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HieH®

(FPEAERITER AT A 4T 100190)
(FPERFKAZFE LI 100049)

i B MEWERSEERA, O SEMRFMH AR —REARE R RW KA 8 i E A
REBREMAEE I, —HERSERARANGRERERRE R, 55 ERF R

BMEREL, H5%, RBE——SEREZX(CTS), BERFFRERRE,

H K,

— B MR AERN T EL G, N WSLE X R - RS EREF, £ KK
WA EREEN R F AEE S WMT THIEEELEN MCT, ¥ —S MRS ER 5 A
PHEEXRARBREEREARI, e, A—BBEA hEM It R RETE, &
TWEAEREMAFGE A% SCB, Lk ¥, M T ASD £4,SCB & & &k X & F
135.59% ,99.90% JZ %E iR 1K 42. 89% , fileserver 1 £ 1 &8 42 7+ 25. 00% , 5+ % 1% & 0 |4
1 ASD 1 1/23, A3 T dm-thin % 41 ,SCB # 4 & vt 42 F+ 225.72% , varmail 1 3 £ 5

#H46.67% .,

Kl BRLEMEMAR; REHAR; AHKRE; —ERE; —HBHBEE

H & 254 (log-structured ) 352 A 9k v F F 56 T fiff
%% (hard disk drive, HDD) Fl[# 254 (solid state disk ,
SSD) Y HRAFAi R G, il DR A7t 0 5T BEAIL 7 1) R
FP Ui IR PERE 22 5 KRR, G W) BRAE 25 25 5 i T
BAKI2 ) ARG R HUAE A R 8 4 B B 56 R
B AEIG I, PR IHe B0 56 2R 1) — S5 P A R 0 S R
O Iy H A 1) 52 AR P AR AR

H & 25 F £ R F5c 9] Hi Sprite LFS (log-structured
file system) 7 , B Unix SRR G151
HDD SHE R )8, R H B 55t 1y
SCFRGE, PR A S RGeS HDD 1Y
K RFS i B B LA 5 5 AN T 3 A
PRI S A 2R B0 1Y) S R O — BRI R i B
H AR 2500 SUIF R GE 10 S 1 R3804l 2 BB
RIVAS: 25 45, ( checkpoints ) A i) i} [ ( roll-forward ) >’
BB, checkpoints & X 3 R G0 — IR, R

O v R g A 5 SRR L 30 ( XDB44030200) BB H

Gt S O A REAR B — > OB 1 — BUHDIR S R4
AR B RGE T IEH A Vi, 45 2K &
B —BUHEIRES Z 55 A RBAE , U R S8 A
AT roll-forward , A FR DX, K S5 7 9 — B IR 2
Z 5 5 N BB A SO TR A8 i i, K T Y
—ER S EO BB

SR GERAR R 2D G R R B 5 D12 o
WAL ( page cache) Bl ] aR [\ FEF ki, HE
GER S R GE T B Bt AR i — SRS BAE— 2
PR A U 1) SR A BT )20 B 5K
I, % 2 I8 HESH S RGBT, A i — 2R
I PPl R GRS 1R A — Bk
A IR A I J5 AL B 7™ 85 0 5 37 5K A
b1

A B H S SRl R ST, 1 IR2 B bk
Py B A1k B B 5 5 2R (logical to physical, 12P) 4
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W FEMEAE . —Fh H S S PAr ik R 5 — B R

L 12P R IC R RGETA 12P) 1Y 537 SR %
A4y 3 25, %5 1 2%, HPDA (hybrid parity-based disk
array ) "*/ F1 LDM (log disk mirroring) "*' & 48 RS
2 AT (non-volatile random-access memory, NVRAM )
Fiafb 12P %, 452 2, Gecko ® I LSVD (log-struc-
tured virtual disks) T RGAENAE R R G AE 12P
%, Gecko 21 BT 12P %, LSVD RHH 12P %,
%5 3 2%, BW-RAID ( redundant array of inexpensive
disks) SR R B ASD ( allocate on-demand storage
device) RS W ETR WEWE 2P %,
RS, HA ASD RGERY BT ] X R
AR THT I 14 B A B84 7 B 0 O L2P R A Y
RS H IR S 2R BRI TRl

BB 12P KA H AR, ASD RGE
d/ IR IR E L —BURR S A/ —2K
PRSI, ASD 9445 355K 7 e — 1B 2
I TAIEE, AR B R 1] T % & i AR IS [R] - ASD K¢
WhR2S 8555 22 Subtree, LR T 12P, £
> Subtree 41—~ Group, B> Group 44+ —4~—
IR, ROV R/ N IRk E] B8R, 02— B O] e AR AR
FIZI R AT ASD B SR &5 5L,
H 12P B AL B P&, S K ol A 3
ASD $2£H LAM (log area management ) £ K | 7E 4 B
B b I E XIE R S K ORI B A PR
23 6], $RAT roll-forward K fiz /N IR] B2 J5 - ASD Ui
B SR XN 2P BR E 2P %,

ASD K2R a5 (8] 73 i, 45 AN (] B2 8 2 Ta] 4
AR —ZCHRAS , e ASD iy —E RS th 2
AdRe/N I ] BCZH . mh B 2 AR, (1)
Group AW — B RZSHT , Group Fr L $5 1912 #825 [A]
MEIRAGE AR B (2) SRR T 2 i 2
4™ Subtree Flf/ MR OC R | H A& — N EdE
XERE A L2P J2 75 B 28457 A A i 2 A TR0 AH I 7Y B/
I, ASD J e e 2 3 1 S 0k 52 A4 I 1] D
REE RS R, ik 2 A REATET ), 2 R
R (R H N  RAEAN (H — BO RS 4R 5L
AR 2 IRIR

P A E R R AL T RAE R YR SR H
EE M PAFAR R G0 — BRI E AL

il , B ER TSR AL ROR , R B REAIS S5 2
PR I) R 23 ) B2 2 B, AR SR EZTTikA an | 3

(1) f&th—F H RSPl R 5 —BUIRES
7€ X ( consistent timestamp , CTS) , H-i& i+—E AR A
AR . CTS BEAR— SRS T8, — 2otk
RS R AETE L2P £ F Rl BR8N X 53
SRALERA T AT Z AT

(2) FET B SCRAE iU, it —
BRI S K O R (A H AR S M P A il 5
Ge IR AR S YRR A R/

(3) VA EIRTTHER A LA, TS0 B H AR S5 i Bk
1% 25t SCB ( single consistent state block device) ,
I RGO — BB i AR S T

1 X TAHE

RS0 A R O ST T AE EZALHE 2 F4)
H S5 S REMBUHE RS . AT FEEN—F
PR 5 RIS 2 DA Bk 2 26
W,
1.1 HEZEHMIHEHEZRS

Sprite LFS"™ $&H H RS54 AR I S0 3 Fix
FARBY SO & 45, NILFS2 ( new implementation of a
log-structured file system) """ J&HAE Linux A% rh
fISEPL, SFS!™'FE NILFS2 Hefifi b, 5% RN AE A Bk
17 THiAk, F2FS(file system for flash storage) 04 )
R R INAEA R UEAT 23T, $ 800 A oe s
AR 4308 FRX I, AS TR) DX 38 1) 55 3 =k Ak 345 A it
JFE N

NILFS2 Hl F2FS [ 5 H RS AILHI A AR ] st
250, MRS (1) 769 B % [ 2 X3 A7 2
B —BEAE B 2P — BRSNS b —4 2 A
DXIRAZ R T 5 (2) S K S DA [T 5 DX sl R B e
() — SR AR B, B AT AG T R D ) 1 SC A
RG] (3) 83 —BOHEAE B ic 5k i 76 B X K
58, 55 WK P 7 78 Sof i — BUHIR SR A
B 5 KR FOCE R R LG M I DO AE B
IR HGIRAT 5 R B
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TH AN A NILFS2 7] LA AR & 5 — K
FEAM—B RS ZEE AW P 5, 1 F2FS
IR E RIS EHE . —F T e iR S R 5 — Sk
KA E 1 SC, FUR S IR SRR 5 80 rT R A A
JEVCTH LS A AN

Zi b A H R S R g — B RS E
M5 S AL ARG checkpoints il roll-
forward JEIU) , 38 3 [ 5 X ek ic s — 2 vk {5 A, IR 48
[ 5 P T LA R 0 ) B DX, R i B
F LA RIS SO 2R G RS FIOT B .

1.2 FERESEMBREFEERS

ARATAE Linux A% rp 2 ASHAL R H R 2
Y fEM% R 4% beache Fil dm-thin 2%5%

beache RGiSE—Fh SSD A7 250, K H] B + tree
FH SSD Hh A7 R K , 1 H H & (journal ) FARIE
SEETE R 12P R BB IR A 1K, b G dil
PR B + tree, S HA A I W H AR B AT R
5 12P %,

dm-thin FREE A —Ff R RS ] O & 00 AR v e 15
# TR LR IR IIEE . dm-thin G iEREE Y
Bl [ B + tree 45 FF 12P . dm-thin %A K
FHH S EAR S H B HAR R AL 12P KBk, i
JEIE ) P A AR A B AR TR A RS Ak e el )
A SRR 12P R, LI 5w m LR R
B, dm-thin R4 X FF syne 15 X, AR sync 2
HTRCE 19 5 3 SRR 1) 12 P BB L R A1k
1.3 HEZEHMREFERS

KA H 5 A H BRI RGA L L
f£ :HPDA .LDM ,Gecko .LSVD F1 ASD £ %4t
1.3.1 EETAEG KA BN H G RS

HPDA R4 H1 LDM £4¢, # H H AR 45 H A
i HDD 41 A% RAID1 YR B/ VKL EE S 3R . =51
fdiH] NVRAM £ 12P 2% K 53K EdE S A RAIDI,
BB NVRAM Hig SR 12P X5, B iR nl [ 1
JZm

I, bk 2 ARG ] SRIER 1] 1 5 5K 2
CHREAL, 58 BUEE WK E B ATHFEMEES R4
RITTMKAE 12P 3.,

— 368 —

1.3.2  Gecko &%

Gecko RGN H & L5 M B AR I HDD 41 A%
RAID M EERAL IR, Gecko RGLFIFH—H SSD
1% 2 [ BB ( physical to logical ,P2L) {5 8., [2P 3%
WIENAE, EAFE AL, 55 8UE % B8 I, Gecko
R SSD Hic s P2L (5 B EE 12P 3,
1.3.3 LSVD &4

LSVD 2} SSD L 4¢ R 4t , d it % 7 % SSD Jin i
Jevi S3 RSG5 , —HBIR A H BT, LSVD R
ey H g ks X 1 s,

— log direction

LBA, LBA,
LBA, data data LBA,
(Iba)) (Iba,) LBA
- )
len \ len
\ Ve

E1 LSVD £Z&rBAZELEHR"

EIrh H AR g5 Sk 5005 B & — A i 3 1Y 1y 41
S K HERE ARAXTEHE, H 458k 568
AL VR CRC R, B i B FH LA 2 2540
H S5 2 A —3,

LSVD R4t 12P K H I NAF, Br Btk 12P
FeewE B E X, B2 P8RS I
A KA 25 (checkpoint) | Bl —EHR A K S A
FE— DT YO E S AR Py B b 4 a5
ARBONAREER LT 945 Z 115 AKX R 12P 1
ERFAAM 5 A I ORI — B
PR, voll-forward FHAG A i Fic S A7 B, R HL
H g5 L5 B T 12P &,

1.3.4 ASD £%;
BN ASD RGP & A A B 2

; %r: I7§] o
Kb B TEHUE B
64 kB 4 kB
N ~ J
H /—L

Fﬁ%—{%LAM%&Fﬂi’%{ Eﬁ»|<—.{ : Tt

HEAD Hihik 7 ]

E2 ASD ZZYEIZEHF




W FEMEAE . —Fh H S S PAr ik R 5 — B R

FE B AN iR

(1) &R BAF R B & 15 8, ik
N RARREE VR R A A8 S R A L

(2) LAM {5 Bl 5% T BT A3 36 BRAR , 135 45
43R 2 AR, 105 2 AN RAS Y LAM {5 8., 38 Bl
VSR F 008, S8 RO LA DB i Sge g%
BRIEAR B AR 44 Yy P s a5 )

(3) Bt F B BRI TR Be 20 il , e rp oo il
Boc A Berb & Bdis B s 45 5 B P2L AR
B AT 2 2P, Bl ST 8
ok 2P 5.

(4) R 3= 12P F V)5 Z AP a5 2 50
B, B2 1) F iR I LB A5 1 1L2P A7 i 7E F 26 45 i
Herpr,

(5) 5 A PE [ E 1 24 Bedl i — A%

ASD K32 23 [8] 55 43 Ry 22 A 850/ N 32 4 5 ]
Subtree , ASD (1) L2P & LA —~1> Subtree N 1% % Hh
hEVESE H Y R 22 1) — BB R URRIE—
A~ Extent, £~ Subtree 21 i,— > Group, 78 N F7H
H £1 AR 2L, B Group R — A1 BB 45 45, fir
A Group 48 12P &, BALLBMEESHTE 2P KT
IR 25 2 Y M & 0 — N ER P, BT EA
Subtree Y2 fE L5 B AT REAELE 3 VIR HB A
WISt H A MRS | A RS DAL A g £ SR AR 4
ST RE AL B AN S Y Subtree,, Subtree £ 75 [
12P ¥ 23754k T Group [# 5 X6 I — AN H i He
It Subtree £ AN [6] B %I Al 68 19 J& F AN [H 19 Group.,
JITLA, 4~ Subtree T BEXT AN [F] 1 85/ )38

ASD IEH s 7, A Group 4EH— A~/
IR, S KO 5 BN B Subtree ZE T — iz
NI ET, #5 SH WK B K BEA Subtree T 32 %
e AR A 12 Subtree Fe/NSF ]2 S5 5 A
B XS N 12P,

H S5 AR R G0 = 2 H s - U
B 12P 3%, Wit 12P £ 255 AKX R 1)
12P HH & 12P £rh iR Ak,

ASD 1 5 RS2 R R - IR ) R A5 L
b B2 1) R S e R 2P {5 B W e A
BIA 12P 2, IE4E Subtree 5 iz /NI 1) 56

FHEHE LAM 48 [n] X 3809 7 A3 o0 58 B, A bt
L2P {5 5., & B EOK TiZ2 M T 7E Subtree 15
/NS RLE, U BERT L2P %

I, ASD RGi 5 H B 450 0 R G — 8t
BRBIAEAE 22 5 . — BRSSO s IR 4
X3k 5 ff i) — B IR S TEOC . BrE & S8 K
BRI ; Ja # R P &1 LB, 12P 3R
AT g SRS I &, BRI LAM 48 [ 9 X3 R
SR

25 I, ASD ) — 8 MRS R Group fe /A
B LR S, Group B2, B4l . ASD 1
SEEIRE NS H RG50S R EEA 3 H
THAAE R GEE L5 S RGAFAE 22 5, RSBl
BLHIA A,

BB 5 A HEZMPAE RS, B LSVD R4
I ASD RGu4h, T B g & 12P ;B ASD,
HPDA Fll LDM R4 058 12P £, HRA RS AF;
A 12P a4 i BT 12P 3K,

2 (A AT

AT LA H S S R AT 2R GE A T %t 42, LASE
HUH RO 12P KONBETE s, B, b —2K
PR ZSAE RIS /NS — BUHR S U 2% B 5%
Fo 1 AN GIR B ——ER A E S AR
— BRI R TE B SR AN AR AT
2.1 —HHEKREENX

— PR A3 I L AT DU B2
kS (a] o n] U ER 2% S ik s ), A SORF 208
T FEI PR — SRS, AR R e i —
BN EO 2/, I8 24 Ak R GACH — A
— IR, R —— SRS

TR R G, i T — BRSO fERH
FEF PG IR IR i B — AL R X o3 Bt 2 A
—HUERESZ AT Z 5 5 58 B, B IX 70 K0dE 7 IH 7Y
BLA SR, X ABIL A ) A J B 2 R g 2
FR A2 A k2= 1) DU R T — B ZS  E
—HERAEAE IR/ NRSE T — B EARZS HE 3 T 4
S RENLR AL, —FH U,
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ASD i 1T K i [] BR A SAy IX 0 50 57 TH B AL
il , 384T Group % 4 f5e/ 1N ] B4R 45 %€ SC ASD Y
—HUPEAR A, 15 AT I A /N I TA)RGA AR T 8
Group ,ARHIE 1.3.4 5941, 5 WK 52 I i /)N I ] 38
HI1E A3 A Subtree, H1T Group 5 Subtree )% i/
KR E , P I )8 425 i (e, RO 5 1
SR A [R] ) B S 1] 38

ASD f—EMRAS LS 70 o 2 M S, (1) &R
BLAE R BT B YY" Group B [ /N 1), OF
[l BB 55 (2) R G WK T Z 4R Sub-
tree B 1Y e/ NS AT

PRI, ASD — S0 R A 2 47 14 ik 8] 71 25 1] 52 %
%5 Group . Subtree ¥7 FEAH ¢, B & 12P R ALY
R, — B ARG 1 23 ()R (9] T HS L 2 PR G

— BRI AR AR — A 12P i R
ZEMF U0, IR B L AR B — — B S
SC AR T AT 1% —BOHIR S Z HiT 5 A B EE X 1
2P B AL, Tl W IR, — BRI
P 42 Ry, PR DX 20 500 8 TH B AL ) -t 224
ARy, ARTOR I  TA) AL ) Do 08k 3 15, D 2
——HUIRZSE L CTS,

AT ASD BUA B, R CTS 32 L—Hetk
&, A EOHE RS A I 18] T35 4 Fir AT Group A= i
— BRI ) 8 9 BRN . AR B — B IR A B
FT A BiE R ANGErS BIAL 3L, B 3l op 28 DX K

PRI, SR B —— B IR 2 S, W) A e 2
A TR ARG A il — SRS Y I 8] 52 A0 BE 5 FRAR S
TR 5 — B IR S A i i SORLE , DT 3 I i 28
R,
2.2 ER—HERE

A CTS Y HEA JEU : FE BT Y CTS Z 05
FEAE— BT o, 145 L2P 3R F Rl ) J5 B A 71y
TEET I s 10 12P BT R P 2, W s By
CTS, A Z A CTS, W Z 48—k CTS Z )R
A SR APIRZS . R, 28— B RS AL,
B )L BAE B R aE i % B S E (logical block
address, LBA) R W14 1 FIRiINE,

Horb refs “FBCS LAM BOHAHIC, B 5601 LAM
SIRIIRER , H— MR nHEdR S, B b iy
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x1 EHCTSEEMER

ts RO I Y e )
state GERER5ER, P( pending) /C( completed)
pbid YA LBA
refs 8 1) 7 ER 1 B R

EAERXS LY s B/ T 45 T CTS, WZ % AT LA
LAM HlfER , A5 e R 48—k, B, 78 2P 3%
WL G, A ts /NTFAET CTS, W refs 48 0] 1) N A7
FREBTIR RN AT R, BT A AR 5 | RIS B , LAM
CIFNTEs 3.

g5 b A CTS B FZE A&  4E LBA 2 1
PR ST it 5 OC 3R 1 B B FRAE WST (write 1/0
state table) .

2.3 ER—HERSERESWT

M-SR E ML EGE R, BIER T EZ
RAI R 2 5 Y 75 22000 12P %, HE iRk F k2
HIE R WST 520144 R A A1 /N R AT 4G A 75 W03k
J3 WST A= i CTS vl g 3 CTS 1 SCEEEL, M T i
BB —2,

PR 2.2 R A A CTS FEAJFE I A Bl —
FME R AT B I WST S26, SRm, TR ROE B
WST # 1s /NT2T CTS 1 12P A1 2 12P £IF T
i, —A~L2P &I 58 MU, B AT FE WST A il

AR PO A — A4 WST 524, 2 A7
U

(1) BIRTE 2 WAEB WST, 4 2 & AL
BT state 155 .

(2) —BUHRE A L E T2 2 YKl I WST 5K
WFE M R, BT RE 5 P B 1K whoE A
M52 P 32 5 1 SRR P

LR YRS 2 A WST 5261, 2 SRR 1
wst, Tl wst, ,wst, A BRARAS, WITEE 5 wse, 2B
CTS Jf I hil L2P KRG , T2 wst, 1A CTS ZJ5
AN L2P A wst, , o) wst, B PR S, AT
FH— WST 5L, 265 1 FEop AR AFTE , P IH PR 2
KR, ¥ wse, T CTS Z G4 AME BT
RS wst, WRES PG R o, B EALBE il



W FEMEAE . —Fh H S S PAr ik R 5 — B R

SR F )2 R TR wst, SiEBARERIER
L b AU WST S 491 A 2 AR S 2% JEE ik
D—HUEIRESA R B 5, =5 AE £ (R

o

&

3 —FHMWEAET

MRS 2 55001, RH CTS & X —E RS
BIRRAK — B A A i BB 2= B, I 5 B gk
(RhgE , AT ER XX 2 A n) B, 2 — ok
A R R — SRR Y IR 7R SR R H R
SER AT R G W IR Bk
3.1 —HMERBSEREZFIET

PRI 201 A B BCHRAS Y JE0) SE a WST
Al — IR S A7 AE 2.3 TR 0 2 A e )
kb AR 3R v o€ FiE S B BOHE 45 4 WSL
(write I/0 state list) #5832, 45 % 1 H 1Y o5 state
refs , X Ee(E BFRVE WSR (write 1/0 state record) ,
I WSL Ji7, WST %3] LBA 2 pbid fmet , KoK
HFRVE WMT (write 1/0 mapping table) . WSL 4 %
S5 2 B 4 KRN WSR B, Ho Sk &R
FEANER 2 s,

*R2 WSL RS A LH

FE R
next B — RN R
count BERRAS 1 WSR AL
start ARG R AR LA L B
pendings pending REEHREE
lock TRAPBERZE R B

B R 0 PR A8 i R Z T, 7E WSL B HRiE fin
— 2% WSR 158, 757 1T FH 23 (8] ) 43 e B e 22 245 0,
I nexe 5 0] B 4 Bl 0 BE SR 45 0. 5 SR AB N
WSR J& , 58 count, FF-IRAF WSR $85F, S iK1
L ITE T, 3 5 WSR H8EF BB state 2 completed .

BRI s M state {75 BAHAELE WSL o, Ktk
Hi 2t WSL R R AT £ i CTS, A2 5 CTS 1y R
REE NS 1 PR,

Bkl LTS
1 : dO {
2. wsl _list = wsl node = wsl _list — next

3. if (wsl _node—count = = MAX RECORDS&&wsl
node—pendings = =0)

4 cts = last _ts(wsl node)

5: else

6: cts = last _completed ts(wsl _node)
7 break ;

8. endif

9. | while (list _empty(wsl _list—next) )

10 :return cis;

ST 1 DT WSL, 5 3 17 A e Fe 25 s 75
JEA T A WSR A4l ic st 0 5 3 oK state ¥
completed , JEWIVEHH] last _ ts 3KHL WSR $ 4l Je —
XY o5, T BEALE 6 47, 45 6 FTMH last
completed _ts PR%L, i 7] WSR 41 R B RS A pend-
ing B9 WSR BJHT—4~ WSR, 3REUH: 5 #ER CTS,

MR 1 i, WSL A e &t CTS Z 5 IR
BN G K state, FHILFEDR 1 HEEES 12P £
PTG AL S 58 CTS 25 ISR ECE AR

WSL £ 645 5 3 WSR B & HES , A 7716
B A b A A AR, PR 2 ()R FH 3 ek, WSL A7
ifE B S WMT JF 628 3, Ik WMT F1 WSL 55 %
B2 [ R R AE T WST, HLA76if &R G0 i
SRALFR LA G e ok S R 55 1 B U CTS 22 I W3]
1455 3 2R R AR S A [l 9, PRl I WSIL 2 ) ) R

.
(=}

A) o

ZE bR 1 A A A S WSL AL AH
K, H WSL zs Rl A 38, R, 3@ i WSL A ik
CTS YRI5 5 BE T 45, W] AR o 2.1 19 3 th A 5 1
ANl
3.2 —EMEEENGT

AT DVRESE 1 A T L2P R Il A
BRI ok 2.1 TR RS 2 AN,

FIAF 1 G, 12P R TR REC, . 4T
Bk 1 AR CTS, & 9F WMT shiy 12P & 12P %, Jf
W 12P RIFAM B YR

X WSL J&7, iR [0 8 BT state BRAE H 2>
&M WSL, AT HBR 2.3 142 55 1 JE g8 Fse 2
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FerhgErb i b aE . R H— WMT, 12P & IF /5
7E WMT FlHBR 12P 55 ERUMRAAAE 5, #2R
M2 WMT it , ATHE I 1 AR CTS J&, S HiTE R
WMT 25 TS AR SN B ARV A, Z )5 5 1R AL
EUEER WMT,

B 1 BUT 5EE 1 WMT i A 2 6] 4775 B )
I, %8 DN AT BER A2 CTS 22 Ja Wi 31 A9 5 15 R 58
BB AR ARG RS 9 WMT, BB WMT & 9F
Z 12P £J5,12P RIPATREAAE CTS Z 55 A AL
WXt ) 12P, K1, Bk 12P B 2R A kAT, B
fill L2P R 5E UG 58 G AL, 5 0 IR AR A 55
FURIPK % 12P K 2 12P £, Wik, & 3F WMT
Z12P R A G I, R E 1| MZ WMT X
Th TR THBR 2.3 1 4R A5 2 Jenbse,

KH Z WMT & 31, &4 WMT i XF p — 4>
CTS, T LA7 200 5 I o5 RN 4E 47 52 % BE , WMT 5%
BB A BRI, 51 AZ WMT &35, % oo 5ds
EIREEFYFRAE MCT (multi consistent state table ) , 4%
FEnE 3 BN

WMT
L2P#

I

WM

WMT,

WMT,
B3 MCT &#E

PL2 A WMT S wme, Flwme, 55, WSL 5

TN wsl, PSR 1AL B AR A 12P R T

i, MCT #DUEARZS 1 Y wsl 03 3 Fizs, wme,

wmt, BIRAS

z3I KE1HIwsl

ts 1 2 3 4
p p p

a~]
o

state

B SR ) 1) PR 45 T e 2, AE wsl TR N —
BUWSR S wsr, I state $5IN pending. 5
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TR I B 12P ff A wmt, , FEJSTE wsl F85 wsr
1Y state BHTK completed , MCT BIAARES 2, RS 2
B wsl A wme, 535 UN3E 4 FIZL 5 i,

x4 KE2 8 wsl

ts 1 2 3 4 5

o
@]
-
a~)

state

=5 KE2 8 wme,

LBA pbid ts
3 1 1
7 2
11 4

R 2 ZJ5, 4 12P R T Rl A&, T Rl#EAE.
PATHA 1, AR CTS N 2 08 wme, I 12P &
12P 3R, 12P & N hl5E e, MCT 254K 3, wsl
W 6 Fimn, /NFEETF CTS AUic R B 2 piERE .,

K6 RE3 B wsl

Ls
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A consistency model for log-structured block storage system

YANG Yongpeng, JIANG Dejun
(Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190)
( University of Chinese Academy of Sciences, Beijing 100049 )
Abstract
With the increase of physical device capacity, the time and space complexity of log-structured block storage
system consistency model and crash recovery are increasing. The scope of the consistent state is inversely propor-
tional to the complexity of crash recovery and directly proportional to the probability of conflicts with user write re-
quests. A single consistent timestamp ( CST) is proposed to reduce the complexity of crash recovery. Then, the
necessary and sufficient conditions and overhead of consistent state generation are analyzed; the write 1/0 state list
(WSL) linked list is introduced to design a consistent state generation algorithm. Building on the consistency state

multi consist-

generation algorithm, a multi write I/O mapping table (WMT) , metadata management structure
ent state table (MCT) are proposed. As a result, conflicts between user requests and generation of consistent state

are reduced to the access of linked list nodes. Based on the consistency model, a crash recovery algorithm is de-

signed, and a log-structured block storage system single consistent state block device (SCB) is designed and
implemented. Experimental results show that compared with allocate ondemand storage device ( ASD), SCB’ s
throughput is increased by 135.59% , and 99.90% tail latency is reduced by 42.89% , fileserver workload perform-
ance is increased by 25.00% , crash recovery time is 1/23 of ASD. Compared with dm-thin, SCB’ s throughput is
increased by 225.72% , and varmail workload performance is increased by 46.67% .

Key words :log-structured storage system, block storage system, crash recovery, consistent state, consistency

model

— 378 —



