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Improving the Performance of Gfarm by a Cache

Deduplication Mechanism with Content-Defined Chunking
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Abstract: Some application programs in data-intensive science create many large files that contain redun-
dant data. Gfarm is a global distributed file system that enables an efficient use of large-scale data. In this
paper, we describe the design and implementation of a cache deduplication mechanism with Content-Defined
Chunking (CDC) for Gfarm, and report experimental results for evaluating the mechanism. CDC is a method
of dividing a file into variable-size blocks (chunks) based on the contents of the file. The client stores the
chunks in the local file system as cache files, and reuses them in the following file accesses. Deduplication of
chunks reduces the amount of transmitted data and storage consumption. We confirmed through experiments
that the proposed mechanism improved the performance of file read and reduced the amount of transmitted
data and storage consumption.
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Fig. 1 The architecture of Gfarm
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Table 1 A part of Gfarm parallel I/O API
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Fig. 2 Chunking by a CDC method
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Fig. 3 Division into fixed-sized blocks when one byte is added
to the beginning of a file (block size is 5 bytes)
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Fig. 4 File access using our mechanism
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Table 2 Experimental environment

CPU Intel Xeon 2.40GHz X 2
Memory 48GB
HDD 15000rpm 600GB
oS CentOS 5.5 64bit
kernel ver 2.6.18
Gfarm ver 2.4.2
/ — R InfiniBand

FA47F VIZOWTIE read, write LB A > TV 2%
gfs_client_pread(), gfs_client_pwrite() 72 & DR
WCEBEZMA M, Fv o7 538E1TO DO E%
BB LTz, A X T =29 — "L O@EIFLDFED
FETCEEEZMA TR, B L7za— RTETB L%
950 {TREETH 5.

F72, Glarm 7 7 A4 7 b & gfsd DTy a2 R
BIOF XY I T —FOEZEEITOI O, gfsd &
Di@EH O RPC 71 b =212 GFS_PROTO_GETHASHLIST
¥ L O GFS_PROTO_GET_CHUNK % #r 7= 2B L 7= .
GFS_PROTO_GETHASHLIST i3 7 7 A VT 4 A7 UV T X %
EEL, "y vaXEXETLHTrbaLTHD.
GFS_PROTO_GET_CHUNK X7 7 A VT 4 A7 U 7 H B IV
FX I DIVANEREL, FY oI/ T—He%ETHTS
2 halchy, A—7 7 A VNOBHOF ¥ 7 774
NaFLDTERTDHIENTED.

5. il

TREAEEANIZ XD 7 7 A NV at AL MERE O FFAM I 5k %
1T7o7-. Gfarm 7 7 A NV AT L EDOT 7 A )V EJCEEN G
KEFE T IMB oL —4 0¥ ¥ VSRR DTN D
Ref & ZHRI L 72, 7 7 A VD FEHIASIZIE Glarm W41 1/0
API Wiz, BHANING « A DR 58507 7 A
MZH L CENENEBEET T 72, 77 A VARIET V&
A7 7 ANKOErR THO LN T 7 A LD 28, Fiz
T ANYARIL1IGBBLP10GB @ 2@V 2 HAWTHE
BEAT o1, FHRAEND T 7 A NBAE VIZH - T KTE
TOMRERTRD720, RPIOEEIZ RV EEZ KD
7o, IREEEE AL OFINT, 77 AN EEBRT LT v
IMETTIIAT L OR—INTTF XY I 7740 E L
THFEL, »OoX—UF ¥ v v all#fo T RETITY, £
TOF ¥ 7 Ba—NhbikhH S b5E OMREE R
Rz Flo, Frror5ENCRBIF AT v YA X
4KB & L7z, EREHEIIR 2080 THDH. A X —N,
I/OY%—, 753447 M) —FRE2&H1BTHOHEH L.

TUHELNT A NKOEa THD LT 7 A LDt
IAHEBREREZNENR 3, & 4 1T, fEREEOE
AT AT & B THRK T 19% TR 23N ERE S iz,
Fiz, BErTEDOLNTZT 7 A NV DFHARMERENR T &

© 2012 Information Processing Society of Japan

Vol.2012-ARC-200 No.20
Vo0l.2012-0S-121 No.20
2012/5/8
£ 3 TUHLT 7 ANFERALOEITHR [5]

Table 3 Execution time of random file read [s]

AKX EOAH] A% YN i3
Frvvalt Fyrovvaf

1GB 1.6 20.391 1.3 0.81

10GB 17.2 13m10 14.6 0.85

£ 4 Lo THDLNET 7 A N OFBALOEFTHER [s]

Table 4 Execution time of zero fill file read [s]

PA X HAH HA% B Aiife
Fyrvvallt Fyrvvaff

1GB 1.6 0.621 0.55 0.34

10GB 17.1 5.795 5.25 0.31

x5 U/ ALT—HDEHER

Table 5 Deduplication rate of genome data

TEF v YA X EE

1KB 0.37%
512B 3.8%
2568 6.3%
128B 9.3%

LT 7 A MIHRTRWNEBHE, EreTcl#ovonizr 7 A
NOBE, B—DF ¥ I 77 ANNBN—TF v v 2|l
ol RE TRV ELEANENE 2O THE LB LN
5. SEOEBTIIHE—OZ T4 7 T aERIZ L 55
FIARMEREZNE LTS, HEY 74 7 v ML Baidir
HEATS T, BARIOY AT LA TIEI/0 b— "Dl
BRIy 7 EROMRENR A —L T 7 F LA, —
FCIREMEEARIIT v 7 7 7 A VDFET BIRY £
Ta—HNVEAH L D0, PERENZ 54 7 2 MK
HLTCAT—AT U NTBHEEZLNS.

WIZ, T—=E ATy T T T r—a  AlBiFb K
MR T — X OEBEREFARDZDOEREIT-7. X5
W37 ) AT =21k LT CDCIZ L BF ¥ > 7 5yE| %36
LEBOF Yy 7 77 A VOEERERLTWVD. £
WCHWe T — %1% GenBank [16] D7) AT — X2 RX—2 %
BLAST 2 X Vi35 Z L CH LN DHT A X 40GB O
THRARNTFANBETHD. ZNOHDOF—HITH LT CDC
WAL, Bon-Fry T —X2OEERERD-. &
BROFEIX, EETLIF v 7 77 ANV A XL
Ty ANY A XTELZ LIZLVIToT. X5 LD, Y
Fx 7 A X 128B OHFEOEBERIK 9.3% L 72HZ L
WD oT=. 7 DMENTCB O TIZR— DT — % 2850
HAIRTe T — AN FITEZ BND T, EEPERICEL D
HRRE B OB AE S HEOB L E W > RN T
x5,

F7o, REEOBARIRICBT 2T — L ED LR
FEBRE{To72. Gfarm EIZ10MB DT o A LT 7 A L%
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® 6 T —XinkE [MB]
Table 6 The amount of the transmitted data [MB]

send recv
HOAET  0.3662 20000
AL 9.717  10136.7

KT J7ANVABIBT AN B EMKT LT YT AL
DAL — V%R [KB]
Table 7 The amount of the storage consumption of the chunk
files of file A and file B [KB]

HEE7 vy 7 X Fx 75K

A DI 1048576 1048576
B o7 1048580 1048576
AtB 2097156 1048578.5

1001 fAERE L, VE— DI IAT L bhbFyr vz
T 7 ANVERFIZIRDIREETIN DT 7 A VARG L.
YER% L72 1001 D 7 7 A 3D 5 5 1000 % 1 B354
HL, 0 1D 7 7 A4 D& 1000 mEFcAH Lz & &
F— ARk L2, R 6127 — FHEhE O Ll R
AR, RERLY, MEBEBOEARKIIRIT BT —Fin%
FITHARTE B L TRERIC s TWD 2 ERG0 5.
HAHAET T 7 ANZTDOLDODT —ZITINZ, Ny aED
BREDTON DT, I bo0E L Ro T 5.

WRICEHEE 7 vy 7 FREF v o7 BT 5 2 b
L—VHBEROKREREITo7. IGBDTVH LT —
774NV ABIORT7 7 A0 A DIFAIZ 1 31 MBINL
77 ANBEHAL, FRENTTF Y7774 1D
ARtV A XEBEER 7wy 7 FRETF v 7 FROWH T
TnEFhRkdic. BEE7vy s FRCBTFs27mny 74
A XBLOTF ¥ 7 FRITBITF BT v o7 A XidHk
IZT4KB & L7=.

MRER 7TOBEYTHL. BERETvy s FATET 7
ANA, T7ANVBEMHKTEZTry BN —D2b—&K L7
W, W7 7 ANEGHA LTEEOF Y v a7 7 AL
DOIRY A RN ZENEND T 7 A V% BARTHAH LIZERIC
fERRENAF ¥ v a7 7 A NVORY A RIZELL 5.
—J, Frxr I FRTEMZ 7 A VERHRKTHTF v 70
BT ¥ 7 AT BT 2720, M7 7 A V& Hi
L7BOX Y v a7 7 ANV A RLT77A4VA, B
FHARCHAM LZGEOLD LR EEDL L. ERE
LCF¥ o7 HRTIEFry v a7 7 A VDR A XD3E
EE7 v v 7 HROEEOFDREICINE - 7.

6. PBEEME

LBFS [8] (&> FIER Y U —27 DI2bDT 7 A )L
AT LTHY, CDC MO TIRE LIV AT LATHD. 7
TAT Yy FBEO—NF I TFy o I ArT vy 7 AL N
AF X ITDART —BERGET HT — X X— A& FFD.
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T—HDEZEET v UV BNLTIT) Z LI RV T — 2R
EEOHEZX>TWE., FryvyiaZr7AVEKIET 7
A VAL TRAES N, EHERAMNI T TN

CDC # AW EERIMINY 7T v VAT ARA b
L—U VAT AIZEL BB, SSE Ty v afizkdd
FIE [17] ° GPGPU Ty v afix Rk 5 Tk [18) 72 &
PEBEIN TS, RTINSO L AEbED
L TELRDMEREN B IRTE .

7. BHYIC

CDC MW EERN AT O F v v v 2 DL - BT
MiZAT o7z, T B LT 7 A NDFEIIAR TITIREHEREIC
VR R19% MR L L7-. T —FimERB IO b
L—VHEBRENBDT D2 L 2R L. 4% write
DNy 3 2 ROFHE D ILERIT 5 fth, A & Eis
MR MAE DR D Z Lo~/ TF a7 2T 2#iEIC-
WTHMRETT 5. ERFEMANRT TV r—rara2Huie
FEATE & FERRACAT 5 .

BEE K ZRATOICHIZ- T, RIS 2TENT-H
W RZPEIAFTRE D F 2 R T 5. F AR5,
B E R R LA R O AT e HEE S22 (JST CREST)
DOWFRFRE THRA NRE R — VT =2 A T T A
TUADEODY AT LY T v 2T ] OXEEZITT
AV
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