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Evaluation of The Storage System for Building The GEO Grid

YUSUKE TANIMURA,* NAOTAKA YAMAMOTO,! TAKUYA ISHIBASHI,
HIiDEMOTO NAKADA,t YOSHIO TANAKA' and SATOSHI SEKIGUCHI!

An infrastructure to store hundreds terabytes of satellite observation data in the online
hard disk drives, and to allow geosciences researchers to access the data from anywhere at
anytime, is highly expected. A backend storage system on that infrastructure needs to meet
the requirements of huge data storing capacity and high-performance data access. In order to
design and build this kind of HPC storage system, Gfarm and Lustre were compared by the
ASTER satellite image data application. In terms of the performance comparison, the data
processing part was profiled, and the execution time of the major data conversion program
was measured on both storage systems. In addition, configuration for fault tolerance, daily
maintenance and issues for operation were compared between the two systems. This study
provides the information to build a larger storage system for the satellite image data, and
other applications which have similar data access patterns to the ASTER application.
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Y7 T#HD Glarm? Lo— RF 4 R0 4 EEEEHT
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AT AEHE EHALTERY, LhL, HEREHE
BIIFE4 AL LTRY, Thic#fshs oo
LELNDT—FITIPB2#MAD I ¢NRRAENT
W5, 2D, ASTER ODEHEDHED T —# %
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W2 DA N —COBRNBRBEEL 2o TWN3,
DL RERNS ASTEREET—F LEOT S
Ur—va G, REEREST—& 0Bicm
WTW3 EE2 BbID Gfarm & Lustre ICEEB L, #
NENEEANTEBELTZA N —PY AT ADHES
1795, Gfarm IHERFZFLICHAR L TE LS8BT 7
ANVATATHY, EEIZ ASTER DA bL—
VAT ATHRLTWAS, Glarm 37 7Y r—a v
BF—Z AT 78R L, hoF—FAL 05y
UTRT I RRETOBAICHELRETD. —7,
Lustre ZA T —J VT4 OBENDLHPC 7524
EBWTELFRAESRTNSEY,
HEEAVER L=V AF ADHERITT— 4 7
7B ADERETE T T2, BEORHEEABOEE
IR MOETHIT). MHRERETIE, ASTER OF—
FMBIZBITD 77 ANT I AN —VEREL
7=ET, BEHABOT 7 A NT I 2 AOEEICE TR
M=V RFLERALNCTS. &5, —IC L
SFASND NFS ZAVTEELEZRA FNL—VL R
T LAOEELIERT S, BAEICOVTIRF 4 AR
J— FOBEBZHTBHEIT, VATADAVTFF v
ADVEERNERCRBEIZ>WTHRETS. 251, k
O RHR A EEERT —F 2R3 DDA FL—T Y
AT b, BIUEUO7 Y r—a i@l z
L— UV RTAERETIROOEMEES.

2. ASTER 287 —420unHE

ASTER IZEHIRODO AT kT A LBV
EHRA T HERBE TS, BEEELICL-TH
33, NASA @ EOS (Earth Observing System)
Fas 7 AOROOEE L LT 1999 £ 12 HILiTH
EFehi. BRB LY, F—&DE%1X ERSDAC
(Earth Remote Sensing Data Analysis Center) IZ
LoTiThohTn%. ERSDAC Tl L0 LFEITN3
ASTER DAET —# %5 —THEBITIRE L TN A9,
F—2 RO YT OIEERI1E. a—FRF—F
EAFTHORHDDEMEBEHT 0, ERFC
LoTERA LV TA L TF—Z2RH®TEDLRA N L—
VY AT ALK Gfarm ZAVTHEEIATVWS.

B 112 ASTER DR R L—U Y 27 LR S
IRY. 2006 £ 11 A~2007 4£ 5 A 253 T ERSDAC
KREFENEETORETF—F 2 IOX PL—T LR
T BIZA R — N AEEMThN . BAERELL
BRI T0~100GB DF— 2 2B HZELTNS.
ASTER ¥ —# ORENLF—Z A, ABE TOWR
NITROBEY TH 5.

(1) FTP
BWED FTP ¥—/3% F\WT ERSDAC 5 1
A5 BEM x3&v ) o&F—F (Lo) *
FEL, AM—UURTFATRETS. 1 H

(2)

(3)

(4)

(5)

(7)

(8)
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Public network

—‘ Metadata server —l——
‘—‘ Compute & storage f—-
—LCompute & storage [—
[ J
[ ]

L]
_‘ Compute & storagﬂ_

1 ASTER AA RL—V Y RF A

DT —Z YA XIIEEFH T 70~100GB Th 5.
EEilty MECIThh, 1 BOEETRET
577 ANVEIT0BETHS.

MV

L0 ¥4 2 BlAIEAr T DB I2%& L, @8k
F4L7 M) IBET S,

BZIP2

L0 F—& D& 7 7 A V% bzip2 % BV C/ERE
5.

REPLICATE

Gfarm OBREZFIBAL T, LOF—Z OEE %
177A4MZ2% 1 SERT 5.

BUNZIP2

WD LIPGE L L 3F —F D, L0 T —
% % bunzip2 # iVCRET 3.

L1PGE

LOF—F%AHA7 741 LT, LIPGE &
e 7rur 7 LE%TT5. LIPGE HE&D
LOZ77Ane 1 FADOBHEIEIE Y 7 1 /L (OSF)
FRVT, B0 —r QKT BEBRTF—F
(L1A) #%2. 1 BOOBET—2 5% 500
T ANVBERSH, TREERETA ML—
VAT MRET B,

DTMSOFT
LIAF—2%AN7741E LT, DIMSOFT
LEHIN S T 0 ST A EFEITTS. DTMSOFT
BHERDHD 2 >OFTHREAY FOEBGEH D
AT V= F U IETY, BEEFETFL
(DEM) %{ERL? 5. fEf L7 DEM % B\
LIA F— 2 D& TD,Ry FiZst L CHIBMETE
21TV, RIOICRAZERZE LD L REERIC
FHTE. BRELT, 190 LIA 77 A0
510 ERECHBHERR (L3A) 77 A/
B3 IBA 77 ANDHER N —T U RT
LITRFEL, DTMSOFT OEITHIZER I N
P77 A VE2THETS.
CONVERT



L3A & B AN 7 7 A2 LCHEBLE L 1

L, Web TOf%ER D JPEG % PNG B %

AT 5.
ZOX O UTIER L= L3A B, HiERERIcH
DAFREFIZL-TH 1 D Web R—F bR
, BERTF—FRFyro—FKshb, JPEG ®
PNG BEfIXBRR LU7-E &L Web 77 U F CHIER L
VBERT— NI pERBTEEDICAVLR S,
728, DTMSOFT 3827 A—F % 2T 5
e, BN A—FIZHTINEFRYEETEOT
2L, Web R—FNLEBELTa—FnbLDY 7=z h
TECTT— 4 B R EITCE ZBEELIREEL TV 5.

3. KETEIRIL—DVRTFLA

AHFFE CiX Gfarm, Lustre, NFS &Ry h 17—
II77ANVATEAERAOCTHEELEA NL—P2R
TLELBTD. EL, ThEFNDO 77 A VAT
SITRHBENRELR S, BUA— Ry =T7THKT
HBT 2D TR, ThPhOBEEEN LV A
FAEBEKRL, ASTER7 7Y r—2a v 3E7T5
HRE L BRI L E 2 EEE b o> THET . UTFRE
A ML —P VAT ADOEEERRS.

3.1 Gfarm

Gfarm® 3k v b7 — 2 28T 5% b L—
YP—REH/EL, KEBM2FT L7 NV —52AN
TI77ANET I RATEDGE T 7 ANV AT L%
EHRTD., KEEART X 2T LB TEXB LS,
A= H—REDCPU EF 4R 7% 12Dk
NeEBZC, T/RATHFEDT 7 A LDBMRTES N
T/ —RTTal 7 huETTH0 L THEDR 7 —
FEITAEBD. T—ET 7 ERAIBNTI/O A
N—=Ty "OEDIEIEGVREVBERT—FT7 o+
2 L FIFFIZ £ CPU A ERTABEIC, 77
Yo—3i 3% Gfarm ECERVMEEEZ BIETE S L
IREREEIN TS, KRBT, BRF—#
DB EF -2 DRFLTEBHRIFIL ) — FCiTx
BIEITV AT LAEBETS.

3.2 Lustre

Lustre iX TCP/IP DXy F U —2 EiFT7#<, In-
finiBand ®° Myrinet 72 Y&/ Ry N — 7B
YR—= I B TRE T A NVATFLTHBED, &
M= =347 V= MEIRTEY, Lustre
DITAT Y MI1HDDT 7 A LESHELT, £BD
A ML= P—RIEHRLTR ML P/ CEXAL
LT, BT R OMEEUED I/O AV—F v b
BERTD. Glarm LE2Y, @FEA ML—Y ) —
REF—FMEBD ) — FRHBEEINZ 0, /) —FHE
DFRy U — I HERENEEIT/2 D, KB Tk Force
10 E600 # T/ —F% 1Gbps DRy kT~
TEST 5.

3.3 NFS

NF$¥ 13/ — RREICOF —# 5O BHD = dITE
KHAESNTNWB TSNV AT ATHD. NFS 24
Wiz E, AML—UP—RE 1 BEELT, F—X
MEOD ) — Kb Ry NT— B LICTF—H 12T 7 &
AT BBITAED. LiL, 1 /— RICEHTE357 ¢
27 EIIBESN, REFE—D<CHE TB O
FEBRIT -2 2#RETLHZ LT TERY. #l1T,
REEDA L —TH—,3Th 3 Sun Fire X4500°
TH 500GB DF 4 A7 % 48 B LT 4TB DEE
THD. BE TB xART 238K E D NFS H—
NERBTDILERDS. —F, DO NFS —1
NORDBUVRAT LAEWBELELELTY, =00 MBS
v NOEBROFM AT, MR —o NFS A
CTHD. &2 CTHRIFETIE X4500 2 1 BFTAW,
FNE NFS H— R0 LTV AT hEHEET 5.

4. kK

HELBIIROFIETED S, £1, ELHoO
ASTER IR PL—T VA F L% HWT, ASTER @
ERTF—FNBT ST EADTrANT T ANE—
VERETD. RIZ, AFF— 2 BEOMELRIET
DRy Fv—7 (fsysbench) & I/O AN—T7v bD
HREEZRAET B F~v—7 (thput-fsys) FFWT
Gfarm, Lustre, NFS OMREZHA LTS, 0
%, ASTER7 7V s~y avt LCHEEEDE
DTMSOFT % 351347 U I-B D TR 2 bl 13
ERIZAVIHEBOA Y 713K 1 OBV ThH 5.
Gfarm DB Tt Gfarm v1.4.1 & GfarmFS-FUSE
v2.0, Lustre @B CiX Lustre v1.4.5 ZH\ 3,

fsysbench, thput-fsys iZ\ T4 ¥ Gfarm Y 7 k
V=T IEEND R Fo—2 ThHDH. BiEIL open,
chmod, rename, unlink 72 XEARMZ2T7 741D R
FT—FBIED TR DEEAT D, BEIZERGLT
By 7 FEEZRSL, 7oyl RHRBOMELIETS.

41 GEOTF7FVH5—L 3 DM

2ECRLAEET IV~ a v DT 7 AT Ik
ARG =V ERRDED, AHAF—%%2u—hn
T7ANVAT L EZB WS Gfarm 7 7 A VY
AT LA ERIZEBWEREOETRERZELE. 55T,
Gfarm D74 77 U NOAEIFR 258 L, READ,
WRITE CE L RHOANREFE L. R210EBL
Ni-FERETT.

2LV, Glarm V7 ANV AT AEEIZ LT
FEITREMOEMNRKRENWT 7Y & — 3 1% FTP,
LiIPGE, DTMSOFT T2 Z 3505, fho7r
Vor—2aiICPUA LTI ThEED, 77
ANV AT ML DNEEEDOR VTP EV., FTP
D7 7 A NVERIEIL 8 BINEERATHY, Gfarm I
BOWTABEEENMEIC 2TV EDEa—ar T 7 A
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£ 1 ASTER A hL—T 27 AL ERBE

ASTER storage servers

Xeon 3.8GHz x 2, 4GB memory, 16-drive RAID 6 disk array (7TB), CentOS 4.4.

ASTER metadata server

Dual-core Opteron 2.6GHz X 2, 16GB memory, CentOS 4.4, PostgreSQL 8.2.1.

F32 cluster nodes

Xeon 3.06GHz x 2, 4GB memory, U-ATA disk (WDC WD2500SB), RedHat 8.0.

Sun Fire X4500

Dual-core Opteron 2.6GHz X 2, 16GB memory, 6-drive RAID-Z disk array (2.2TB), Solaris10.

GFM cluster nodes

Xeon 2.8GHz X 2, 1GB memory, U-ATA disk (MK4018GAS), CentOS 4.4, PostgreSQL 8.1.6.

£2 TV r—varORTEML Libgfarm AOME

Application On Local-FS On Gfarm-FS Libgfarm READ WRITE Note

FTP 7.31 [sec] 13.8 [sec] 5.98 [sec] 0 [%] 80.8 [%] Received data size was 486 MB.

MV - 1.43 1.43 0 0 The directory contained 78 files.

BZIP2 4559 4668 541 60.2 36.1 74 files whose total size were 16 GB,
were compressed.

BUNZIP2 2704 2755 601 29.1 68.4 74 files whose total size were 7.3 GB,
were decompressed.

L1PGE 639 1898 1322 16.0 4.5 LO data taken at 1:45:55 UTC, Feb. 27, 2007
was used as input.

DTMSOFT 749 1158 317 8.4 6.4 L1A data generated from LO data taken at
1:46:28 UTC, Mar 31, 2007 was used as input.

CONVERT 66.4 67.7 3.0 21.3 13.6 The 6222 x 4828-sized image was procesed.

£3 NFS 0T A—%

NFSD_SERVERS=260
rsize=32K, wsize=32K, UDP, noatime

Server side
Client side

W R7 AL FUSE BB TO Gfarm 7 7 A VAT
LDEXIALEEDELNZ D,

L1PGE % DTMSOFT i Libgfarm PO XLE R
BREVWS, READ, WRITE B 5935411/ XV.
ZHiE Gfarm O [/OBEX Vb A ¥ F—F T 7 2
TR DTV B D THS. 20k H7Es,
AMAFT—# % Gfarm 77 A LT ZAF 5 EIZEL D
TEE L2V,

4.2 Gfarm & NFS O L&

Gfarm & NFS O EBICBWT, Gfarm #HV 7=
ARNV—UHEF32 7 TAFID 64 ) — FeF—F0E
J—F GFM 7 A5 D 1 ) —RF& A ZF—2H—
NDJ)—RELTHERLE. Gfarm ~D7 7+ XL
GfarmFS-FUSE ##[f L, FUSE ® direct_io &7
YarERECLE. NFS 2R HLER bL—1F
X4500 % NFS #— 3%t L, Gfarm OER TRV
F3275R5D64 7 — b= v+ BHe L
7o. NFS DT A —Z13H 3 D@V THD. X4500
ITIT B BDOT 4 X7 BB SN TV DY, KRR TIE
6 EBDT AAINGRDIFS D1 7—VEFALE,

ThERDA M —J T RFAIZRILT, B2
FAT Y NPDRIRCT 72 A UT-BEDMERED A 7 —
FEVT A RBELE. BE2137 74 15% 1000 &
BRJE L7z fsysbench O EITREM 2 gL, B 3 1%

* 7L, AWEICLY DTMSOFT 37 74 A0 OPEN #%
BB\ LB holn. TOHK, 77440 OPEN #47<
RBEIT T TAREE L L A, Libgfarm AOLE
PERTHMOW 6.1%I2R -7, $hbt, DTMSOFT b
HBH CPU AL TU ST R7 Y r—a b2 5.

J—FRIGB D77 A NIRRT 72 A LIzBED ) —
KHEdDI/0 A—Ty b ERBL TV, R
FITTD7 74T MIRRBF Lo MY, BLU
TrANMIT 7 AL, Gfarm DERTILT 7 EAIX
ETER—IVIORAEDIILTVE. HRLY
NFS X7 A4 7 MNoEhicx L <, » 25—
BB O = R MIUTE A CEMLRNA,
17747 bl DI/O AN—T"y MIH— M
DRy MD—I A F 7 x—AOWREICHIRI TV
DN oT. —F, Gfarm TlIAF T —Z i
BIZDD 22 A NIRRT 78X +5754 7 b ik
WZHAILTHMT S, ZhEAFF—2H—nR_Thd
PostgreSQL DOOMBIERERBRICEL TWB1HTH
5. /=FHEYDI/OANV—Ty ME, A FL—
J—=REDZ7A4ZHT51/0 THBHIRY Xy b
U— 7 HERBITIRIEL 22, 132 A EHL LA,

B 41X DTMSOFT #RIBsEITLIBRD 1 7 54 7
v NOEHEITIR L TORFEHE LT 5. DTM-
SOFT 3R 2LV AZF— BT I EABENT L H34y
PoTEY, M2 0BRICEVERNTHRENLN,
EBRIZZDOEY T -7, %7, DTMSOFT D4
D 5 5 Parallax & Ortho & FEIENAY 7T 7oy A
DAEFEHAEMLTBY, ZhbDORAZF—H27 7
BARR MR 7 THEZ LB oot

4.3 Lustre OfE4E

Lustre #F|H L7 A Fb—2 2 25 A GFM 2
FREDS J—RKEARL—Y (08S), 1 /— K%
AZTF—H%—% (MDS) , 6 /— K&F— ¥
(Client) & L THREL7-. # 1L, Lustre FIZHES
L= v O~8ERNTRAZTF—2 7 72 2D
% NFS, 1/O An—7 v hOME% Gfarm & LB L
7. NFSD#ERIIGFM 27 5 AZD 1 J — RaH—
REL, 6RADF—FMBE ) — 2547 EL
7. Gfarm OERIL, 5 BDOF—F0E ) — iz
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4 DTMSOFT %[FIFFIZHEE) L ke TR

T Gfarm DA N L—T%—NZ 8L, BlO/—F
TAZT—FP—NERELEZ. Glarm ~D7 7 &
Z1Z1X gfs_hook A L7-.

ABF =BT 72 ADMEEE T, £YRAT AR
100 FEULDT 7 A VEHAL, BEOI 4T
Mrb 7 7 A VR 10,000 1238 E L 7= fsysbench %
RIREITL7. @B LY, 7547 MNgoosimzxt
3% fsysbench O EFTFFEIX NFS X Y % Lustre ®
FRRSNENZ B,

IR, BEDOIFAT U BT 74 A X%
2GB & LT thput-fsys 2 RIFEET LI-HEELE 6 12
Y. 74T MNERDROERDMEREIT Lustre 33

500
——NFS /
400 O Lustre
m
3
.E 300
g e
£ 200 =
o
o
a
100
a
"] 1 2 3 4 5 6

Number of clients

5 [T 7EAREODAY T —2BIEOKE

- Gfarm: write

-9 Gfarm: read

—#—Lustre (5 osts, 5 stripes): write
—=—Lustre (5 osts, 1 stripe): read
—#—| ystre (5 osts, 1 stripe): write
—a—Lustre (5 osts, 1 stripe): read
—o—Lustre (1 ost, 1 stripe): write

—*—Lustre (1 ost, 1 stripe}: read

8
S

>

Total throughput [MB/sec]
@ E
o (=1

n
t=3

=]

Number of clients

6 FFET7 27 EARD I1/0 AA—Ty hOitiE

B, 2747 MEDBHZ B IO T Gfarm AR
VMERER R L7, ZhiT Lustre WA RS AL T %
FIALUTCHEZBTHDIN, A MFALTT7 L0
BHMENDIRA ML —URER-RES, 20/ — RO
HDD BR MR o 212250 E LN, A NT
ATEELELTCEDERY 272 LEHE, Lustre
D Write MEREIE Gfarm D FIITHVME E 7207,
7z, Lustre TiZ¥— 0SS Z{#FH L7-BD Read MRS
BT 4 R 7 HEREITEEARTHAR VBN LRS-,

5. EREOLE

ASTER 77U & —a VOOBEMIZESERA W L—
VAT LEBATIRAOTALORESE, AT
T ADEERNELCHMEARITOWT Gfarm v1.4.1 &
Lustre v1.6 & L7=. UTICERBVOEEMNT 5.

5.1 HAA%OZER

ASTER fID A k L— 3 25 AjZ ERSDAC 5
LOT—4# 2EAZEL, FEEINOOTHMER LIA
F—HET VA TE DBELVRMT S IDICE A
AERRDHONE. TRAKZEDS=DIIBESH
HEECTAHEA B TR L REETHIH,
Gfarm & Lustre IZEFEIZXH L TR A4 D X 5 70& 0
»5. Gfarm 2R LA ML —C VR F AR, 77
ANEBITEREER L, BERRAELTLT U &—
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x4 HEoHTOmE

Gfarm
File replication | Failover
File replication RAID

or RAID
PgPool for
PostgreSQL

Fault item Lustre

Storage node

Disk on storage node

Metadata server node Failover

YalBUBERT—HIT I RATEDRLICLTE
KZEBRREITHD. 77 A NVERTHEECT—2 %
EHTH2ARCES VR, T—F0EEEICL-T
BROFEE 7 7 ANVEBIZERDONIFERDH S,

—7, Lustre iZ/ — FOERIZ% L Tt Failover
ERELTE ZETHIETS. CIIESRMEIT
5 Heartbeat® 72 ¥ LHHADHETHIA L, BAKD
BRENETEH TH L LOD, EHEBEOFEII)N
Mo, Fo A7 OEET RAID 288452 ¢k
ERRE LTS,

5.2 AVTFFUREROFMEEHE

HEMIT—EHDR FL— ) — FaBIT 5 /E%IT,
Gfarm % Lustre b A ¥ 5 —F Y — Ni2f&lk ) — R %
BHTDZETUVRT A2EEEDPTIITI Z ERT
5. BlhsND/ —FPRETE I 7 A N~DT 7
BERAEHT VO, R 4IF UZEEEORG
ERBROBRENLETHS.

A M=V — FOBMRPZBRICBNTIE, — FE
DF—FBAIRYLETHZ. ZHIZELT Gfarm b
Lustre bBFHOBITY —VIRLEL Tz, With
IZBWTY, BITIREF—FE2HATHD ) — FiC
A —FHEEEZ N OhDawy REEAEDET
TILERDD.

Gfarm DEABNWTAZ F—F 4 — % (Post-
greSQL) & AFF—F X vy aP—1 (gfarm_agent)
DRENE, AFT—FAL T Th7FI r—g
COERBIZ R E REEBRHY, FEECEETHS. A
BF—FP—NZHWB 2 AT AT Y B
#H L, PostgreSQL O/ % = — ALE % EHIAYICIT -
TREVa— FrHRTIEANSLETHD. 2B,
T ANEDRSITHEFET D4, Gfarm TiE#I 800
FZ7ANCIH UTAGBRED AT Y BYLETHS.

Lustre i3ERO A — R NVBHE L2570, EAIZ
BLUCHATE R —F N0/~ 5 % Linux ®
FAAR) Pa—a 0B LVEIRBRAS 5. LT,
Lustre DR EICHES H - DEENRELEY L
BRI A —R NV OEBRTREICRDAEEN H B
O, ERMCEEEORIEZ+SITIT O LENH 5.

6. BRLELD

KR ART —FORELLBELZERTEZ 7Y —
g & LT ASTER %2412, Gfarm & Lustre D1

BEZLE L7z, ASTER 77U 7 —3 g v DOFLMBED
TuTrANEBEDBIET, 1ZEAEOMERT—5
T 7B ANDROCHBEZEOME, HBVIEIRA Y F—
AT UVTRTFANT I RAETFHNETHS
ZLEBERLE.

HEREROMB IRy 72V FORA M—U0
W7 7V r— a v OETERICHEVRE LA
W, =L, ERETIX Gfarm 137 —F DRI L L
Be—b{tLic/ —FCUVRATLAEEBRTE LD,
VAT AOBEIIIDLIRBEMILNG.

AT =B A T TR Lustre X NFS
PEVEEZER L. “hbIiTlT, Gfarm (T2
BT =BT 7R ADHREMEL, S LTHLEVEES
BEEDIEREOTRBSLETHB. Gfarm v27)
THREEDAZT—FH—R_EH/NT, FRHDRATE
U REAZF 5 2HOL 5 ICRET S = L Tk
EEEAIELLTVS,

ASTER OF — Z B CIZEE TRV, F—& 1
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