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ABSTRACT

This paper proposed a new approach called LSTC, Log-Structured Transaction

Cache, for the purpose of improving I/O performance. Mostly for the “Database /

Transaction” and “Office / Engineering” environment, LSTC technology provides better

performance as well as better reliability than traditional file system buffer cache at very

low extra costs. It also adds to system availability and reduces maintaining time. The

essential contents of this paper are listed as follows:

1.

Based on the physical characteristics of hard disks, we proposed the LSTC
technology. We point out that using on-disk log as the cache for write
operations, the system can exploit the high continual transfer rate of modern
disks and boosts writing performance of file system by magnitudes. We also
introduce the concept of 10 transaction into LSTC, and explain that using a
log-structure transaction cache, we can solve the problem of maintaining
meta-data integrity, which has existed in Unix-like systems for a long time.
After summarizing the recent development of hard disk, processor and DRAM,
we conclude that most computers today have the configuration for running
LSTC to achieve better performance and reliability.

Simple trace-driven simulations are carried out to evaluate the new
architecture. Results show that it improves performance considerably.

An implementation design under the Linux operating system is presented in
the form of architecture, algorithms, data structures and scenarios. Hierarchy,
modularity and portability are kept in mind when carrying out the design.
Several problems, which we may encounter in actual implementation, are also

discussed.
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AN ENERNIREE e SR BRI R AR LR A WA H
B a, WILFE o 1 (B, WS e 253 it i

3.4 BiR1E

BEATE AR, LSTC il & i G i i Bl 2RI . R/ NAE S HCHIWTE 5 AT
H&s, ool 2T HAE, BORIBESEEE AT HAE, Nl
AT H A UG s PR RE . RGRBEAAE, (A tn] AT R 28, Lkl CPU
MR H SR, rT RO e AT H A&, DL R g a8 Ao H B 23 )
it Ko

XEFANAT H AR B, 203 Bk HAZ ah il B K sh R e A 2

P HE R, s 1 SR XN RAM 22471 FIFO BASIIKIBNRE, 7E1&
O TR A R L Jm, IXINAT PR, SRR e el S B SN H AR ],
FAT1 o RR N IRATHTIR BIIRAT SE R ], R WAR, A& PERESELS, & L4,

BTSN RAM 2247 25 RATHAPR DS th RAM Zef7 58I H S, JXH—
7 T E R A B 2 H S, BUAFE RAM S2F SR A 2, —JF
104 7 3 m PR REEOR BRI S B IBOR . BTl NMEUMER T A8
KIGAr A3 18] BRI M ORI BZFER) H K, BT3RS BRATE I 550«

(B XS RMAERBTE = T) 80 CREEZSEEE KD = W)

T /N (L3t ms), 1 M AR (LLandE KD X — SRS IR REAE R4
Ber NI CHERARTRIN A, DRSS AN S A HE, XAREERGURH
s, KBRS PR SE = TERE .

USRI PEAF R A], T FEARS X E RERE MR, S5 SRR (10 i S 1) 32 1)
T (RARIGEM, KK T B A A I i B I R, i /N T S 80ms fi g i

15 7



AERFEILITHEX

BNHERBRLN, urEfe. wReHshasm TR A Se, X 2idt—F
RIS BRI

3.5 LIk

BRI A, W T SCFRAM Cache TR AR B, LSTC 7RG 745 Rt
A, WERIKE], WUk RAM Ze7 I sl o], WsRAT 368, wvks B Mo
Rt e R (]

AT A EE RAM 2475 U R G AFAR 2 I A A2 R, 36
FFAE AR B o XA AR HARSEEL A, WU RAM 247 5 SCAF R G4 I T
WE GO, RIS TR Bt al DO G AF N2, 1 G il RAr i

3.6 I0ESEIE

KINAE LSTC 1, HEZATF/E 2 Cache M1, PRI IL b 1 5504 i 419 5
PR H SR R BRI, Ratiatr—Bu R, Hs A
AL AN o R R AR dls N H S P 'S SRR A b, TR IR I e s
RIS H &S TR ok, DMEFHRRI AT

o R R A ARSI N LU T 5, P45 N RAM 2247 (1) FIFO BB 85 T
GRS, LS O ALREAT, UK A ES T IS AR, R
FEH S R A B, KX AN G55 gl i), AT LIRS RAM 2247 HH IR AR
B B SNBSSk A Rz )n, HAARMATEE,  H b 2 28 W) A2
Ko

R s A PR ERAE AR, D H P Bl e e A, ANa RDh B i
T, RS 2 sl P AR R AR ) SR 3R AT o AR RS (L e PR 2 )
NF20%) RGBS BUR )LL) R elRSEIE T ST A AT . ke
AR R SRR SE, AEI e & B CAR.
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R AR, — AN ATLE B R e 2 AT R L, B — AR 5%
TR EE RSN, AR 58 O A A, WSk BB RARR,  — R Al
JIFTE “HBRSENE”, RIRIRAR R TV, PRIEREK B isdT, fE—istrd
e, PATREZWEAE, BAARE, PRI RIS, ubER . #kE
KRN KRR RE M 2T By, ATWFIUaR W], 1k Sk 1 B8 BE A A8 2 B e 3 AN it
KYERER) 7% ETHE] 25%. o

H7E, 7 Unix BRAMWUEIKE T, —ROLTHMLRBER L. HlRAE
AT B A R PO S T P BT i S

e IR AR XA, BT R IE R SR L, A K Sl i SR BA A —
e i (LGN fE Linux ™, IDE 45 3 SR BAFIA B J2 85, 7R U A i 2
NR_REQUEST * 2/ 3). MfF5TRHEIABERNIERER 25%, 75X N 1000
RIBAAUBEAT B, DR s D, W AN P iR B S £, BT
Wi AR AT e . B —AFSA IMB K/, b RMiEsk 1K, I
1000 MER,  MERAE AT DUAE RGBT 2R WL, H AT CPU R R
5, %A URERA & 25X 1000 NHEATHE P31

3.T =% E

LSTC [ #fehsth = 148 2 RGURAT IEH QMBS OL B, MIXARG RSN AR
R, 3T S B AL 8 W H RSB, BB
R A P i R ] AU T R AR E R M BR R, HERX
BHEBEANAS, Bl RAM A7 RIBRIG A R EE, soe il VIR AR AEdif
MEAHEL MW L, IR HETREWKRAS M. B HETREELIRT,
] AT 2 RO e X5 R, sl ik, Al UM Ik H s34 -
Lo S5 —amd, SR PrAT s, ol SsSB4 5 (7 Sl
(FrlpE, Riiie), MES i mfsokF 555, e RS E %R
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i
2. SR, HEATSCBRIOMCR AT, R AR DR A, AR (KA 45
FRIHT
ORI MO L o LR, —A> 100M (8 H A T REZEJLHFPEE ) Lop Bl ], 5K
170 w6 = (112 N3 et o B 1R 11 P ST = T 1 D i 2w E A

H18 1L
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% M & LSTC # Linux FTHX Mt

4.1 &4

AR E SEAE Linux FSEILLSTC, JHEHE XRG4 G kiziT. HTW
FARAE R G WAL ST BNFE Y, i LAl BAS D 5 8 R SR8 AN (7] 1) il L
e, S5k % LSTC b &% )il b geid g 2% refitie . Harse s L
VRGN Blagit . AR EE. TR BRE], & 8A TR

LSTC 5 AF RS 45 A 4 e A, DL FRATUHRIMA Linux 1) ext2 U RS0 E
BUmf3 8 —A~5 LSTC — Al H i 3CF &2 48 (TAFS, Tsinghua Advanced File
System), HHT" Linux WIAABIECR:, WEASSINTEL T, ShasH4mmm
ke, DRHGH G SO RGERT LSTC e FAG S AR 7 1

N HEE A S

4.1.1 XHHEY% TAFS 414

RZ 4TI Unix I35, ZRIRAENT ZROCIE RGN SR, 2 RGGEER
ML YA RAE R R NZIN, Bk, — Mk, S —ANBi SO R 48,
B AN Uz O, SEBLIXAN SO R G Th RERI AT

Linux FIXFIR; 2 RS0 R GEH SCRF 2 T RSO R 4 (VES) By, VFS
BT BRI RGHRAE, O RGBS T X A, T L
423 Linux 2 b $EIROM S, AT W] DUXFERSEEE TAFS.

PN ME— ¥ 8L VES JE SCIRERAE R sz br LR, T S R 4
AL Linux MG EEENLE] (SEILAE fs/buffer.c S —HESCPEHD, MisEPs EBAT
T BB PP B ER AL, LL U B NG X (R, B RART B 2% BN Hd
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Wi, NiZH LCFS k54, (H VFS %A & —81,
BATHIIPESEHRF LSTC 1E A — N3 RS SR S, 11 TAFS 7 i 2 A0 i i ekoid
VES f#:H, HERM LSTC R0 . BARKIAH S5 B3 4 Bis.

=y

e
a3

[ B ARG T }

LSTC

[ S s B A B 1 9 UK B j

=i

E% 4, Linux SSIBY 45+

M EEIW LA, TAFS EEYS VES #:H, X FEY Linux Z2r#EH, 5H
EXE RGN

LSTC W& —AHik&UKa), JF B A ot — M, & — 7 i S pri
BRI E L T EAE, SOy T HAES A7, € X T 8 10 #iiliRfE,
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SRZILNT 10 FA AR, Billn, Bratfds. L HSE.

K451, AT A LU LA

® A FIH OS BAT Ik

® T[ESHiMELF, Solaris. FreeBSD #5475 VFS BRI 454 5

® NHER /D SR A RGN

® [RIUFIBIHL, TAFS #1 LSTC @A [HZRIIIRE, NIZAE OS [MAH 2

KSR

o RS, NWAZHA LIRS INES, AR LSTC e vl SE AR g o

FEMEE R, LSTC SEpLL N Ihfk:

o IRt 5 R P A KSR AR RN Y 10 R 1

o R{LHLLIN 10 SRR

o fifitxl BJZEWIN HELSWGEAE, LUIE 10 4%

HIEFXLETT K, LSTC R MU SRS IR 77 2O SEBL,  RIAEIRAT A Pk
KBNSz, R B A AR, — L G D e i 15 4 F DA %% OK
FRSEEL, — A ThEE, WNE A AR R SEEL

XSRS b AR T ) G gm A () 4k K 7, B LSTC 2 A ik
IR TIE, DR T AR IREN I — L ThRe, B XA TR R RS
MR, X FURMES BgkaR,  SEBR AAZIFAN I BT ) R D R I S,
Jit LA h — e s kR 1 BB B i S

4.1.2 SHEXEZEXAATAMEIER

He ARG SEE AR

® DCD(Disk Caching Disk), KH W& IKS) L AL T HES5H11) Cache,
H%A 10 FH45 1S . DCD 584 B WA B S, Rtk ) DAYEAT:
TEAT SOPE ZR 8 BSEIL, BB 10 45 M, i oo —
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HUETVETRIIE, REU R /5 2HEAT fsck F27o

Ext3, &M HASERISCIE RS, RS2 SEOLR A H 55 Dfg
MIHE, A T AR E A, KEB ST WEERESH, DLORIE
LT HEN SCRF 10 355

M2, LSTC fEh— A K ahsidl, HXAT - LeRphkiii b, & DCD
5 ext3 PRSI ST

4.2 LSTC g &

I X A A% BB A DX IO BL 7 A, SR B IRE), AT A

ELEEE

MR £ B %5 (MAJOR number);

RGN T EAE R LSTC MFTA Ay, @r AN RSO R4 mi (Bt
[dev/ T AT B SCEED s IR AT A IR N SR S, X A
Z0H), B R X

TEW BB G b, SORAFLU N A 817 S PR B KB IO FR BT« i T
ARSI AT A8 KRR RS Z M HSS . T DAL
B2 SUR RPN

$a 853 10 R BHEATE I B & IR L

T35 10 K H H & SEa;

HEANBI AL RE (Iste_commitd), $ 306 i A THRAT TAE;
AL AP N AL LR (ste_checkpointd), 47 5% 5 HREAT BOHs (rI46 25 o5
HAE

4.3 BiEEH

NHEAH LSTC i 28 aify, SR air, B, R
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Je o JLR S g, X LA AL C W F TR VEANZE R, i P R A
MR linux WAZACRS 1) — BT HE, T A T 045 1 B 5 4 R R i AT A

KONTTER, AT B AAAT B 45K R B AT T, X B I oI, A

T GERITTAA Iste B2 CLLt Iste buffer), FAAINIEA (LLan log write),
TERARSCHUN, AP0 2% FE Se 4l LI AR B, i LA S B s 2 i vl e 3 1

—EBUERRE, AFRFBAAIAE

4.3.1 Istc_buffer &

Istc_buffer Jj& —HRHHEAEZ T X P TEA, A ELT WA
® Mttt

® HIAEREEL bl (. PRSP,
® XU EEREE, fa1n BN Istc_buffer;

® JiiJ&I Istc_atom [KJFE%EL

4.3.2 Istc_atom FEH!

Istc_atom FRN JRFHRAE, J&—4Y Istc_buffer ISR, ST FHSLH 10 S
YEARAL, Iste_atom s T — M /NIERAERAL, BT, —A Iste_atom JT5 1) JLANR,
FEAATRIE, FEAAT RN E K. @ Iste_atom SZIL T RESEC 454416 — 5
Moo BERPEATHSSM 1O I, /R ZIAS A Istc_atom Z5H4, SRJEHIHI L4541t
1T 10 #1E,

Istc_atom [FE5 1T

® ID;

® JiiH Istc_buffer 41 MI4ER 11K F5ET

® RE, RN buffer FPRE, TILAAT: dirty, committed, clean —Ff;

® XUEERAREL, FRI AN A Istc_atom;

23T
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® JIiJEI7] Istc_transaction [JFR%ET .
4.3.3 Istc_transaction ZFEH!

Istc_transaction B[l /& YO B0 WK E 5 458, —> transaction & 45 T~ Istc_atom
MRS, Iste FERMATAL A ;S HRAERT, $% /] Istc_transaction A BRI SREEIT . M I
Y, R AR AT LA Iste_atom D BALKRBEAT, BEIAEAfHIN—A Istc_atom M H &
SR T HEEA e AH TR A SR SR 2B PUE G, T Iste_atom —
HAERDPHEE, DIGEZ Iste_atom kS AR 2 S ERAE R KK BTRAG I
Istc_transaction A& &1 BB 5 1
Istc_transaction Z5 4201 -
® 1D, UARIRFTE MNMFAMBIEE, T MEIdRAE SR BEgSh, W
FOE VT —IKRGHE A B, IR N LR E Ak Sesgn. JH—14 32
RLCAT S BH, N ] ELORAIE RE I b FRSE R (1175 100 5

® HSUIRA, AILLRZ: active, committing, committed, checkpointed PUFf . 7
X3S -
active: IEAER S RS R 5%
committing 1A ) H 25 T $ 58 8 (A~ 4555
committed CZ[) HAAH RS8R, HEHRIERE S2IEHEH +RIF55
checkpointed — H#i LA H ANBHE A F S5, S2br LS AT I T )
Hlls, BAEWNAE HUE0 THEA cache, #& it O ;

® it Istc_atom ZLRKIFIHER 1)k FREL

® X nEERTRE, FRIA /NN —/ Istc_transaction

PLE=FP2RA Istc_buffer, Istc_atom F Istc_transaction &35/ Iste fFERLE, T4

AN HL5C R AR A2 e 1~ ot B s
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buffer

\
HEWGIRIE,

ivnY

| I

ghi—Natom)s, A

buff

er

buffer

active transaction

buffer | bu

[
ffer
I

—ASEEEN
atomS 2| H &
t, A

|

-

buffer

commiting transaction

il [ 1
buffer buffer buffer
wn T

Ho5H

J—‘:—‘—»
o6 ke

F LINCLEZE ]

buffer

e e

committed transaction

buffer

buffer | buffer

committed trans
actionsfER 44
M, REFEC
PRI F %

BT A REES, R
%%Fﬁ

buffer

checkpointed transaction

i | N
NI L

checkpointed tr
ansactionsBE#
gk, RAEIT
CAS Y A 555

El& 5 AEFEEIREHXARRIRE

4.3.4 |stc_buffers[]
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Istc_buffers[[/& — Mg ZHIEAL, X NA—DTs's. ERAEEESbE
2 Istc_buffer WL, FZBEEBUARE, SE7E Istc_buffers[]H 4k, WIRHE AN
Bedls, WEBGRB, AW, W98 KSR

BN, Istc_buffers[17, &/ NEebbhlk LR BRI —A Istc_buffer, 1M
TERMBGAF A R, — DL AT REXS N2 A Iste_buffer H, fEARBIFHH,
Vi M R bk (R B A7 LE

4.3.5 Istc_fops (file operations JFE &)

file_operations £ 1K W] — i & LS 58 3R, Istc_fops BATHA

Y, 55— ALY file operations —#f o
4.3.6 Istc_gendisk (struct gendisk &)

HIRSE I X R B YU . gendisk 45 F45 A% 4 i 45 BB 48 OB 8] 1) 58 ey
DI ThREM R AR S . WAZIE R — 2 i i 44 1 7 et 5 TR) X R
RSO X A B YU B RE, AEIXIIRE, Wi ZE Iste_gendisk HHBEE L8 {H

4.4 EKRIZEE

NS LSTC w2884, AR ERAE, BB WIIL A i KA 7P

SR SR B A ST 1) B
4. 4.1 Istc_init

WIEAY Tste Heik 54 IR«
® ity (MAJOR);
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® WIIntbh k&5 S, fH blk dev (JEM Istc request PR#L) , blk size,

blksize size, hardsect size, read ahead;

® i/l Istc_commitd 1 Istc_checkpointd

4.4.2 |Istc_cleanup

I Iste PR &K 5)

® ifRiIa R

® EfHkAy

® ZEfF Istc_commitd K T JR AR A

® “51¥ Istc_checkpointd ¥ 3 5555 A HB AT A0 A s AT
® L Istc commitd Fl Istc_checkpointd

4. 4.3 |Istc_open_atom
TFs—A 10 SR FHAE. B E— Istc_atom g5#4, RJFIRIAIZ
4.4.4 |stc_close_atom(atom)

M—NETFHRITA 10 SIHHSER)E, HEJHH 1stc_close atom, ‘ERFIX
A Istc_atom fI A active transaction 5471, SRJEMEEE Istc_commitd Z&FE KA

active_transaction [ L F-$242
4.4.5 |stc_log write(atom, buffer_head)

FHEWN G AE. atom X MEAEITIEN R T, buffer_head 7& NI —Nilll
BRI, W& — DB AN MIX . log_ write 5 buffer head H [ &2 3] atom
o, Jf BAE 1ste_buffers[JFPAEMN i, AR5 ZRIIR[H],

27T
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4.4.6 direct _write(buffer_head)
PR AR A A S B . BB F R IR Bl e 1l

4.4.7 |lstc_fops = write = Istc_write

AN TSRS A, B VES BT AFS W . Wi CYbtsR Ssbsia )
FRRTIR, AR — e EE RN, s R 1stc log write, BRE I direct write 2K
TEN.

4.4.8 Istc_fops > read = Istc_read

PHRAE, HIUAE Istc_buffers[1H &gk, WURFKBIM IR A 75 I HI R4 9
258 aRAE .

4.4.9 Istc_fops > ioctl = Istc_ioctl
WA G 1O = filHI#E 1. HRrseAr, Bt DLE B A S Prmd BRI 3 1 ioctls
4.4.10 Istc_commitd

Iste_commitd AN ARALERE, 7ERGHILAMLIN I BERI B, (T2 B o
LB E B R, I ] committing ARAE] committed A IEEES (2
P&h&ﬂh%tmmwmma%i@@o
wrpis bl ), SRR HR R AR BRI S, 7E Iste_commitd
T LSSORE
® Y lstc_commitd BT, FINF KSR I T OB, I T g,
WISEIAT AR . SN T, BRI R Ge s iR i, Sk — B
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MR FEATRAT . b, Ja— AR T ORAUE IS ANE N A DR B R A
® i committing_transaction ") JR ¥ E K T — o WA, #—

committing_transaction {7 {EI [AEI 3 —BI{H )5, Istc_commitd Ni%5

PeRc e, FIEPR LS SR AP committed, AR — AN BN F SAE N

committing_transaction.

4.4.11 Istc_checkpointd

Lj Istc_commitd —#¥, Istc_checkpointd W& 7F RAEMI UGN I3 B 1K) N A% 26 FE
BT 55 2 K A M H 36 S B A R EE S5 tH committed R A F
checkpointed RAIIHE (2 U3 Sllstesransaetion 220,
5 Istc_commitd ANF], B TEA EREIRHIfER, Istc checkpointd 7EREATAY
B AR AR A, A LB IR IEAT o LSRG 1) S <
o {RIHUEHERAE (LW Pt ) TRIARGE N AL/ T —BIER, W
Istc_checkpointd;
® 4 Istc commitd 5 A H &N & HLH &) N T3 — B I, 0 i
Istc_checkpointd;
® Y Istc commitd KILC&EHA HEZ NN, M@ Istc checkpointd Ff7£H:
SEAFIAY A5, BRI RN,
® Istc_checkpointd SEIIHESK, U1 ER ARGt LU0 IR BN ) e — Bl A, U
TFURTEAT R A AR A
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I i)
g Hws, 56y
F P22 (M%) | Hatom | Hatom 154 ‘Hatom (S ‘Hatom /' ‘L‘ﬁ’atom
T
H &5 A T A, Mo
\ Wi
SE JInge
Istc commitd T \ EXE R H & AL
lste_checkpointd A AR B 2 )

El#* 6 T1E&EEX A
KIEE 6 W 7 I BERE #4710 #84E Istc_commitd A1 Istc_checkpointd [H]
R A B R &R

4.4.12 |Istc_recovery

MR RG R IN, SAEFEIE 0 B GREYO S AER RS, T
MAGIEAT, K ARG, B, WU RSAEE R TR R,
SREE bR AT BRI ol K, B Iste_recoverys HEAT M 1 A0S SCR 0 T
f:.

Iste_recovery AT HFATGWES I7idk, FLiAp 70 B

A AN AR 4 SR R, TS SR A, B RAA
WrizdT, A&t . MRFS5E 32 A, HREH 100 4 10 F55, BAaE

BAERGIBAT 11930.5 /NI (497 KD Jakith, BT ) in) @UERAT T A 00 2% &
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Scbr b, il S R B BRG] RN AR H S A AR 55 S Y B AR /N,

| 0 - 2732-1 |

Bk 7 £5S45E
IXAERRATT AT DME B 45 5 R IR IS A2 7 T3 32 A — P RyE A, BRI A B DY
nfE (A, B, C, D),
Hig 52 IR ImI ), DRI RN AT485 0% Il a, b IRECR/MIN, H
(U OF S R = ot B YT AP 1 B2 5 P o RS e 11 P 1 B2 7 N T P -l
s psWIIE S [T
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FHhE HEBITFEAERVISER

FEREAT SEBR RGEMITT R 20, BAIA BB REX HALREA YD M TN A4z, (7]
I AN R RIS . SRR G5 R REGE N . SR S A R 4
WA, BEAT BB A AT sl R LU BRI, PRI B A5 B0 LA — TR
Wi RGN B RN Z R RS, AT B R A KATRe, Bk
FA PR B TE, WA P il LSTC. MRS AT AR R, 4LAk
SRR RS, KA RHAERE.

X TAE HATEAEA T, Bl Ca vt eIt 2B, canes it
SER SO AOAE A, (HIRATH & H R RIS R U7 ) 46 AF R IR 48
17, BX— HARS B RO

XA AT LU 2041 LSTC, Reoktin] P R FRAE R G RS
e

5.1 ™ 88T i 75 75 1R

SRR ATl RS PE RS — B — /M FUM A, — ek, AMITHXH
JUR 5
L FIHANTA BV G R, 76N TR i b T4
2. FIHERESCE (Trace), RIJESEBRIAGE T RBLAL IR I HA& A%, AL
FRRLI R AU, AT A
3. BV ARBYHRA, BREEANEERGENAT N, RSP N R AL T
iZ4T, el Stanford K2 SimOS %éﬁg;
BARIX =TI R AN —HE o B RO R BRI B R, R
AL AS ( CAE R B R, 0 HL g A a2 e SR BT BALL IR U 1) R 7 5 B v
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BATHY, B AUE — AN EAR TS LI T A BRI RGP d, XA
I FIAVEAL TR A AR ORI . RIS — . SRR R IR ), JudE
HF Trace K715

7 BRI ST Trace MR 7 VA K BT A S REBE IR D Il SRAK U0 3 R ok, AEREABLK)
AL FREAT TR T WA PRI O, SN PR SR I TR S5 AN —FF, 7R
FRLIRHE T Trace 7V, AN IBIX — S0t BRI RIS S RGN HIRE
FP s, MR AR K B (R TRD B ANAR T CRS J5 — i SR AR T S kIR o X SR
L REERIRZE, BUNEZ BRI R INAAETS, — ELREA e NI ) e A8 4k
(EENEITON R ERAY o T

FEFRATT AL ZS b, 0T REVE St A Ay ()RR PR SR IR e 22 il o 1),
ILTE Trace Hric s RE A I SKIKIINTR], DA RASSHOE AL IR AN P (R, SE T
AN RIS, BIVA Trace "PRlECHS 2 BERE S A RABLBEA T U5 W IR 751, e
ABRAT IR B, X2 Fit S (1 S e Sz B B o

BRAU R GeAT A R 53 4k

1. Trace Hf5 T H., JHiEM Linux WAZ, IR Log FARHE SR SLH ;

2. FHFIKBRAR GRS, XS OS AR5 1 FE AR S AR

3. LSTC [MHEARSLSLIN;

4. WEBASAL

5. Trace. HRALZE AR I ] LR

E%luhsa%%&,E$4c@ﬁﬁﬂ>@%TDm&mﬁﬁ%ﬁ%ﬁ%
AT SR P REASAS A, 6F 10 Fft H A =0 SCST REAE RIASTHDL A Y. iy [ 158 22 /N T
0.3%. 2. 3 IEfEHAT .

5.2 TEH H LS

TAEG AR LAREAIC % (Trace) BRI, Wi BSEERFEL N, 7610 #
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PEGIRE M HSR#8AE, KRR 2R BRI AL S S8R 5E M. /£ Linux
N, BRI AR HEDIRESEL. Rl AR Trace )& 7>

Jun 16 19:19:32 zf kernel: 961154372.920540:2126:newrequest: type=1 ,current=3, sector=1311968, count=8
Jun 16 19:19:32 zf kernel: 961154372.920575:2126:start: current=3, LBAsect=1353359

Jun 16 19:19:32 zf kernel: 961154372.929142:2126:endwrite

Jun 16 19:19:38 zf kernel: 961154378.872423:2127:newrequest: type=0 ,current=671, sector=581840, count=8
Jun 16 19:19:38 zf kernel: 961154378.872463:2127:start: current=671, LBAsect=623231

Jun 16 19:19:38 zf kernel: 961154378.885561:2127:endread

Jun 16 19:19:38 zf kernel: 961154378.886283:2128:newrequest: type=0 ,current=671, sector=581936, count=8
Jun 16 19:19:38 zf kernel: 961154378.886313:2128:start: current=671, LBAsect=623327

Jun 16 19:19:38 zf kernel: 961154378.892578:2128:endread
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