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File-Server Independent Parallel File-Cache System

KAzZUKI OHTAt and YUTAKA ISHIKAWA'tt

By an increase of the CPU speed, scientific applications become to handle large dataset.
However, the bandwidth of the disk is too narrow compared to the compute speed, the I/O
becomes the major bottleneck of the entire application.

To solve this gap between parallel computation and I/O performance, we propose a parallel
file-caching system, called pdCache. pdCache receives the I/O requests from the compute
processes, and does the actual operations to the backend parallel file systems. For a write
request, the data is temporarily cached in the memory, and lazily written to the parallel file
system. For a read request, the data is cached. If another process requests the same region,
no requests are issued to the parallel file system. pdCache is designed independently from the
backend parallel file system and the underlying network, so it can be used in various cluster
environment.

2bdbB., bULRIEINBETOT Bk AR—FIT
1/0 %ol 1/0 /— FEKBEDZ 5472 b
PHDY 7 TR P ERCEFR-TLE D, BEN

1. T L &I
CPU DEHERENIDOERIZHEST, TV r— 3

UME S F—FBMELBIMLTEY., T3 Mk
DF—=FEB/H > bHbH, LML, ZF0LHY
ARXDT—FEJZHIITH—FT 4 A7 DI/0 S F
BT ED720, HEOT ARV ER—DT7 7 AV
VAT AE LTHR DD ENRELL RSN T&
7220018 e ERMT/0 DL I TAT Y
F7aEAMTI/O Y 7 =X NERE{LTDFED
BEBRBENTNENE),

RIETid=/LF a7 CPU BN—REIZ iR >722 & T
HE /) — NFETETINIHET 2B ROHMBERL
TEY, 7 IAFEETEFTTa7E2F0L O R7—

T FUR KPR FBE IR T R 7R
Graduate School of Information Science and Technol-
ogy, The University of Tokyo

Tt RERKFEH AR 57—
Information Technology Center,
Tokyo

The University of

2T 4 AP D— 7 BIERIHF|T 7 A WV AT ARNT
oy s EE, BERBESERL, N2 RIER+2IZ
M), E7 547 FEWFIT 7 A LV RT A
TRy hU—ZHRENRAE L, +oITHEREH AW
LWHRELH B, £TOFaERANRI/O J— NiT
FRERELEZSHE, 1/O /— FRIDAA v FDO Ny
T RN TLESI L THhDY, Fic, £7utk
ANRFIZRIRD 7 7 A NVEAERD D WVITFTAATS
B AATF—HP—N—~DOAMNER L, ZOES
BRI IR r—AbEF D, LED X 5722/
ERRRNCHEREICRE-7 1/0 Av FIEBES
N IJORTFY r—va v BEDOR MRy T &
2oTLED,

ZD XD REERR T B2, AL TIEZ 7ML
Y RS2 WF T 7 A V¥ ¥ 2 i pdCache
ERBETE, TOVATATHEHHE n R LT
T7 ANV AT LAOMIZEROF vy v a—"—%



BETAHZ LT, WHT7ANVATL~DT 7 A
ZiRE L, 1/0 O&F#ELEITO (K1),

D547 b0 R

E1 2E 2T LK

pdCache TIXHF XIALERIZ OV TIE—iA A
Y OFEBRICEIND, EPNT—F NI TT
T RALy RIZEoTUST 7 ANV AT MZEE
Hahsd, ZZTik7 ey 7 B TOAENICR DT
O, 7747 MPEBEEZALEREITI Ok
REH L, BREOHIEAHEFTE D, L2 THOT R
TABR L7 7 A MR LCEE 2T L 9 BREA .
open, close FFIZRAET HAZT—F U7X FOH
BHHRT 2ENHK S, @EILE T 1 253 open
R close ZFFOH L TWEFIN, &F vy ot —iN—
MEITTEORIZRDENETHD,

—ERARAENTZEHTCOVWTIEAEY RiZx vy
vadhb, FUESRAZ MO T o0& 255w LSEA Ik,
XyyvadNiTF—IREPAEND D, TTY
r—3a VEEBIRZE T o ARR LT 7 4 VL EHS
ALH AT E TR L RET B,

pdCache TIIFtAHiAL, FEXIALTH I LTH vy
VaD—BWEREROZ LT, —HOTuANRF LT
0y EBAEETIHEAICHL X vy v a ORBE
{EIET B, ZOEIHTTBI L TREHRET Y
r—va TR, A—=AT 4 L7 MUIZEN
NET7ANNDT 7B AKIZbHRTE 5,

IHITRA R A RETCEET 2L 51, A~
Z—axy bRy NU—7 OFME, Ny I RO
W77 ANV AT LOFREBICK LRV E D 223G/ FE
EEITH,

2. &% it

pdCache ix, 7 747V b4 T 7V X vy va
P—R—D 2 O BERIND, 774 T NTA

77 VIEPOSIXI/O LRULA v & —T7 =—RA%Fi»o
TRV, read/write 72 L DEREF vy I aP—/—

WXt LCHRITT D, vy vath—N"—ERfTshi
1/O Zsk% EEIZWLI T 2,

Fyyvath—"_"—DY 7+ =TSR 2 1R
L7z, pdCache CIX FRLORy hU—2 WIIT 7 A
WY RT KZDOWTHMIL S/ 572912, BufferedMes-
sage Interface (BMI®) & Abstract-Device Interface
for [/O( ADIO'®) &£\ 5 20D Y 7 by =7 Ly —
ZRWD,

BMI 1X PVFS® 28 £ 535 1/0 T OF v
ND—2F7TRANZ 7 v av A ¥—T, TCP/IP,
Myrinet?, Infiniband? 72 ¥, &%y hU—2 LT
FRANCBEZIT O Z LNk 5, BMILIZIZELTO
L O H D,

(1) HHliZRA v —_—2 API
(2) &T/v7myxr 7 ThiE
(3) MPI KT

ADIO X ROMIO!" (MPI-I0 mE#) & Eh b
HOT, FEIWS|T7 7 A NV AT AR L THEBRIZ
T2 RRATDHIDDOLAY—ThHs, ADIO LATIZ
iX PVFS2, PGFS, Lustre 72 SXER 7 7 A LT A
FLZONTDEY 2— L R—@Y BEINL TV,
ROMIO %{#f L7 MPI %% (MPICH2'D, MVA-
PICHY, %) TIZ7 7' U & —3 3 7 MPL-IO D%k
ERERE, FRLOTZ 7 A N AT K EHR] U CEE 2
ADIO £V a—AMERASIhD L HIZR>TWND,

B2 Xyyvath—n"—0DYT I IxTRAZ Y

Myrinet & PVFS2 2 L723HE. VAT L2l
ORI 3 DX S 12725, BMIIZZ F4 7V k,
Fryva—P—N—HDEELFry L a—P—N
HE+tOBEOHEFIZHVHILD,

2.1 Cache Page Access

IIAT VB XYy v allT7 7B RATHEIT, £
FTWTNLOF vy Vah—N"—ZT7 7 E2TE, =
DEINZT 78RS D F ¥y ¥ ath——% Coordi-
nator & FERZ 1295, ¥ D Coordinator (283
EMNE, BRIZTG VI LD, ETIIFAT b ) —
RDIP 7 v 7 nbRET D, Coordinator 17 7
AT NOEREZITRY, REEAERTHETOR
HEB&ZT3E, 7547 MIlOME A HEDRY
Coordinator (ZfEHETWA DI, HKRZMYHE T B
BANDIRT =< A EE DR TEHDTH
5, ftETaoEANLRZ L, BABTEY ELTY
51/0 V2 =R h% Coordinator IZ&KF#T 5 &L 57
FiZig-oT 5,



FileSystem
Operations

Rerquests Server-to-Server
Communication

3 VAT LK (Myrinet + PVFS)

iz, Coordinator TER SNz _X—IZET 5 A
T =8 ERET D F vy a2 —3— (Metadata-
Holder) L:iﬁ‘?‘éf‘ﬂb‘é\bﬁ%ﬁ 9, pdCache T
T 7 AVER LY A ZADOR—=IZHE S TEY, &
&—V@fy?—5m774WAx®A//:ﬁkf
Ty bz, JyrvFrErBERXTRX Yy v
P—N—ZH L THEIND, HDX—VDT—¥
IFEEOY — S—IRFINDFTREER A D, A4
T HIT 1 DOY— N —TEFIEFET 2 F L RGE
T %,

ABT—=BIWZT 7 ANNRR, 7y N Fyy
VaBRREL TS/ —F, FyyaniRE 77
TRAAORy 7 B3EEND, Fry ¥ a—T1E Not-
Cached, Modified, Clean ® 3 T DRIEL BB
%, NotCached I _X—VNF ¥y v aWNIZHFELR
VIREE, Modified X% ¥y ¥ a2 INFZR—VORNEF L
WINT 7 AN AT A EOR—NENEILDIREE,
Clean IFRENR—H L TWBRETH S, X4 135K
EROEBBZR LTV,

%12, Coordinator IZ MetadataHolder 7> 5~X—
DOERERBLIZE, TOR—VDOT—F EEEIC
REFLTWEF vy 2% —/3— (DataHolder) {27
AT D, T—EBEFELBRVEEIXNSIT 7 AV
VAT AR UCEBERIEERIT Y,

PAERR—NKT D EARN R T 7 B A FEE 2D,
WIZ, FHBiAH, BEERALOBIENRI oT2HEa0 &
DLW AT A0 AT 5,

2.1.1 Read Access

Fyy ol U THAALT 7 B R 2T HBRIEN 5
DX 512725, Coordinator, MetadataHolder, Data-
Holder # %14 C, M, D T.RLTW 5,

(1) Coordinator {% MetadataHolder {27 7 & &
L. ReadLock # %189 5,

(2) MetadataHolder 13BF & LT, ERkahic
N—=V DT — ¥ ERFT 5 —— (Data-
Holder) OB %R, BEEDOY——»7—

TS|

&
Not \
\ Cached /
Read R / Nt:
Write

//»»» (Invalldate) Write

C Cleh
Cache Eviction
B4 FvyyaX—U0oREBESR

@150
()= C =0 Q

@ Read Page

ey

@ Cache Locally §_|

\ (D Lock
Client }—vp ‘,__._,
PFS
App M
@ Unlock™

@ Read Page T i

C Coodinator T [
MetadataHold ey
@ Cache Locally §_§

B5 #AiA%s (ER: ¥yyvallby FLERE, TR: IR
v FOKER)

D DataH older

7 w7 LTV B HE4E. MetadataHolder 73%
DOARD 1 >%#R$ %, DataHolder DRIRE
#LLTIFUF A, Ty Favy, LRUA
EREZLNB,

(3) Coordinator I37%%4 DataHolder {Zxt L T7 7
TRAEITV, R—=VOTF—FEZITWM-T, B
P—R—=ZF ¥y 235, DataHolder 23\
721X, Coordinator (3/3y 7 = KD F|
Ty ANV AT BINDT —H OFHFAHREIT,
B —"—Zx ¥y ad3,

(4) MetadataHolder ’ﬁfh7 7 £ A2 L T Read-
Lock 2 LT-tk, T—F %27 74TV hiZ
BT,

2.1.2 Write Access
pdCache |28 L TEERALT 7 X &FTHBRITN 6

DEIT2D,

(1) @mAAHEFER L & 512, Coordinator IXE$
MetadataHolder (27 7 2 L, WriteLock %
BET 5,

(2) MetadataServer (1iEHEE LT, EREINz~—
VERFFT 542 T? DataHolder DE%iRT,

(3) DataHolder X fFEF #LIX. £ A D Data-
Holder ML _R—YORNREZITW-12%. &
DataHolder (Z%f L C* v ¥ = ® Invalidate
MBERETTH, T L TRITRo 72— ICHt
LTEEZBEL, BY——IZF vy aT b,
DataHolder 23V 22T 4L, WFI7 7 A LT R
TEANDT —F EHRPAATR—UFRAEL,



m, G)Lock /
Client m»’
App
@Unlock
Q@ Invalidate

bk LAY
® Modify & Cache Locally g i @

/ “’\ (‘D Lock
e"t PFS
@ Unlock
C: Coodinator @ Read Page TJ
M: MetadataHolder
€] Mcdlfy & Cache Locally M

D: DataHolder
Be6 #XAH (ER: Xryvaltky MLieHa, TR: I2
ty FOHEE)

EREEMZATAI—N—IlFXyy a2t D,
(4) MetadataHolder ® 1 v 7 L., 7T—4% %
74T v MTRT,

2.2 Cache Page Eviction

pdCache TiE¥ vy ¥ oA XIZ2WWT, LowWa-
terMark & HighWaterMark # & E9 5,

BY—N— I F ¥y V2 WEROA Ly FEF-T
kY., LowWaterMark #8825 £ ZDA L v NiXH
HORBETHR—VOWIEEITVIED D, HIETHE
1E, %Y ~—T D MetadataHolder 12 v 7 #El5> T
NOIEFEEIT D,

WEALVY F¥ny 7 ZHRTIBIZIE, vy /&
RKeFoTho Xy M EL ETOMICMmO Tt
ANEY A= ONE % Invalidate LT LE 9 AIEEME
NEBHDT, FOEIZSOPVWTIRBETILNERS S,

b LBER RO R— U DREED Modified 72 b 1,
W7 7 A N AT BIZHR L TEEIRAREToTHD
WIHEEITH, BETHIR—VERETLITNVIY XA
ik, LRU 2 ERB 2 b5,

HighWaterMark ##x % &, % ® DataHolder |2
AT BEHLNWR—DT7 7B RTEREND, 774
Ty MIF Yy VaBRTAL Y FAF vy Var—
ERETLIETHEZINDIFITRD,

XXy aT 7 EANELBRICR vy 2 BT D
DT, Fxy ValEAA VY N CHEEEZIT-
TWADIZIBEEARD D, FyyaT s AR
EETHE, TIZRALIZDAR—Y (P1) L ﬁTén/
7 %BE LI, BEEETHIHROR—T (P2) IZ
ThHhuy s bERTINENDD, DK, E‘J@‘U"-
N=lZBWTP2RT 7 ERXRENTPL ZHELLD
<‘:’§‘6 L. P2, Pl LW IEBRTry 7RG IND,

ITCTFy Ry BRI BHENHDDT, I
1’HiEIJ0)z Ly RTfTo T3,

2.3 B B

2.3.1 *vt—CEREAXORHEL

BEORE TIIE TOBRIEDRY) & itk T lock, un-
lock Z{ToTWB M, 2—F—Z L TTF—F ko
TH 5 unlock A vy =P %%ES 4 EOKELAMLE
ThHdEBbND, BT/ — FEREL2oTL B L
Oy Z0aryFryalryBNELRBZOT, 1y EEHE
BFHRDIZTEL TILERD D,

2.3.2 AAT—ADAEVERAE

FT, AYT—EBHEBETEIAE)A—N—~ F
DOREEZ 25, ~— V%A X% P, HighWaterMark
H 1RXR=VUHIEVDORAET—INHBETHAEY
ERE%E MPM L 35L, &&KT(H/P)x MPM @
AEVEFX Yy Vath—R—RNUBELTIRHEIIRB,

BIZNE WA ZDR_R— DY A XEBIRLIZBA .
RIS DATY EHBELTLEIENHHDTHE
BERVETHDIEEZDLND, Fyvyva®RRELTH
5/—FiIZBELTi, /—F#bit Oy b7 & —
TREHEKS, Fvy P aDRREIZOVWTIT 1bit TH
B2, TOMT 7 ANNRA, 78y b, I
BLTHLEFOULEND D,

Fio, RV L TEAMEE R BN 256
XEHIAEVERAEIEMT S, flxiE, o
)= FNREI LT —& ZRE L TV 534, Metadata-
Holder 32 DHA®D 1 & &RTALENH B, 2D
BIREAEIZHSOWTT 7 2 SNIERCEE & i
THERDE, TNHIGOAETY BMELRD,

3. BEHR

3.1 IO Delegate Cache System

Wei 512 1%, 1/0 delegate / — &1V 5 I/0 ¥y
VaBAO ) — FEBIMTERT2ET, 1/0 HiE%
M LE¥5 27 5 10DC (I/0 Delegate Cache Sys-
tem) IR L7z, 1/0 delegate / — FE:Z, 77V
T=varhbiIMPIDaia=r—#—L LTR
WD,

TV r—a v MPI-IO OB EFIALTI/O
115 &, BEIIZ I/O delegate / — K& 4 L Tilf
FIZ7 7 ANVAT AT 7 ERAEND, Zhid ADIO
LAY —IZIODCIZT 7 EAT2I2DDEY 2 —)v
ZBMT2FETRIAS LTV D,

1/0O delegate / — RTIZT—¥# DX ¥y ¥ BT
bh s, FHiiTik BTIO, FLASH I/O ® 2 2D~
Fe— OMIZS3D LWNWOT TV = a AV,
T7Yr—var7at A0 10%%iBITI/0 del-
egate / — K& LTHERA LGS, ZRKXTH 500%D
FBEIABAY Fig2HTFIIRIIL TN S,

I0DC iZ MPLIZHKIE LT AT A TH Y, MPI-IO
DA VE—T72—RAEBLTDHRT 7 LA TEE—H,
pdCache TiZ MPI 2> bIRSL L7125 —F 2 & L THREE



TARET, FEEEOT IV r—arnbbRIAT
CXANAMNEX Yy A VAT AL LTHERENSE
ZHELTWS,

72, IODC TIXRILF—# 13431 / — RizLa»
B RWE 52Tt >THE Y, pdCache D & H I
¥/ — N CTRIUF—F%ab—L A2 RLRR5
HET LV FIIITOI TV, pdCache Tik
INEITIETAT VA VDEIICRL T 7 A V%
£ETED LD REBEICOWVWT, I0DC 1254 2 EA
HERFFOENRMEDL LEX TV,

3.2 ZOID

ZOID® (37 7 A VREL Y 7 v NRIEZFE ) —
K550 S 5720 1/0 EAETdH 5, IBM Blue-
Gene/L TiZ A€ U HHAE, AT AEHE, VA7 A
JA X (VyB—) OBIBOEDI, FE ) — FTIE
I/O HREZFF o TV WRE OS BMEA shTWwa,
FOH, £ETHOI/0 Y 7 =X MII/O /— FiZhs
®EERh, £Z TEREO /O BERTOh S,

I/O /— KT A ¥ <A A&7z Linux AEE
LTEY, 518/ — FhoZFR-%21/0 Y7/ x=x
NEWFN T 7 A VAT MR LTRITT 5, EBIC
1%1/0 /— K TiX ZOID F—F L EFEINE Tk
APEEBLTEBY, ZOF—FrNY 7T X hOLHE
BRI, ULk )y Rz kY., miknelest
BEES L I/0 ZEBHL T35,

P TIX IBM O RE SN TV B R%EMH & DOMRE
HEGE TR T 3 —< V ADE EBRR HziEh, LO-
FAR LIFRIEN D RIKEEED Y TV Z A LEHIT A
FAEBELT, VAT LADONT —< R b EERME
NHERIN TN,

ZOID ¥—% v TiX., ZiTH -7V 7 =2 MIxtd
BAT D a—) U IRT—H DXy TDE DR
ZERLTELT, ZOEFXWFNT7 7 A VAT AT
3t UCHEEZRIT O X 9 I /e o Tn%, 7z, pd-
Cache TiX ZOID ¢RI L L HIZEE ) — FTITEH
¥ BT, Coordinator (25 —Z #EX FiET
BX R TWBYD, HETaEX~DMAA
WO T T Y r—a L ~DEBB/INRICHER S
LEZITND,

3.3 DWC?

DWC? % Object Storage Device [} D HAHI
Fyy L alAFATHEY, A7V MIRHLT
RESINFZY A MEZFIAT2HET, L7V
7 NeXxy anbBETINERET D, Frvy
Y2V AFAIFI/0 /= RTEBEL, &/ — KT
Object Caching Tree & FEIZILZ Y Y —HETH ¥
LA ENTWALT T V= FNOF—F LELEEHRL
TWb, B/ —FOX ¥y Y2 2WETHEICE, i
IZZBNTWS ) — RBFNIEZT L OILT—Z BT
DZETHEED / — FEITHRAMICx v~ v 75179,

Sl CIX Auspec 77 ANV AT A FL—2RT 2

W, ZAETHA I TS NFS X b L—U A
H— oW T, LRURLFU &YV bFryiatby
FNENEEIZM ETAENERINLTNS,

DWC? TldF vy &2 D—BHIZ OV TDEEND
72<. BUR Tl read 7 7 & 2 DEBE LD I & BRI
LT3, pdCache TbH 2/ — FIZOHAT —F N
RO /) — RIZF— 2 283/ E OREE
TO>ETXyyatby MERZ LT ONAARENNH
Do BHIZVAT AEIKT1 DL a b —NE WL H 2
TR EWET D LI, RO — FTRZhLTY
BEORT—FEWELEF NIy 2Dy bR
BEETR LB, ZhEERTIZHOTNLVT
Y X5 ¢ LT, N-Chance Forwarding® 72 & A%
EhTna,

4. B Y Iz

AT TEBOI7 ANV AT AL, Y — - Fv bk
T—7 LAY —IZMSL 2N T 7 A VAT AFX ¥y
¥ 2 ¥ AT b pdCache DFREF &R ~7=, FiZ BMI -
ADIO 2R Lzi&5t, vy v a0—EBE2Eok
HONX—VOREESE, ThEFERITAyE—Y
OEEF N A BT,

SBROBEE LTE, EEOVATLL LTEIMEX
B, FEASNVF—I 2FALTUAT LARMET S
BEThD, FEOFELLTIXI/O RV Fv—7 &
KEORZHET 7Y r— 3 COWRERIEOMIZ,
T7ANVRATFAD L —2EFALTFyyiatby
FNEZHIDEOHEL B BND,

%7z, BEIX pdCache 6y 7 = RIS 7 7
ANV AT BTw L TERIER TN BT /2o TV D
2. pdCache Z#MEBHIICELE 2 F CTX D ZhRM 2
Xy aV AT AEBETDHAREME IR L2V,
2% Y., pdCache ®/Ny 7 = F& LT pdCache %
FERATES LR TREIEITH. EHETIIATY
oftiz, HE) —Fou—hLF 4 27 2FERLEZY,
SSD DL %7 Fvva RIATRERTIENE
Zbhb, TOBRIIEEDXF ¥y 2 b FTREROX vy
Vafl TO—EMRIELLE LR ZERTERIND,

2 & X W

1) Infiniband. http://www.infinibandta.org/.

2) Lustre file system. http://lustre.org/.

3) Mvapich: Mpi over infiniband and iwarp.
http://mvapich.cse.ohio-state.edu/.

4) Myrinet. http://www.myri.com/.

5) Philip Carns, Robert Ross, Walter Ligon III,
and Pete Wyckoff. Bmi: A network abstrac-
tion layer for parallel i/o. In IPDPS ’'05:
Proceedings of the 19th IEEE International
Parallel and Distributed Processing Symposium
(IPDPS’05) - Workshop 9, page 213.1, Wash-



ington, DC, USA, 2005. IEEE Computer Soci-
ety.

6) PhilipH. Carns, Walter B.Ligon III, RobertB.
Ross, and Rajeev Thakur. Pvfs: a parallel file
system for linux clusters. In ALS’00: Proceed-
ings of the 4th conference on 4th Annual Linuz
Showcase & Conference, Atlanta, pages 28-28,
Berkeley, CA, USA, 2000. USENIX Associa-
tion. .

7) Michael D. Dahlin, Clifford J. Mather, Ran-
dolph Y. Wang, Thomas E. Anderson, and
David A. Patterson. A quantitative analysis of
cache policies for scalable network file systems.
In SIGMETRICS ’94: Proceedings of the 1994
ACM SIGMETRICS conference on Measure-
ment and modeling of computer systems, pages
150-160, New York, NY, USA, 1994. ACM.

8) Michael D. Dahlin, Randolph Y. Wang,
Thomas E. Anderson, and David A. Patter-
son. Cooperative caching: using remote client
memory to improve file system performance.
In OSDI ’94: Proceedings of the 1st USENIX
conference on Operating Systems Design and
Implementation, page 19, Berkeley, CA, USA,
1994. USENIX Association.

9) Juan Miguel del Rosario, Rajesh Bordawekar,
and Alok Choudhary. Improved parallel
i/o via a two-phase run-time access strategy.
SIGARCH Comput. Archit. News, 21(5):31-38,
1993.

10) Kamil Iskra, John W. Romein, Kazutomo
Yoshii, and Pete Beckman. Zoid: I/o-
forwarding infrastructure for petascale archi-
tectures. In PPoPP ’08: Proceedings of the 18th
ACM SIGPLAN Symposium on Principles and
practice of parallel programming, pages 153—
162, New York, NY, USA, 2008. ACM.

11) Argonne National Laboratory.  Mpich2 :
High-performance and widely portable mpi.

http://www.mcs.anl.gov/research/projects/mpich2/.

12) Arifa Nisar, Wei keng Liao, and Alok Choud-
hary. Scaling parallel i/o performance through
i/o delegate and caching system. In SC ’08:
Proceedings of the 2008 ACM/IEEE confer-
ence on Supercomputing, pages 1-12, Piscat-
away, NJ, USA, 2008. IEEE Press.

13) Amar Phanishayee, Elie Krevat, Vijay Va-
sudevan, David G. Andersen, Gregory R.
Ganger, Garth A. Gibson, and Srinivasan
Seshan. Measurement and analysis of tcp
throughput collapse in cluster-based storage
systems. In FAST’08: Proceedings of the 6th
USENIX Conference on File and Storage Tech-
nologies, pages 1-14, Berkeley, CA, USA, 2008.

USENIX Association.

14) Frank Schmuck and Roger Haskin. GPFS:
A shared-disk file system for large computing
clusters. In Proc. of the First Conference on
File and Storage Technologies (FAST), pages
231-244, January 2002.

15) Osamu Tatebe, Noriyuki Soda, Youhei Morita,
Satoshi Matsuoka, and Satoshi Sekiguchi.
Gfarm v2: A grid file system that supports
high-performance distributed and parallel data
computing. In Proceedings of the 2004 Com-
puting in High Energy and Nuclear Physics
(CHEPO04), 2004.

16) R. Thakur, W. Gropp, and E. Lusk. An
abstract-device interface for implementing
portable parallel-i/o interfaces. In FRON-
TIERS ’96: Proceedings of the 6th Symposium
on the Frontiers of Massively Parallel Compu-
tation, page 180, Washington, DC, USA, 1996.
IEEE Computer Society.

17) Rajeev Thakur, William Gropp, and Ewing
Lusk. On implementing MPI-IO portably and
with high performance. In Proceedings of the
Sizth Workshop on Input/Output in Parallel
and Distributed Systems, pages 23-32, 1999.

18) Rajeev Thakur, William Gropp, and Ewing
Lusk. Optimizing noncontiguous accesses in
MPIL-IO. Parallel Computing, 28(1):83-105,
2002.

19) Qingsong Wei, Bharadwaj Veeravalli, and
Lingfang Zeng. Dwcjsup;2j/sup;: A dynamic
weight-based cooperative caching scheme for
object-based storage cluster. In Cluster Com-
puting, 2008 IEEE International Conference
on, pages 167-174, 2008.



