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Abstract

In these years, adoption of Linux, which is an open source OS, is advancing rapidly. It is said

that the reliability of Linux file-system was improved significantly by the introduction of journaling

technologies. However, in order to assure the reliability, it is required that write synchronization is

performed exactly and to keep the I/O order restrictions which the file-system specifies. This paper

discusses the viewpoint and the verification method for these reliability issues in the Linux

file-system. We applied a method of tracing the event of system calls and DMA on the write

operation to disk in synchronous I/O, and confirmed that the write synchronization was performed

properly in the newest version.
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x JEF] H Write x [@] EWrite x JEEHA Write x [E A Write
(with O_SYNC) (with O_SYNC)
DMA® Sl TARIZVODIGERD AL
SB 2—/8JOvYy Jli]*1 De—FLT7ALORMTOVY IND  IBRRESERIAYY
|| Read I i/—F7F—JL D[i]*1 BEIFAINOT—REMITOVY DIND 2BF#ESRIOvY
Write DIR  F/ALYNJIURDOEMHTOVY

(AT —4, Journal)
Write (T —4%)

1 FEMRORFET7ML DA Ty MEEMKA TR IOV BMNERT

X 4 Ext3 DY AT Aa—)L e DMA DJEFD b L —ARERBFET7 7 A VDO LEEXDES)

LT, TO®K 30 PBEICEHL TWD
pdflush {Z X - T inode 3 AR DGPTIZE N,
FIZZED 5 FE D kjournald IZ L - T, Vv —F
AN NT v arERETHIEERT

7, Vx— TNV EOEZALT Oy 7 EBE A
TwWa.

—77, RSB Z1T 5 X 4b)D%E X, write
VAT ha— VOMEFICT 27 ey 7 DE

Iy b7 ey ZJADBEPNTND.
A, T—4 b inode £[FL XK DI

(© D%

HY vy —F iz
DGATIZE

ET-%, pdflush 12 X 0 Ak
THEINDT=D, T2 TRy ID

A

BPFTONTND Z EBNgh5D. £721K 4

(DDOEAENL, T—F ZARKKDGITICE DY
¥y —FTcENTCaly L2 EE Do

THEERA N EHRBREINTND., V7 A%
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FHUAERR T 2 5GPk T 256 121E, &
IARIEIZ inode RS T 0y Yy, Tuy
By b~y 7 ZOMDALT =2 HEDDHN,
R VO RFIZIZ Z D write ¥ AT L 22— L]
MHIZ Yy —FcENNa Iy F STV,

PLbo X 5 72T OFE S, Kernel 2.6.5 &
2425 2OV T, FRAEPE N TR E
LATON TN Z ERgnoTz. Vxy—F b
@i%lnﬁ ZOWNWTIE, THMEETERNED

D R TR0, VO NEFF OHIF &3 72
é&wF%iA®k AL TWARNY. 72F
AT =B oDy —F NI EEHTRY —iX
,A~va/LiUﬁQLEEOTW5;&ﬁ%}
Mo TEY, X4BExt3DE~T 47 2%
KTDHHLOTIERNI L &> TEL.

—7J5, Ext3 & JeBRiT CTHLY 3A ATV % Kernel
249-e12 22V T, journal & — R T
O SYNC(E LY 0 DSYNO)A 7 ¥ 3 » ghn
TV D E MR S 7= (X 5). 2.4 2O HIH
D= NEFHLTCWDEE, 77V 75—

NZE S TUIRRES N TV DT OT —H D
BEENEZD ) BOTHEENNLETH .

5. LS BORE

Ry var I VT g B e~05E A &R
L LT, Linux 77 AV AT LOEFEMED
PRS2 IR, EORGEFBRIZOWTELEL
7o, ZLTERFEMEO—2TH DLW 10 KD
FURT~DEXHLIZOWT, Y AT Lha—
bl DMA DA Xy ba b b—RAF 5 5 E% i
AL THGEZ T 72, /5%, EEHoAA—Ta v
TIEFEN 2V, 24 ROPII D NN—T 5 1T
IIREED R B D Z g oT.

Lo, DT 7 AN AT MM D D
&L BT, DB RFMFDOBRFESTIET DN T,
REE1TO TETHD.

HEE

Linux 7 7 A /L A7 LAOEFEMEICE LT

NTT 7 — & Jedin il O B (L — 1%, = A il

RiZiEmAE, BEALAZEREZBY E L. 8
HEHW=LET.

0 440

(1]

(2]

(3]

[4]

time

[us| System IDE
0 Call DMA
0,020,600 o
0,020,800 lopel? K DIR
seek »f
0:0210001" yy rite »M [0]
0,021,200 | Iseek >t

~ J N K —

E” IND
0,037,200 | [write l712] -[
0,037,400 - 1seek y M- T
0,037.600 | ——

A 1| pIND
0,046,400 write [1036] &
0,043,600 | IND
0,043,800 |- €lose »t

~ Ao, iy

1 < =
. JJo
339300 (kjournald) § 1

~ % ,-E L
3,393,600 | : .E J[1-5]
3,393,800 |- |

| JI6]
3,394,000~ |

= £ £

1 o~ -
33.393.400 | '
(kupdate, D[1036]
33,393,600 | I
33,393,800 | bdflush)
T | D[0]
33,394,000 |
| D[12]
L A LS
40’053’40(Ium0unt_’£ )
40,054,001 JIo]
40,054,200 J[0]
40,054,400 SB
40,059, 2001 EJ

e) journal E—RK x [E]#Write (with O_SYNC)

RedHat Enterprise Linux 2.1 (kernel 2.4.9-¢.12)

X5 FHICRIERH D N—T a Dfl
X ®

S.Tweeide: “Journaling the Linux ext2fs
Filesystem,” LinuxExpo *98. 1998.

EARLED  [Linx IZBITA7 7 AV A
TJAO)I\E &U'fu%ﬁ\lﬁi@*ﬁnily
Conference 2002.

William von Hagen: “Comparing Journaling
Filesystem Performance,” Linux Filesystems
Chapter 10, pp.235-247, Sams Publishing,
ISBN0-672-32272-2, 2001.

Paul Kocher, Joshua Jae, and Benjamin Jun:
“Differential Power Analysis,” CRYPTO’99,
LNCS vol. 1666, pp.388-397, Springer-Verlag,
1999.

Intel Corp.: “Using the RDTSC Instruction for
Performance Monitoring,” tech. rep., Intel
Corporation, 1997.

Linux


研究会Temp
テキストボックス
－44－




