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Abstract: In the field of data-intensive science that reads and writes a huge amount of data, we have to
consider the cache strategy over network instead of single node cache strategy for speed up In this paper, first
we proposed a cooperative cache mechanism for the distributed file system Gfarm. Next, we investigate how
many pages as cache pages exist in one of real world applications (e.g. Montage) in our proposed method.
Our results show that a large of amount pages become re-usable on our mechanism. The results show that
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our method is probably effective way.
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6 Gfarm ET® Cooperative Caching ¥ I a2l —&X DA A —
UH]
Fig. 6 Image of our simulator for Cooperative Caching on
Gfarm

Fixi /= NBELVEMH S NE, write 212 close 7Y
EoTRIZA VI VAV NSINEHSZTHD. ZD-DD
— 7)ViZ Gfarm 12 sqlite3 Z AR Z & THEEHE L 7-.

T — 27 70 —E> 7, read BRPEL-TIZZD
reads table Z&MB L, T—7LVHIZZ Y M UBMFEELTWL
NRFrvaby b, Z5TRIINEF Y Y2 IR
LT, ¥561Z, LRUKY =TTV MY ZEMTS. &
B, BEIET v X LMD gfsd 12T &0 D EEHZ
RENTEST, MDD gfsd iIZL > THFHRENZEHDH LRU
VARMIRES72HDEF Yy a UTHAT WS B
272> TW5,

5. YIal—YarviER

bhboiid Montage [3] 7—27 70 —%RAL T 4.3 fi
T U7V AT LDFHti %217 > 72. Montage 7—2 7 10—
ERRXPHTHEOLNDBEEDT, NINT IR IN-E
EDHEHR%Z, BRoTWAHAEZRVWT—HRDOE XA
BEEI SRy -2 T70—Ths. o HKIE, 4.3
HTHUZT AT LIZENT, ¥ 50D Cooperative
Caching 2381 < O %2 HENDBZHDTH 5. Montage 7 —
2 78 —% Pwrake [12] ZfiHHL T8 "B (25 —RIEY =
TERAHD 7Y bV R) OZ7 5 AKX (jupiter 1
725 Jupiter 8) ETHEITZ2{T o7z, Pwrake D=V 3 v
1% 0.9.9, rake DX—=2 3 VX 10.00 ZFIHLU . ¥/
Rab—Ya VERIIM o7z gfarm 1ZN—T 3 > 25.7.2
THY, gfarm2fs 1% 1.295 2&E L7z, FHLEZZ I
R VDFLWARY 73R 1ITRT.

F2eRk3vial—vaviERERT. ZoRIE
jupiterl % & jupiter 8 FiZ Pwrake iZ& > TF 7a4 3
72V a TIMENETDOR=Y (R=VIFIMB DT — I _—
VHAL) EHiAH, TOIHLENZTOR—IDFrya
by bUEPZRLULEDBDTHS.
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£1 ERMEHLEZZ I ALY Y (Jupiter) DARY 7

Table 1 Experiment Environment (jupiter)

CPU Intel(R) Xeon(R) CPU E5645 @ 2.40GHz
Memory | 49 GBytes
HDD SAS 600GB
OS CentOS release 6.3
Network | InfiniBand Mellanox Technologies MT26428 QDR

K2 zxENEb»EH, £7, kbFrvraory b
ERFNDD jupiter3 LIiZTF FaA INzY a 7T 8197
R=U Y =R 6269 X—=Yhky bLTWD. R
jupiterd 127 704 &NV a3 T T 9631 =YY — R
7865 R—YNky hLTWS., VE—h/ —=Fnp5 ) —
RENR=—U Ty FERIREE VDI jupiterd 127 7
T A LT3 jupiterd TZ 3k 5942 R— 1) — N1 5853
R=INFryTaby NLTWVWEDRDLNS

Rz, £3ERD L, rt#v//z®t/bfﬁ WO
I jupiters ETTF 7B A EN/2Y a3 TTII4R—V) —
R 8516 R—Uh by hLTWAB. IL, jupiter7
2T 7B EINIZEH DT 7999 R=T Y — R 7112 R—=
V—Riey PLTWA., £/, VE—F/ =15 —
RINAZR=U T v PRIE DI jupiter5 2 jupiter8
IZ72WLT4870 =Y U =R LTEDSH 4502 R—I W
bty bLTWS.

ZD&HIZ, Montage 7—27 7H—IZ[R->TE XX, b
HND Cooperative Caching DFIEIZE VT, =Tk v
FAFRITFET S (DF D, MO UPIPAET -4
EHOHEIDFG, mEfllTE AN KB AR

X7z,

6. BEEMR

xFS [8] 1& N-Chance # iR U727 )L 3 ) XL %L
Y —N—VADRRT 7 ANV AT LTHS. xFS &
Gfarm OFEZEDE WL, xFS A% “First Writer Policy” &
MENDANZALE L >2TNVWEEIAIIHD. xFS DY;
G, BN 7 7 AWVICEERAEZ I FAT Vb F vy
axvr =Yy ey, B-DFyryiavir—Yvila
RPN SR NE I IZR-oTWD. — T, bhvbhdsg
[IFEF L 72 Gfarm TlE, M%7 T’f}b%ﬁﬁ?—é gfsd A%
Frviavx—IviliRb. TDo, xFS LIFHEL 5.

zFS [9], [10] &, xFS & F#kiZ, N-Chance Forwarding %
KLU T 7 ANV AT LTHS. zFS IZ1E open [
CELEM I 5D FMGR ZIFIENE 7 7 A Vv 2 —Y ¥
WEoTHFy v vaz2BHTE, 34TV NABT 7 A
VX&)V —=FRIB5E5EI0O FMGRPMIZF vy ia%
FREEL TV RWRESIDEF v oL, fllicFryvak
BREEL TV RWEEIZZEDF v v ¥ a% singlet 12, €5
TRWEEIE BIRIE2 747V s B F vy ¥ azlihs
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&£ 2 ¥Ial—4X kT Montage 28D L7z OHRHATRER—
D¥. Jupiter2 5 5 Jupiterd
Table 2 Amount of cache hit pages of Montage on the simu-
lator. From Jupiter2 to Jupiter 4.

jupiter2 IZ7 7 AL/ —F hits | read
jupiterl 0 0

jupiter7 977 | 1312

jupiterd 1661 | 2034

jupiter8 940 | 1255

jupiter6 2243 | 2649

jupiter3 2815 | 3709

jupiter2 (local) 8240 | 9676
jupiter4 2749 | 4786

jupiter3 IZ7 72 AL/ —F hits | read
jupiterl 7 12

jupiterb 1140 | 1519

jupiter7 1273 | 1676

jupiter8 3091 | 3494

jupiter6 1515 | 2032

jupiter3 (local) 6269 | 8197
jupiter2 1548 | 2135

jupiterd 1845 | 2483

jupiter4 27 7 AL%/— K hits | read
jupiterl 8 16

jupiter? 4041 | 4087

jupiterb 4687 | 4732

jupiter8 3939 | 3990

jupiter3 5853 | 5942

jupiter2 4487 | 4661

jupiterd (local) 7865 | 9631
jupiter6 4073 | 4116

LTWEEE) 27147 Y M A& B D replicated & LT
N—JIND. BB, FYvadTFT—T 1 VIR
I Linux @ kswapd 2R L TfTbhTWa. bhvbih
WS EFEF U725 DL N-chance Tldia\W 728, Kz
FEZS

GMS [6], [7] £iEAY VT =2 %N LA HAEY TH
5. %=l age base DF ¥ v ¥ aFHEY O —%{fio
THFvyyrazEHLTWVWS. GMS i77’f)1/°/7\7‘£\

T2, Gfarm EiZ Cooperative Caching % 5E2&
N R E YA

HyCache+ [13] i RAM & Disk D #2710 — N)L 7
FrvyaZle ) — NEIZ, *y b7 —2%4 LU THEEE
TEMETHD. FHITXFUSE b 2 L THEI A TY
5728, 77V —a VIzidsee s POSIX API 2342
ffixnsd. AWIEIE, Ny 27TV RiZdH b GPFS [14] &1
HEEERFTDT, MED Key-value A b 7D & 5 2@ifE%
5. £D72®, GPFS ki5liz, %7z HyCachetiEH D
ART = RPNy ¥ a T —7)0 (ZHT [15]) THEX
NnNa. T07=H, Gfarm ZDELEDIZHARAEN, A XT—
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%® 3 ¥3Ial—4X ET Montage 28 L7zRDOHRHATRER—
D¥. Jupiter 5 5 Jupiter 8
Table 3 Amount of cache hit pages of Montage on the simu-
lator. From Jupiter 5 to Jupiter 8

jupiter5 IZ7 7 AL/ —F hits | read
jupiterl 0 0

jupiter7 3153 | 3430

jupiter8 1727 | 2085

jupiter3 664 | 1000

jupiter6 1796 | 2076

jupiterd 1264 | 1466

jupiter2 834 | 1131

jupiter5 (local) 8516 | 9374
jupiter6 27 2 AL/ —F hits | read
jupiterl 1 2

jupiter8 2521 | 2829

jupiter3 1634 | 2371

jupiter? 515 731

jupiter2 4023 | 4630

jupiterd 2878 | 3308

jupiter4 863 | 1251

jupiter6 (local) 4027 | 4364
jupiter7 IZ7 7 AL/ — K hits | read
jupiterl 0 0

jupiterd 1339 | 1593

jupiter6 2284 | 2581

jupiter8 3229 | 3541

jupiter2 3212 | 3556

jupiter3 996 | 1385

jupiter7 (local) 7112 | 7999
jupiterd 2774 | 3000

jupiter8 IZ7 7 AL/ — K hits | read
jupiterl 0 0

jupiter7 2999 | 3392

jupiterb 4502 | 4870

jupiter8 (local) 6288 | 6677
jupiter3 893 | 1313

jupiter2 677 902

jupiterd 1649 | 2012

jupiter6 2785 | 3134

2 DI — I IS N B ARRZE L 1R HR 5.
7. BbYIC

KX TR 7 7AWV AT L TH B Gfarm kI
Cooperative Caching DY I a2 L —& 252 U7z, Gfarm
T Cooperative Caching ZEH T 5720121, W< D
DFEPELET 2D, SETEF Yy 2D bbb —2%
T, hREHENZE Yy Y 2B 2 — Y v HREE
LBEWFEZEELTYIalb—YarviaEiiorz. Zh
¥ Gfarm FCEFINDEVa T2 FEXTCELUREKHTH
2rWVWA5. ZOXEIERELZETYIab—YarvEk
v, BENRT XA VT vy 77 7)) r—varvTh
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% Montage 7—2 70 —%%® L TESHE, Cooperative
Caching TEDREDOF ¥ v aky NRPFRADDE 1D
A %2 4T o 7.

FHIOFER, mEFrviadky FREFVDOIHRD
F v v Y aDHENHERE VDI jupiters ETT oA X
N=Ya 77T, VA EDR—UDRHHAHATETWE I &
MRorb. INT, jupiter3 LizF a1 &y a 7T,
FHARIZT6NTHDEZ D07, 2RI GB B
MTOR—VHENIHAPBRIENZ720, RMEEFEIZLD
Cooperative Caching IZ 51} 2 @@ LD A REMEIZ W2 &
PRI Nz,

T

ARWFEZEITOIZHZY, AiBIE % HW 727
s RUEBUR L RIS R D 2 IR T 5. £,
AWFgeld, REARABSHERIKIAENTZEEE (JST CREST)
DOWIEME [RANRERAT—=VTF—=XA VT THA
IVADEODVATLY 77T ] OXBEEZIIT
w3,

ZE X

[1]  Dahlin, M. D., Wang, R. Y., Anderson, T. E. and Pat-
terson, D. A.: Cooperative caching: using remote client
memory to improve file system performance, Proceedings
of the 1st USENIX conference on Operating Systems
Design and Implementation, OSDI ’94, Berkeley, CA,
USA, USENIX Association, (online), available from
(http://dl.acm.org/citation.cfm?id=1267638.1267657)
(1994).

[2] Tatebe, O., Hiraga, K. and Soda, N.: Gfarm Grid File
System, New Generation Computing, Vol. 28, No. 3,
pp. 257-275 (online), DOI: 10.1007/s00354-009-0089-5
(2010).

[3] Montage Project:
caltech.edu/

[4]  Schwan, P.: Lustre: Building a File System for 1,000~
node Clusters, Proceedings of the Linux Symposium, p. 9
(2003).

[5] FUSE Project:
net/

[6] Feeley, M. J., Morgan, W. E., Pighin, E. P., Karlin,
A. R., Levy, H. M. and Thekkath, C. A.: Implementing
Global Memory Management in a Workstation Cluster,
SIGOPS Oper. Syst. Rev., Vol. 29, No. 5, pp. 201-212
(online), DOT: 10.1145/224057.224072 (1995).

[71  Feeley, M. J., Morgan, W. E., Pighin, E. P., Kar-
lin, A. R., Levy, H. M. and Thekkath, C. A.: Im-
plementing Global Memory Management in a Worksta-
tion Cluster, Proceedings of the Fifteenth ACM Sym-
posium on Operating Systems Principles, SOSP '95,
New York, NY, USA, ACM, pp. 201-212 (online), DOL:
10.1145/224056.224072 (1995).

[8] Anderson, T. E., Dahlin, M. D., Neefe, J. M., Patter-
son, D. A., Roselli, D. S. and Wang, R. Y.: Serverless
Network File Systems, ACM Transactions on Computer
Systems, pp. 109-126 (1995).

9] Rodeh, O. and Teperman, A.:

Montage. http://montage.ipac.

FUSE. http://fuse.sourceforge.

zFS - A Scalable

© 2014 Information Processing Society of Japan

[10]

[11]

[12]

[15]

Vol.2014-0S-130 No.6
2014/7/28

Distributed File System Using Object Disks, Pro-
ceedings of the 20th IEEE/11th NASA Goddard
Conference on Mass Storage Systems and Technologies
(MSS°03), MSS ’03, Washington, DC, USA, IEEE
Computer Society, pp. 207-218 (online), available from
(http://dl.acm.org/citation.cfm?id=824467.824995)
(2003).

Teperman, A. and Weit, A.: Improving Performance of
a Distributed File System Using OSDs and Cooperative
Cache.

Sarkar, P. and Hartman, J. H.: Hint-based Cooperative
Caching, ACM Trans. Comput. Syst., Vol. 18, No. 4, pp.
387-419 (online), DOIL: 10.1145/362670.362675 (2000).
Tanaka, M. and Tatebe, O.: Pwrake: A Parallel
and Distributed Flexible Workflow Management Tool
for Wide-area Data Intensive Computing, Proceedings
of the 19th ACM International Symposium on High
Performance Distributed Computing, HPDC 10, New
York, NY, USA, ACM, pp. 356-359 (online), DOI:
10.1145/1851476.1851529 (2010).

Zhao, D., Qiao, K. and Raicu, I.: HyCache+: Towards
Scalable High-Performance Caching Middleware for Par-
allel File Systems, IEFE/ACM CCGrid (2014).
Schmuck, F. and Haskin, R.: GPFS: A Shared-Disk
File System for Large Computing Clusters, Pro-
ceedings of the 1st USENIX Conference on File
and Storage Technologies, FAST ’02, Berkeley, CA,
USA, USENIX Association, (online), available from
(http://dl.acm.org/citation.cfm?id=1083323.1083349)
(2002).

Li, T., Zhou, X., Brandstatter, K., Zhao, D., Wang,
K., Rajendran, A., Zhang, Z. and Raicu, I.: ZHT: A
Light-Weight Reliable Persistent Dynamic Scalable Zero-
Hop Distributed Hash Table, Proceedings of the 2013
IEEE 27th International Symposium on Parallel and
Distributed Processing, IPDPS 13, Washington, DC,
USA, IEEE Computer Society, pp. 775-787 (online),
DOI: 10.1109/IPDPS.2013.110 (2013).



