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PREEL 7=,

& proxy YVAFLEHWCNFS 7547 "6 PVFS 77 AVADT 72 AR TH L i
IS, 77 ANV AT L EICERL 72 Program @ source package % Build 9% OICET LB 05t
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Performance Evaluation of PVFS-NFS proxy

Koit SEGAWA + YUETsU KODAMA ;t+ Osamu TATEBE +t
and ToMoHiRo KUDOH?

The PVFS is an open-sourced cluster file system. Users must re-compile the kernel and/or
make a PVFS-ready application to access a file on the file system. And since PVFS system
works only on the linux machine, the user of other OS cannot access it. To access the PVFS
file system from any machine, we built the simple PVFS-NFS proxy system.

We made sure that NFS client can access PVFS files by use of this proxy sustem. And we
evaluated the performance of this system in comparison with the normal PVFS and NFS by
building time of a source package and reading/writing time of 2GB file on each file system.

The main reason of poor performance was that the read/write block size of NFS is too small
for PVFS.

We will improve the performance by settling the problem.
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PVFS-NFS proxy

Sama Mmodified unfsd

pvfsd
I user space

_ _ | pvfs servers
L

Future ‘ VFS H /dev/pvfsd ‘

kernel space

1 PVFS-NFS proxy ¥ A7 A

2. PVFS-NFS proxy D5

2.1 PVFS ® native API ¥ kernel module

PVFS Tl. meta data manager (mgr) 3 & O
> 1/0 daemon (iod) IC &Y. ANSFAEY T T 7
ANT AT LWERENS, T EhD 77 A )Vid—
EDANFATHAXZLIHEE N, BHDOT 4 A
S R

7547 NI4T Y1k, PVFS1/O API (PVFS
native API) 2925, 75475475V T
E. BRI T 7 ANV A —T VBRI T 7 A VIERE mgr
Do/RHE. 77 ANNDEERABZTHFARBIL
mgr Z NS TEBMNER jod LBEETH I LITLY.,
MBORWT 7 AVAHAZFHEL LTW5, £,
PVFS I/O APTIC kY. ZRSATHAX, 1/0 / —
ROEBLYI/O J—RDF 7y b (77 VDA
NIAEY T EINLRADT Oy 7 BRI NG ) —
) 2IBETHILMTES,

PVFS i, ¥ iod & ¥ disk 2FIHTZZ &
WKk, B—0 77 ANV —=NEHNS NFS DL
RARMNVERy 71372, BAVREDO 77 A I)VAHS
ZEIHL T35, native APl DFEHICIET TSV rr—
¥ g VBICZE D library B HAAS, BIES ¥ L HE
MH LM, PVFS BkDFHEERFIFT L Z e T
&5,

PVFS Tli. kernel module ®EBHMC & 5 Linux @
VES(AE 7 7 A VS A5 1) OEEL R ENTN D,

Z DEEOEEIL. user space TEIVN T 5 pyfsd
daemon %% POSIX/Unix I/O API & PVFS API ®
Bk ZF D DT, kernel space TEJWVI TS VFS
COBTT— N0 2 ) INLEE, user space &
kernel space £ D CTF — % a—NRET L, 2D
72, native API Z AR THREMET
TEM, PVFS AT D77 ANV ATLELTRY
> b L., POSTX/Unix 1/O APTIZ &Y PVFS % F|H
TLIEeMTED,

UTF. 729478475V %E>TPVFS I
7 7 AT L84 % PVFS-native. kernel module %
FoTT7 7 vAT L5845 % PVFS-kernel & FE3,

2.2 unfsd & knfsd

Linux 11X =f&fH D NFS — NEENELET S,

—1% User-Space NFS server (unfsd) T. & 95—
1% Kernel-Space NFS server (knfsd) T& %, un-
fsd 13, WA Linux LICEE S /2 NFS — ¢
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NP —NEDT 4 AV EEABEFD ORI RE L
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119 22> TBY ., —NOFEIALRFE RfEN
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TYRWDOEY—ANTIy MY TT AR 23k S EMN
»5, AL . Linux E® unfsd Tli. EEIKITZ DM
HEEXALEITOT. T 4 AT NOEZQABRKRLE]
IR TEME R TR RS TS, koT. BT
LDAN=T 9y NIEGL BBV DDV NI Ty T a
DERICET — I DKL ERMH 5,

Ty 7Y A R0 TH NFSv2 TldRA KB &
RoTHBY, Xy MU= L TC—EIURETE LT —
HFENZ OETHRSI NS M, NFSv3 Tl Z OHfiliR
MEPNTVEEVHED AN —T v MCEELEX
w5,

S 51T, NFSv2 Tl 77 A Vil e Bk E
MARB>TOD DT vy ¥ aT — Y ORENELH
RLEDDT7 ANVEHEY FZARRT 4 LI MUY
ANENEKT BT DNy I T v TV T AN DF—
N—=~Ny KM NFSv3 ICHARTAELRSTLE D,

i, ARIOBEY ZNZFh o NFS ¥ — /N, user
space & kernel space TEJWN TS DT, unfsd 1T
uid. gid DIy EV TP TEL LW IHIFERY —
ZDEETNT BFEE L THRIKBROEETCHEL L W
SHEMRH S,

MEICIEYY » MRROBEICLENEFLET 5. kn-
fsd 1ZBEIC import SNTWET7 7 ANV AT LEH
O export TELRWE WS HIBRMNH 5 M. unfsd 134
Tyavilik>TINEERET S 2N TED,

£oT, Z2N—Ty MIBWTL unfsd M knfsd 1<
LoTnbb00, Fx DY AT MENGHRIHIHT
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L85 unfsd DIEFDIMWEL THEH L 0R 5,
2.3 proxy YATLDERK
PVFS 4= NI LTCNFS 25 A7 M7 2
VAT I, RO & BRFERD 5,
e PVFS-kernel #ff>TPVFS D77 A )V AT
LERUUNL, ZOT Y NERA YN unfsd
T export 551k
o [THT unfsd DG VI knfsd % 5 FHik
o PVFS-native #{# - T unfsd IZ PVFS $— N &
DORY Y BITHOEL LT L HE.
o [THT unfsd D8 VI knfsd % D Hik
AETCIH b bEEL—BHOKHEER L o2, &
g, ETARLTROZENELRIET S 2 e 2HME L
o ThHD, SEEOIERNERTE L HEANBIT
T2 ZeRBEL TS, BEAMICIE kernel 2.2 D
unfsd®) & PVFS @ kernel module ZfffL . PVFS
DI77ANYATLENFS O k)L Ty 7 AH
BeT200THY, M 1DOL)LHEETHS, unfsd
D HERBR L7201, kofsd 38> TBIEMN
ETHY., FRAMRI>THELEE=FTEE
EMBHTHLENOTH S,
2.4 unfsd % PVFS-kernel ICAW355 DR
B
unfsd & NFS daemon THELD T, TDOT AT L
ANOBAL BTz TRIEL 725 2 2DflRE b > T
b, =D ZEIUVNELEIELTWERES M
DFzy 7 THY ., b D —23BRIC export S NN
Ya—LZHPexport T5L IATRINLEF =y 7
THb, ZnHIE, BEBEDNFS OERICH - TE
77 ANDBEREFEOLOIMETH L, AVAT
LOFEFZE Y VD 1 DHIE proxy ETIT0,
WO T RFE—VICLE T 7 ANVT I 2AN
FHELROOTREL RS, —EXV Y NDF =y 7
1Z. mountd daemon OF D 2 EFRF C{ITHoN T 5,
ZD 955 1T pathconf DF =y Z MEMRDTZ
B 513 skip 2{TbRv, /2. BED export F =y
Z1IC oW T, unfsd TIXAT ¥ g VEREIC K - TCE
WTEDL LIS TNE,
2.5 PVFS-NFS proxy
Ky AT LD BRI LHESIIIRD L 91X4T . &
9, proxy D/ — K _EIZ PVFS kernel support 73
U=V AVAN=NVT L, D compile ITIE ker-
nel header & PVFS native API library 2 TH
%, ik A5 7=, kernel module % insmod U pvfsd
daemon Z7ESHES, PVFS 77 A IV AT LT
N D mount.pvfs A< K TCPVFS 22 /—K Lk
DITYERRAVIRIT U NT S, 2O U RR
AV % export LEBIKZEYY Y N F=y I V—F
v #fEBR L 72 mountd daemon & ”-re-export” A4
Y g V1 & T nfs daemon ZFCE)T 5, unfsd 1%, #&
BB export TEMEBIET 0TI OBEHMELFE L

10d

= @IPVFS client
PVFS-NFS proxy

===
NFS client NFS server
NFS
2 FHlER

7Bk, daemon OFEENLEL 25, B, A¥
AT LEPVFS ="M EHRTPVFS 7547 b
THYHLDT., ARICKHEE D /-~ N TEiffsEL 2L
MARETH S, EBIC, 4 / — K ETAK proxy ZEE
X, 4 )—-FRDONFS 7547V M6 ZENTHhD
proxy IC7 7 X A S ¥ L EBREITV (EBEOHERRE
1A UED ). BIEOHREIT- -,

3. MEESEM

9. LARTO PVFS 0 ¥ < PVFS oEgEM
& - 7= make DRI DWW CEEHH 24{T> 7=, B —
ANVT 4 A7, NFS(unfsd). PVFS-kernel. PVFS-
native. PVFS-NFS proxy DZNhZho 77 )V
AT 5B PVFS(PVFS-1.5.5) DY — A7 7 )V &
BB L. make 725 DI LR ZHIEL /2.

WICKEWR T 7 AN DFRHEZNVRIEZRET 5
LW ESTENTID T 7 ANV AT LOVERER I
gL,

3.1 MEREFHEERSE

SEMERBEIE. ROBYVTH S (K 2).

o J—RNEtEH
— Fujitsu PRIMERGY 1200 X 17 &
chipset: ServerWorks HE SL
CPU: Pentium IIT 1.13GHz (2CPU SMP
M 1CPU O 2gedk)
AEVY: 1GB
HDD: Fujitsu Model: MAN3184MC x 2,
SEAGATE Model: ST373307L.C x 1 SCSI
Bt
OS: Linux 2.4.19
* VAT LELERGET — F BT 4 A Y
e Xy hT—2
— NIC: 3Com 3C996B Gigabit Server NIC
— Switch: 3Com SuperStack 3 (Switch 4924
3C17701)
e Gigabit Ethernet K Z A\
— Broadcom Gigabit Ethernet Driver bcm5700
with Broadcom NIC Extension (NICE)
ver. 2.0.18 (08/24/01)
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PVFS ROBKTIIEAFF— 7 —"M1 A, 1/0
I=RBLOIVSAT7V N =RV 1-4 8%
TELSI TS Z &M TE S, iod daemon (iod) &, %
hZho1/0 J—RET1IORTEESE TS0
Tiod DY 1-4 FTEMTZZ LIRS, NFS %
DREKITIE NFS 4 —RBIXONFS 7547 b %
FNETN 14 BFETEIRLILENTE S, B,
PVFS 27547~k /)—FK, NFS #—/,3, PVFS-
NFS proxy i@ /) — RN IXE—T#®H % DT proxy / —
NYREBFICADETEES R DL ZEMTE S, Fik.
INHIEFE—® GbE A A v FIEFREIN TS,

3.2 Build time DFEMHE

NFSICBEAL Ty =N, 7947V b EZNZEh
1 B2, PVFS-kernel ICBIL CE AT —F P —
N 10 V=R, 2547y )=R&ZhZhlh
DDAV build time DOFHili%4T > 7z, PVFS-NFS
proxy ICBAL TiE, PVFS X ¥ 5 —# ¥ -\, PVFS
/O /—NK.proxy H/—RFN. NFS 27547 &%
nZh1BI22 0K obe £T77 ANV AT
Lk L, 22 pvfs-1.5.5 DY — AV Y —%
BRI L. build IZ»2 5 K% time =< > N THIE
L7. £7. PVFS O Tiod 1 DORIE T 1y
IV A X=ANTGATH AR RLDT, ANTAT
YA RFZTay 7P A XLFLLSKBTHSL, b,
PVFS-native 1Z. <7 ¥ b MTELVDOTARET
BERAAL CTH B,

3.3 NVRIEBEOFHESE

BIEICEER L 2% ) — R oL b . PVFS-
native, PVFS-kernel. PVFS-NFS proxy. local. NFS
(unfsd) DK T 7 A NVY AT HITOWTZENZ N block
read / block write HEHE DR %217 - 7=,

S TCHWEEMET ar S LOBWEILATO®Y ¢
5, EI7I9AT7 b LTUIRETRENR RV F
<*—=77ar I LhEANTEY, script Ik 5HARE
DOETEEIE TS, ZROISAT7 IR ENE
WAERD 2GB 77 A VT I2EAT S,

(1) 2747 F)—FE—FKALAESOR
15 IT77ANDOEZALEIETI, TDHH
2EHDEZARICEL KR ZAEL., &
RBENVRIERZRET S, ik, BERARK
BEYLERIMN I A7 NREICER LD,
THRBOT O ARRy VT -2 NV RIER S
BFLTUED Z I KD BRET5-0THS,

(2) 27aRARBINY TIKEYVET 5,

(3) £2I47YM/)—=RiF—FIc (1) TEERA
ART 7 ANVE 3EFGHE L, 2EIHOFH
UICEL BRI Z2IE L (RPN LAY NiEE
kb, 3EFEAHRLZIT->T0501F (1) &
BUHEAICELS,

%72, PVFS DAk 547 % 4 X3 64KB, {HL,
BITH O S & [FIkE PVFS OfERET iod 8 1 D 0B

N
o

N
o
T

=3
o

®
o
T

=3
o

Build time [sec]

'S
o

Ny
o
T

1 ]

local NFS

o

PVFS—kernel =~ PVFS-NFS

proxy

File System

3 Build time DR

ANTGATHARF Ty I A XE LD,
3.4 NVRIEFHMEICAW=Tas > A
PVFS-native TOHJIEMIC. PVFS 7547 b

SATSVERRALETARZ1/ORyFT—rT70

TILBERL Iz, BRVF—2T 0l T LT,

PVFS native APTI Z2FHWT., 7947k

5 PVFS 77 AV AT LKL 77 AV OFAES

2179, TV 5L IHMRRM Ry 7 205

TWEPRIET 57D, Taky Py A2 HOE

IERERRRRIIE: e, 2o7aZ SAIE 7ay

IH AR, RO Tr ANVF AR, BLOPVFS @

ANTGATH AR 1/O ) —ROEENRTA—FL L

TETZIENTEL LI R>TWVS, PVFSICkD

77 AN DHEHREEZDYIROTHENITIROBEY THDL, £

T IIAT Y IR T ay 7Y A XERLT pvfs read()

/ pvfs_write() BIZ IO T, 5 &, PVFS 5 A

TS5VEEMN Ty VYA XDT7 IR ANTAT

P A RHEIL T BRE T 7 VIR S N7z EEIC

od IKEIVHCCT I AT S, ThiETrANVYA

R/ Ty 7Y A RIEFHVET,

% 7=. PVFS-native LASF COWE TIL. pvfsread()

/ pvis_write() BAEIO R VITERE D read() / write()

& VFS OV AT Lha—VEFEIAEOT O Sht

EEHL /=,

4. FEREEBE

4.1 Build time DFEMER

Build time OREFERIIN 3 @BV TH 5. X4,
PVFS-kernel DMRRIZZ DY 57 L VEL | local ®
NFS OB& D 20 fFOBER P > Tz, ZTOFRRK
PHRRLLEDIC, 12D /)R LETITRTDOT7 IV
VAT LERERELA—T oy b ¥ A< DR b LI
&2 THEBMM»D 5> T LR TR,

PVFS TOEXALBIIL, 75472 M5 iod
i< request D3ESN, B EfRET —FIESN, iod A
ZFOF—FeRTMoTT A AV REZRAARELZA
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O Block:8KB Write
H Block:8KB Read
60 O Block:8MB Write
[ Block:8MB Read

BW[MB/s]
5]

30 =

3 lE = =

PVFS- PVFS- proxy unfsd local
native kernel

File System

4 £ File System DOMfE

TACK%ZRL, ThE2 7547 VM BRIz
ZAHT1 70y 7 DEESQALONEMNEDS, 25
N, EBOEWEER RTHRL L7 T4 7 2 NP5 request
RESNHE, T—F %%V 729 % TIC 39msec H
Mo T ZeRNbhole, £z, TOWRRE, Tay
I A XURELTEY, 16KB LALTIFRZ 57220
Zebbhol, koTTF—2oNy 77U U 7ICH
BZNRH5H DL FIHEL TCPNODELAY V7 v b4
T avEIEET S ZOBRENENE SN,

ZDFTY g e EE L IREE CE U PVFS-kernel .
PVFS-NFS proxy IZDOWTHEL THL L, ATy
VEIBELRD S 2EE D Build time 1K 65X, ¥
55077 AINVY AT LIIBWTY 2.25 fERE M
Ehiz, L»L, N TY NFS @ 8 f5b B
MoTNLZLIRY, M7 7 AV AT LDIED
EFHTH S PVFS-kernel IZRI IV Ry 7 DEHRNE
EEosTWnWbZeRbhb,

ZZ56N5YH DI user space & kernel space [ D
F= AR EL5F—-N—=~y KHLMN, B —
NiCEL T ar LB YR—7 oy <oy e
THET S Z M TCERVDTERKRERTH S,

7B, DBEoOWEIX. TXTTCP.NODELAY #
ToavEHEELTHEELELDOTIT> TS,

4.2 /N7 RIBOSHELER

BT 7 ANV AT LDZHAEES NV NIEX. K4~
K 6IRL, 77 ANV ARE2GBTHY, Ty
73 4 X%, NFS(unfsd) TSNS 8KB & LARTO
5 > ¢ PVFS OMRED kb -7 SMB 25/ L 7=,

X4 2RLTHE LI, 2GBDOREZIDT7 AV
DHRBPEZXDOEETYH, KB 2 WO Ty F Y AT
¥ PVFS-native. PVFS-kernel W\ 9 NFS 1k
NCHEENEL . N PVFS-NFS proxy DHEEICES
L5, NFS OEEICHRNTESALET1/12.
FARABRET 1/5 LW IFERN Tz, =K. Tav sy
A4 XM 8MB D&%, PVFS-native. PVFS-kernel

@
o

~
o

o o

S &
T

o

]

2

Aggregate BW [MB/s]
w S
S oS
—T

- N
o o

T
]

o

1 2 3 4

Number of iods

5 iod HOZEH T HF AR OLL

80

—&— Native
—=— Kernel
60 7 Proxy

50
40 |

30 //.
20 S —

Number of iods

70 [

Aggregate BW [MB/s]

6 iod BMOZEICHKT BFEHABMEREDZEL

EHICFHRAFEOMRIE, NFS 2 LE->T0s, 2
nix, L., 8MB o7 vy 74 X T PVFS-NFS
proxy PREEETENIT, MMM LTS Z 2 2 FEL
w5,

5. 6 1. Block ¥4 XM /KB D, PVFS-
native, PVFS-kernel, PVFS-NFS proxy &7 7 A
WY AT HIIDNT, 7547 MIB LU proxy 8
M4 DB, iod D E 1 D5 4 FTHERLL (GiAEE
MEENRE SBIT 0B bDTH DL,

M5 2R5eESRARERICONWTIE, PVFS-
native DEE1E iod BEMEEINTIIMRELEEIIL T
5 M. PVFS-kernel & PVFS-NFS proxy Tl
BERAELTCNnEZeRbhrs,

X 6 % R5 & Gl AR DT, PVFS-NFS
proxy DEEIIE AL DOEE L FREOMERZ R L T
W5, PVFS-kernel, PVFS-native ®8&13 iod #{®
Bine & HICHREMSEML TW5 2 b5,

5. B9 E B3R

Jin Xiong 513, Dawning Cluster File System
(DCFS) £ 9 77 AV AT LEHFEL TN Y,
PVFS L O—FDEVIE, X ¥ T — & — "D
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EL. ¥ T —FBEOMRER: LT b 22 Th b,
WOHWRRA—D 7 5 A% T PVFS & DCFS oMfett
BET->TBY, 2048MB D77 A VR DI 54
7 VN THRAPEES SSRGS, EEIARTPVFS 0
2.0 %, FHIAHLTORFEDOY — I HRERB TS, £
7z, 49152MB O 7 7 A VDEFETIE, EEARTILS
fE, ZPABRTI3fEDOE— I MRETH D, /2. &
DT 7 AINY AT LIE PVFES @ kernel module & [6
R D module X—ZAD VFS ¥ R—h v AT L%Ho
TBY, BEOVATLIA—NTTIEANTE S,
koT. Bax DY A5 L FARERMEA T PVFS H
BNFS D67 72 AMNEREIL RS,

6. BbhHY I

413, 5 PVFS-NFS proxy ¥ A5 L%EIFL .
Tl 24T 572, ZOTAFLDFEX, 7547
OB BHELZR LIS, NFS 7547 M ek
DECDYATLDA—=PR I FGAT Ty ANV AT
LPVFSNOT7 7 v AHEERETCEL8THY, &
AT LY OBELHD NHENASIITA. VAT
LOEFERT Ny T HITOR TN WS B THLH,
7. PVFS X7 SAZ 77 ANVATLTHY ., B
DISAT Y IDEDT 7R ARERL TRRETENT
W5DT. PVFS =AW SHRTPVFS 7547
kC#% % PVFS-NFS proxy bRBICESHES TS Z
EMERETHH I HHETH Y, EBRICIEL <BEfE
T5HZL ORERL 2,

BT A7 LTI, NFS Gl ShE 7 ay 79 A
IMPVFSICE 5 UNSTE, @EDNFS L H#L T
Y =YY —@ Build time T 1/8, 2GB 7 7 A VD&
EIABRET 1/12, FeHHARBET1/5 L HEEMEBTL
F o5, TOERD—> & LT TCP.NODELAY
AT a v OBERRONY . FNEHERL 2 Mt
YREANEEL TB Y FLEBRICE > THR,

PRI, 1 ® Future ®KEID X 51T unfsd
M OERE PVFS 4—NIX7 78 AT % &7 proxy
daemon #BH¥. unfsd ISKERT 5 RE S 2 R L
o, BEftEETETH S,

B

RIFROMR % 5 X TL RS 5 R EERIMETE
7 Uy RBtset > 7 —REIOEHRICEH T 5.
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