiLXXARISE, REXFZOIHEEERE, UBFOETILI TR, 7—
HATEBEBRABOAROEMOBHOKRRERER TEER (L) M oE<EHE

20106 % Shie, UL, S5 BB A LA DT —hA T DA DN R A RES
AU T AMER—S&h - (E O AR ERE B ASEFRE B < 2 4—T5>
2011[18])
FEMPZWERAASAS) HE2HEER T —2FAt2—(C-SODAEEZE LN DL
20114

(R T—2 02 FIRIZ 2L T DI1]AR

2012551 8 SERPEEIE L I— I7IR T2 2—HERE

2012478 [REMFOSHEEZAEIUCTHAREIS AT/ DER
ARC-Space B D ERAA M R - BaR SN EEDEENGELNT [19],

20134 3H ELEOHETREXRFERIELVI—HE
BARZHEBEAEARAE T RE—TSOBRETR00OAEIERIRE
BEHPERERIABREMNRBEORITIMEAD-OORERETOSS
L], AREFEEZZ A 5032 TlMSIRESAOVY—L T LEE, 2FXKE
IITF—2EFTOC oM T 58 RELTSHE,

MU EEEBIRIR THIEM

2013-15%F & (EREERRETLEEBRELNEEREZHOMIT] . ERIY(QrEa—4E
DAV ERERPZORMETODIINT, KEXF(EHNIHE,

20134114 AREFEIY—L7 LR RIEHBRE

201343 A
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3. XIBEDOEK

AT, 1 HORET — 2 FIHOBR 11123, T—hA4 T A 2o A BB L O — e 2 28T 2 53 %,
MABEEECTERLLY LW O TH D, BERMICIK, HIMIEEZ ST =T —% 7 ax 7 FBX A 71 i E
(GIS, Web Mapping Service), #FEMEHTY — /L DBRFE L BUS. AT/ U D OFERTE A, £ E@ U AMERR AT 9
EVO LD TH D, LRFIARZICHE L CTHPAEEZETES KRG CITH 2 LIk, TR TS, KPR
Fasa=T gLt ReRo OO E DL LTHEIET D Z ENEHETH 5,
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T DT DR EHED HMEENE E - TWND, T 9 L2 EOFEBUTIE, HH| LHEDH L OEERLEATH D,
BIZIX, KEPDS D by I R=U RIIZAOGND LI T 7By b« FES = a U RFEHTHDZ LN, DERFET
Ty Y o TREATWS [12],

JAXA ORZT — 2 FIRICBET 2 ZJFAIE 3 HOT — 4 P — A2 RBESE DL, =—ARFETIRFEII 2=
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HBOELBTHIET 2 Z L1250, MAFEAST — 2 REEOTURMEEZHEF T2 FHE2HLT 28T X0 BHERYRL
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The NICT Science Cloud
— A Proposal of Cloud System for Scientific Researches —
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Abstract
This paper is to propose a cloud system for science, which has been developed at NICT (National Institute of Information and
Communications Technology), Japan. The NICT science cloud is an open cloud system for scientists who are going to carry out their
informatics studies for their own science. The NICT science cloud is not for simple uses. Many functions are expected to the science
cloud; such as data standardization, data collection and crawling, large and distributed data storage system, security and reliability,
database and meta-database, data stewardship, long-term data preservation, data rescue and preservation, data mining, parallel
processing, data publication and provision, semantic web, 3D and 4D visualization, out-reach and in-reach, and capacity buildings.

Keyword Science Cloud, Data-intensive Science, Informatics, Virtual Laboratory
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1. £AHZE
IHNETICRE L CEERAYE G 1 o), Bty GE2 o), HERY (B3 oM ot LT, F—¥Em
RIR IR 2R RO D DH 4 O TH S & Jim Gray 1THEE L2 V. 5 (WH) 1%, EBREZE2 X254 075 2R
b7 7 F o L FEBEEESCBNEEE (FHA R IR PRHEIC L 28N r v FERRE) ThY, R ET
IRBLERDDONA—IR—a L Ea—HThHADIZH LT, T—HHRAMUBEEZZZ 5477 LTIRET 0N,
BEIEHER DO T R AT L (FA A7 FTTR) THhHEZEZTWD .

TA U AT T T RIE, 2008425124V /A KFIZE S TIRBENZ Y. 2010412 1BV A =27 T 7 RU—7
v = v 7 (ScienceCloud Workshop) 75“%.' AT BNTHES N, 208, BFEIRIORY —7 v a vy 7RI,
AL AT T RIZONTOMmmNEDLNTELZY. b0V —rva vy it Thsnizi#ms, 777K
HAg L CoORVEREGIRE, 7 7 U REBRERS ZOEIOAMEFEM, 77 7 K27 L OfMER M (fault tolerance)
BLOMEmENE, 777 FETOF—Zi5mAMFED THEY —/L, Map Reduce 72 E D71 75 I v 727 LOHM, 7
?ﬁPx%v~9%%,&?WFwayo%?wﬁ&ﬁ 7T RNOU—7 7a—U Y —2FH, NoSQL 72 & D
779 RERORFE~ORMM, 7—2A M) = 7M7) r—vay, HPCREICBITS 7 70U Farvtk
7 hOIGH, EE Jtﬁ'J’\%&774’/I//;<7A CRABEREE R, 77U ReEX = U7 0 —ICBT 208 L OVERR &
EZKIZhi=% (1),

%1 % 1[8] ScienceCloud 7—%-3 3y 7 T RE—E (ScieceCloudWorkshop2010)

Scientific application cases studies on cloud infrastructure

Performance evaluation of cloud environments and technologies

Fault tolerance and reliability in cloud system

Data-intensive workloads and tools on clouds

Use of programming models such as Map-Reduce and its implementations

Storage cloud architectures

I/O and Data management in the cloud

Workflow and resource management in the cloud

Use of cloud technologies (e.g., NoSQL databases, etc) for scientific applications

Data streaming and dynamic applications on clouds

Application of cloud concepts in HPC environments

High performance parallel file systems and interconnects in virtual environments

Research and best practices in cloud security

INBOFHRNDDOND ZEE, T2 IRAREIENEOA T T AN T VT ELTHA T AT T RIFEET
HHEVOHBRBITIHDLBOD, <OV T U RERIZMA 2 70 RIZEBELE LD TH Y, Zivb O & B 7-4F
TIHH L TWDIZTE RN EWNI R Ths. Thbb, HiflERZE L TOZOBNMEOHKSLHNIE, 1=
VAT U RERAD, WDIEHA LRI TY ROEREITIOETHL., VAR T TR, By s 7—4F%
DAL TIFTANT I F vl UTEMIT HALD Z LTI S B A 720Dy, BRI A Lo L O ICH R 260
THDHNEN I FERYRETIT 0.

ARTEVA A7 70 ROBBIOHEIFICOWTERT 2O TIEel, ARE» OOV A = A7 70 REeRd
L. WAZ R T ReffiolziitFE WHEAZANV) ZHRETHZET, YA A7 70 RIZLYHIffsns
B TERURC, A= A7 T 7 RIZRD SN EBIOHAMTRH L2006 Th 5.

2. Y4 IR SYREEYTTF—4
21. Y14 IR 577 FOEH]
BUE, WOKFEEZ DI 2 7oA =2 227 5 7 R (ScienceCloud) E 721X ZAUCHET 20 AT APEREZITEM S
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NTWD (F2). YA 2757 R, BIROLEBY ZOEXRPHERSNLTVDIRATHY, TNHDI AT LEiE
CTCEOAIMRCMEL SNHHIRABRFI SN TS, £, R2E2EGDE DV AT LAOHRT, FEOHET —~IC
ODNTCTT A=A L LTORBEREN > TNDHDIEH D0, HEEOWET —~ TREARMREEZFT A0
YA AT T U RIXETAFIELR.

K2 HROYVAIVRIZVRDOE R

E4E3ME |27 0 FAEREI Vv —T4 URL e
CERN, CNR-IREA HELIX NEBULA http://helix-nebula.eu/ To create a multi-tenant Open
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High Performance Visualization Processing
of Large-Scale Computer Simulation Data via NICT Science Cloud
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Abstract

Science cloud is a cloud system designed for scientific researches, and expected as a new infrastructure for big data sciences.
Not only parallelization of CPU as in super-computers, but I/O and network throughput parallelization are crucial for the big data
sciences. One of the typical structures of science cloud is a scalable cluster in which multiple clusters in a cloud are connected
with high-speed network. In the present study, we examine performance of parallelization of both CPU and /O in a cloud system
as the first step to high performance scalable clusters. In case with few processes executed on each computational node (server),
parallelization efficiency is almost 100%. This high efficiency is expected to maintain in larger-scale cluster systems such as those
with 100 servers. On the condition of multi-processes on each node, the present parallelization does not show good performance due
to the congestions of I/O. Parallelization efficiency (speed-up) is as low as 20.6%. New techniques of decentralization of I/O within
each node are required in the next step.

Keyword: Science Cloud, Gfarm, Pwrake, Big data, Magnetospheric MHD simulation, I/O parallelization

B =

BUE, FHCERPHARIZBWT, BIEFERITZ 57 RELTHA T A7 TT RBRERSN, VAT A0FEHIZO0N
TOMMMNED LN TND., FA T AT T NI v 7T —ZEROT —Z /AR RS E L CTiRESATY
5. 779 K ETOE Yy 775 =20 TIE, CPU DIWHNGEALTE T TIER< Ry N =7 01/0 OV SIS BN EETHD.
AW TIZY 7 U FEECTEWHESEEZE L 12D 0L L LT, CPUB LU IO Z[FFFIC /BT 5 v AT A
HRETD. 82T AT DH6HBDY 7 AXHEMCTEBMEREIT TR, / — RO T a2 AN DR 0GEITIE
1E 100% O FIL DA EERL X4, 100 B2 D KBNS FAXBETHLEWAr—F ) 74— Tllaniz. —7%,
J— RN THEE T o ARNUEEITHIBAINIET 4 A7 T 7B AOEHENREAL, BTFLbEmWATr—78 )7 4 —%
B/BLHZENTERN. 8aT2HFTH 6 BDOFRES—"TRbEWIIHELIREB-DIL 6 7 rEAWFOBFETHY,
EHEFEIL 206 ThoTo. 5%, F/— RNO VO LB Z kT2 2 & T, WIHEHEEZ S bicm LS5 2 &0
Mrssng.

1. 1IC®IC
Z< ORFMERE CTOT =2 DT VXML - REBLZE R & LT, T— 2R, EBEY - SR,
HEEE, v alb—va VRIS BRI R TIEOE 4 ORT XA 2 EEDR TS Y. F—2iRMERFEOH T
HEy ST =PRI FB TV DN, TE, oy B a— 2 I MEND L ICHIOMETIETHIHEMY I =

*1 [ E(E PF /e (National Institute of Information and Communications Technology)

#) pRA &Y A = & « ¥— B R (Science Service Co., LTD)

#3 JUIN KA iR AN ZE R & o # — (Research Institute for Information Technology, Kyushu University)
*4 FLE K FFHE B 52 & — (Center for Computational Sciences, University of Tsukuba)

*5 B KPR S (Department of Medical Informatics Ehime University)

This document is provided by JAXA.



58 FHMUZEMF T B SR ST R A JAXA-RR-13-010

L—va VORBB(EREA TEY, A= "—ar Ea—FITR&E I D HPC (High Performance Computing) Ffk Dt
BIEEREE LY. —F, il 2 b—a U T A EUET — 2 X RIS KL LT B3, T —Z DR A
MMLEREHTIZ OV CTUE IR RE LTV D S XSV ER.

FHPEF BN TS, MIKRORFROBIEY I 2 L— 3 UMThitTnd. 208801 (in-situ SR 2
KO TR VWFHERZCBOTL, By 2 2 b—Y g VORETHREITRE V. PEHHY I 2L —Yara—R (7
077 5)E, FOZNIRTGAEENTEY, KEBLREAL TS, F5ET2HGOEMESITEY, 22/
KRB & RIRHC IR S 1 O R (BREIv I 21— ay) BEATND.

HPC O%kIZ CPU V Y — A Z IR £ CIEH L CamsatE 417 0 3 REMAOMRIC LT, ElRshir—% %Kkt
EHICAERE T B 7200 T — X IR OHEABNMLE L SN TS, 20X H2EHFROL L, HPCIIHT A2E&E LT
MTC (Many-Task Computing) =° HTC (High Throughput Computing) 238 L7= 7. ZMLAE CREMZR T — 4 2 HRYIC
IS U CEE LIRS 5 72D OIS MTC LW & Tdh 5. MTC TIE, SHERHERY Y —2Z2@a L, T— 20,
WHN T —H WP L Ea— S e T =X T 7 AN —H T A AT HLRRE, BEWNRT — X UHREZ2 O X3, K
HBESE Y I 2 b—ya U7 —ZABIZEBWTIE, HPC LD & MTC WA TH 5. £, RS, HPC R MTC &5 -
7-#t5EM (Computing Oriented) Tix72<, 7 —XEESCWH|T — X W, 7 —& {pER EIZEB Lo 7 — X Bt
$T& 5 Data Intensive Computing (DIC) & IS LIBEI N T 5.

ABFFETIE, 10G Ry bU—7 THERENT- 6 5DV T AXFHHMERETICH VT, MTC % 7213 DIC B D41 45 %
T BH Y AT N ERBROICHE L, T — X LBOWITHERIRIZOWTHARDL. ZhETOY 72X HFEKETIE, &
FIEMA (HPC ) OWFSLIRBFIEA VDS, ARBFSE Tl — # BRI IS % L T — & 1O ISR C X 7o Wi E
WIZOWNWTERD., ZOEE, Xy hI—2 2N LTHHET 7 AN =N (JEZIENAS A ML —Y) OF—X 774V
W27 7B AT HEE, ANV—Ty NOF—"—T7a—RNEU 570, —ELL EOIWFIHL BB h =R ARG I E < 7R D .
ZOERITHEBE /2B DX, V0 DL E CPU DS ZWSLT 5T — ZWFLS 2T A TH 5.

ZZTARMIZETIE, ST 7 ANY AT A Gfarm® £ U —2 70— 2T A Pwrake” & VT Y T A X R RIEEREEIC U
0 & CPU 2 HI LIRS 5 v AT LA L, FEEORFET —F BT 2 WL RO r—F B 7 ¢ —
IZOWTHEAMEEZRGT 5. SOICHRIHERZ L LICET —4 7 7 A VOWLEEIT D, ZOFMEEZRTE LB,
EBONICT A= 27 Z7 0 R ZEFLOETHIRZEMIEMT 7 70 RVAT ATERERDEEZOND A —7
TNT T AZBREETOWHTILELIZ DWW Ciiia T 5.

2. RBROBEMERRTGE

2.1. Gfarm/Pwrake

1 Ei T~/ &30, MTC B L UDIC Ti, WER 2L D)= A D7 ®I2iE, HPC TH 2 % CPU D4 #fb721F Tt/ <,
VORFy N7 —7 OHBALBRLETH L. KRERTIX, 087 7 A4V v =7 Gfarm” 8 L OV Gfarm o U —27 7
1 —3 AT A Pwrake” % FV 72 CPU 0B L OVV/O 4378 & 0 EBICR e CHO TV A KEY S = L—va 5 —
HWEL O FILEREAT 5

1 12 Gfarm 35 L O Pwrake OFEBEIZ DWW TEBI$ 4. Gfarm (Z HPCP 22 E TH AWV STV D KIS EH A L —
WL T 7 ANV AT A (I RV 2T) THO, AXT =% — (MDS) &7 7 ANV AT A5/ — K (FSN)
MO EIND. BEOT7 7 ANV AT A —RIFL2 F2T L3 *y hT—7 ECTHBLUCTEEBEIN, TXTAXT—
A —NZKVEHBRIND. 7747/ —F (CN) &, D7 7 ANV AT Lx=RHT5T7—40 ) — RTh 5.
FNEIND CN L, HEDOFSNINOERESND DT 7 AN AT L WE T 7 ANV AT AE LTCHAT L2 L3 T
& 5. 2B, Gfarm TIXFFED / — N (FHEEE) D77 ANV AT L) — RV FA T b)) — REFNRDHILENTED.
(K 11%, FSN3 L FSN4 %227 A4 7> /) —RELTCHHATIHETHD.)

Gfarm OFFED—DIL, T—H 7 7 A NVDOBEELTH D, 22—V BB T 7 ANV AT R T 740 (L zE7 7
AND) ZRAFT D, Glarm [£H 5 CORE LT BOBER AR L, #7022 FSNICRFET LS. (K1 DBEIE, 77
A VDOILFSNI, FSN2 BLOVFSN3 IZIRIFEND.) 7 T7A T b/ —Ri%, #7710 L, KbLEEICT 7 A

I 723, HPC X MTC &3 A, CHTC (High-Throughput Computing) &% FIFERHIVHHLH 2 L7238 545, HTC 1% HPC R MTC & H
N5 EEY KR, BrARE) Shlmo TF — 2 BT S8 - Hiili 2 BkT 5.

This document is provided by JAXA.



FHPAE AT SGE =% 59

f%é%i@?~&774/v%%ﬂﬁﬁ‘é (72213, M1 OBAITIT7 7 A4 OIX CNA SR L, 7 7 A L@IE CN5 23
WIS 5.) T—H 77 AN EDRET AT > 8 — FOEIRIE, /— FARRRY hI—2 b T 74 w7128 R
BT ==X T .

=Y
@ Rakefile
s ]

Target file list
@ L( CN list with core number
i~ I=vps | UE | Pwrake
e ‘ll H controller CN1 CN2 q :‘CNS

1" FSN1 FSN2 - FSN3 FSN4
q\ﬂ CN4) iJ CN5)
Yo oy Ben 3@

B 1 Gfarm & Pwrake D#EEE : MDS (ART—2Y—/\) /FSN (F7AIVSRTL/—F) / CN (54T UR/—F) /
Pwrake controller (Pwrake #I|##14—/\)

b\ v’

Pwrake I%, BHDOY T4 7T b — RERAWTEHRRWFISBUIEZITH Z L2 BNICHBE SNV —2 7a—v R
TATHD., 2—WL, £, Pwrake 2> b — I 0NEH T 5 Rake 7 7 A WZHBE LW T 7 A v—BEFREL,
4507947 8/ —REaTHEDOY A e ) — K7 7 A UCEERT 5. Pwrake (B ORIG L7057 7 ALY X K
BB, /— K77 A NVEHIHAL. Pwrake X, SR LTEET —HX 7 7 A MIONWT, WBZITHI IV TA T b —
Kea7#EET 5. TORE, CN4 B LUV CNS @Otﬁa:774’ﬂ/~‘/7\%A/—F‘H&hf:ﬁ?%?‘/b/—mzob\f

&, 74T ) —RBT7ANVAT L — RELTERT LY 7 A NVEELEMNICUEIZED Y TS, 2tk
Xy NT—=2 BT 7ANT 7R JO) DRNT T4y I RHNDHZEwEBTES. £, ZOBEIE, * v ]\'7~
77 ANEEL DS T A AT VB AEREDFNEHRTHLHT-D, T—HUHE (7 7 A NVirirABB L OESHL)
OB L RYIFFTE 5.

Pwrake OV — 7 7 —OFH OB ZK 2 1IZRT. K21, 2HD7 74T R/ —F (CN) BEBIZT 7 ALV A
T/ —F (FSN) %3N THY, 2HBOCNBZTNTNI Tt AL 2 7utATO~OD 20 D7 7 A VL& T
TEHEBETHD. CNBUHFEZITH) a2 %0E, K1 D Rake 7 7 A ANEEL TS, X2 TIHBEHDZD, 2680
FSNIZ20 77 A NAETEEHLLTWA LD ETH. HOLMMN, K7 RCEH D B TOHNLIUINRET 7 AL ThD.
1 ® Pwrake 2> b0 —F137 7 A WILER KD -T2 708 A, RO T 7 A VEE DB TH, B Y THTF—XT7 7
AVEE 1 D Rake 7 7 A VHAEELL T4, WHEOIEFIZIEIET —F 7 7 A VONERF & 72 508, WEFFR A —E Tldie
WA LT L b el —8E L.

22. EEBROH

LTk ~_7z L BV, MTC 3 L O'DIC TIE, LERR{R D=0 LD 7= DIZIE, HPC TE % 5 CPU Oy Bk 721 Tix7e <,
JORFRy NU—7 DG BALRNKLETH 5. RIFFRTIL, Gfarm %ﬁﬁu\f_ CPU 43 H# L OV /O 43 HUZ L 0 FERRIC R 2 hF
TTCHONTWAEEY R 2L — g T — 2B OWHEL 21T 5 .

AWFIETIE Gfarm/Pwrake % D 2 & TEWIEFHEDIHEEZ BIET A, £ 0729121 CPU D4 L /0 D53 HD /N Z
VAL BOEALA BT D . Gfarm/Pwrake (2 K D FEM 72 LR =R ICEE 9 2 WA i/}‘fof <Y, AKARZETIE E T P ERR,
FEREFERRIC X 0 AR RIE M A ET 2. T e b EICEBEOT — X WBEO =D DET VA ERR L, REER (ERALER)
EEET D,

This document is provided by JAXA.



60 FHMUZEMF T B SR ST R A JAXA-RR-13-010

®
©
®

©
@
@
S

2 Pwrake [2&BT—970— (OSAFUN/—FMN 28T, 370€RE2TOCLITRIETHIES) :
WIBN OS2/ —K QA7) IZRODT—E2I7MILONEBEEIY LTS, HZIFAILHFSN ELTEETHO0—-HILT7
AILTHWGEIZIE, FOT7AILIFEY L TAL.

23. T—A2tv M EERIRE

KNkt G T A7 — 2ty A3 ITRT. F—FITA—/—a L P a—F |2 L0 EHE IR 3 o ER
WERBE 7 o—/SVMHD 2 2 b —2 a7 =49 Thh, KIalb—3iaa— R, 450X300X300 7'V v KD 3
WICHE R FH R CH 0, 0.5 ORI MREET, KFEX 22GB OMUET — X 2142 7. HAhT—2 UL, il
V3al—yaryTbILAHASNEEAND—>TH % HDFS5 Th 5. NICT BEIFE Lz al by —v (R—F ¥ L A4 —
72 7Y —/L) X HDFS W CRiil SN2 2 b OIET — & it Arirdr, H LN L ORDT-/87 A =22 L 0 aibT 5.
BWGAAT T OT—H 7 7 A VORI TR AFE D 220 T2 0, R ALLEE % 37569 5 355121 Al L ALEE 7 o
TAMTORA v E—VlEIERELLRD. X—=F Y LA —0 TV — VX GUIEET DA L E T T T4 TR T 7Y r—3 g
UTHDLD, HONLDNRTA—HEY NTHZLETavy RIA VDL OLENAIRETH 5.

- ~N ‘
7200 data files i
mBBB*

Visualization Visualization'via Virtual

N7

Virtual Aurora Tool isualizati
HEAEER 9 Parallel Visualization of

L 7200 files )

3 AHENRHRET S Global MHD 32— 30T —4 : BRI #EAE 05 #0 T 1 B¥RE4 (7200 R7v7) DbEkEKE
BEOIIAL—2a FTo-ERTHD. RETIE 7200 RFYTTF—E2N56ND—EERA NS,

= Aurora Tool :
_ _ _ :

S e T I

= 20 230 230 !
i ) J j :

l

|

|

Time-sequential
Visualization

This document is provided by JAXA.



FHEAERATRSGE B =5 61

X 412, ABFFETITH MHD ¥ R = L— 3 O AL 6% 7R3, K4 Ti, B (200 A) B8 L O xz i & xy ifi
FEf L GSM JBIERICHERLS 5 ) DT T A< E D a vy 2 —T7ay a1 LT b, Nﬂj%mi, ZOBYET —# &
RTCZOEMT — % 1 By (7200 A7~ 75y) Oz WHMERST 5 2 L2 HEE T 5.

4 AMEOARHLER 3D AJHRIEEEREDHFANSFYIFrL-10)  HEBOEHRT 200K, av4—1F2E (1
HIZZEEE THAHRTINTLEN) THYTSIXIENEZRLTNS.

B 5 AZAMIEDFEER S AT AOWEM ZRT. 6 BOT —H MBS — "N 10G AA v FICL Yy N —7 kI
TWh. &7 —HWEY— X 10G Fy NI =2 —RaFT 5. KERVAT LRy NT—7 BN L TE
D, REBRVATAMIINB T 7 4 v 7 BHND Z EdR. B, 6 BOF —Z WY — X 1 O Gfarm & 27 A
D77 ANV AT L) —FK (FSN) L7747~/ —FK (CN) ZHATWE. VAT AIIEA X T —HF—s3 (MDS)
DIG RSN TW S,

MDS/Pwrake controller

]

~OG Switch

FSN/CN

FSN/CN| FSN/CVI_V\Il FSN/C{IV\‘

=il

=
I ,

5 AMEDEERIRLE : HF|NIEBY—/\ « AZT—FH—/\ - 10G RAMYFHh LRI TINVS.

2 AR R AT » 7D 3D AR & — D ORRINAHIL T — 2 7 7 A THEE T 2 AT IARBIZEF RITITE D720,

This document is provided by JAXA.



62 FHMUZEMF T B SR ST R A JAXA-RR-13-010

3. FlEEER
AFETIE, 2HCTHRARZRT =X EROTZ DD THEREZITS. THERIL, KSOVATATGam DY 747 v
F /= RETAR—=F vy A —u 7Y =z HOTHEGET — X 2 Fiiirdr, 2.3 BTl o LA 21T 5. X 6 ([ZAHF
ZEDT — Z PSR D EF A RS, THFERTIE, 1 75— % 7 7 A MICHIE L 72 D35t AR (57— & 10 W) &5 —
ZAVERIRERE] (AT EALERIRERE) & bbi 3 2. 7eds, BABREFIE, 2ol —Fx At —ua I3y —v (77 r—v =
V) ORLENRER KON TRER &2 N 2 72 RFf & 72 5.

Start-
up Visualization time
time

<€ >

Total Processing time

6 (1) T—A21/0 BfE (1/0 time) & (2) AI{RILALIEBERS (Visualization time) : EDEEHIT T —av it -
R TR (Start-up time) ZMNA =B L NIBFRE (Total Processing time) &755.

T FEERIL, 7 — 2B (RIRAL) IS DI b 1 BOMEER (7747 b/ —FR) ZRAOV,MEETLHT7—47 7
ANERL /) — RIZBRFET S, 2, K1 (FSN3 3B L TVFSN4) T/RL7ZFSN 2V CON & —# & 2505445, &K
O P ERTIIUHT — % 7 7 A VB EKZITRT Y Ialb—2a v OFHAT v 7E S 17006 144 $TD 144 & L,
1 7 7 A NVY T2 0 OSBRI 23R D 5 .

7 (1) 1, KRPMEBROFMEREZ RS, X713 144 B OREDOTFEEEZ R L TWAD. ZIVET, %< ORISR T —
HALPRCILT — Z RO B LA ER S 4, 7 —% VO RERITIEH I D 2 &% n o7z, L, K 7(1) Tk
AVERBERE] (57— & ALBREER]) & T — X FiAGAR KR (5 —# 1O ) 1XHEREREE TH 0, 1O BRI AR T & A
MDD,

TlEERE LT, K7(1) EREOT — XK LTT—% 7 7 A V% CN & 5725 FSNIMRTE L7285 B2 DV T H I~
5. Thhbb, 1 ®DCNL & FSN1 DX 512, FSNABACN LB R A5 THD. ZOHED 1T —F2 7 7 A VICHTEL
25 AAREHE (7 —# VO W) &7 —Z QUi (AT ALERIERA]) 2% 7(2) 1S3 X 7(1) & ¥ 7(2) % bbige -
5L, WEOTFMEAEIFNZIZE A L ED LAV, Glarm DY ET— A FL— (FSN) 22H2 B4 585481, o—
HNARNL—V 5B 5 L0 VO KRB 1.6 5 REL< 5.

(1) Local FSN

% 34.907233 9.36946 ® Visualization Time
3]
< @ ?;?f:ag)SN 34.844767 15.041479
g -
4
A R(ifél;geegSN 35.230012 25.777949
| I ! :
0 20 40 60 80
Time (sec)

K7 FHEBOER : AMBEORRELEIT—2774IL (1 T7AIL) FHHiAH (1/0) ZRIZHIRIE (Visualization) L
BEDENETNORM. (1) ON A FSN 234554 (B—HILFNS) ( LK), (2) CN WNEAS FSN hHT—4T7
AINEFRHADIEE (JE—FFSN) (FR), (3) JE—FFSN IZHESA LD ATNAMN-TNEES (TH). 7
FLNERRBEEDZEELIEF—ETHSIN, T—2 /0 BERIEE—F FSN DB E (L, SEBERMNELGEIZ 1.61 15,
NEBTEIHDEEE 275 FEL5.

This document is provided by JAXA.



FHPAE AT SGE =% 63

UE— bk FSN BT 72 AT 58540 VO R NoGm i, FEOKBSTIMLICE W UIE I kEL D, i
BHIRICHND VO T — X BAHAL, Xy NV —7 OWEBENHET D70 Th 5. £z, UE— b FSN 0NN EF
THHAICH, VO EEIXE T 5. FSNIMEED CN LD T 7 AN Z W50, Az T+ 5 2 &7)§ 5
7. B3, MESRMFER 7(2) ERIBRICERE L, & HICYF— h FSN O2 3 7T S AN & T 728
CN / — RO LRI B L O VO KE TH 5. REBRTIE, CNMHOT 7 A &L IF5IC )%*%HN’ﬁLT
CPU a7 HEF LT DT 4 A7 1O FrEA (F—HEGAH L) ZIEH HIEAIIZAT S Z 12XV, FSN & @A
REEIZ LT, 2R, K72) LT IG) D VO FERIIT E HIZEL 220, K 7(1) & D & 2.75 5 DALEEER 230> >
Tn5.

REBRORHULALE TIEX 6 IR T L 2T —ZFiird (1/0) & RPUBRBIZ Y — 7 v v VIZFEITSND 720
FEFCITHOND Z 07, K 7(1) DX HIZCN B —H /v FSN OAh %z BT 55512 iﬁ@CNW%@77tX#E
Wz, O ALER & AIHALALERIZ 7 e R D LIS T A EAFIE o &b oo, I3 0k oy '—
TIRARGDLHEIFTLEE LI RN ERg0nD. R TIE, T XTOT—X A 7(1) DL D72 CN B3 — L
FSNOAh &S HZ L &35,

23 fi Tk~ X 51, REBRO AL X 7 v AREE N TA LW, AiULIFIEE D A r—Z B U 7 —
WLH%L<&P.ﬁﬁ,ﬂyfl%ﬁvinv%yaV@ﬁﬁ?%5774wﬁffi%ﬁM?6@ﬁ’%D 3z
L—y g VAR A ML (F— & mlfi k) FRERIZEE LT /O RE SRR © & Zeu. SRR O %G O 72 1213 1O IREfi
OFMENRMETHY, KT THEm LI D~ww?41&%ﬁﬁﬁtﬂﬁﬁé7w:)xAmﬁ%f%é

4, HEEEFEER

41. HBEXREBEOB®

AETIE, 3EOTHERGERL b LI2, Gfarm/Pwrake |2 LB WA TE WA —F E U T ¢ — &R 572
OORBEEBREIT O . 3EO T IR TIL, Gfarm D2 74 7>k /— F (CN) ZHAWTT — X WH 1T H BAIE, v —
1)V FSN & Ll L C U sE— h FSN 7 7 & A2 L A WFREEE O F2MEH S 472, Gfarm/Pwrake TiE, 2.1 #iCilk~7- &
12, EEFSNIZBWT T 7 A VERMEFE SN D EAITIZR — DIV ESN LD 7 7 A LT 7 & ANMEI T 2% e 28 7]
BThd. SWHZDHEL, KSOERCN L FSNRTRT—HT L AT LDEE, T XTOFSNIZHERT 7 A /L O#
FARFE SN TV AEAITIE, CNIEFEICE—H L FSND 7 7 A VT 78 AT 5, £2C, KERTIIA FL—Va
A PMIFEORTRXTOFNSIZTRTCO7 7 A NERETHZEETDH. (RFFETHE, &&EARL—YaX 77 AL
Bl & & 58, )

AEBERTIE, K5OI ITA T ) —F (ThbbE27 7 ANV AT L) — ) ZHWTT — X 0% FEir =
EICLEATS . e AL A —T )T 4 —%fi_D7cD, (5D IFAT M) —FRENEZEITAT b
J—RIZBTT =20 T a2 (H2a74) ME2EE L CUBEEEOFZ2EmT 5. 7ok, BT —4% 7 7
ANEEH IR T I I2b—va VORBAT v 7E S 10D 144 £TO 144 LT 5.

4.2. EBEEEBRO (M=1DI5FE)

HEMEROTIE, RO IFA T b/ —FETar7#EM i1 EEE LTI 77 A 4720 ORI &2 13
L. T2 77 ANVEEE, 41 TR A ML —VaX MEETHS. M8 ICHIERMRE R, 23/ TRLE
LBV ARFHEABLIIT Y v ABEER R WD, J—RIEicarvH (et xH) ME 1 EEE LSS, N=I1
~6 FTIRFTRRAT—F YT 4 —&FER L TWVD I ENDND.

ARIEPERBFER NS, @A ML —Y a2 MREEEZIT O HAITIE, CNEZ 10 &, 100 &, 1000 5 &#H°L TH
WEHAL R TE L. WIHLT 2G4 — =~y RIZ/RD DI, %&T~&%~Am@77tx%774y7%
CPU &7, DBMZHETHS. NICT A =2 A7 5% RTIE, Gfarm 12 IR T 7 A VS AT I EBREIC

HALTWDONR, 287 7 ANVEBADEGAETHAXT —ZX=ADIEI E”E“ﬁ\fib‘: LG o TIND.

3 7B, RWFEICET S V0O BRIHIEIE, RN—=F ¥ A —aTF7 Y= DF =X GrABRTY 2 —/LOEFHERETHELTWS. L
twof,mﬁﬁﬁdﬁaﬁffxyuoﬁﬁ IT—E L7,

This document is provided by JAXA.



64 FHIMTZZ T IERR FEREA T JERR JE B JAXA-RR-13-010

Data Processing Time

60
Fr———— ¢ + -
50
~
S 40
) x.o.o‘.ot.x..o‘lol-0>(iooo-a..¢>( -------- Pooooesee X
N’
Q 30 | —4—Total Processing Time
g ++ 2+ Visualization Time
5 20— —a— /O Time

—+— Start-up Time

—_
o

)

1 2 3 4 5 6

Nodes (N)

8 EBEROOHR : 17700 T—2NERM (T—421/0 B, "RLQERR, 7TV 7r—avigs - £ T8
MBLUENERRE) O/—F#HNEKEFEE (F/—FOTOERE @73 MZE1ICEELEZES).

43. EBERO

EMEROTIE, EREBROOMEEZHEEA T/ —FENZ I BLIOR6IZEEL, 7ot 2B ME 1205 12 £ TE
TLTUEEITD. T—F 7 7 A VEEE, EEEROLFRRICEDA ML —YaX EREVERETH . 9BLIW
1012, F—Z QBRI O 7 11 25 M ~DIRAEIEE R7T.

Kolk, /— FH2IZBIT D702 AEMICHT S 17 7 A 470 OF — X /0 K], sl f{LALEERE], 77V 7r—3 3
EEh T RERTRS L OV BRI A R LT B 91X/ — FH2 OFERTH LN, tho / — RTHIEBROERTH 5.
AL DV T, M=8 F TIHIEIE —EDWIHLNFEEZ R > T DD, M=8 A x5 LK N5, Zhik, *&
1EORRERDCNDOIATHENE THLZENLTHINDGERBY THD. L, AHUBLBIGRILZT 7V Fr— 3
VEE) - K TR (X 6 O Start-up time) & & HITTF R R M ~DOEFEEIT/NE <, RAFRR R O8N IZ S S LT
WU,

Data Processing Time

200

=== Total Processing Time

-+ 5+ Visualization Time Pt

== A= 1/0O Time
—+— Start-up Time 4
-~

Time (sec)
= —
(@] (@») a
(@») (@») (@»)
| |
o
\
\
[
\
\
\
\

123456738 9101112

Processes (M)

9 EMEBRQOOFER : /—FRIDEZED1T7(UNHI-YDFHT—LNERRE (T—421/0 B, AIRLNERR, 7
TVr—avig® - RTRREIUELERRE) OT0EXHM OKEFHE.

This document is provided by JAXA.



FHPAE AT SGE =% 65

Total Processing Time

1,400

1,200

1,000 \
800 \
600 AN
400
200

=0=Total Processing Time

Time (sec)

12345678 9101112

Processes (M)
10 EREROOER (HihT 2B, BEIETOERE)  /—FH 6 DB DL HINE - L 52 NI

K1 AREDOT—HNIBH—/\#ET

CPU = 7% 8
CPU Intel Xeon X5550
2.67 GHz
AL AEY 144 GB
FR— g VAT A OpenSUSE 11.1 (x86_64)
N RT 4 A HERR SATA 3 X 4 (RAIDS5)
(Read 3 L O Write 1% # 1 | Read: 371 MB/sec
T A7) Write: 137 MB/sec
NIC 10GbE
—Ji, T—& 1/0 Bz~ szx%szijua“é L7 TEMT 5. ZhiE, FL CN CTRIFIZEEDO 7 2k 2
ﬁm~ﬁwT4x7%Iﬂ%%Té T 4 AT 7B AR OHEEZIT-TWAHZ EICk D, VO HKEOK TIX

HHZ M>4 THEETh 5. —fRIT, SATA %D HDD ~D</LFT 7L AITHBWTIE, 727 & 252 ~ 8 BL i
HiEE I/O‘fi RN MR H 5.

1012, /—FREN%ZG6 L LIEEXOET —XUIIEH O M ~DIRFHEEZ RS R AR, K10 02T — X4
PRIRFRE]IX R 8 %Dl 9DT 7 A JVEA TOMEIFHTIERL, 677472 /) —FERWTZ4 144 7 7 A VRO UL
MR (JUEEPRARRER] & AUERRE TREZ D 75) 2R LTV D, MBI AR L EN - 7-0E 7 2 2B M=8 DL TH Y,
1/ — K137 CHETH- - SRR 77417 IR LT 4957 D CTHLEMNK T L. ML et 2 M=4 £ Tix
LRI AN S DA, M>4 TRERRFRIIAEIE VN & 72 5. 2, X9 1RT X 912 M>4 Tl VO O ALFRIERE] A3
THZEIZLD.

K11 iE, K10 205k 7zmdifbE e md. @l ERIT ) — FEN =1 T7 a2 M=1 O5E O SRR 2 5
YL LT, K10 0T —ZALHEEFE L D ) — FEN=6 1ZBF 5% 7 1% 25 M TOMLBEEHRNORD 5. ZOREE,
EbEmWEHELEZER L0 7ot 2B M=8 DIFATHY, @mERIL156 ThoT-.

5. RFIAXE

51. EFIAEBROED
BIEiDOEREBRTIX, 6 BEOVIFA T M) —F (Z7 ANV AT L) —REFNRTND) OMRENDIXKS DY
A5 AT Gfarm/Pwrake 12 L 0 144 25 o FHOEEY I 2 L —3 a o F— X ZWHLE G 5 EBR A2 1T - 7-. KEH TIE

This document is provided by JAXA.



66 FHIMTZZ T IERR FEREA T JERR JE B JAXA-RR-13-010

TORFGA=ZIZEIVHS DYV AT HIMIBNWTEAT v U ab—a 5 —Z 0% 1 [ET, T OfE 254 5.
WPRT — (X, 23 i CHRARIZT —H T 7 A NVDIL, AT v T I MHAT YT 180 £TT80 7 7 A NVExtRETH. K
Global MHD ¥R = L — 3 > ® 780 A7 » 7 (W0 fiFHE 0.5 B ) 1, SERFMI T390 B (643 30 ) 1Z3%4 T 5. 657
30 AT HIERRE SIS & L IR CTH 523, 0.5 BITBER * 7o PIC KBRS RIETH 5.

Speed-up
80
70 — Ideal speed-up
60 -— —*—Speed-up (144 steps)
Ig' 50 —— === Speed-up (780 steps)
g 40
2,30
R 20 A —
10 —?‘% - - —
0 — T T T |

12345678 9101112

Processes (M)
11 EREERQ (144 R7v7) EEFIRAER (7180 RTvY) DR . /—FH N=6 DIFED L F|NIE(CLDHEELE
(Speed-up). HEEHIZTOEREL.

52. F—47 74 VB EEREE

K121z, ERHERO 7 7 A4 LT & OB 2R3, K12 1%, QERE{T 5724780 7 7 A MIZDNT, FhEh
@Hﬁkﬂﬁ%%&?~&u0ﬁ%(mé)@?~&774@3&@%%%méﬁbfmé.ﬁmm774wﬁ%(%ﬁ
Wy al—ra T —HORMAT v 7&S) ICRIGT 5. EEEROOEEAREMERE CH 2K 11 I FR A ER
OFEFALR L TREINTREY, KEOEELRIIM=6 DFET20.6 THDH. EFAEROEHEIRL, KI1208ERE2L
LICHBEROLFILTHERICBTAL /— R 1 7R TO 1 77 A VLBRIER A OkH 7=, 70, K12 ORI
WIRREA TIX R T— X 7 7 A NVDAT v TEETH L. ABRZ O LB & 7 — & 1/0 FEFIIZ DWW T, 5.3
oW CGEmT 5.

200 H /O Time

- H Visualization Time
Sl TR T Y

\; 100 H“lml‘wmn n HM TR O O PR R O Y

g

= 50 - |
= I AR R )

0 100 200 300 400 500 600 700

Step

12 EFAEBROI7AIL ENBRER: MIEBE{T>7-2 780 T7AILIZDWNT, FNEFNOARLNIBRER (F8) &T7—
A21/0 BiE (FE) FRLTWNS.

4 23FITHARIZERBY, RFEOT —ZUFTII T v AREEIIRE LRV, £, 77 A VEREIX 41 i THRAS 5 S A b L—
VaA bk (TRTCOEEAT v 7DV 2L —2a T —ERETOFSNICRESNTNDS) ZEALTWA. 208 Th-EB0,
12 OFEERIX 7 7 A VB ONERF & 133 L H—E L TR0,

This document is provided by JAXA.



FHPAE AT SGE =% 67

11 XY, EFHEROSHEIRITI e ABMICED L TRBEEBROOEHFEAE LY L EWZ Engnd. F2H
FHSER & HBEEBROQ & OBV LT —F 7 7 AN OHZTHY, ZOMDOEIFILFR T TH L. EEEROD 144
2Ty PRI L0 & ERAEERD 780 2T v THBOBE DO F N Em W E LR 2 R THEEICOWT, DLTFICHE - &5
T 5.

53. ER{tEE LOKRFTEER

12128257 —%7 7 A NVORNIRRER (X 6) 1ZBW AL IXIFIE—ETH Y, 780 7 7 A /LALER
DOFHEIL35.07 D THDH. UL, TIHERTH DX 7(1) O S IEIFE LV, —JF, 57— VO B3 e85 60 AT
THETE 60 AT v TLIBECTHEN R > TWVD. 60 AT v 7 ETIL 60 ~ 80 PELE & KE WA, 7 7 A LALEL 3 i
TZ LN TE LD ENKRE L R EMMBFEATND.

INEHERT B0, 66074 T/ —F (W5 )@:73&®?~&774wé@gﬁ%(x6)@txbﬁ
7A%Hmuﬁﬁ‘.H@%EXk77A@@i@ﬁbtf~5774W@mr%fbfwé;ﬁwi@ﬁﬁﬂfﬁo
ARETIET =4 7 7 A VT LIZT — % 1O Wil & fTH LB 2 & bW e 2R 2 — S DB TR LTV D, ED

J— Kl kwr%%@itizﬁﬁ®774w_ow1i JLERERRI N4/ — FNTIRIE—& L T 5 0lcx L, JLE
DHETR T DI CRALBEREE #h#%ébfwé F70, SAFRMIIOAEEAET I ON TELS R AEAIICH D, K 12
U AR R I XIZIE—E T 5 O T, MBI O X VO R OEAF 2 BIR L T\ ad. K12 0% -0 RF M
D LK T TORBFANZTNNRETDE, 77 ANT 7 RAEITHORLN T ZLIZB 25T B8, /10D
DEALNER SN EBEZ B XD,

ZOMEEHEND B2, EFRHERICBNTEYZ 47 2 b — ROTHRLAER & 57— & 10 B o251k
ERLIEZONK 14 THDH. K14 TIE, KI2ICRLIE6 /—RD4E6 7rtEACHONT, RENGAHETE T 7 1 L&
BOVE LW LA R L O — % VO BB O AT v 7 2L Ol E RO R TH S, e 21E, Erb2o
HORIE, %3678 AN2FZBICUE LT —4 7 7 A )L O AR & 7 — & VO Bl 27k LT 5. Riilo
AT, 36 71k A DA ABRIEA 0 W TS LTz

B 14 TIEAHEACAEREFIZIZE - ETH Y, M2 OFRE LD, —J7, 7 —% VO RFEITRE o QLR REZ]
IZE VB> TEY, 2FRICABNEL T L 1CmE< 5. ZhE, LEREDL ZEIZ VO FER ER>TND Z &R
BLTW5S, ZOHHBEUTFICERT 5.

KoLy, 7947/ —KAND VO OWHENHZ HI1EE VO FEENITHEML, VOMRITE T2 000> T
W5, 12 DFHID AT » T TIEE / — FIZBWT 6 7t AT TRIFIZT 7 A LVt HAABRNIEE->TEY, T4 A
I SDRIEET 72 AR ToN 5120 VO RITEN. Y07 v 7 TliE, K1R27056005 K5 17 vt AR TOME

DIELOENTKET HTDT 4 AT ~OREET 72 AHBBA L, fEROIZVO Zh=om oM Lo T, et

DO (FEZ) 1500 B LAKE) TiE, VORFEIN S S LTS, 2, T X TOMERK T LETr®A (27)
P ZIEDTNDZEERLTND.

ABFFETIE, B3R T — Z PRI OIE 5 & 12 K 5 /0 D43tk & RILNEH Uiz, —f%IZ, Global MHD 3 2 = L' —
Ta Yy TIERAT v 7 DT =X A XE—ETHY, 77 AT LI V0 B L AR BALER XS 2T D 2
ENL\ (K6). Gfarm/Pwrake ICE D Z DX H Ry I ab—y a3 T —ZOWF AL (RA ML) T, B
MIZ7 m e AT L2 VO R Z b3 27 03U XAZEATHZ LT, ILICHBLRFREL /0D 2 ERRIBE N
7.

5 13074 —~y MIRK2 GO T +—~ v MIFENTH.

6 VIial—varT—HORBULREE T, T4 YA XEIRTDT =X 7 7 A L TELON, MBI 2HOBROE SOEHES RN
EET L. 20w, T2 A HYLABIER (7 — 2 WLBRR) 137 7 A VLT &I > T D, 5.1 BiCili~7z LB 0 ERMEHR O
780 AT v F1E 643 30 ”ICREE T 543, T OWIRNITHIERBE ARSI R X ek e Tow, AIBMBAABERRNIZIZE—ETH S.

7 21 HITCTHR=EEBY, Gfarm/Pwrake DV —7 70 —TlL, ¥ alb—Ta T —4 7 7 A )VEIZT — XU TOND SRS 7
V. ZDTDICT T 7 ORISR T 5 2 R D

This document is provided by JAXA.



68

H1

N W R Ol

H2

=N W R Ol

H3

N W R Ol

H4

=N W R Ol

H5

N W R Ol

Hé6

=N W R oo

0

FHIAZEITTE B SEFEAEATJEB S 7 JAXA-RR-13-010

500

1000 1500 2000
Time (sec)

13 EFEEROER : £I54T7,/—FK (HI1 ~ H6) DaF7ZeDT—R2774 VLB OER NS L.

100
80
60
40
20

0

Time (sec)

==¢—1/0 Time

-

«+++ Visualization Time

0

500

T !

1000 1500 2000
Time (sec)

14 ERAXRBROBER : RUFATUM/—FOARILAERRBET —42 1/0 RO TFHEORMEL

This document is provided by JAXA.



FHEAERATRSGE B =5 69

6. £&O

FHEFRIMAL D HPC (High Performance Computing) (XEEFHEICHEZN2HMT T D08, W) SN 7o KRBT — 2 DR A
MUEIZ L THEZNE RS20, T72bh, REBEET — 7 2T 272008 LB FEIE FIERLETH Y
Gray 137 — Z G EVHBL FFE TIEZ 55 4 DX T 2 A L EIFATE Y.

Mmyﬁ%CmWM@(Mm)i’@iﬁ@%%’%“f HPC & xfZa7p & e L TiRE SN, MTC TlE, £tk
REHBEEY =2 ZMAE L, T F 08, AT — U a s B —H T =2 T s A V=T A AT HLRRY,

AT — Z MBS O ST, Tabh, A= R—a L Pa—XRHPCHTHD LT 5L, MICHITHDDOMNY
AZVATTURTHD EEEDITEZD.

MTC % EB A B 7- DI A DERERIZR RN A = 27 59 R E L DD RO L 512725, O MIC %
FEBLT B2 CPU, VO BLOR Y NU—2 AV—T v Np EOnHUL &2 OfE 21T 5 Hilf, @27 77 RNO~T
ORISR 50T — X NBEOAr—F ) 7 4 —OERN, @HMERDTZDD Y 77 Kax NOkgiE ko fifk Tk
DHESTL.

ARG D IR TIZOD CPU & /O Doy ERI T, 3BT 7 ANV AT ALY — 7 7a—Y — /L LY, Ry
N =7 2N —T"y hERIRIZT 52 & T, KFEAR R ML Zh 22005 5 UL 2 258 LTz,

—FHT, QOMENDLIIARBENR LA THD EITRL A, Kﬁ%i%@k*yFU~7W’%PTﬁokﬁ
INEEBA—FOT — XA T DA = A7 T RTITo 7254121, 2 XA MIERBET D, 28212
AR TiXFVFVZXFﬂW%MWﬁﬁ(f“f@774W/XTA/#F ?“T@TF5774W%E%f5)
ZERA L. Ziud, BlxiE, 100TB OF —# % 100 % — S CTUEET 255121345 C 10PB OF — & fHlk 2 003 & 3
L120 ﬁf@yx%Aﬁuﬁ%%fi&<&6.ik,%ﬁ774wyva%&§vmeﬁﬁn~fﬁﬂﬁbf
b\éiﬂ/\ W, T—HIL ) — R (VFGAT RN —FK) BT 7 ANV AT A — R UTHIETHZ EBRA MLxy
JI2%. bbb, Ma—VRr 47 ) = RefRET7 7 ANVAT L) = RZT78A2A$5E, ZD7I4
Ty b —RFOAWBER L, SHAOABORKEILBHND Z LB 5.

QDO ~TF v BRENC T 5 08T — 2 W 2RI L7200 15 Th 4. 151388 D 7 5 A% (7213 HPC H—)
NERy NI =T EINTEY, 772X 2MFEEMT 52 ENTELAHAMEORWAYr —F T NI FAZ AT O
AA=VHTHD. NICTYHA L AT T REELE DY A A7 T RTHE, ZOLIRAT—=FTNVITAE
VAT LATHY, SHROVA AT T ROEF LD, K15 Of/a~T 0 st EBEREICB WAy —T TV T —
KR Z BT A 12D, V=SOSR T — WO &El (HPC & H L), 7 7 AZNTOT —ZWFLD Eif
b (MTC WymiEk), 7 7 A X W TOHR T — Z B O m#E bk (HTC fEgk) OBPBEEZ RS Z LB FIRTH A 5
AT, 7 T AZNTOT —Z WO E#E{LE1T 9 MTC W@ E{Lifse T 5. Gfarm/Pwrake & 727 7 A X [T
DOFEESSHAELOMZE S &5 Y 28, KRWFFEERBEETENL, 7 7 A X N Tl OB R 2§15 L 72 MTC s 8 —
SAFRF T O FBNBESHITROSNETHSH . NICT A T A7 T 7 RIFH 15 OBREA2T TICERLTEY, MTC
gt L HTC e 7 A Xy K& L TOREERHIRF SN S.

X 15 ATAEDEVWRT—FTIVIZRAVATLDAA—DR - EHDITRE (Ff=IE HPC H—/\) ARy —IEHKS
NTEY, ISRABELTHEEMTHIENTES.

This document is provided by JAXA.



70

1))

2)

3)

4)

5)

6)

7)

8)

9)

FHMUZEMF T B SR ST R A JAXA-RR-13-010

SE 30K

Hey, T., S. Tansley, and K. Tolle. The Fourth Paradigm: Data-Intensive Scientific Discovery, Microsoft Research, Washington,
2009.

FRAEZ, MINZEER, Kara—F LEHRRAEERE (< B> RIERA—R—arva—% 5 (8
L7k Y= oLk ), NI ID(NAID) :110008686987, H AMFLELE&EE 66(7), 2011-07-05, 524-528.
2012 %7 3 [7] ScienceCloud 7 —7 > = v/ http://ceng.usc.edu/~simmhan/ScienceCloud2012/, 2012.

Tatebe,O., K. Hiraga and N. Soda. Gfarm Grid File System. New Generation Computing,vol.28, no.3, 2010, p.257-275.

M B2, @E R, WHIS# Y —2 7 a— A7 A Pwrake (& K 5 KRBT — ZALER | FH RSN RN SGE , 1,
2012, p.67-75.

HPCI =tV —37 I Web A I, http://hpci-c.jp/.

Murata, K. T., S. Watari, T, Nagatsuma, M. Kunitake, H. Watanabe, K. Yamamoto, Y. Kubota, H. Kato, T. Tsugawa, K. Ukawa,
K. Muranaga, E. Kimura, O. Tatebe, K. Fukazawa and Y. Murayama, A Science Cloud for Data Intensive Sciences, Data Science
Journal, Vol. 12, 2013, pp.WDS139-WDS146.

Fukazawa, K., Y. Aoyama, T. Ogino and K. Yumoto, Response of Cross Polar Cap Potential to IMF and Velocity of Solar Wind, J.
Atmos. Solar-terr. Phys. 72, 2010, doi:10.1016/j.jastp.2010.06.002.

Kubota, Y., K. Yamamoto, K. Fukazawa and K., T. Murata, Visualization of the Flux Rope Generation Process Using Large

Quantities of MHD Simulation Data, Data Science Journal, Vol. 12, 2013, pp. WDS134-WDS138.

This document is provided by JAXA.



HERBCE LT R N U DREAM D4R & BLIR
A, BNBAE , EE S dkse =

Depository for references of earth and analytical materials :
its concept and status on 2013

Hiroshi Kitagawa, Yusuke Yachi, Tak Kunihiro, and Eizo Nakamura

Rk 25411 A 27 H

Abstract
Institute for Study of the Earth's Interior, Okayama University is constructing DREAM (Depository for references of earth
and analytical materials). As a core of the depository, software dedicated for analytical laboratores to guarantee traceability and
accessibility of rocks with their geochemical properties has been developed. The software documents the sample origin, current
sample location, the location of any sample sub-sets (e.g. thin section, solution, etc.) as well as archives all associated geochemical

datasets. In this article, concept and status of DREAM is described.
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Development of a Web Application for Quick Analysis
of ALMA Cube Data

Satoshi Eguchi *

Abstract

Virtual Observatory (VO) is a collection of various astronomical databases of various wavelengthswhich are connected by
"VO interface” . Volume of astronomical observational data has been inat-ing exponentially, and the Atacama Large Millimeter/
submillimeter Array (ALMA) is estimatedto generate a 2 TB standard calibrated data cube even for one target. It is hard to handle
sucha huge data cube in a personal computer. We develop a VO system which dynamically convertsa huge data cube into a small
one with low resolution so that it meets users’ scientic interests.The core component of the system is ALMAWebQL, which is a
typical client-server applicationbuilt on Google Web Toolkit (GWT). We developed a new endian conversion technique named\Just-
in-Time endian conversion method” to reduce le reading time since the FITS format adoptsbig endian, and the endian conversion
time is comparable to the (pure) le reading time and thedata extraction time on the server side. By applying this new method in native
implementationto ALMAWebQL, it becomes about 3.5 ( 2.5 by switching GWT (= pure Java) to native im-plementation and 1.4 by
application of multithreaded Just-in-Time endian conversion method)faster than the original GWT implementation.

Keywords: Astronomical databases: miscellaneous -- Virtual observatory tools -- Methods: data analysis

B=

RABRICE (VO) 1E, Bx REROMA R RLT —HX—ADHEGETHY, T bl VO X —Tx—A] &
WO R TTREIEN TV S RCOBLHAIT — 2 135 BRI LkelT TV, Atacama Large Millimeter / submillimeter
Array (ALMA) IZF > Tl 1 RIKIZD X 2TB b O IEFE AT — X BWER SN D LR b TS, 2ok H ey
ARXOT =21, HIFRPWFEO/R—YFLar Ba—F TIHAET D2 ENTERY., 22 THRAE, FAHEORZN
BLEMRET D/NS R T =X a—T2E KT =2 X a—TNoENICAERT D VO VAT LEHEE L. 20 VO
VAT LDEEE 72D DI ALMAWebQL T Y, Z X Google Web Toolkit (GWT) % VTl IZ IR 72 7 T4 7
b= —= N7 TN =g ThD. £z, HaILT 7 A NVOFRIHIATRI D) D K] 2 HHE T 5 72 1 [ust-in-Time
TUT 4 T R NS LT T o T BRI Lic. AU, FITS 77 A VIR V=T 4 7
ERALCEY, = MUOT — X BB\ THILR 7 7 A VG RIATAI 30 D & =0 T ¢ 7 v DB 1 D
Bifd], T — X Z LT DRI 2720 THh D, ZOHEEFA T 4 7 22— K THE L TALMAWbQL [Z5i i L7z
L2 A, GWT(=Java) F2%E & it L CTHI 3.5 1% (GWT DBDFENS R A T 4 7 a— F~DEET 2544, ~LVF ALy
R &7z Just-in-Time T 5 « 7 MO A T 1.4 1%) Edfb & nrz.

* [ENLKXHKILT —H ¥ — (Astronomy Data Center, National Astronomical Observatory of Japan)
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1 1)2MASS:http://www.ipac.caltech.edu/2mass/overview/about2mass.html, 2)DPOSS:http://www.ifa.hawaii.edu/~rgal/science/dposs/dposs_
frames_scan.html, 3)SDSS(DRS):http://www.sdss3.org/dr8/data_access.php,Pan-STARS:AlexSzalay X @ G i# & ¥} http://labs.yahoo.com/
files/11SzalaySciAppofLargeDB.pdf & ¥ #{i5}, 4)LSST:http://www.Isst.org/lsst/science/concept _data & 0 #EF]

2 http://www.lsst.org/Isst/science/development

3 http://preshing.com/20120208/a-look-back-at-single-threaded-cpu-performance
4 http://alma.mtk.nao.ac.jp/j/
5

http://jvo.nao.ac.jp/portal/
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Application of associative search
to the metadata database of the upper atmosphere
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Abstract

In order to understand the mechanism of global-scale phenomena in the upper atmosphere, multidisciplinary researches using
many kinds of data are important. An infrastructure to access to many kinds of data on the Internet is one of the keys to the
multidisciplinary researches. The Inter-university Upper atmosphere Global Observation NETwork (IUGONET) project solved this
problem by developing a metadata database to provide information such as URL of database or each data file, which are managed
dispersively by several institutes. Because the metadata database covers a wide scientific field, it is likely that non-specialized users
can not easily select a right search phrase. We connected an associative search engine which is called GETAssoc with the metadata
database, in order to get the related words and to generate re-query phrases by using them automatically. We collected metadata from
SAO/NASA Astrophysics Data System to create the dictionary for associative search. We show that the prepared dictionary gives the

related terms as expected for generating re-query phrases.

keywords Database, Metadata, Associative Search, Information Retrieval, Interdisciplinary Study, Upper Atmosphere
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Data Analysis and Handling for CALET

Yosui AKAIKE™, Yoichi ASAOKA™, Shiro UENO™, Tadahisa TAMURA™, Toshio TERASAWA ",
Hiroshi TOMIDA™, Shoji TORII”, Yujin E. NAKAGAWA "~ and Tae NIITA"™

Abstract
CALorimetric Electron Telescope (CALET) is a new observatory to be placed on the International Space Station in 2014 to carry
out the accurate measurements of electrons in 1 GeV — 20 TeV, gamma-rays in 10 GeV — 10 TeV and protons and nuclei in several
10 GeV — 1000 TeV. The scientific objectives of the mission are mainly to search for nearby cosmic ray sources and dark matter
signatures. CALET, with its imaging and deep calorimeter, provides excellent energy resolution and high background rejection, which
are confirmed by Monte Carlo simulations and accelerator beam experiments. In this paper, we present the data analysis methods

based on simulations and experiments with the ground system for CALET operation and data handling.

Key words : cosmic ray, calorimeter, International Space Station, ground analysis system
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VoA VERSOMEE AR R D S WIEEN R SN TV A, Rim LTI, 2D OMEREREMN 4 2512 CALET A EUS3
5T — X DN FIEIZOWTHER T 5, EBAFIZIE T 5 CALET Ol L A7 A, T —X OB FNZHONWTE
OWEE AT Do

1. 1BU&IC

CALorimetric Electron Telescope (CALET) 2% (3%, [EFEFH A7 —3 = > (Internal Space Station: ISS)  H ARJZERFH X
ED 1 OMHNT T v b7 G — DR T EOTHMEIIEE T, 2014 FENSEH 2B L. 5 FEMOBINZIT S TE
THRENHED 5T W5, CALET 13 JAXA FHBEMHE v 4 — L BB KZEEZPLE Lz, A XU 7 (ASD, 7 A
UZr (NASA) [ vy a s LTHEA/ERMESNTND, B RLF—EFE LS (1 GeV-20TeV), H >~
(10 GeV - 10 TeV) . B+« JEFE%R5y (3% 10 GeV — 1000 TeV) OFHNZ L0 . T3 EE-CHs B E A OBER &0 D
BT —FHY IO EE IR T2 & &b, BT TR OB BRSO KA, H <N —
A NDE=FEEM L, FRARET X —FHOMPZ HIFEL TV 5 [1],

CALET O L7254 T 2 =1 X —ET7-poy OB A B 5 7o 012id, Bz =1L ¥ — 3 fifhe & iR )72k
THAIGEE AT DMHERIC L D, RHIMOBHALIEZ /25, FxILIIVETIO, KERESR [2] M5 3, 4] 2@
U CZOBMIMEREZ RFEL TR ¥ a b— 3 VEE 2B U CIT L2 & e EERE O Rt 2 X - T 7= [5],

*1 UK TR SERT

*2 FLAG HORS B L SERIERT

*3 FHIATZEATIEBA SEARAE TR A e AT
*4 PhAR)IIRSE o8
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Z 2T, CALET O3 L X —JEPRL - FERE 72 &K OF — ZRITFIEIZOW T, ¥ 2 b— g VRN
THE LN I A RICFEET 5,

CALET 28 1SS Ol L CHF T 27 — XX, ZNETOMNT T v b7 4+ — LI 5 FEERE FFRIZ, 1SS B FF2il
EREZFIA L CHRETH 2 —CT%E LIEFE SN 5, CALET OF — X [ TEFASCT =4 O 72 DI HRG I KFICHRE &
N5 CALET AL —Ya vt ¥ — (WCOC: () TIRIEY 7 A LCZEL, BE LT —% o bt =% % £
T5HELEHIT, RREKFEEZTLETHEBEET — DIV A AT =X OB 2(TH, TOX D i EREM
AT LOBEICHOWT BT 5,

2. CALET D=

21. #HAEBE®

BT X—OBE L, FHEMEZBERIC, Yy 7a ba g Eiiar 7 N UOBELOREE ST, mRLF—
D2FIHBF L TR NLF—%RD, ZOD, ZXALXF—DEWEFIZEFMPENE NI FBEFT 5, o T,
1 L S — R C I HER 2 & PRI AT 5 ORI O B % 58 < 2 o 2R VX — AT MBS TR S D,
RO & % & PAMELA[6] R° AMS-02[7] 28, X 1 ITRT XL 9 e pLF — L I RT D s F A s L,
CHEENE TIEEMIZEZ DN TEL LS, B TRERYME L OMAIEH CHE T2 BT 2B8EE 7L (8] 1217
TIXIHNAFRE T, ZORFENRKERERZED TS, ATIC[9] =° PPB-BETS[10] D&EKFEHR, & T Fermi[11, 12] IZ
KDHREIBRTIX, ET+HETOTRAF =T MLEBRIL, 600 - 800 GeV DT x /L X —fHIKIZIHB T, RED
EWEHDL OO, REVIBREIZRRSEWE L TCWD, ZBIE, TS =2 EORERIEO FHEE S &b, B
EWEORIE - REECAER IS () BrokEE LB LN TEY ., 5% LV EEMARBRAEE N TV DRELI
b5,

Eas — T — T
° AMS-02

<

| © PAMELA 1 E.=20TeV, t=5x10%r s HEAT
» Fermi < De=2x10"(em’s™") v PPBBETS
+

c | | 3 Distant component (SN/30yr) v ATIC-2
S " 10° luding T<1x10%yr and r<ikg © ECC
5 w10 ex:.:u ing T<1x10%yr and r<1kpc & FermiLAT
: ! : F iEEs
e % AH 'LH 1 £ ® CALET (5yr)
%10 Tt s s é ~ g _Vela
g F ‘s - g10° :

L Fog 3 3 i 2

°3, g =
| “%&mw ] o !
Monogem ... ‘Cygnus
i . o L _ -Aloop
el it il PR | i 10° 10' 107 10° 10%
1 10 107 Electron Energy (GeV)
e® energy [GeV]
K1 BEF/ (BF+EHEF)DIRILE— K2 EF+BEF ODITRILE—ARYKLE CALET D
ARGV [T] ELRIF R

F7-1TeV U Lo L —fEIE, BEEBHITIEo~ LY gy « F =" — |2 L DKERFER [13] OB N & 572
JC ERIEEAEBHAITOI TR, ORI T HE T OB & 72 AL, HERTEE 1 kpe
PN, 1 R FOIERICIR B 5725, K2 13T X9 ICHET R Vela 72 & OB 72 R fRIC = 1L ¥ —
ARG NVIZHN D Z & NEERIIC R STV [14], CALET X, BV +BEFOZ XL F—ZA2T L& 1 GeV —
20 TeV DOJRFFAN DK 2 % OEREE CHUIT 5 2 & C. Hie R sk 32 & & HICTFEHBROLIFCNE - (ZHEHE
DIERI e fEREZ HIE L T D,

2.2, BRI

CALET OB E 2 X 3 12773, CALET OBERIZ ML CTHH I n ) A—& (CAL) &, Hr v/ \—A RE
=% (CGBM) 7RS4, #HBIRRMERE L LTAZ —FE % (ASC) °GPS Z{ZH% (GPSR), I v gL F—#4l
HEK (MDC) 72 ENSRREND, K412, THRPBTHI I ) A—ZOMBEEZ/RT, hol A —2ix, ARRT
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DA A E 2 Charge Detector (CHD) . RT3 v U —OFHIRHEOER - A M L. AFPRL 7 OBk 5 [ <0/ O A7 1
% 59 % Imaging Calorimeter (IMC), =R/ F—HESCRL TNy 7 7T 0 RERE%H 9 Total Absorption Calorimeter
(TASC) b D,

CGBM/ FRGF( Flight
SGM Releasable
Grapple Fixture)
CGBM/
HXM ASC (Advanced cio-rec T
- Stellar Compass) electron 1TeV -
: 3-SciBar FCHD
== MAPMT = L i ——— — ml
ey
CAL/CHD IMC-FEC ——_ = .
M -
%pPSSR I i"—":’ T ~Scifi
=
Receiver) 2 T - | L -
pMT
% ~TASC
TASC-FEC
MDC (Mission owo
Data Controller) APD/PD ‘ | .
CALIMC CAL/TASC |
3 CALET #AIZEEDHE 4 ARYA—EDFELETF 1 Tev OERRIHI

2.2.1. Charge Detector

CHD (34 a5 BT E - 28 e ©. EREEICEOED O ASRL - OEM 2 ET 2, BiH#E, E32 mm, &
S450mm, EX10mm DT T AF v 7o FL—F i AKRTE_RTEZH0% X, Y FRC L ETSEQLZELEZ SO,
IMC 22615600 ASHZEDEHR EMAGFGOED Z L TEMERET LI ENTE S, £o, AFEIC CHD OfF 5
OHWMERMT 52 LT, HovHOBMIERTL2Z b TE 5,

2.2.2. Imaging Calorimeter

IMCIE, 8 DY > FL—TFT 4T T 7 AN— YL & TRBOZ T AT U RELZBICIERE Lict o7 ) o 7o
Y A—=EThDH, NFRLTO v v U —OPEIRERRZ FEMICEHI L, BERA M OHEECEMOHBIEITH, &
AT URRIE, 02 R (X)) OB SHL 1 Xy DIRR2HDE3X, THY, K FLb—T 47T 74 3—=~)L
RME, Wi 1 mm®, RS 48 mm DY > FL—T 4 T 7 7 A 38— (SciFi) % 448 ARFATICWE 7= b D% 2 JHEAZ LT
WG 20D, O EMBAEDED ZE T, 3R Y ¥ U —REOH T IR AL 2 ENARETH D,

2.2.3. Total Absorption Calorimeter

TASC [3# 85 THUCAZE T D MR © BLIERRO WSS > F L—% (PWO) & H W REFEIR A IEF T/ E
ERINFIO I 0 U A—F Thbd, % PWODOKE ZIIME 19 mm, £X326mm, EX20mm THY, 18 16 KW~7= ¢
D& X, Y ZHACE 12 BER-HEGEZFS, TASC DJERIT 27 X, H 0, TeV HIKOEFE S ¥V —T XX — %2 DM
B NRELEGET D, ZOEWRHEREZERAT 2 2 & T, SER R VX —MEEGEL FEH L, Mok Ik
WL Uy U—TRIRZIEZ B Z & T, ki Rk PEfE & R 5,

23. HOY X —ZOEBIMEE

BHEOBRIMERRIZ OV TIE, ¥R 2 b— 3 VEHE [5] 0MNEEER 5E5R [3, 4] 12 L » THERERGEZ 1T > TV 5, B
I 2 L—3 3 UTiE. EPICS[15] Z W=, # 112, CALET O AR BLIIMEREZ R, Mg D2 K 1%
1200 cod’st & V. ZHUE CTOBUANER [11]1 2 BAMFT 5 &, 1 TeV L EOET % 5 EROBHITHK 1000 FINEST S Z &
NHHRETH B, F£7-. TeV OB FHIHIZ LT 572 DICHER 10° OB F-BREMHRES, BiRrT rLX—2A~7 |
JVREIZAR AR 72 2 ~3 % DR F— 3 REEE T 2 s, CALET ORERFFETH 5,
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xR 1 HOUA—2DERAERE

TR T S Q | TR VX —I3fREE | £ fifAE B 7- B2k RE W oy fiFRE
[cm’sr] A E [%] A 0O [degree] e/p A Z[e]
BT 1200 2 1.1 ~0.11 10° -
(>100 GeV) (1 GeV —20 TeV)
H < 1000 2 0.54 ~0.22 - -
(> 100 GeV) (10 GeV — 10 TeV)
1 - Ik 600 30 ~20 <1 - 0.15-0.3
(p ~ Fe) (p ~ Fe)

3. CALET OF — 2fE4F
CALET 1T, BRI AR T 2 FHEA RIS ol s oo vy UV —RF 27T 5 2 &2k » T, KFoRIR)
MR FILF—ZR EL, TDOY Y T —IBRNORFREHET D, 22Tk, IMEFERSLY I 21— a3 Vit
BT, Rk kL X —E IR T 5 CALET O EE AT FIEIZOW TR %,

3.1.1. IRIXF-—KIE

BREIN SO 7T, /BB ISR Y- (Minimum Ionizing Particle: MIP) (2K 2 & 7 F /L2 JEHE L L ek
EEIET D, B/NEBERAC S X. MR AEE 2 o frER T OBEHRKIC L xR BETH D (BB ITIXE
DOf/IME) . X 51, TASC ZHEK 9% PWO @ 2 = —Ri{- i35 5 ADC 294 ¢, CERN-SPS JIERRSEH 81 E 5l
ThbH, ZONMMOEMEEZ 1 MIP L EHRT 5, TRVF—HREBT VT L—F T LM TH DL DT, ADC fEEHL
T¥ (=ADC i /MIP) I[ZHET 52 LT, I alb—ra Vit EDREBEN L =R X —OHENTRRICR S, X613,
CERN-SPS ONidgs FBR T HAL/ZEE T 10 GeV D v ¥ U —hi 7- & Bl L 72 B> TASC FIZH T 2 2R T B0 Th 5,
EPICS[15] Z AWV =ity R a2 b —ra v d, ERT— 22 LS FRL WD Z LB TE 5,

£ E
2500— hexp "

© r 1’ Entries weTe T 350K
o Mean 2041 F a

400 :_ ?—h:idf 159)15.-51;: “ 300

o Sigma 2108+ 0.82 F
100~ MP 2112 2501

— Arza 1.0482+05 + 1.138e+03 -
: Gsigma 7126+ 148 00—
200 C

- ——Exp. F
3 — Fit (Exp.) 150:-
100 C 10.0-_
CU L i o SU:_

ADC 3 e T e
(I 5 4! A6 F500 3000 3500 400 4500
N [MIPs) Number of Particles [MIFs]
5 Fa—HFICKOR/NEMMTD TASC- PWO D 6 TASC [Z&BITHHFHH
ADC %>#1 (CERN-SPS niE25=2E& [3]) (ZEF 10 GeV: CERN-SPS /ni® 255284 [3])

3.1.2. BIERAMEIE

RF-OEIEIFANT, IMCHOY Y T—hiIZL BT T NET 4 v T 4 7T 52 LI VHEET 5, v 7 Vi,
HITHEELO AT v U —B A LA NS b RE SN D720, Uy U—RNRESICEELRE R 7L LTHADER
5 FEO SciFi lZB W T, £ Ty UV—OMNEEL =X VF—ELNLRD D, Z LT, Z Ik o9 >LE
WNEEZHEEL T EEOT Yy V=D XN X —HLERDD, ENOLEEBRTT 4 v T 47 LTUY U —HlERE L,
B+ DBR I ZRD 5,
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3.1.3. EfrlE
AFHRL - O BRAEIC 1L, MR FBICALE T 5 CHD, KOVIMC # W5, fiEki - OBHHE LRI AT ER O 2
FIZHHT D720, ¥ UV —dITHE LA IEBEDOY v FL—2 DY T FILDORE SE2HL 2L Thi T-OdEf &2k
m#é ENTED, BEITIE, Y FL—2ORNEITHENL (Z 2 F 7)) IROTZOHIZ, Eifod 2 T 5%
DIIAN DR ZFFON, ZOWIEHROES N EE D, MERER (HIMAC, GSIN#ESZ:, CERN-SPS) Tl
ﬁ%%@ﬂb\A%%ﬁz:mif@ﬁ%ﬁ%®wﬁﬁﬂ ECHDZ LEMRL WD, BRIOMAEIL, 0.15 ~0.3e
Th5b [4]

"]
- a00f PMT 650V with resistive E
C e -
w o f attenuator ( 1/2.6) 1
800}~ : ‘ : 107°E
700f- - =
- ° L
snof - £ 107
F © £
5002_ . | ; I . L w of
w1 TV 81 ¢
F [ . @ ~
300 :7 H 5 104 :_
m? IR l/\/\ § - Electron 'q.,...'
1on§ ?J | J’ 10_5:_ = Proton e
Dtm_nJ HH\‘.\.H..H.‘ i 1 E 1 i
500 1000 1500 2000 2500 3000 3500 JDDD 8x1 0—1 1 2
CHD (ADU) Energy Weighted Spread [cm]
B 7 CHD THRIELI-Ef5H % (GSIMNE2EEER [4]) B8 TASCIZHITEHLvT—HIKICKDEFIEF#AI [5]

3.1.4. BF / BFER

BOBIITIE, BB RE ANy 7T 00 Rilid, TOFERITT=RLF—RNELRDIFEERE /2D 1 TeV
%ﬁmﬁﬁé%%@ﬁﬁmm‘% ’ﬁbf%i%wm@yﬁéo%OT\RVﬁﬁK£WT%%ﬁMKEH5%¥@
WRER % BRELDTICMZ 27-0121%, BRHERIZIE ~10° OB FEREMRENZER SN 5,

CALET T, @@%k%%®ﬁw% @m%¢®/¥7 FIEOZERNOHBT 5, BT IXEMMHAIERIC LD &
HERP CEM Y v UV —2 5[ SR 2T DI LT, B FIEBHEERC DN Fr o ZEBENL VY V=D E D720
ZOREEDOIIRNPEF LIIRE R D, MTAROIEE T M OWIE DRI IIEF T L T30 X, HDHDIx LT, B

Tt LT 1.3 mfp. CEFAYBHBITR) Thb, 1o TLE I TeV I THMREERT TIZIET R TOTZF L F—% R0,
BRHEZR TREM Y Y U —h BN EIET2DIZR LT, B2k Fa r OFKRMBAEERSEICL D BB FHICE
WTH Uy VR FBITEIR LRV, ZOWRSFRO T v U —FEREDOE N & | BHERFR O > v U —Ri - ORYIEA Y
DODRESOEEZHNTET LB TOMBZERBEICIT) 2 ENTRETH D, K8 I My v U —hFoOEN Y (OF
PIE) . ftdhE TASC o2 3 ¥ —Eh ik FEOZ R LF LD E L ->T, VIalb—Ya VtRENOHIFS
NOEFEGFONMOH %2R T, 1 TeVOEBETE, TONRNy I 7T RERD 1 TeV UL EOB 1%, BUAKRIC
AL EZRNF =AY MVERELTERLIEZAXV b2 T7 2y hLTWA, ZOBWARKEZFIHAL T, 1 TeV 8T
10° DT REMREEZERATETH D Z L 2R LTS [5], Zhix, CALET 28 TeV kD& T+ v U —iZxt LT+
NRESEROMEBTHL L L Uy V—IBREFERBEICTHILTE L ZT v o UG ER RO Z LB ERIN D,

4. BAT — F0IED 2T L

41. T—424AR
CALET D7 —XX, 7u ) A—=FZDH A = AT =X |2 Z T, CGBM OEMT —4 . House Keeping (HK) 7 — 4 |
GPSR X° ASC DEWFTFT —Z 7 b &N 5, T TEWT —# Lid, —HWEHTHRESNL T —Z DR TH 5,
HK 7 —% HERT — % & LCTAMMICEI SN TN D, 2T ¥ o3V DOH A U AT =23, XTAXNVHYDOES
ZHIRT S (et 7 LR WA TWAIEREOT =2 952 LT &7 —¥maMx b, K22, CALET D E72T —
AN T,
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3 2 CALET OT—4AA

B CAL VA = RT— X B House Keeping 7 — %
CHD (42 28ch) : fx K 1094 byte ~ 1 kB BEE, B, EE, v hL— Rl
IMC (4 7168ch) : fic K 28972 byte ~ 29 kB 1094 byte ~ 1 kB
TASC (42 192ch) : #ix K 2124 byte ~ 2 kB B GPSR D EWT —#
Total ~ 32 kB B ASC DERFT —#
B CGBM OERF (A =) F—4 =it
7V ANA B 1 6608 byte ~ 7 kB ISS O#LE AR &

ZA b AR 4976 byte ~ 5 kB

42 HELEICHFRANC MM A=V R T A
ISS A i d51F 2 M . CALET TIFBHAIKI RIS CCEL RO & 9 R3FHHD b U H—F— FEMEHT 25, 2 bl
£ MU AT—HOBMHEEN DL T FAron Yy 7 OfMAEHETEIT D,
® High Energy Shower Trigger : 10 GeV UL LD v v U —hi T BHIXIR TH 5, CALET B@FHHEHT 5> v 7 — b
Y —L LTCH#EMT S, 2O MY H—IZCHD & IMC LEDESA2ER LARWVDOT, MERHIMZTH o ~Ro
ARG ARETHD, VIalb—a lRDTRITIE, Ny 7 7900 REGDVE 124 |k /sec TA 2 R
DEAFTE DAL TH D,
® Low Energy Shower Trigger : 1 GeV UL EOBET-ABMxIRET5H, ZiUdk, KBGEEY a2l —rva rOfEDTZD,
X0 R F =IO —RFHREZRE TE D L D2, HBKHEEOREN/ NS W EEERIE (cutoff rigidity < 2
GV) THERT %,

® Single Trigger : MW EAD M) H—Th D, FHMOR/NEHRLF-AIGCELH LI, & MU T —Hilids
DA T, EMHICERT 5,

ZOMIZH . MDC X CGBM TOH < #in— 2 MEHIFIC PO E L TBWea~vy Rild~v2sna~vyr RE LT
HEIFAT T DA A L THEY ., T v —2 N OBEMRIEPTRIFNCA > TWD RO H 5 10 /3 REOHIH, K=
RNV —DOH L~ LI N W —FE— FEEBT L2 LN TE D, Fo, MUSRREDT7ZD, CHD ITHB N T
BELZEEEZEZ2EmIT Y FL—  RRAELESGEICE~ 7 na~y ROETICE DGR AR > TV D, &
T3 v b b— BTl S 415 South Atlantic Anomaly RCEHEEEHIS TlX, REWHH~ > 742 @HHT 52 LT, v /=
VY ROEFIZRHIMBWRETH 5, T b OMREIX, HuE EOBIIBREEIZ)S U CRMZERMTA 5 K 5 IS H
DEVEREHE 7o TN D,

43. F=ADEI Uy

CALET BWEUF T 27 —#1X, T E TOMD ISS Mo EER OFEHZREIZMH . 1SS 20D NASA & JAXA NF T 5 2 f
OB EZFIH L, JAXA OFJEFHEY % — (TKSC) Z5%1T H L7z User Operations Area (UOA) TEA5T 5, 7 —#
WEICIE, ZNERHER (<300 kbps) &R (<35 kbps) 245, UOA Tik, T—X DREFESET=H, o~
ROERL « BE 21T 9, CALET IZEET 2T _XTCOT—XILEDO#%, FAEHKFEIZEE X415 Waseda CALET Operations
Center (WCOC: {{#7) ~EUE S5, UOA 225 WCOC ~EUE S DT — X IIE oD RHEBFHET D, —2i%, ISS D
AT 2SR DR BERCT — X BRI E U T Z A DMCE=X U v T F 5 12O DOIEE T & e -5 — 2 (3
T 9 —DIXT — F T O 72 O DWERIIE R, A N2 M E A LT Level0 7 — M5 TH 5, WCOC TIEAET —
A EEIGERT AL & BT, Leveld 7 — & L EIZ A L, Levell 7—# & L C CALET O ENA O KWK ~T —
HIRHTNCEUE T 5, K92, T—X X707 Of&KZRT, CGBM OF — X IZOWCIHERENER IS -
W, N2 MR ORRIER R L ORIFRUSE 2175 TETH 5, 10 AR OBRIE T WCOC ~EUS SN Y T4 A A
7 — % % 7= The Gamma-ray Coordination Network (GCN)[16] <° The Astronomer’s Telegram (ATel)[17] ~® BIFFEL(F, K&
O The Interplanetary Network (IPN)[18] ~DZ)N173 CGBM F— A2 L » TEARICHEFF STV 5,
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2 F§ B A %2 Waseda CALET

White Sands Complex,
NASA Link NM, USA

Real-Time Connection
> 50 % (max. 17 hr/day)

Data Archive
TDRSS NASA NASA/GSFC
MSFC ISAS/C-SODA

CALET
.ﬁﬁ JAXA Link . s 3
- A |« Waseda Univ.
-"‘LL / e \ CALET Operations
DRTS , Tuskuba center
(Data Relay Test Satellité) - . Space Center,

JAXA ICS Link o = H

Real-Time Connection Tsukuba 1SS o.pe.ratlon .

~20 % (5 hr/day) Space Center, Building International
Japan Japan Collaboration

Organization

K9 7—2UIDEEX

44. EELEREE

(mmT®Emﬁ\K&MDA&UdeLTﬁ5 JAXA IZEEE2MEOMRIC, RRERFIEY A =0 27—

BOMRIZE T2, A2 0HO T, BECH A LRRbEMFEEA LT 25, TDd, WCOC Tk,

1@Atﬂ% CALET A U =DM RENFERFHK 7 — X E=HOA XU NE=XED I A v 7 vy 7 (QL) :;DU
TR A LT —HEEE L, LEIZISE U TCUOA 2D 2~y ROFUERITH ., BAaZKHLnLnEsfienfwsae Lz
0;[MA&WGE%T@%ﬁﬁé%ﬂﬁﬂﬁﬁt@\ﬁ%?ﬂﬁ*@QLﬁ%ﬁﬁ%kkéiO&VXTAﬁﬁﬁ&
ENTW5D, K 101%, BHERBETORT ¥ o FVORESED HK 7 —Z DT =X ZRmO—FITh 5, HE O Z b
LEEAZBRALEEIL, 79— FA2HTREDV AT AR L CTHIFEHR T &3 R> T 5D, 1%, A
T (BRENTY YU —hT) T—ZIGTE QLY AT ADA X b+ F 4 AT L—DHITHY . 30 GeV D1
BHROBTH 5, Fa L RE L hOADCHEIIE L TEDITLTEBY P H—F—REFE NI H—EEDE v ¥ —
VEFRRLTWS, ZOE=XEGEEEANTY A 2 AT — X OERZITH,

VTP NEA LT —HEUGIZ LT, BRI OT — & & 78 % Leveld 7 — % T, Hﬁf%ﬁﬂ%ﬁrtt?‘*&k?ﬁ@%ﬁ%
MTbINTWA, Leveld 7 — X IZHHRY 7 2 L TR ENTT =y a2 TER, T X BRTALED
NAFY—LlgoTND, TZ7ANYARRLT 7 A VEEZ[EL T 1R 1774»#&&%&5 Level0 & —# 1%
CALET 5 — it 2 B2 —RT — X L e 520, SEEERHERICHR TE D X ) ci#itshTns

o L
-
I ——— —— 71 ) 2 3

MDC Time: 1030871143.0000
CHoT: 26.0815 CHO2: 26.0815 CHO3: 26,0815 CHo4: 26.0815 Bl i
CHos: 26.0815 CHOG: 260815 CHo7: 25,6752 CHos: 25.6752 BT R EBEE R
CHo9: 25.7785 cHo: 25.7785 CHI: 27,2475 CH12: 27.2475 L=IEBIZDWLTIE
cHis: 36,4717 CH1d: 36,4717 CH5: 36,3116 CH: 36.3116 s b == o 1
cH17: 36.3116 CH1B: 36.3116 CHI9: 36.3116 CH20: 36.3116 FFERRGETT
CH21: 36.1515 CH22: 36.1515 CH23: 27.2475 CH24: 27.2475 E_AET_'? (L TIILITIIT TTD
chos: 36.4717 Ch2s: 36,4717 a2r: 363116 cHzs: 363116 =

cHas: 36.3116 CH30: 36.3116 CH31: 27,7054 aH32: 27.7054
Ci33: 36.3116 CHs: 36,3116 CH35: 36,3116 CH36: 36.3116
CH37: 36.1515 CHss: 36.1515 CH39: 36.3116 CHao: 36.3116

chen: 363116 Chaz: 36,3116 Chas: 26,7897 Chads 26,7897 ZMH—RESOEYMB—Y  MH—E—FDOEYE—Y
st dodsro e doase s masts s st ERELFALBEIEIRIT ERELALGEEYAIT  H5—N—
o oimen | amia o o "Disable’SNTWVBILERY  “Disable’SHTLNBCEERL.  ADUBAL, Log&T
CHE1: 26.0815 CHB2: 26.0815 CH63: 26.0815 CHG4: 26.0815 /\“J:)'-d)ii‘%li?XTE"Disable”
I SNTVBH, FORH—E—F
i LS chEAIEERE) ISRE(C) ERTT 5. INBICRTEEH TS, MNI7AX LI ZEERT

10 HK T—2E=45%l 11 BET—2DE=SEBRE A
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TEARRAF AT O GBI CH D, T—IA 7T A FOBEHOK VAR, T—hA THT =2 DERST — A 7t
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Inverse analysis methods for SMILES Level 2 data processing

Naohiro Manago*l, Makoto Suzuki*z, Takuki Sano*z, Koji Imai*z, Chihiro Mitsuda” s
Michio Yamada™, Shin-ichi Takehiro ™, Masato Shiotani"

Abstract

In the SMILES Level 2 data processing, an inverse problem occurs when deriving mixing ratios of trace gas species
from observed brightness temperature spectra. If the information content from the observation is not enough, it is
necessary to give additional information from outside to stabilize the solution, and there exist a lot of mathematical
techniques for such purposes. In this research, we compared three regularization methods, namely Optimal Estimation
Method (OEM), Tikhonov Regularization Method (TRM), and Maximum Entropy Method (MEM), and investigated
the most favorable regularization method for SMILES. It turned out that in most cases a hybrid method of OEM + TRM
gives the best solution.

Keywords— Inverse Analysis, Regularization

B®E

SMILES Hft |27 — Z JLBE CIIMIERF R E A7 b L (Level 1B 7 —%) 7 DERSAD T OIRE IR/ 5
(Level 2 7—%#) ZEMT HBCHRBEEZEVES . WENSHELNAHERN 5 TRWIGE, FMBH DA 22 1 #
HEZ THEERENSELILERH DN, TOLDITHEL BREFHFERBRIN TS, RIS TIE Optimal
Estimation Method (OEM), Tikhonov Regularization Method (TRM), Maximum Entropy Method (MEM) @ 3 > D 1EHLIEIZD
WTHEE 21TV, SMILES OF — Z AT L= ik a i ~7=. ZOfEE, OEM + TRM O A 7Y v FiEafng L%
KOBEICEN TR BWRRMFOND Z &Nl

1. FU®HIC

Superconducting Submilimeter-Wave Limb-Emission Sounder (SMILES) IZ[EFEFH AT —3 a > O A AR EIZE
D AHTF BA, 2009 4E 10 A2ND 2010 4F 4 H £ TORPEERICE Y KEFERHELE FIZB W THIERKRKD g s
600 GHz #Y 7' 2 Vil U MBI Z1T 72", SMILES IZH i 2> T 4K £ THH LIZBEE S 7 V&2 EHIC AN
52 LI X koM RIS AT I HRRE/NS W A XL (BEEEIRE 0.4K/single-scan) # EH L7z,
NIk > THEE - TREIEICEEST S 05, HCL, ClO, HNO;, HOCl, HO,, CH;CN, BrO & o 7Sy DI

BEICETEERE A7 MABREREICHESH, B2V O»0RENMRERSEL TS 2. % 112 SMILES
BT =X DOERNNTA—FE2E LD,

# 1 SMILES £BlT—2D /T A—4

B Y 38° S — 65° N (nominal) B 5 B P 10 — 80 km (nominal)
Band A (624.32 — 625.52 GHz) 1 B 4y fiRRE 3.5 — 4.1 km (nominal)
JE Band B (625.12 — 626.32 GHz)
Band C (649.12 — 650.32 GHz) FE{ ] 0.5 s /BLHIE
ENS SIS 0.8 MHz /% > F )L = — 4 53s/AF v
JE e Koy e 1.8 MHz (FWHM) AT WHEE IR B 04K/ AF¥ ¥

*] TERFEREY £— by v Z W%k o % — (Center for Environmental Remote Sensing, Chiba University)

*) FHIMIZEIF SRR RS FH R FIISET (Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency)
*3 HLETT - 7A - E—EER &1 (Fujitsu FIP Corporation)

*4 FURR R BRAEATIF FE AT (Research Institute for Mathematical Sciences, Kyoto University)

*5 FUHEB R AT MFSERT (Research Institute for Sustainable Humanosphere, Kyoto University)
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SMILES ®F — 4 ¥ v MMZiE RAW CRILEET—4) , Level 0 (M1 b CHRE SN ARUEET — %) , Level IB ()RIEX
N MEEEEE A7 B I OREET — %, UREHEIC LIB &3%i0) , Level 2 (BHHUSICH W CEH Sh - ESIESD
TIREBHOME S EOZS, LIBEHIC L2 i) , Level 3 (—ARZRMZE 7Y » F RICHB ESNT-ZEH) ko
VAR ERIN TS, L27 —ZWUHETIILIBT —ZICEENIREFMEEREARY MLE T Ialb—ra U
BT 5 2 LI X 0 WA R TR 2 R B S A ST 5. 2O TIIMEK LY Optimal Estimation Method® & I
ENDWRT T AT ZARANLNTE T 20, LnLAand, BohAMBICITREARRESNEENLIZLLHY,
BRI T LS REOT LAY XL TER -T2, —F, TR HBEO IRV B Cla—kIc, FERR TR o
RAREIZ % LT Thikhnov Regularization Method” %5 Dk % 22 FEN AV G TS, ABFFETIE SMILES OEREET —# (2
BENDERERKRIZEEHT 72D, N7 V3 U XLOEEIZOW TR L 72,

2. WEFTILTY XL

21 BEKBETIL

SMILES "CHIE XA MEEIE R bLlE, KEFHOMERES T b OFS0W S OB 4 5tk L7 K&E
F, BLXOT v T oGO TR LSBTV A o i nEy I 2 L—2a U THBRTE S, 22
T, SMILES CTHIE SNDIMEEREASLY MZy, BHLEZWKERES TORAKEZ x 358, yIIEREm

(BB R E B X AR 7Y v R = 59 40XH9 1600) DOy & FFORERZ ML, x ITEFEE n (O THEOKEXE
HEEZ Y v Rk = $ 10X59 30) O ZFFIRRER Y hL LB D. D7 Fuid Forward 5 /L F 12 &
S TERAMAT BN D23, EBROBEITITRERRAENMND Y, Forward £ 7 /W ACIZUT RIS B 2 raaz2 2503 5 o
T, IhborEFELHTelTHERDLIICRRBTES.

y=F(x)+e @))

BroEREEIN)EZHFR L x2RkDDZETHD. 4, BEHEICTIEVERIE x,OE0E2E2 DL, x &y OfUN
REACITIBIRIRIC S B LB 2 B, T OWBIREE m x n 175 K = 0F /0x = VF (Weighting Function &PFES) THRT
EXQ)D K 5 AL LA Y .

y=F(x,)+K(x—x,)+¢€ ?2)

KT — R/, HHiZHEN | KHFBRXTHL2PWLKONEESRHDH. 79, — KN Y 2B8HTEIm>»>n THY,
KOIFLMBEEIC 2> TS, T2, RQITEMRENSNERVEELZEATEY, I E BB TRIIFEEL
2. 2O XS 2 MBITREEM S BEEOEE FMET AR/ S RE A TR 2N TE S, 722 L, Bl EBEY
EIEEE TV v FOREMBZRIZHMIL TRV E 1L, RQNOHEONAMN RSO I m Lo hbl &
W72 <, WITPIZITRIERS MV OREEZ Y v REMNL Y BE GBS RGN0 s m L bl bz
ERBD. ZOEA, REXRY MLz —BICROD 2 ENTERWARREMEIC/2 D, &6, W ©E bh 5 it
WA RO Z LT WVELMEREIC L 2> TWD. U AEMITE LD R 133 5 IK S - = m B o A
TOLMEBEIED T POOFESEZER LEZLOTHY, MEXKRSTORET a7 7 A VBT F MIELLTZELTH
HWEMIZ LI THE VB L. Wi, EEEOREM» OMEBLAED FOEE T 7 7 A VEEHT L
B, EEHEEOREMIS/NE N A XMoo LTHOREREBELZITDL. 20X ) RUREEH I, iz
LELSELEALEZEAT 5.

W O/ ZFIETIIRQ)D & 5 ITIEHERZE THI L LI AT MAEZEO RN (x2) H/MbT 5.

x2(x) = (= F)"s, " (y = F(x)) 3

ZIT, S, FENRY MG T 2083 EITAITH Y, SMILES TiE 27 AMEEIRE D b EFR S0 2 R
BEARYT SO SO RO AITI AN T 5. RRBREMB TIEARY PAEREN/D S WP ERITAFIEL,
EN—BIZRELR, £2T, A7 MFRZELRFFICEANEE c 25/MET5 22525, 2L TORE)T

#* &5 Cost Function Zfg/Mb3 5 Z L2 W EBTX 2. EAMETE ¢ ©FWZ XY, KRETHI T2 Optimal
Estimation Method, Tikhonov Regularization Method, Maximum Entropy Method D & 9 723 =— g UNEZX HND.

M) = x*(x) + c(x) “4)

fiR 3 SEBRAE D> 518 WG A IEFU(2) TE W 2 ERTE D AL C X PICIEMRBIRIRE & 72 5 7%, Levenberg-Marquardt %% FAVC
FROBEESx RT3/ S < 722 F TGV A KEFATH 2 & TEREDP DD EIL L RDOND.

§x; = Xiy1 — % = —[H; + AD]7'VM(x;) (5)
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KONZBWT, ARVMIZIKROXG)ZHEL TELND.
VM(x;) = —2K S;*(y — F(x))) + Vc(x;) (6)

RK(S)D/RXTA—=HL % 0127F 5 & Gauss-Newton {EDORIZ—E T 2. Gauss-Newton {EIZLL T DORH(7)D X 9 1T Hessian H;
ZAT L U CRHEDS R EE AR F D 2 IRy & BET T D28, Newton 15 & [RIRRIC 2 IR O =i % 0.

v(VM(x)) ~ 2K!S;'K; + V(Vc(x;)) = H; ©

727120, FIEERENE RS L ERNHHDT, M) B LangGs (F72136x ORE I WD LARWEGE)
IFRG)DRT A —F ) DfEZKREL LTHEYRIEEEITAD (B ASESEITH) 2%, 6x 2RARTEE BEED T
(VM) 1Zmit 5.

2.2 Optimal Estimation Method
Optimal Estimation Method (OEM) (ZIRFD & 5 ITFEHERZE THMAL L7RREA 7 bV & BB D753 D /e finz /&
42 &5 REANLHA MW S.

c(®) = (x—x)"8,  (x — x,) (8)

TIT, S, ERHEOSBISBATIITH D, TOEAMLIEIE, RIS ML OREREE N x, % TS, THA B
%4y o TIEMAMT LT LARE L, Bayes B ICH SV TRIENY MLy 2185 4efb CHEMRZ AT
Tk THITS Y. AT 1 RTEOEA, IRIER x ORSREE, B ECRIERSy Th 2 &MECOMER y ORE
EEIZZTNENRO)BLORAO)D L HILk 5.

1 (x — x4)?
P(x)__ah\EEEEXp[_' 207 ©)
_ _ (- Kx)?
Py = Cry\/ﬁexp[ 207 (10)
Bayes DEFL L 0, HEEN y THHEMETORIER x OWMREEIIXNADTELZOND.
_ PPk 1((x—x)* | (v —Kx)?\| _ 1
P(x) = T}’) o« exp [_E< > + cr; >] = exp [—EM(x)] (11)

CIT, WERy OREEPY) T x KIKLRWERTHY, FHRERERKETDZ E13XE®)FEAMEE L T2
Cost Function ##/MET 5 Z EIZZE LW, ZDO X H RIEARKIC X » TR/ FIEOMMEE SN A TF2K 1 1ZRT.
B 1(b)D & D ICHERRAED/NE W (0 K Kog) Hra 3T IEANLICH 0 B STITREDL N, K ()D& 5 I2Hl
ERAENKRE W (0, » Kog) BEICIIRITEREICHEOND. 20X 51T, EAMEIZ X > TEN L+ 2 E#®AE S
NIV O 2 RINAITEIET D 2 N TE S.

RPN IR D/ A IEREICA D Z L XL <, BAEMAERESA LTS ELREAR2NVA, T2 TIEBBENA
MY VEEZHEHT 5. SMILES TiX 0;, HCl ¥OMEXES FORGIRIREDSE S a7 7 A, T o7 F M4
Ty b EWVo kA RWBREOREY R U — S E{ToTWAEDR, S, o> THRET S Z L Ton s 2 ERTREIC
FTHZ LB TES. Levenberg-Marquardt O IEEMEITHID 12138, ™! OIIAEE 0 ([ L=4T5ID, " BRI TE 5. £
72, Sq DI ZNE R 7 — )Lz CHIERBIRIITIR T 21 ([So)i; = [Salu exp[—lzi — zl/z5]) & AT
FEE R EHZ LN TESD. OBM TIEZ O X S5 2 @EMHBEE ANV &E VY v Rz OFEEZITORNE L OYA
IR RN 9 5.
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(b) . Z ©

"

0 Xa X Y/K 0 Xa Y)/(K 0 >§(a Y/K

K1 OEM MDIEAMEIZK > TR/INZFEZDBIMEESNDHRF. hT—RXT—ILIL Cost Function M(x) [ZxtFsd HI55kES
Hexp[-M(x)/2|DKESHERT. BHiRIE y = Kx DEHRTHD. ERIE y DED Y THLHELZDORBEHDOKREET
HY, COENRKELDEED x DIEH X(fR) THD. (a) —BRIGIEE b) BIEREN/DIVGE (o) FIEREN
REWGE

2.3 Tikhonov Regularization Method

Tikhonov Regularization Method (TRM) % OEM & [l U <AREEZ bV ESEBRIED ZG D/ NS WD & 2 5:FI0T 503,
OEM & H7: 0 X12)?0 X 5 2 EAWEEZ v 5.

c(x) = (x —x)TaL, "L (x — x,) (12)

T ITC, L ik ROFESERTEANKITAITH Y, a ZEANLORE 2T 2 FAb T A—2Th 5. (BEEST
FEOREEY N Y =NV EITHIFEIIA D T —a ORD VIS FEZ &L OEANE T 2 — X 2 BRI ONATIT5IM, % 1
W5h. ) BIZIXRED 0 THIUX L= Lo 1 XEETHITH Y, EHHLIZIRERY MV EEBRIEZ O L DIZEST 5 XK 912
<. OEM E[EERIC 1 RoEDBIEE 2D E, a=1/02 DEZHZIZEY TRM I OEM & —83 25 Z L2355 752%. TRM
DawRELTHZ LI OEM Do, Z/hELTH T LITHY L, 1D L D ITHERAENKE W (0, » K/Va) HE
IR R I S D .

WERN 1 THIUL [Lix); = x; —x;_q £720, WRERT MHEEDOA 7~ F &2 TH Cost Function DEIIZE D 5
RN END, RERT MLVOA Ty MIERMEICK ST, EAHE S IXERBERIC AT MAEER/INOSEN B E
5 (22 L, T CHlRAEEREFMORBEEZ T D) . RS, KED 2 THIUDIRERY hLrot 712y b LB X
FEBREIARAE LW, IR K E < 2 D19 THRBRIEA~DIRIFE T2 72008, LV EL OISR E > THEES
ERRENEALT B2, WY RRBEZRSLEND D, Wk OEANEITINCIEM — k) x n /T8l En x n 17810 2 BN
Ez N5 D BIEIIEANER DR UVIREE N2 hL (B ZIEL (IS8T BIRHER Y Mv oA T v b, ThbbiER~N
7 bV) BN, BEITKAITHRERSMELE LTI 20ICBE BSOS Z ENTE 5. kIS, EANRITANCIE
WD BT B 355 T AN OIS 2 O T h b2V, OEM IZHE Lz B &2 AN D Z & I1ELy & Ly OFREA & 4F
I LMY TS, (L, OEM OFEMHB TIXIEANLOME 2R3 25 Z L8 TE 2w, )

EHNE T A —41% Cost Function (25 £4L5D AT FLFEE L EAHLIED R T o AHEEOKRE 2 Ri- L, NEiBE 5
CHEE N VE, REBED ENBRMEICHEO NI/ D720, # LI EEZRSMNERH S, EAHL/ ST A —4 OWRE
FiEEa eIt KRE L LT TARY MVERZENINE 4G 5 ISR ET D i1k (L-curve %) , FIBLidzEL
A RREE B DR b= ZRRENR/NE R D KX DICRET D HESRH S Y. L-curve IHIZEAUL T A —Z &% 1
REL LN WM E RO ZRE, A7 Mgz s EAHEEOBAIR Z#i< & L FROMBAHE 6D Z & 2R AT
L0, ZOLX IR EMNRL THOEONTfEE D & AT MARENINE B 5 R TENE TEE LTV fiER
SEBRAEIZ D> TEIE T Z LB W TE 5. 20X 5 72IRREIC 2 A ATOMEZ F-C, #REN2S B 2 il & v 5 e A b
NRIRA—HEREONBNEEZ BND. EAULOBRIZIERANL RT A —2 B34 (1 HLE) 2L TbdbE 0 LD
DWWz, FREICRBELT 2 MBIV, 72720, TN R T R EIE R, AU TETHLHE#T S
b DOITE &R TR RMEN RS, ZORMBEICHTAMERE LT, L LDV ICL, S, L, 2 L TRIE~Z |k
NOFERZEEFMACT 2 TFERET BND. ZOBKIIZL VEETE W | OF—F—IZhbEtEZ2BR, EONT
FEICHFEC LD RIEANE AT A =2 %5 Z &N TE L. (RED 0 TEAL/NZ A—2723 1 Thiud OEM & Z4fiT
b5, ) WHERY MAOKRE SIS UEEBREOSEEZ WD &, EEHHE/ ST A —& 2 EHITT 2854 & N TRAER
7 MAVHNEWFEERE T X 0 3R < IERNEMER 5.

TRM AU v & LT, OBM O XD REE S Y » ROFEANAAECTERRZ Y » REERT5 2 &, foigor
SR E N ERE & EAIMEATAIRC IEHIE T A =X DBV FIZ L > CTHETE L 2 L™ LN D.

This document is provided by JAXA.



FHEAE R R SGE B 113

2.4 Maximum Entropy Method

Maximum Entropy Method (MEM) [TIRAEZ Fobx D7 hVEIEq(x) 122V TRD K 9 IZFHHE &4 % Shannon D
WEERRIET 5.

SG) == ) a:n(a) (13)
i=1

MEM O IEAHETEIZIZ LA T OX(14) & 5
c(x) = —aS(x) (14)

ZORNESNDH LI, MEM IZEREAZMLE L LW Z ERBETHSH. TRM & REEICTEANE ST A —ZaZffio
TIEAEOREZHRFET 2 2 L2 k0, BURERZ A MSFIC L TERE (RENE) BDERRIZRLIMBHELND. Z
TR T B, x DR VB E LTUT O X S22 RESERBIE L b D2 VD

= pi/p (15)

Pi = Xi—1 — in + Xiy1 + meax - mein + { (16)
n

b= Z bi = _(xl + xn) + n(zxmax - mein + {) (17)
i=1

K(16)T, T 2% max — 2%min + { KXmaxs xmm IXENEha ORSr ORKRAE, B/ME, ¢ =1071%) [ IpDpksy BT IE &
RHETMATH D, fe/h T REOFEITHE: Shannon DIFHRED 1 kB L O 2 kg +nena18), K19
Loz 5.

2 (2 () (e -2))

i=1

n

) o)) (2 o, -]
0xXpm (axk> 21 [Ppl ( pm) (Al p >, Pk p? 1+In » Aiepin + AimDi B PmPk

TIT, Ay =0p/ox (Zi=k OFF =2, i=k+1DOK 1, TRLIMNI0 TH Y, pf =0p/dx; 1Tk = 1F 1 InDRF -1,
ZhUSMT 0 TH S,

25 NATUy K&
ZIETIZEBA L7 OEM, TRM, MEM [ZAX7 MEREICZENENOEANLIEAZ N Z 726 D &2 x/IMbT 5 H5ETH

B0, IS OEANLEIFMASDLE T I Z & HTE 5. EEE, NASA O Aura 2 IZHE#H X7~ Microwave Limb
Sounder (MLS) 72 £ ® U A& TIZ OEM & TRM Z A b THMA LT 5 10,
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3. FEHME7ZILTY X LS

SMILES (23 L7-EAHET AT Y R 52T, ¥ 2 b—3 3 02 ko TERR L7 BEEEIREE 227 R L DT

— A DLIMERES TORGHEVFE L, EfEL OKEITo7. BEEICHE L2703 ) R AIEANES LI 72 @
BILIEET a7 740 (BHECHMOE) ITEoTHr—RX NS - F—ATHDHEEZLNDDT, $x ey TH
(Band A ® 0,, Band B ® HCl, Band C ® ClO, Band C ® HNO,, Band B ¢ HO,, Band A ¢ HOCI ® 6 ffidf) 2>\ T
L7z, BEO T 7 7 A4 VITITETFAGE (WACCM!'Y ) TE LI IZRER O TY (FFfE 10° ~ db 100,
20094 11 A 17H, a—Av& A4 511~ 138F) ZMHL, BB LOUHMICITEMEZ 1L.5FICL-b oz v,
EEZY y ROREIX25km & Lz, HEE LW 7L 3) X4 (16 FJH) 23212217 %. TRM, MEM ®IERIK
T A =B IXERAREEA 7 — T 01 ZNAT O EEZ(LSE, AREEHAIZ T 278 2 BRZOFFHR (RMSE) 23
BN HEERIR U T,

W ONDMENF 7 42 Y X2 (OEM, TRM k1, TRM k2, TRM k2 oem) ([ZOWT, K FiREL O L EED

BEIR 77 ANER 2T, ZOKNS, OEM B TIIEMEARKE WEERIHTT v A LBENRRKELI LD Z LN
%, ZHEEEZ Y Y PR (2.5 km) 2R O EESREICE X THAWEDEEEZLBILD. TRM K1 &
TRM k2 1Zfll7= X o 7 a7 A V&R L (BS  @@EEO HCD , ZHENEMTIERICEEN/ NS WEGEE T
ENKEL 25T %S. TRM k2 oem X OEM & TRM k2 O BWE &2 G- ICR-> TR Y, 2FEHH CaE
B NS S leo T 5.
216 FHOWFENT 7 L TV XAIZDONWT, K 2 TR LIe& 5 THOF & P TEHE L7 RMSE (OEM_10km Off
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Automated Wide-field Survey for Transient Objects with a Small Telescope

Hiroyuki Machara™

Abstract
We report an outline of the automated wide-field optical survey system for bright transients and variable stars using a small CCD
camera and a telephoto lens. Our survey system named “Kiso/Kyoto Wide-field Survey (KWS)” has a field-of-view of 5 degrees x 7.5
degrees and could cover a survey area of about 100 degrees x 120 degrees per night (8 hours). We achieve a photometric precision of
<5% for stars with a V magnitude of between 5 and 11. We also developed a web-based tool for data retrieval. We discovered more

than 100 new variable stars and obtained pre-discovery images of 2 new transients with the KWS.
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Keyword: sky survey, variable star
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L5, QEBRTORET X THRME L TADEL TF —#X—2{b L, flx ORIEDRANET — 2 b3 5 kLR H
DA R — A O LI, B OIEFITIEWVGITICHBL L2 RIETH - TH , BHENG > TV D Hs g H»
BES TWRWEERBZGIEH T2 LT, BFEZRHT DN TED LV SRR H D . 7o, BETT T
DREKENEST D72, 7 —F'mBIFFICL R DD T, BERIKTIET 20T 5 BN H T 5 &S00~ F 22
b DN, G TVDTRTOREKDOENCT =2 NHELNDL E VI FIRRH D .

FERERAROEIN A 1 = X LD, BTk & 35 0 K 0 &) 73 1o <0 i e [ 43 R RE D et 3 JE Ll 7 & ) FEAl 72
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L7c . BRI Tl R R T RIKROEEEOI D SOZL L RIFFIZE DX D MERNH D720, AL TIE
Rk 2 SOHFIED S H , (2) DA %%@%%ﬁﬁmﬁ%%&#éﬁ&%%wk.mwﬁﬂaﬁmﬁ%ﬂMm@u/x&
CCD # A F % {fi > 7= WindowsPC ~<— 2 D HEEIH| & Pyraf, SExtractor, MySQL %5 % F WM o A 7 K& NiH RIS
@yx%AfamMEQHw%muﬁsﬂif@m%1x%@&mn$3ﬂw6mn$4ﬂifiﬁf7@ﬁ%m
FEEE 105mm DO L > XL X0 REFEDF » 7D CCD B AT ~FEH L= AT A (Phase 11 ), & 5122013 45 A LKRILA
TRt o A7 A% LinuxPC X— 2 & L THEE O A A T ORI L7z A7 A (Phase 1) % H T, &5 0972 8LHI
ZATe o 72 (BUE S BUARKSE P ). Adw 0T, 32 BiCHEMRG , T A7 2O EB L OB O 7 e —%2 3l L, 5
3 HCHPDERE RT3 A 7T A O MBI 22 & OPERERMEiE L O, M SN A RIREENT D HA4EHTIEE
LD LA HOBBIZONTIRNRD .

2. BEVATL
2.1. HENMEREK
ARFZE T, B Z B2 HEET 2720, H 50 UDIEE LEEEZERRE T 5 > AT L &HE L A LR
EHERIRG - WESEHIE Y 7 b =T AR LICE LD £, TOBICBIIITE 2R 2 & AERICAR L,
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PEESAOUTEREEIZ &5 0 T D EATEEh YK & 72 KK (100-1000 mas FEEE) Tid, 20 DA HRVEREE A % v J (s
NHTNTND Z ENRRIAFEI, 50-100mm FREDOESIEREO L > XA TH-Th , TORENRER TE RO T
H5 . SCAMP % AWV TR D= WCS DT A —H ZFE FITS ~v Z —|CH X AT .

® WCS M EZIAFENTZERIZE > TV D RIKDIA % & % SExtractor 2 F W CTHITE L, RIKOJFEE ( KERFEEME S LY
CCD F v 7 LT ) & BERR , Sk~ T —Z2 )1 SE 5 . EfkiT aperture size % [E & L 7 aperture ]t 0O %54k
(MAG_APER(1)) ZJHW\ 5 .

23. Bk - BFRAT —2~N—2X
BT — 2 ORAFR, FEh B a SOWRE , BRI E DG D72 DT —# _N— 2% MySQL Z W THERR L7 . 7 —

B R—=RNNIUTOT—T VgL,

® Frame Info
frame id Z# =X — & 257 =TT, HEDO T 7 A V4, R ARCFT HIEW , 7 4 L% — | pixel scale 72 £ @ FITS ~~
v A —ICEHENDREMOM , R v SRER Y v S ORRAE , FRE a S OREIAEN LI ER 0%, HE Lo
airmass ZRETHT —7 .

® Object_Info
oid # EF— LT 57 —7 0T, il L72Wif4® frame_id, SExtractor THitH L7 2 RIED KEKHEIE , CCD F » 7 Lo
Xy JEAE | MR, , BSOS | airmass 72 E AR IRE T DT — 7L | frame_id & H H VT, Frame Info 7 — 7 /L(Z
RE SN TVBIERE OXIEE L D2 ENTED . REOMEICOWTIEHIRT 538 Y |, Yamauchi (2011)” D F 5T
NERT2F U TEATI LD LLFOFIETRDIZ x,p,z DEHRFFLTND |

X = cosa cos 0 €))

y = sina cos d ®)

z=sind 3)
® HIP

Hipparcos & # 71 7" DF — 2 AR LT\ . 1272 L, KERFERIA U O F A DT/ <, A EB 4 fE L7
2011 4ED ICRS JEAE L L, (1) ~ 3) M HHHE LTz x,y,z OE LIRSS .

® TYC
Tycho2 ¥ 0 7 DT — X ZAfFF LT 5 L HIP 77— 7 /b &[RRI FERE L[5 A 1 B 2 4l 1IE L 7= 2011 £ERE S D ICRS i
T, x,p,z DEHRFFTS .

® GCVS
BB E T Z 17 (GCVSHNSV)?) & ASAS DERA X 0 /'Y OF — & 2 {_RFFT 5 JBAZEIZA Y UFrohZa s
DEEZOEEFERL, xpz ODELHRFFT D . Elo, KRR TH AL L TND Z R RKIKIZ2nThH
BRBMLTND .

24, F—AN=ZANDOEFRSSLUCEREOADRE
YA L OVIDE Do 5727 7 A LB L O RIKDIEHRIZLL T OFIETT — & ~— A T8k S 41, Hipparcos 7
Z 7OV EREEEANTHER Z L ICERL 0 RS2 RET S .

7  http://marvinweb.astro.uni-bonn.de/data_products/THELIWW W/index.html
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O g7 7 A /L DOXEEK « insert_file.py
WSC & EXJALFEHD FITS 7 7 A VD7 7 A VAE L OFITS ~ v X DN, Bk AR & B L O R A B EFR L
7= airmass % Frame Info 7 — 7 /W& ERT 5 .
@ KHEREOBG : scat2id.py
SExtractor T « MG U 7o RIKDEEAE | BEWEER R ENRFINTND 7 7 A VORNEFEL LTV, & RKIED airmasse &
FHHE L, ZH 5% Object Info 77— 7 /LITHANT D .
@ HEur~yFr s EERE R RORIE  identify_sql.py
Hipparcos 7 % & 7 (HIP 7 —7 /L) LR E a SR EHOERER - LT, BYECRER+EETE 22003 THo
CCD DV =7 V7 4 BMRFESNAHPANICH Y , AL TE LT, iR RWRIKEZRIRT 5 . £72, < ITEDH
DERSTHBETCERWVWEERARBENTE RN, IE<ITHZREN S 2 RIKITEELE L L THWARWE S ITT 5%
ENRDHD K AT LTI T D ANE R TORMFZTTZT RIBZRRL FEERE L LTHW: .
A) 5.5<Vmag<9.5
B) Vscatter <0.02
C) B-V<12
D) 3 pixel LAIZ Tycho2 71 % 10 77 DFRAKA A2
E) ZYENF a JICHEHRSI N T D RIRTEZR
ERIZIL, ERROSEE T HIP 7 — 7 VO RIE % FTe view & HIP obs & W) A TIERKT 2 . # D%, Object Info
WCEHEEN DM KK L HIP obs D RKIAZ FFRDO X 572 SQL 7 = U — T~ v F 7 LIfE R % HIP_Reference &\ 9
view & L TIERKT 5 .

CREATE OR REPLACE VIEW HIP_Reference AS SELECT h.hid as hid, o0.0obj_id as obj_id, (h.vmag - o.phot_i_mag)
as diffmag, o.phot_i_mag_err as phot_i_mag_err, h.vmag as vmag, h.bv as by, h.flg_tmp as flg_tmp from HIP_obs h,
Object_Info o WHERE h.flg_tmp=1 AND o.frame_id=%s AND o.flg_ok=1 and (1.0 - 0.x*h.x + 0.y*h.y + 0.z*h.z)<%s and
o.phot_i_mag<0.0 and o.flg_ok=1

¥ %s [T~ v F U T AHEEO frame id &, W~ RKIKTHD & B2 TR (o) BAD .

BT~y F 70, RN RIEOEREF OB T ML EHER FHOES N7 MVORNFEE R—RIETHDH & A
TR (o0 ) ZHET 22 & TITo T D I KRIKDERET MO HAL~ 27 kv g, FEHER & 72 2 Hipparcos 71 % 1 27 (D
RIKOFEREST OB bV 7, 2 SOBLRZ MAORTHEE 0 L3758, ZDO2OOHM~T MLONEG * h
=cos 01F 0 N+ STNT s h~1— 2ER25. LIzioT, RINRIKE D 2 a7 RIENBEIEL Y b6 LT
[AYE SEak
1—6'ﬁzi2<o‘ 4)
2

LD RV AT AT, BRI RIEORENE & O Z v TAEOAEZE 0 73 0.7 pixel IS TH5A/ELD &/
SWGEIZR—RIKE BT L OINCERE LTz . 1 pixel H72 Y OAJE% s [arcsec] =4.8 X 10°[rad] £ T2 &, BfElX ¢ = 5.9
X 1022 72D,

KRIZ , SExtractor CHllE L 7= #S5#k & %tk 35 Hipparcos KIKDO D % v 7128 5 V Ffk DO F-HEF L OMEHE(R 2=
ZROD W T RO TR X ORRER AL (BT — 0 Z v 75EfR ) 73 3 0 OFIPHIZINE > TWRWKR
RZEBRIN L, TR (B — 1 % v 7558k ) OTFEIfER L OMEHERZEZHE L, ZOMESkE e A L 0EoiE L
LT, Frame Info 7 — 7 /VIZR(FT 5 . RIKOZEIT Frame Info 7 — 7 /L D&Y v HOfE &, Object Info 7 —7 /L D%
MR E LT TROONS .

25. Webf>42—71—2X
BT —20F =y 7 R8O, Web 7T U NSLRFEDOREEZRE L TT — X B LONEMMHEZERT S CGl
EAERR LTz . AN 7 4 — LI GCVS 7 — T Mo D RIRA F7-1%, RIKOJEZE 2 6 L1 L7 ID( B 2 VXKD IR %
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01h23m45s, FRfE% -10° 20" 30" L35 &, ID 1% 012345-1020.5 £ 725 ) # AS1T5 2 & T, ZDORIKDNBEIZHIET D
RHKREOT — 2 B LOREMREZERT D (K1), £/, KEDoid DV > 7 %7 ) v 735 EZOREEFLETD
300 pixel X 300 pixel D&% JPEG Wit b L CERTDHIENTED . 2D Web 7 +— A%
http://kws.cetus-net.org/~machara/VSdata.py TR L T\ 5 .

"iQuery Result | + |
€ 2 % | @ kws.cetus-net.org/~maehara/VSdata.py?object=R+Leo&plot=1&submit=Sel <

KWS (Kiso/Kyoto Wide—field Survey)

Object name R Lea

Plot light curve:

Upper Limit: [J

Recent data only: [
Send query
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!
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10.5
16/01/181/81/184/01/197/81/118/01/191/01/184/61/187/01/1468/01/191/81/184/ 01/ 187/81/1

e

LEOR = 084733+11257

Ohject Obs date (UT) W mag. Error QID

004733+1125.7 2010-11-24 10:4645 B.055 0070 2012065
094733+1125.7 2010-11-20 192704 83330057 1476164
094733+11256 2010-11-20 19227428260 0054 1476497

1 T—4RREA®D Web 74— L

3. ERRR & EReETA
2010 £E 12 A OEHBIED S 2013 48 4 A R E TO 266 & OB T 103,053 A OB 24548 L, JE 118 9694 7 Kik%
B L TF— 2 _R—R 28 L7 . 2122010 4 12 A 235 2013 45 4 A £ TOBMEE DO DA & 73 . BIED P —~A
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3.1, BHINREE

AWFZECTIRR LT — 4 _—=2 2 AT 5 &, i SN = RIKZ L@ OBRERHENO H 5 RIKZFE LT, £
DOHYAE DB RFNT —Z 215 b5 . EH L TOARWEEKRTHIUT, BOEEIZEANICIT —ETH Y , 20X 5o 3
HFEEERTEBZDENTED . K3, 4ICEREROID S &, PO 2O BATR &7~ 7 . K3 12012 4F 3
ANE 20124 11 HETOBMTEONZH DT, £ 1 O Phase I Ok & 5 RFEAI R CEICHRE L TBMEZT- 72
T NOER LT b O T, K4 13F UM % B R FARBEIFTIC R LT, 20124 12 A2 b 2 A £ COERITES
NET =2 BER LD THD . ALLRICA (RN ) &2 E RGBT 5 BERRFN 20 (FROH S
S 1/30 F2EE ), ALK CEICERE L TV ZIRFIS T 5% DL FOIEHERZE L 70 5015 S1L5-10 HF TH o 72DIlZxf L, KEE
TUPFTRRE REIZIE 5-11 25 7C 5% LA N OMEHERZAE L 72572 . S S0 AW E Z A TIX CCD OfIFID 72 D12 1E LW EA
DELILTNRN,

0.25

0.25
0.20 0.20
;'T’ 0.15 + ;'T’ 0.15 +
£ £
= =
a o010t o o10f
1)) 1))
0.05 0.05
0.00 L L L 0.00 L L L
4 5 6 7 8 9 10 11 12 13 4 5 6 7 8 9 10 11 12 13
V magnitude V magnitude
3 KAEDOHHIELBINEDZERE 4 KIEOBHZSEANEDZERE
(ZR#B ; 2012/03-2012/11) (K% ;2012/12-2012/02)
3.2. MIBRE

2R RAROBIIN T L= B 2 BRI T 2 LR H D R 2KV AT A TRG LT — X 20 L, T — X
N=AORGRBS LCHEDOT —F L OHEZ1T> T, HiRRB L OHELEBEMZ Y A b7 v 7425 £ T2 D8
MazE LD (TRTYUINVA Ly RTUE). ffifT s LOT —# _X— R TIELL F OB 2 v .

® /— N7 =7 : Intel Xeon E5-2620 (2.0GHz), 32GB memory, Intel 335 240GB SSD

® OS: Scientific Linux 6.3 (kernel 2.6.32) x86 64

® 7 — X ~_—Z :MySQL5.1.69

® fiifft/N+A 77 A :IRAF 2.16, PyRAF 2.1, WCSTools 3.8.7, SExtracor 2.8.6, SCAMP 1.7.0

%2 REHOT—2LEIZH M DPTERH

T L JBE A 14h48m, +16° 16h12m, +12° 17h30m, -19°
T R A% 2588 3520 4871

— AL+ WCS 6.4 [sec] 7.6 [sec] 8.7 [sec]

DB insert (file/object) 1.1/2.2 [sec] 1.1/2.7 [sec] 1.1/3.2 [sec]
R 1 R E 1.5 [sec] 1.8 [sec] 2.2 [sec]
BRI - AR 397 [sec] 541 [sec] 776 [sec]

BN X > TRIHREE N R 2720, 1 7B O REESHINT 212 L3> C, EOFTERM G BT 5 .
SYWERNE 15 e DT, RIGHBIKDO 7 L— LAOBRENKED D £ TOMIC, WA & T —F X— 2 ~DEGk , B IOk
PamoOREETIIRTT S . 72, BB 10-15 0LINICIEIRIEE FIELREOT = v 7 TR T L, i % HTML
TrANELTHANTES .
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0134 HETIZBH LT=T =200, KIFFEOT =2 nbERBHBHEENTEZRED 5 &, BERIOZE R TIERWE
KIZ 109 THo7-. 2B D H LRI IRAS Y —ATH Y, EMHERD S RGB/AGB EDREVENE TH D &% %
LD LD KK, FED D 11 RIKIIEHERE THHEEZLND K5, 6 IZHH SN=HZE R DONEHREOH &2 /Rd .
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4. FEDHESHDESE - FE

Tl CCD I A TR LI AT L X PC S OHIENCHIS LI REEAMASDES Z L T, ZB2ABO Y —~1
VAT LEERTHIENTE R E BT — X ABMIT L, T — X XA kT 5 Z & T, BERESEIE KR
RO AT — 2 R R RS DN TETZ ARV AT ATHEMA L CCD I AT & L2 X3 40
T3 HFEEE , PC 20 5 OFIENC IS L2 RERFE S 20 THRRETH Y, HIEHE PC ol « 7 — 4 _X—2AHOFEHE L E 0 T
100 RO T A Mz 52 LN TET.

BIED Y AT WTH, TG HB O F — Z R JLOTF — Z X A~O B TR NI T LTV DN, 22Kk - 2
B RIKONT 1 T ORI DR O 10 FFRE ORI o TV 5 . Z ORI OIS, 2 Bho7r—4
DHRDPHRIET =T D 55T HRIKOBEDOT — X 2R HT7mDICHLEINTEY , 5% LT — 40 82 5
DI > THUHEIFAE KT 5 L EZ DN D . ZZRRKZIFIERENM & FRE OB THRILT 272012, B RIKT —
T SR DO SFIECE YRS |, Jk - /MER EE D Z a7 b L, AOBIT — 2 Tidial Bk Li= &l %
MRPFT 22 &0, MYIRBENAEEITH) 2 & T, 77—V A XeMi/IT2H L0, RBHEL LR SEILERD D .
SBITIRGH I HICREIE T T2 L5032 2 &, AR - BRSO EBERIEOM  [HE T L7 0 L5 I M o
AR MEDNWTE S RDANIIE L TN D ZERHETEDL LI, VAT LOUBEZED L TETH D .
ARUAT LA THRIBCTEDEBERMBIZINFELY EHLIVWRETHDLEEZLND . 20D K 5 el D W RIRO 45 5
WL DM BENE N2 12m 7 7 AOEESECTHARETH Y |, Bl 21 « RIMRRSURRZMERE S 122 LTV 28
BOPESE T, BB TS L E2 NS . £, KV AT AIHROBMBLOA—F v VYV —2DY 7 v v =T
EFHLCHNDOT, R LT A T4 2 RLT~T 27 b EDILKFHTE D X CEMALH 000 K
Xa AV NOBHEELED D TETHD .
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Visualization technique using a system of Magnetic Field Tracing in
Global MHD simulations

. *] *] . *] . . *) 3
Yasubumi Kubota ', Ken T. Murata ', Kazunori Yamamoto , Keiichiro Fukazawa °, Ken Tsubouchi

Abstract
We developed a system of Magnetic Field Tracing in Global MHD simulations in order to understand magnetosphere convection.
To trace magnetic flux tube with high precision, we need to process big data such as all time-series simulation data. In this paper, we

show a parallel distribution visualization technique for magnetic field tracing by using NICT science cloud.
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A system for visualizing large-scale moonquake data
considering waveform similarity using SOM

Yasumichi Goto ', Ryuhei Yamada™, Yukio Yamamoto ™,
Shohei Yokoyama™', Hiroshi Ishikawa *

Abstract

Large-scale data of moonquake were obtained from seismometers located on the Moon by the NASA Apollo missions from 1969 to
1977. According to previous analysis of the lunar seismic data, previous studies found that deep moonquakes occur periodically from
identical sources at a depth of about 700 to 1200km. The deep moonquakes occurred from identical sources have high similarities
among each waveform. This similarity is important to classify the sources and investigate the generation mechanism of moonquakes.
From the reason, classification of moonquakes has been processed. We, therefore, develop the web system for visualizing
moonquakes considering waveform similarity to progress study of moonquake classification. Our system maps moonquakes data
to two-dimensional output space using Self-Organizing Map (SOM). We embed Hadoop in the back-end system to apply SOM to
enormous moonquakes data. In this paper, to select a feature for SOM, we evaluate several features based on classified data. Using
selected feature, we perform SOM to moonquake data and discuss its result.

Keywords: Moonquake, Visualization, Self-Organizing Map
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Researches on planetary atmospheres using numerical models
and GFD-Dennou Club DCMODEL project

Shin-ichi Takehiro " Yoshiyuki O. Takahashi *, Seiya Nishizawa  , Yoshi-Yuki Hayashi™ , and GFD-Dennou Club™*

Abstract

Space missions for planetary atmospheres and numerical simulations are fundamental components for researches on planetary
atmospheres. Recently, numerical simulation models become essential to planning of missions, analyzing and providing observational
data. On the other hand, the simulation models used in these researches have become so expanded and complicated that it is difficult
for one researcher to understand, develop, maintain and provide their source codes.

“Model gap problem” is one of the difficulties with numerical simulation models. In order to check the validity of the simulation
models and to develop them further, it is necessary to perform numerical calculations with numerical models with various
complexities and to compare the numerical results mutually. Expansion of the simulation models makes difficult to perform such
inter-comparison for checking of the validity. In an attempt to overcome the “model gap problem”, we have been proceeding “dcmodel
project” , where a series of hierarchical numerical models with various complexity is developed and maintained as a voluntary
activity. The numerical models are developed with the following intentions: 1) Hierarchical models with various complexities. 2)
Common “style” of programming in order to ensure readability. 3) Open source codes to the public. 4) Scalability of the models in
order to ensure execution on various platforms. 5) Stressing the importance of documentation and presenting a method for producing
reference manuals. The series of hierarchical models enable us to conduct multiple numerical experiments with multiple models

easily, which will lead to a deeper understanding of various phenomena in planetary atmospheres.
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Effective system for simulating dust continuum observations
on distributed computing resources

Kazutaka MOTOYAMA"', Yoshikazu TANAKA™, Kento AIDA"', Eisaku SAKANE"
and Kenichi MIURA™

Astract

We present an effective system for simulating dust continuum observations by radiative transfer sim-
ulations. By using workflow management system RENKEI-WFT, we utilized distributed computing
resources and automated a sequence of computational tasks required for radiative transfer modeling,
namely, main radiative transfer simulations, pre-/post-processes, and data transfer between computing
resources. Our system simultaneously executes a lot of radiative transfer simulations with different
input parameters on distributed computing resources. This capability of our system enables us to
conduct effective research by radiative transfer simulation. As a demonstration of our system, we
simulated dust continuum observations of protoplanetary disk. We performed hydrodynamic simula-
tion modeling photoevaporating protoplanetary disk irradiated by ultra violet radiation from nearby
massive stars. Results of this hydrodynamic simulation were used as input data for radiative transfer
simulations. Expected spectral energy distributions and intensity maps were obtained by our system.

Keywords: distributed computing, radiative transfer, scientific workflow

1. Introduction

Predicting radiative properties of astronomical ob-
jects is essential to interpretation of photometric and
spectroscopic observations. Spectral line radiation
from molecular gas and continuum radiation from
dust grain provide useful information on physical and
chemical properties of observed objects. Recent in-
creasing of computational power allows us to sim-
ulate observations of astronomical objects by radia-
tive transfer simulation. Comparison between obser-
vations and radiative transfer model helps understand-
ing of physical and chemical properties of observed
objects. Thanks to its high sensitivity and resolu-
tion, future powerful facilities such as the Atacama
Millimeter Array (ALMA) and the Thirty Meter Tele-
scope (TMT) will provide huge observational data at
radio/infrared/optical wavelength. It is necessary to
establish effective method for radiative transfer model-
ing to make comparisons with these huge observational
data.

Automation of computational tasks for radiative
transfer modeling, such as main radiative transfer sim-
ulations and pre-/post-processes, is needed to improve
efficiency of radiative transfer modeling. Since radia-
tive transfer modeling for simulating observations in-
volves observing direction and observing frequency as

*1 National Institute of Informatics, 2-1-2 Hitotsubashi, Chiyoda-ku,
Tokyo 101-8430, Japan

*2 Meisei University, 2-1-1 Hodokubo Hino, Ome, Tokyo 191-8506,
Japan

parameter, we need to run a lot of radiative transfer
simulations with different parameters. It makes man-
ual operation of computational tasks inefficient.

When all computational tasks for simulating obser-
vations run on single computing resource, shell script
provides us an easy way to automate these computa-
tional tasks. However, it is very common situation that
main simulations and pre-/post-processes run on differ-
ent computing resources. In such case, we encounter
difficulty to automate computational tasks with shell
script. We propose using a workflow management sys-
tem RENKEI-WF'T to automate computational tasks.
RENKEI-WFT was developed for REsources liNKage
for E-sclence (RENKEI) project!launched by National
Institute of Informatics (NII) and partner institutes
and universities. RENKEI-WFT coordinates multiple
job submission and data transfer on distributed com-
puting resources integrated with grid middleware such
as NAREGI2. One of the advantages of using RENKEI-
WET is that it supports parallel execution of a lot
of independent jobs with different input parameters.
Therefore, RENKEI-WEF'T is suitable for executing pa-
rameter survey application such as radiative transfer
simulation.

Other advantage of using RENKEI-WFT is that it
ensures secure communications between computing re-
sources. Security is one of key issues in distributed
computing environment, particularly when utilizing
computing resources distributed over multiple organi-

Thttp://wuw.e-sciren.org/
’http://www.naregi.org/
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zations. RENKEI-WFT uses the Grid Security Infras-
tructure (GSI) as an authentication mechanism. GSI is
designed based on the X.509 public key infrastructure,
where a certificate authority digitally signs a user’s
public key and issues a digital certificate. The cer-
tificate is used for authentication between computing
resources.

This paper aims to propose method for automation
of simulating observations on distributed computing re-
sources with RENKEI-WFT. The layout of this pa-
per is as follows. Section 2 describes our radiative
transfer simulation. Section 3 presents architecture
of RENKEI-WFT. Section 4 describes design and im-
plementation of our system and demonstrates how it
works. Finally, section 5 summarizes our work pre-
sented in this paper.

2. Radiative Transfer Simulation

This section briefly describes radiative transfer simu-
lation that is main component of our system. Now
we define the specific intensity, I, as the amount of
radiative energy at frequency v crossing a surface of
unit area per unit time, per unit solid angle, per unit
frequency interval. As described in Rybicki and Light-
man (1979),[1) the change in specific intensity traveling
a distance s in a specific direction is given by radiative
transfer equation:

dL,

I (1)

= *041/]1/ + jv7
where o, and j, are the absorption coefficient and
the spontaneous emission coefficient, respectively. Al-
though both of molecules and dust can be sources of
emission and absorption, we focus only on transfer
of thermal continuum radiation from dust in radia-
tive equilibrium with local radiation field in this pa-
per. Since the equilibrium temperature of dust is set
by balance between emitted and absorbed radiation, it
is written as

(2)

where B, is the Planck function at the dust tempera-
ture Tyus:. The absorption coefficient is related to the
dust opacity per unit mass, k,, by

.jl/ - aVBV(Tdust)a

3)

where pgys¢ is the mass density of dust. The dust opac-
ity depends on the shape, size distribution, and consti-
tution of the dust grain.

Radiative transfer code RADMC-3D? is used for ra-
diative transfer simulations in our system. Simulation
of thermal dust continuum radiation consists of two
steps. At first step, equilibrium dust temperature Tz, ¢
satisfying equation (2) is computed by Monte Carlo

Oy = KyPdust,

Shttp://www.ita.uni-heidelberg.de/~dullemond/
software/radmc-3d/
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method (Lucy 1999;?) Bjorkman & Wood 20019).
The positions, spectra and luminosities of individual
stars inside the observed system, and spatial distribu-
tion of dust density are given as input data. At second
step, expected images and spectra are computed by
ray tracing. The radiative transfer equation given by
equation (1) is solved along direction pointing to the
observer.

3. RENKEI-WFT

We assume the typical application scenario in which
the user utilizes computing resources in both a labora-
tory/department grid (or a local site) and a national
grid infrastructure to run the application. Hereafter in
this paper, we refer to the former resources as a Labo-
ratory Level System (LLS) and the latter resources as
a National Infrastructure System (NIS). The workflow
application consists of jobs for pre-/post-processes and
the main simulation. The user would want to run jobs
for the pre-/post-processes on the LLS and the job for
the main simulation on the NIS.

RENKEI-WFT enables submission of jobs in a sin-
gle workflow to both the LLS and the NIS even if they
are operated with different grid middleware. Figure 1
illustrates an example of an LLS and a NIS setting us-
ing RENKEI-WFT. The LLS consists of an LLS-Portal
server and computing resources, e.g., PC cluster(s).
Here, we assume that two PC clusters in the LLS are
operated with different grid middleware, GridSAM?*
and WS GRAM?. Both types of middleware provide
lightweight services for job submission and monitor-
ing of submitted jobs. The NIS consists of supercom-
puters operated through NAREGI. NAREGI includes
the information service (IS) and the brokering service
(Super Scheduler), which performs matchmaking and
dispatches jobs to suitable computing resources in the
NIS.

RENKEI-WFT, which consists of the workflow tool
(WFT) and the workflow engine (WF engine), is in-
stalled on a portal system in the LLS (LLS-Portal).
The WFT works as a user interface for editing a work-
flow, submitting jobs in the workflow, and monitoring
the submitted jobs. In addition, the WFT offers its
service on the portal so that the user does not have to
install and configure software for RENKEI-WFT in the
local machine. The WF engine dispatches jobs through
its job submission interfaces. The user can save edited
workflows in the application repository, Application
Hosting Service (AHS),* and share the workflows with
other users.

RENKEI-WFT is designed to cooperate with the
grid file system, Gfarm,®! to enable file sharing among
distributed computing resources. Jobs running in the

4http://www.omii.ac.uk/wiki/GridSAM/
Shttp://www.globus.org/toolkit/docs/4.0/execution/
wsgram/
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Figure 1: Example of an LLS and a NIS setting

LLS and the NIS are able to share files through Gfarm,
which enables the stage-in/stage-out of files between
the LLS and the NIS. The interface to access Gfarm is
implemented by the GridFTP protocoll® or a propri-
etary protocol.

Resources in the NIS consist of supercomputers in
production service. They are usually operated with
rigid firewall policies. Administrators of the NIS may
not be able to open special TCP ports for submitting
jobs from the LLS. We designed RENKEI-WFT to use
limited protocols from the LLS to the NIS. Access from
the LLS to the NIS is conducted by using the https
request between RENKEI-WFT and NAREGI-Portal.

The detailed scenario presented in Figure 1 is as fol-
lows. The user accesses the LLS-Portal and launches
RENKEI-WFT. Then, the user edits the workflow,
which consists of five jobs, pre-process, siml, sim2,
sim3 and post-process. The user is able to sub-
mit the workflow, or jobs, and through the WFT, the
user can monitor the submitted jobs that are run-
ning in the LLS-Portal. The WFT shows statuses,
“queued”, “running”, or “done” of the submitted jobs
on the GUIL. The WF engine in the LLS-Portal sub-
mits jobs to the LLS directly and to the NIS via the
NAREGI-Portal using the https protocol. In this ex-
ample, pre-process, post-process, and siml run on
the LLS, and sim2 and sim3 run on the NIS. Through
the WFT, the user is able to indicate resources (LLS
or NIS) to which the jobs are assigned. The rest of this
section presents the details of RENKEI-WFT.

3.1. Workflow Tool

The Workflow Tool (WFT) is a core software module
in RENKEI-WFT. It enables the user to edit the work-
flow, submit the workflow, and query the status of the
workflow (or jobs) running on the LLS and the NIS
through the GUI. A workflow consists of programs to
be executed once, programs to be executed a specified
number of times, data, and sub-workflows. These com-
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Figure 2: GUI to define the property of a calculate icon
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Figure 3: An example of a workflow

-

ponents are presented as program icon, calculate icon,
data icon, and workflow icon in the GUI, respectively.
The user defines the property for each icon. For exam-
ple, a data icon has a property indicating a file path.
The property of a program icon includes the path of
a program executable, environment variables, and the
computing resource to run the program. The property
of a calculate icon includes a number to specify how
many times a program should be executed. Working
directories and input/output files can be named with
a sequential number. It is useful for parameter sur-
vey application. Figure 2 shows a screenshot of the
GUI for defining the property of a calculate icon. A
sub-workflow contains other workflows, such that the
WET is able to create a hierarchical workflow struc-
ture. Complex workflow descriptions such as loops and
conditional branches are also supported.

Figure 3 illustrates an example of a workflow with
a two-level structure. The workflow at the outermost
level is composed of two program icons, init and end,
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Figure 4: Workflow Engine
and a workflow icon, main. The workflow, main, con-
sists of a calculate icon, survey, and a program icon,
count, and two data icons, outputl and output2. The
lines and the lines with an arrow denote the data flow
and the control flow between two icons, respectively.
In this example, init runs first, then main runs after
init finishes. In the execution of main, survey runs
first, then count runs after survey finishes and writes

data into outputl and output2. Finally, end runs af-
ter main finishes.

3.2 Internal Representation of the Workflow

RENKEI-WFT enables users to submit jobs to com-
puting resources operated by different middleware.
Thus, an internal representation of the workflow in
RENKEI-WFT should be architecture independent
among the various middleware used by the computing
resources. We designed the intermediate representa-
tion of the workflow, the NAREGI-Workflow Markup
Language (NAREGI-WFML). NAREGI-WFML is ex-
tended from the Grid Service Flow Language (GFSL)["]
by adding a sub-workflow representation. The gram-
mar of NAREGI-WFML is architecture independent,
and NAREGI-WFML presents a job (or a program) in
the Job Submission Description Language (JSDL).[®!
JSDL is standardized in the Open Grid Forum (OGF)®,
and many grid middleware services support JSDL to
improve interoperability.

Figure 4 illustrates the structure of the Workflow
Engine (WF engine) and the servlet to submit jobs
(jobserviceServlet). The WFT creates a workflow in-
stance per each workflow and puts the workflow into
the threads pool, that is, multiple workflows are exe-
cuted in parallel using multithreading. We use the Ex-
ecutorService interface in Java for thread management.
For each workflow, the WF Engine decomposes the

Shttp://www.ogf.org/
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Figure 5: Schematic diagram of system configuration.
Arrows indicate directions of data transfer.

workflow represented by NAREGI-WFML into sub-
workflows consisting of computing jobs and file trans-
fer jobs. Then, it submits jobs in the sub-workflows
to computing resources in the LLS or the NIS through
the jobserviceServlet. The WF Engine creates a sub-
workflow of one activity (or one job) for a job submit-
ted to GridSAM or WS GRAM. The GridSAM plug-in
module extracts a JSDL document from the NAREGI-
WFML document and submits the job to the GridSAM
Service in the LLS. The WS GRAM plug-in module
extracts a JSDL document, translates it to a Resource
Specification Language (RSL)” document and submits
it to the WS GRAM Service in the LLS. NAREGI
supports NAREGI-WFML. The WF Engine creates
sub-workflows of multiple activities, and the NAREGI
plug-in module submits the sub-workflow in NAREGI-
WFML to the NAREGI service. File transfer jobs in
the LLS are executed directly using the GridF'TP pro-
tocol. The WF engine monitors the status of submitted
jobs by using the polling mechanism.

3.3 Authentication

Authentication is an important issue when utilizing
computing resources distributed over multiple orga-
nizations. RENKEI-WFT uses the Grid Security In-
frastructure (GSI) as an authentication mechanism for
submitting jobs to computing resources in the LLS and
the NIS. We use the User Management Server (UMS)
in NAREGI to share user certificates between the LLS
and the NIS, where user certificates are archived in a
certificate repository of the UMS.

When starting to use RENKEI-WFT, the user first
creates a proxy credential from the user’s certificate
archived in the UMS. The proxy credential is stored in
the MyProxy server®. Aslong as the proxy credential is

"http://www.globus.org/toolkit/docs/2.4/gram/rsl_
specl.html
8http://grid.ncsa.illinois.edu/myproxy/
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Figure 6: Workflow of our system. Program icons, calculate icons, and data icons are labeled with ”job”,

”para”, and ”data”, respectively.

valid, the user is able to sign on to the LLS-Portal. The
LLS-Portal and the NAREGI-Portal are able to obtain
the proxy credential from the MyProxy server. When
the user submits a job, the proxy credential is delegated
to the computing resource that runs the user’s job.

The credential includes not only the basic authen-
tication information but also the virtual organization
(VO) information issued from the Virtual Organization
Membership Service (VOMS).?) The VO information
is mainly used in the NIS operated by NAREGI.

4 Design and Implementation

Figure 5 shows a schematic diagram of system config-
uration. The system is composed of distributed com-
puting resources that are located at NII Chiba site and
NII Hitotsubashi site. Following application scenario
described in section 3, we refer to computing resources
in NII Chiba site and those in NII Hitotsubashi site
as NIS and LLS, respectively. Input data for radiative
transfer simulations are generated on client machine in
LLS. Radiative transfer simulations run on PC cluster
in NIS. Expected spectra and images are plotted with
visualization software VisIt® on visualization server in
LLS, and generated image files are sent to client ma-
chine. Gfarm file system is used to share files between

9https://wci.llnl.gov/codes/visit/

NIS and LLS.

Figure 6 shows workflow of our system. The work-
flow consists of data icons, program icons, and calcu-
late icons. These icons are labeled with ”data”, ”job”,
and "para”, respectively. Workflow in Figure 6 is exe-
cuted in the following steps:

1. Input data for radiative transfer simulations are
generated on client machine in LLS (jobl).

. These input data are transferred to PC cluster in
NIS via Gfarm. Client machine in LLS compresses
data files by tar command with gzip option be-
fore transfer (job2), and write these files on gfarm
(datal). Then, PC cluster in NIS reads these files
on gfarm (data2) and decompressed them (job3).

Equilibrium dust temperature is computed by
Monte Carlo method. RADMC-3D is executed
with option "mctherm” (job4).

. Ray tracing calculations are performed on PC
cluster. Working directories for each job are
constructed (job5). Spectral energy distributions
(paral), intensity maps at 10 ym (para2), 100 ym
(para3), and 1000 pm (parad) with different view-
ing angles are computed in parallel. RADMC-3D
is executed with option "sed” and ”image”.
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Figure 7: Volume rendering map of neutral gas and
velocity field (arrows) at ¢ = 4.5 kyr.

5. Results of radiative transfer simulations are trans-
ferred to visualization server in LLS in the same
manner as step 2 (job6, data3, datad, and job7).

6. Using results of radiative transfer simulations,
spectra and images are plotted on visualization
server (job8).

7. All image files generated on visualization server
are directly transferred to client machine using the
GridFTP protocol (datab).

For demonstration of our system, we simulated ob-
servations of photoevaporating protoplanetary disk us-
ing results of hydrodynamic simulation. A number of
young stellar objects surrounded by ionized envelope
have been detected in HII regions. These cometary-
shaped objects are called ”proplyd” and supposed to
be photoevaporating protoplanetary disks irradiated
by strong ultra violet radiation from nearby massive
stars. We performed hydrodynamic simulation mod-
eling photoevaporating protoplanetary disk. We as-
sumed that disk is 1 pc away from exciting star whose
mass and surface temperature are 18 Mg and 30000
K, respectively. Mass of central star and initial mass
of disk were set to be 1 Mg and 0.01 Mg, respectively.
Figure 7 shows number density and velocity field at
t = 4.5 kyr. Ultra violet radiation enters computa-
tional domain from bottom boundary and propagates
along the z-axis. We calculated density distribution of
dust assuming gas-to-dust mass ratio of 0.01, and used
it as input data for radiative transfer simulations.
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Figure 8: Spectral energy distributions calculated with
viewing angle of 0° (solid), 30° (dashed), 60° (dotted),
and 90° (dash-dotted).

Figure 8 shows some selected spectra obtained by
our system. Viewing angle is defined as angle between
direction to observer and the positive z-axis. There-
fore, spectra with viewing angle of 0° are that expected
when disk is observed face on. As shown in this figure,
increasing of viewing angle decreases observed energy
flux at short wavelength. This is because emission from
hot inner region of the disk is obscured by cold outer
region of the disk when observing edge on disk. Fig-
ure 9 shows some selected intensity maps at 1000 pm
obtained by our system. Increasing of viewing angle in-
creases observed specific intensity, because dust contin-
uum at this wavelength reflects column density along
observed direction.

5 Summary

In this paper, we proposed the system for simulating
dust continuum observations on distributed computing
resources. Computational tasks and data transfer are
automated with RENKEI-WFT in our system. Our
work is important contribution because capability of
parallel job execution of our system enables us to con-
duct effective research by radiative transfer simulation.

Although we focused on simulations of dust contin-
uum observations in this paper, simulations of spectral
line observations can be implemented in our system
with a similar manner. Next step would be extension
of our system to simulations of spectral line observa-
tions.
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