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NIRRT DR L 265, £2fs bk, f2fs WidAT ), f2fs Balmea 2y,
fa AT FME R T A fsck.R2fs.
A AE f2fs
B A f2fs KBt EE, B 26 A AdF, JATB AN LR S A
BATE R EFRE R 2fs A RGRE X AR M (B4, HikE
H A8 S RS AFEMREL )@ CRAA 4D, a2 R2fs 2 WA TH SR AR R IX £ i)
) CEAMD o RARXEE, AT a2 2fs Witk k. BTk, &
TR BRI« G AN Z T, JEFPETE, 51 H 2fs ST RGN D EE,
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SR, BEE A7 R RIS, (8 I & 56 8 iE 8 2 N AR O IR TR T 5
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NAFHT BRI, JEERAE 3@ R &R o« XA N AR T 7 S B B e dE eMMC
(R AN Z AR , UFS GEAKNAE) M SSD ([H&IKsh#s) « @i FTL )
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HEF RS A 7 AR AR SOR B AT XK U AT PR B N, e H &
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RN EE BT o T3 T NAND (R IR A fitt B o8 AR A0 I P9 38 T LART TR B A
FEHTTZ (B FTL) RILHEASFIREE, Rtk 2fs K T EAMUCCRESMS4,
TR E MR AT R, &S sh AR B AE BRI
f2fs

TR T R2fs AR ENE, AT 2 f2fs R EHA W — L E ZRHIE, )5

[ f2fs PG BEAT = A E e 2H 232 [l 5 X ek 1 R 1) o

NAF KU IR AT =y £2fs /& —Fl Flash-aware 134 R4, HEGHEHE
gt RO R, CAILECER)Z NAND [ANfF A fE#7 . 2fs XA 3 4
AL PR JG: segment. section. zone. ‘& LA segment AL I 2 A B zone
AR . B DL section NP HHATIEHE, SIAXEFRITREAN T H5K)ZE FTL 1Y
BRAE R TOOREE— B, DO S AN 0h 22 HOSOAS /& e B 2 s S 161

AR G 58 R T LFS BIEEM R @, LFS KMz gl HhE A
Hror B AT A E] . R EER O B OFE AL , ML ERR 5| Pt
BoEr. BABEERIIIUG, MR HEER I, XM HE 2B EA
B, T2 AE ST . R T RO AN R, 26 5t T R R 51K,
RO SR (Node address Table) o 4 iy, Wi HEzN &R
S PAETT Sk o6 N S ik B AT

% HE1E S (Multi-head logging) : Z&fi T LFS /=96 BHF45 1 ) &
f2fs Beit 7 — M AR BT, N T HERE CBRERSENED .
BRI IZEITZMNESHEB (logging segment) ,  FHRIE T A0 58 87 40500 £ 4
ATCEHE 2 A ) H BB . T N B A BT, BRIt 2 53
BRI LAIRII A2 AT, e i e, Bk T2 M HE s (58RERHE
TERAR L) T SR RE T RS 2 T8 . @3d Multi-head logging, 11 H E5HE
BUHETH I block, A TRUERRE, Awcsh; M HEEER, HT
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LR, EIGEERS, KE block T T TEAHTIRE, T EBBIERL
block %70, RKFAK 175 BEAINA]

H &M HE1d5% (Adaptive logging) : f2fs FEA F I 7EAGE INH i
5% (append-only logging) 2 b, KBNS N AT EN. R, 1EEF0
MART, BXHEC RS E SOy T H S L3k (threaded logging) , DL 4
KA B NZEIR o 2 b, 284 H G D SR B 8ds 5 AR B 0wl F 2216, T
AEFETEHEE . RS BINENU AL EASRIER, AIEIARINAA & ERCR
IR

I AR E L] (roll-forward recovery) HHIE: fifEH#% 5l v ML 5 A1
fscyn 4 %iE BY, Flash ¥ & 75 andE . (EIR @& 1 in @, 2fs i i /ME AT 7 oo
5 NI AOR AR L R R R, AN R BN BAYZb fsyne
THERMIEIR . %, R fsync N, U RS 200 G A58 [R5 2l
B, EAAAERE fsyne T, WERIESTRERIIITEE, f2fs SEIL T R
IR ENLHISRIG 9% fsyne THRE. OB AR AN S N P H EH#15 sk,
AFEHARTT S5 2fs ek N T ERIR 2R ER A RS A IS A A
Pk, f2fs EEETT RN RE — MR L.
f2fs AL AT R

J T PR /N8 43 o 4R 21 R A SR AN B R A 21, XX T S AR B
fsck.f2fs ) TARJRBE R R B, HoeSMim/m, 2fs FMEAL R _ESXN4811)
£2fs R ELAHRERE, e RO ER AT e it 1 Bt BRI, i An s o Rt de
it 7 — AN HARLI
£2fs K5 A volume &I 53 N2 4> segment, B> segment [~ & 5 N 2MB.

section HIIZE4E segment 2H jik,zone HH—2H section 2 il BRI T I T ,section F1 zone
KANERBEE A—A segment K/ (HF] AT Ll mkfs B0z K. 215 4%
HEAS volume K| 73 9 75 A DX 38, B b R H A0, i X S8 B 22 1 segment ZH %, 4 4]
1-1 foR:

Random Writes ‘ Multi-stream Sequential Writes
| Zone \ Zone \ Zone | Zone \
| Section | Section | Section | Section | Section | Section | Section | Section |
Segment Number | 0 | 1 [ 2 | ... | [ | 1 | N Y I N ) B
Superblock #0 .
Check [ Segment ety Segment Main Area
Superblock #1 ; Address
point | Info. Table Table Summary Area | ‘ ‘ | | | | | ‘ ‘ | |
CP SIT SSA
) | M (NAD (SSA) | I I
Sector #0 M v M M v M
Hot/Warm/Cold Hot/Warm/Cold
Node segments Data segments

& 1-1f2fs &/

Superblock (SB): ‘T T4 X (partition, JE&E: XM RGM BRI X 2
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HOEIIF Sk, I BAFEPIAEIA DL S S R G . B B AR 1) 7 X A5 AT
f2fs (1) —LLERIN S 4L

Checkpoint (CP): ‘EEE X RGEL . AR NAT/SIT ERME. LR
5175 S %) (orphan inode lists) F1 ATy B E 45 H (summary entries of
current active segments)

Segment Information Table (SIT): ‘& & segment 5 2., 1] 4G R 1 H£0fn
T P 250 AL I

Node Address Table (NAT): ‘& Hi {7 /£ main area [1JfTH node blocks fJHih
hERH R

Segment Summary Area (SSA): ‘B £l f£{# 7 main area 1 ¥] i data blocks
Fl node blocks [FTH # (5 B MBS H . IEEEN 7 ZARYE 1L B4k 2] main area
HHHEAS block FFJ& 1 node 717 Ao

Main Area: HHPIFZEM] block 2/, node block B¢ data block. H:H node
block 14 inode 57 data block )2 51 8k, T & e & H s sl s F i H ARSI .

R T GRS RGN T INAE AR < TR — B 22fs 8 CP By as Ptk
5 segment K/hAF5. B, BEEEAE SSA X IR B HE L segments, #f
main area [P IGEMNES zone K/ 55

f2fs BIEAR
B R ORAE 26 IR 26 MR A SURTEREI AT R R A 2 b, Xt
ARG EE YR RAARSTIIAN A X BEASEWEIRZ AT, HEeikRAINGE
NI BT BEAN SO RGO H — B R BIAERE, XX ST A fsek.f2fs TAEJR
PR IE YA 8
SRS W 12 Bs, 2fs IR T IR SO R G E R, (A4
TR HCRTH R E AR (RP92UER 8 D o fEESR LFS Wb, WiR—
AN TR SRR, R B AN R A s A R . T 26 R — AN E
FEAT RPN L) NAT R I, A AR 78 i 8. —/> inode PELE4E
) SO R S ) EL R R BT . PR BRI FR £ . PSR EEFR AN — A = H (A48
Efo f21s SCHE N BEBURE A PV BRI, K5 /NS B R JE I N ) inode BRA
5. WEED TERITERIFRE T VO MR, BER, R RGELEA /DN
FbEY B, BIE T, MR RNNT 3,692 775, f2fs 2BUEH
FNEE. 22fs fE— inode HHTINE 200 T4 H T Y B
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Inode block
Data

Metadata .
Direct node

Direct pointers Indirect node

or
Inline data
Inline xattrs
Single-indirect I
|
Double-indirect > N >

Triple-indirect > — " -
| |

1-2  f2fs CHRLRLEH

HxgiM: 78 R2fs W, —A> 4KB H3xX%H (dentry) HH—AM7EM
PRAS NS ()47 (dentry S5H4A . SRR B 8. bitmap 57~ BN & 15 A 2.
dentry S5 A IGAE . RIS UHAKERM UM (flan, i@
B HRAFF S8R B M name 2 — N K/NKH 8 M5, BT X4
MR RERT 8, BRIk, —ANHIWiA e G HZ MG . KB 13 R 7 —4
HxMERIR (HZRFHYO Ehiahifm .
4K data block

A 4

&
+

file

i ntri
bitmap | reserved dentries o

dentry | dentry dentry

hash | ino len | type

& 1-3 BHXREF B3t 4K block

g 2 Hmam R, UARME KR B0 4 2fs £ HxPEHRS
FERISCARAIT, BT R RIS E. A5, & L ETT 2GR i s
M, MG #0 BRSSP IL R R R BC0 . RGO, e
MLE A B H 3ok HBURAEA# IR, 330 O(log(# of dentries)) Eastk. v
TR AR, BT IR R K A AR 4% . 27 B
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HRDimny (i, fERSSAESD , AR E 2fs fERYIN 2 EHE 2 1)
B, BMEAHEIRE R BORGA R, X, 2fs nLUH R hBE HirskH .
Bl 14 5 T — N2 ARIRER, HRMERFHRALD SN2 R6 5
%, B2 £ bucket L, TMAFA bucket B & T2 AN HFELHE., HRE
NSRS, AERE— A B bucket FRIKIE R B0, HE—-HASHER 1
bucket. 2&— 1. % f2fs £ HFPERIEAN AN, BRI R
WA E. ha, R2fs B #0 HRBRAR, UEREEA ARG AS
MR H . R E], 2fs Ko #1 Fr T —Mam k. @XMy
X, f2fs A0 B N DUIEE I RGO IE %2

Level 0 Bucket
Level 1 Bucket Bucket
Level 2 Bucket Bucket Bucket Bucket

E 1-4 BRZEMEER

HidE (Logging) : H5RA—NMRKHEXIHE LFS ANF, f2fs 4475
AEEHEX, PR KBRS A AE G 7 B I ROR . f2fs B S HL 9T A
BPE e ST =M R 2 l—hot. warm Al cold, 13 1-2 Fion. BELEET A
BN EC TR 4T s s, RO AT BB 1S B A, T [R50 sl 5715 1 ID
CHRIE] TR — A5 R8O, AESE sl BrRs & 5 R 5N H sk BT
PO I A N Bl Ry 583 SO A B, EATRA B AR RS A
B LIRS N RAR I, M2 EEEE, FOVENT—RASHE AN, i

HE R .

*® 1-2 RENRAXISD

Type Temp. Objects
Node Hot Direct node blocks for directories
Warm Direct node blocks for regular files
Cold Indirect node blocks
Data Hot Directory entry blocks
Warm Data blocks made by users
Cold Data blocks moved by cleaning;
Cold data blocks specified by users;
Multimedia file data

LFS A AP 25 N 25 18] 3 5 258 4 H & (threaded log) F{3E il H & Cappend
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log) . POEINH BT RIEFES HAIEFFRIINT S AERKES, BTN
B—EHTEBNHERE. /M, EmA ARG, B2 GBI,
R, FAHETBRARARHBEIE, XSRS AR, HATEFHETE.
f2fs RARAH A, BUCRHASCEINHE, (HARTE U RS S & LRI A
40 H SR (S NI segment Zr /b1 K I, AR H HER, 1K
se—ME XA -

T AE R2fs 5 R )ZEHE T N RIAFE i PR FF— 30, f2fs DL section 547 73 e
segment. 2fs B section K/N5 FTL iR UKL A R/MEA . 1E4h, X T
FTL B R, f2fs KA e AE AN A () zone /- BLiGsh HAE, &0, BT
FTL 7] AAR Y H B R M g S H E P I BIRE B AN — DBl ot, XeiiEly
multi-head logging I, It HIGIELZ MR RGIE T4 .

TEH. 2fs AT LURIEFZE (ondemand) AIEJ5 4 (in the background) 3k
1T . 4%A LW NEBORIRS VES AR, R FiEE. J§aiaies
B NIZZRFE A, 72 R ININ i 215 EAE L

2fs SCRFP AR 2 E F 1 SREIE  (victim selection policies) 57 o B2 FT Rl A -
K &3 Ccost-benefit ) Lk . 7E T Ly VLA H, £2fs IR B R s 5 /b 152 35 B (victim
segment) o fERA R a B, £2fs IRYE segment HJERE MR A2
FE, DR sn O FE P R H BB SR . 2fs i RE B LEE, Fa
T PR BUA S e SRV o 3K 2 DR 9 FH P 7R S5 R 4 TR T B 5 i, LG I TR 2 fE 5 5
PRI SR 20 B T e B IR B RAT NI BT, RS0 2B I a5 H St
TR, XIS AT DA FE I T A 0 R B A P AR 285 7 SRV o

AT IRNZEZEBEHRIEI R EERR, 26 EB— MK . MR
(A 2, A7 B 78 55 main area BT REJALL (bit stream) 2. thAr B R A7
7£ SIT %+,

R RS 26 SEIAS A A, DAEFE S8 0K H Y50 i o B 2% 4 9 it P i
BE—SKE . e EAE sync. umount FIRT & 75 F S HA: R FF—FOIRS
B, f2fs filtk — AMa & S R, a0 R (D)l ET LT 2247 0 5 BT A I SR dentry
P,y =@ ) 5535, 5 create. unlink A1 mkdir 25 R GV H ;)% 01 &
iCEHE(NAT. SIT A1 SSA)H ANHiAE E#% A& I X4 & )a, 2 5 — M
A 149 (checkpoint pack)®| CP X1, HAFELLTFER:

Header #1 Footer 73 7| 5 7F pack W 4G 145 %8 . f2fs 7E Header Al Footer H
et — MRS, A SECGN A A RN IS IE o WA S AEFE B X 7 M0
S pack 2 8] ) 5 R AR € Y pack;

NAT F1 SIT Az B R/~ & 2410 pack [ NAT F1 SIT HRIIES;

NAT 1 SIT HEQ G /DS mi Bkt NAT 1 SIT 26 H, LGSl 5 1) NAT
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A1 SIT H3H,;

EI B EL (summary block) H A7 1] SSA BRZHRY, X Leduls i
KA HT 2] SSA X3

PLJLEL Corphan blocks) fRA7“I)L inode™5F Bo W —A> inode 7512 i
eMIBR (I, PSR AT — A A 30, — ANEREMIRRE), e ROREE MR
fLAZ inode, UAE 2fs 7] AAESR IR HE 5 KR e o

checkpoint ZEAE AL 1 KR a1 ] 1-5 s, 7] BLE H checkpoint 73 4 9 FlifgE =
Normal #& 31 Compacted 5. 7£ Normal &0, &4 HEXIREA —4
PR ORAFE HA 2245 5.5 1 Compacted #23F, £ H T {R1F nat journal 1 sit journal
[l TFTE EHE (hot. warm. cold) M H E XL~ MiEh, FiH$z
F[ NAT #1 SIT PIAL K, fEEFEA Bk, B AE 2f IS H, HAL
T f2fs_checkpoint Z5H A& K a1 (EEA™ £2fs_checkpoint FIK/NAS 2 4K, 5 1T Y
4y 7824 NAT. SIT MALED

| Superblock | Checkpoint | SIT | NAT | SSA | Main Area |

| struct f2fs_checkpoint | orphan node ‘ Active Segments ‘ struct f2fs_checkpoint |

Compacted Mode

nat journal | sit journal I data summary hot node summary | warm node summary | cold node summary

Normal Mode | hot data summary | warm data summary | cold data summary ‘ hot node summary ‘ warm node summary | cold node summary ‘

1-5 Checkpoint Z5#4

JaH [EB1EE (Roll-Back Recovery) 7ERIRMIHL 5, f2fs [B1VR 2 i i) —2K
BN N THEIENE (Pack) MRFFZEAD—ME NS ME, £2fs 4H7 M
ANREE L. WA A S TE Header I Footer FHE A A AN ZE, f2fs ANNE
AW . BN, B ERF. EEERNPKE SRS, f2f @il A Header
A Footer KA A R ML IR E SUEARA 2, £2fs 18 ELE e
PIRRA T RIEBEBOHT I — > — HIg$ 7 ol AR & A8, Eilat il
inode Ji& S AFAE . WA ZXFE, EORETEAT 7 A s, &) R
L inode. %, FERTRKEERERIIEHRZE (FETFXN4D) , 2fs fEH—
H—2 0y A2 5 NAT F1 SIT S48 3030 R A MRS -

AT [FRRE SR (Roll-Forward Recovery) A% %8 & (%1 4 SQLite)IX # ) v
T4 8 /N e 5 NSO IR HEAT fsyne MFIERR A . SCHF fsyne 1) 5 i B 1
JTERE MRS RO S ) [RR AR 8 s o SR, XA 72 R BURE
YERE, DO sl J 25 N5 808 FE SO e R B T 9 U dentry B £2fs SE
T BT E ML, $EE T fsyne MERE. REEEAR R NS HE L L H
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TR, AR R 2fs JeHE . Oy 1R IRRR BIARR E R A e Rk
ERBEYL, 26 R RRPRE T MR bR .

REMER TA fsck.f2fs

fsck.f2fs ) TARRAR MK 1-6 fros, & E2 7 =P8R YRtk Bk
PASESAIE . HIAEACAE £ 2R AR AR s U B A5 2 M5 B, X NAT XAz Kl SIT
XIHAL AT MainArea 7 G BT — ML, EREBEHIEER, SHX
YA G B, XU R R — B AT IR B R E N, H
AT fsck.2fs BT 2 135y, 1X B A2 82 MR H 6 R inode HiK
W IR S R G, FEHAE M AR E S S S, e, 1l F A Main
Area X3 H A AP A S B RS, Main Area [Xi5(H &> segment H
Xof N HRA e A FH A7 55, I I 2RAE S, FRAT TR RE A SR ST R S A R
56 UF A R R 6T i T W AR B 145 B S A0 S ) Jo B A3 AT LU, SR SO &
Giftirhd, MARES T XHFREN A, AP RLEEZE SR
fsck_xxx_func 287 [ s HON S RGBT IE

T RATH TAEAZ O IET fsck _chk node blk B3, e LRI 1B HeE
B, BAVETHHEESNA TP E. WK 1-6 598 2 fin, fsck F27 @il
BRI oS B (do_mount 5 PRAFFE sbi G5t A, FRATTAT LLFREUR H 5%
X} M node id. i fsck chk node blk %It node id #HATHG AT, XAl FE A2 T
). BEARUL, 7F fsck chk node blk B, 2 HR4EANFE M node 7555385 (_LiifE
#| node 437 inode 28 . dinode ELFEE(HEIR . idinode AR ELSE) , WA
F] R A B A AT R A, LR AAR B 3%, XF M1 node 5 0N inode 87, R b 4
W FH fsck_chk inode blk #E47#E 7, 7E fsck chk inode blk o1, B JcRfE isLHL 2]
(1) inode 15 RifE &, 10K inode MEFEEEALSE, 5 TN 230 b 2R T H0as HEAT B0IE 5
SN JE X HAR AL, 2R L inode 2 5 A7 AE P BRI U0 SR U s T gk AT R —
A, MAAFAENKKEE, XsBEBHS N HESL, L WA
fsck_chk data blk BHTHI A ; B T inode 75 pi A7 7E IR 4R H H:48 M B YLt
inode 7 RULAFAE 5 1 node Fa T [EH AR 7] | Hcdf . Rt WRAFAEIX S node
Fe%l, fsck chk inode blk #14x i f] fsck chk node blk %f node BEATH 2, T Ak
TN EEM . AR s RS, HiirfE 7 HRIRE R, B, 7
fsck_chk data blk B %3t — 25 il ] fsck chk dentry blk X H 3% 5 it 47 # %,
fsck_chk dentry blk W4E T HxBIE S5, WA chk dentries B IE#4T%NH
SRR B 1A o RIS H SRR A 241, _chk_dentries Py id2%] it H 110
K inode 15 B3E— 51 A fsck_chk node blk BEATA Y, FRIRIEAL T — AN B IH
gk . B 1-6 TR 2 W ORIC I HRANAE B H7 Sk F IR 1 FRAT b T8 ik 1 % R £ A
SABATTZ B 2R 2R
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TER, BATBAZIm fsck.f2fs YR, xattr BEERIFA e B#AE, Wi
FEEI S TARZ A0, PUONEATT R AR B fsck. f2fs 1 & ) BARFE EEATD IR,
REZMT Mok AR, HR, SERR feck.f2fs & 2% [&IR 2 4077, I HAURE
Z IR AR R A%, AEH AR I NTHTYEAZ R E S R, Bi1CaM s
KERIEE TIRYET RS — Bk, WREART5INMRL . LML A

2] LR E AR R G5

do_fsck
e fsck_vertify
EBTEMRE
main/sit/nat{s; &, ‘E IS
BEMRT SFHRIE
. BHRISIE, 2=
EEREES global data nat_area_bitmapREiEzs?
main_area_bitmap == sit_area_bitmap?

TRIEsbIFPESAIAUNATIE %gﬁﬂ%@‘ﬂﬁ

struct
f2fs_sbi_info *sbi

VAC

struct
f2fs_fsck *fsck

build_sit_area_hitmap
i fix_xxx_func
IRiEsbir SR SITRIE

fsck_chk_node_blk }

build_nat_area_bitmap

fsck_chk_inode_blk [fsck_chk_dnode_blk idnode/didnode. ..

~

o
fsck_chk_data_blk

fsck_chk_dentry_blk
FETEAMBEDRAER

FHBIBH, FTFIIERRX
B2, ﬁE%?éiIEE%FEE{#

A

_chk_dentries

fsck_chk_node_blk

& 1-6 fsck.f2fs T{EREE
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1.2.2 {14k f2fs B gc

AN 53 AR 0215 ge BT, go RAY, ge B FE AR, 47 F1UL segment,
cost 5i%, HHI ge AN F]#E.

f2fs ge i+

H:F Log-structured X/ RARFIE, ge 193 EAE H 2 FIIGX L invalid [
block, DAt RS 4k . 265 () gc 2P NATE ge MGG ge: BTG ge — K
ERGT A ZRAEN T84T, HERRREWCEE, MGG go MRE RS
NG O T 1EAT, B AR A S0 P AR5 (1) 15 00 [l — 8 I 8] . BTG ge —
M tE DL R JETE checkpoint B 5 AR gk, RN 2fs 8 2% R0 = 8] i) 48
R, WRBRAE 7 2F MRS go MPEE, XSRS SO 2 407 [H A
SRR, PEREFTRE TR, 56 go B — AR ARG — B T 3R AT fi A o

ge R

02fs SCREPFPI RN ge, ARG G go (BG ge) MIHTH ge (FG ge) - J&
& g RN HAT 7 ik AT, R GG EIT, AHERS, R
G N QA 10 #E) IHAT, AIgREm 42k, I HAREORIERE R 21 2 ]
W6 g RAERG ARG, v 1 A OR B 32 18] i g0 T (1) P 28 #4

Segment-X Segment-Y
Free Free Free Free « TESegment-X/i, 54-blockif{#EMR, SBIEA-E
Free Free Free Free Free Free Free
Free Free Free Free Free Free Free Free
Free Free Free Free Free Free Free Free
Segment-X Segment-Y
Free Free Free Free . #Hi6blockitlErE, SRIEF-K
Free Free Free Free - A-EifER, BInAUENA- ', FEEIBRIA-ERIRSA
A Free Free  Free  Free TR
B C D' E' Free Free  Free  Free
Segment-X Segment-Y
Free Free Free Free o FAEHREM (go) |, F-ETRBEERsegment-Y,
Free Free Free Free ERfSegment-XiEENK
Free  Free Free  Free : Free
Free Free Free Free Free Free Free Free

B 1-7 gc mig

1-7 JE7R T SSD ¥ ge Vi, f2fs JEEE F2RMLL, K2 A segment FF bk
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¥ 2] 54 segment, FFRETIUR segment.
— RS go AR =AM P IR:

® Victim selection: IEFFEAF[EI ) section(segment).

® Valid block identification and migration: FR# I 5A H 1 block, Ff H % HiE
2 2 oAl b 77

® Post-cleaning process: A H block 2= # T J5, segment 2%\ 2| PRE
BER, SRR IR ge AR, CREHREIR

HEBEFFEIX segment
LR B segment D IRUNR .

® 2fs MR go RALIEFE go ISR IREER, HHUHMR MrgENE—
KRR

® A UE FG_ge, FJUALH EIR BG_ge &9 [#) segment, K24 BG_ge FIHEST
Fij o4

>N-H o

® o\ bE—IRIFZEA gc B segment R AR, WMREA RIS ET
segment, JIM 0 FFER4REEAE 2

® RIGARIRILEBIN segment, AL IELEAT M curseg (FHEH blocki i
X, FTEBCHIN block, WS [FISCR IE AL A FH 1) &2 [F]— > segment, S
BEAEX. ) o [FABAREIEER G go FIULH segment, X 32 EL & 4
SSR 7 ik ¥ 1 IETE ge ) segment.

® FHITHZ segment [FITFHY, MEGATHR/NITFAH LA dsm/ NS R .

o R RIRBUERNR K, WP R K segment 103K TR, T IRATLLEH
MiZ segment H UG 2R .

® i AR K %R B £ KK segment, 1R & FG ge A, M4 FAE
cur_victim_sec; WS E BG_ge, NIIEFEAE victim_secmap H .

cost HyE

1% segment B & 1HHIEF 1% segment FJFHF4H, cost Fykumt 2 H R 1T & LI
B £26s B 7 PRI S cost BISA, 2073l /& Greedy 5LI2AN Cost-Benefit 572
® Greedy BiE

¢ invalid block #x % (valid block /)] segment 17T gc.
® Cost-Benefit &%

Cost-Benefit 5% & — A A 25 J8 R L — B el 8] LA A% invalid block M4
Hik. PO TAEB SIS S, MEMSHIT ger BN ge FBIRPUE K
T TR TR ST BRI, R B4 A invalid block. B HIR AR 2
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HIEHE , 7] LA CRIEFS DL S WA B AR A S B 4k 47 4 invalid block . Cost-Benefit
B O A

= #(1-1)

Hrp:

. 27 valid block 1£1% section HF EL 15
1— : FIRAIXA section HEAT ge fa B A ;
2 WFRIRITHEES);

: AR 1Z section Filr— KAB IS TA] .

KL FRATT AT PR Cost-Benefit 575 i 4 — A>T+ invalid block % H DL 1%
SRR ) A O — AN

H AT ge FA7E Y 8] &3

G, AT EALN, SfKETE ge. HIE gc mMHZESRTE
R, mttRe. HHBATRIAEEE T fsmark 018 K &8 SO H 23 [ApR 2
ANERE, Sl R BTG goo X IR go X T Wikl — Pl A ik
T ge HZHR, B RS IFA MR segment A AE[ANI . —Fh A AR AL segment
BRIHAER 2, Hin—1 segment S 3% 512 M, FHRIR 510 4, B4 [HWIX
A segment HSZHA SRR 2 KA AE] . By EIRHEERE &4 1% segment A
RUERIE RS 2 %6 B SR cur segment, #7 cur segment [ 75 [A] AN 28 41X Lo A5 R bk,
a2 FHRHT segment FATIER . BT CAFE—DAFIAIK segment b 1A R IEH
ZHVEOL T, X HIAT go B IFA MG 0] I segment $500. 111 HF A 2fs
) SEE R AE BRI B SR, W 23 [ADR ZEA R AT & ge,  HRUnG R
1000 AN SCAFEE 2 A 1000 %, 13X 1000 KX ge T Re#2 TR, A EIR 2RI,
SN 5 T RE .

1.2.3 FIH fsck WEKE R

PEEATFTF, BB TAETE A T fsck WCERRIE R, MiXLEEE -2
FEHEESA. W LI AR, C/REEARFE R, B SO H SR R,
C/R I ] S EAEG KIS, A PSRN BL, J A R, iR i DL B A7
Tl L% B B (AT RO AR S o BIAE(E I BRATIN wisck R2/7, AR HAntR 1
C/R HIE S, A5l 5 42 52 AR I Th) [A) AR 4 A HE DA 832« e d e A I 18] B C/R i AR
PATA GEHIE — AN RG R BHARIR . RS R G T, FATAT LA H]
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fsck R F TR ATUERSCF RGBRA IR, X TR i 5 BIR D 1.

FEAF RGIEH IO T, fsck FRAF A B B VXK R f2fs UM RGTH B
HIfEFHOME . IR T X — Rl FATERE 7 fsck 3RAF 15 B AH B f2fs BEAT
A, ANIMTEE D Flash B8 UL S IRBOR UL f2fs BOEEETERE, T sEdl s
BB Flash X1 RS

1.3 BB FEETIE
WH M EZETAERNLLT =N
® BH—: hnidfsck.f2fs

BB pfsck ) EARIE RS 3 fsck.f2fs . S2H fsck.f2fs #E4T C/R Mk, 3F
ANA TR LR B, I HARRE 7 152

® TH—: fifbf2fsiige

KRB, B2 EREA L, ©2fs K n] g% KETLAA G g,
SRR . T ORI ge,  BETT IR S PERE R SEMR o

® FH=: HHfsckiftfErIfELE

f£ C/R I, Cgify 1 & AR e (s 2, DRI fE Bl PR, Xt
Ja SREREE S DL AT AL .

26



2. FBRHT

ST AR A, FRATT RSB SE B RN flash XXM R 4.

A S WKE X T35 flash X RGP EEMET 0 EE . s C/R K [E
AWK, BEE SO H R8I0, C/R HIR A 228K, AR EUN,
FaHH . A AR flash ATNVM BRI 7 AR EIR 4 58, (H 4711 C/R
T HRICER A HIZ LA A VO 82 4% CPU HAT . N 7 APk, HRRE.
TATTEZ G FIF RS INIE fsck.2fs (AT 3 o 185 51 B & R A TR U A AL il
ik fsck.f2fs B A EE AN, 9D X F G HARAR P R 520 o

[FN ge X TFHEMXMRG T rEE. HELTRAL, SRS g,
PEE IR RE . A N IX L go A2 TERU geo FRATTTR ZESLI— MR BEH ge 5510
EIMESE, D TANET & ge X PERE IS .

e fsek.f2fs R A AR 143 3 1 S0 RGeAm Jm A TS B, HR2RXLE(F
BRKZmE T o Ja3AIpran, Huriksor TYEHR fsck.f2fs A f2fs HEATHCA 18
BPATHTRE AR fsek.2fs f B FE PG B, e 28 S G0, Seal 5
BRI RS
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3. Rt

3.1 RGBAERM T

ARGV E AR 3-1 Pron. Hp s R gt gy 1 iX s T4~ B
b, BFEBIEOR A TR AR SERAF I 1% T AR ZE AT Bk, IF 4

RGBT,

Btr—

Bir—

Bir=

G853

RARA

Rig bR

fsck

mkfs

dump

HZT

Bifia) <> Rk

25l

[RFSCKIZEFIES)

B

1H <>

v
EEEE

(E==pdlba)

TEREMEIL-fsckim

(E=Sh

TRERAERY

F2FS-tools

EBRE

SiEEE

RiRs])

| Tresren <> SREAEHE < A

VFS

f2fs

file

dir

namei

super

segment

node

data

checkpoint

9 ool

*q0 &2

pravi=
AR

TEREMIL-F2fsi

ISIE

JillE=4

HFERE

ERER

REKGN

FTL(flash translation layer)

NAND Flash

3.1.1 MR
o (LM
(T4 B B REAT 5 R 5 T S 1 o AT IR B AT SRR AT % . M AT
B RRPAT M RGBS . RS RIS TERENRNES.
AR5 A R4 e — A . TR UG IR Node TT-44 1 U= v 4
Node IR BEATHRSY, 540 R FIIOAESS, RIS AR 55 1 38 [ 1E A b A 8.

B 3-1 RgRiARME

28

Linux

NANDIZ%



R AL 55 2PN B TAFLRENE, LA NS K5 20 AR 2Rt B LR AT
55 R e s R FEAT 55 RSB o T FEAT 55 2 LM\ B 2 AR A A1)
ISR, ERNZR AL 55 AR g FE 21 o5 — DA B2

o FEEH

TR BEAF AR S RYE R GLHI CPU A A AN 4 1 EFE ) CPU A s A % 4
AT ERE A ZRAENH80. AT ZD Xt R GRS o AREIE I A 2R RE It A 2 PR 2 Rt
EHGEAR . AR RN RS CPU A% 08 TARZREIR P4 FEA
B P B AT AR E .

® AT il 2l

AR R T AR T E R e KRN RS LRI RS A R4S
RIIERNE, SR IEHAT R R E R 2R IR A A B A PR, —Fh R
M, —FRANLREMAE EHE . T R A LRI N B =4
PEERIVIR, AESONIFRIEH)E, #EORIED R LB S  E  Ee —Fb
] B ST 22 e, (B XS P AR B AN Al — 4048, S & AT I
AR o BB AL R XS AN R (A BN AN R B SE ik — 2D 2 s 42 /)
HHa ISR E B &, AR E, KBl RUT 2 L
N SCIIZR Y o AR RN 4 JR s 1) U ) BB SO R BT SO LA B R
) B o B DI RIATIE L - (EAGE I Bl AR A A RE AL Bl o
AR R ZAE B XA 2R S AR 5% 2B 1) Node 750, %
HEEBUEE, & WA bit map AHRABHREH . A FEEE, W0 HRIER,
ML NAE, (HR R MBS FFER TN I, MER H %5, &5 H
SKIFER N, 20 AT DI B ERRE AT Bt T o [N 75 2L T AR 55 AT
SeJE, WERRERAAEARAT A RN ES . WS EARIC T AR08 ) 2 1A 280
inode NI, 7 5 5 77 BEH 2 SR RU) inode ANECE N, 45 21 R 42 S K46 AL inode
L.

o —HEIRIEAILR

TRAEFEAS C/R AR B IR o X 75 2R A b il 381 3t AR B 5 i) 28 1 RAE 954
o AFEAME IR MME R IE R AL PR, IERGHIC S S5 AT B R 30, IRk
PERIAN R 2R 0T ) L = A0 &, IEAfR S DN AR A A R AT R & .

o 45ifr
SRR T VO AR NI RER BT R IR ) 0
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ML E . HFRFOT, R B2 PR AN — SRR, TiETE D
A FHBARAE it e 2 (0 VO X UL 75 2 s m 45 i, B EAE— A /0 247
H HL%5 S pE L B & MR T & o, ARl 2 A E AR

o PERENLIL

X RGN A AL T, 72 P SR e RS e, X5 BAR AT g
] LA FHARRAL . EhinFI A fsck.f2fs 1 & FRIEE I U RSB R, Ak
JREEER .

® gc
ER A ER, BEESMERTE go, SmtERE. I HIXE oc RATHE
TR ge, T XS ge i R HEATIES], AT TER ge.

3.1.2 RARMKBITRE

(1) HNFE fsck.f2fs

Hir 1| FRGEMEISITRENE 3-2 Fin. FEARPREERERREREZ &
BHIEEE. MR Node ik, R Node T )%+ Node i 173 H R 2,
FXPIB AR FME AT A B . WA S R TS . MBI AN IR, K

HH ) U R R A — AME S, TN AT 28T i B 2R R 2 A A
(B8 B B AT S5 T A0 3 . |l T 5k R 38 R 2 00 346 U 1R FH 1 0 [RMEL AT A 3
FTUME S HAT e G, Xt iR [BME AT AL . [RIBO BE 2R 2R FE & A s 4T, AR
I R R RIEAL GO, S TRELRFE N R 7 o 1) 2 R R s N T
FEAESs, INZRR 2R = R BEATE S5 Ja 20 H O TAEZAE, $AT HARSS
FAF BT 55

30



4

Tz

FR%RE

AERAE

HEHRNode FEF

Nodef9ieE

%?Jﬁ%ﬂ HNBA
1

FBES T
&, MBS
BEERHTRE

RIOEER

ZABAVEAZI
FESRATIEREE
SHUT

EMOERICR
HELFE LT

EEHTRRE, X

HATHBRENE T

43R, EBEIR,
FHTHRC

NZEIREFEIR
BEREESHVT

IONT{EEAR

RIZSRILARR
NEEHES

(2) LAk £2fs 1] ge

3-2 ZZRKTITRIZ

iEiEsegmentiffT

E, ZENERE M
MR, fNCHA N

prefree segment

EiEsegmentitt
1TEM, BEAR

2] 2 EagcHiE Bi&gciahliz
IR AR
2 > Bl&gc

\/
FRESER
Bifige

3-3 LBy gc iRtz
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HAx 2 I RGEEARISAT IR 3-3 Fros . Bl (37 2 2fs JRA K24 .
SR KR 7 e AT SG I 2 5 . EIrp RE 7 — SR B )2 4 . JRACHY
f2fs FAEG RS, FWRET A EAL, ARNMER G ge. A6 ge =
EEHHE, TEERER . EATS g, 2HWEHH prefree I segment.
prefree [ segment 15 (& 7E_E—IRAT & ge I segment. A, AT write
checkpoint {5 [I4#4E . {13 _E— IR BN segment HIERTH . #57%A prefree [
segment, M 2=k B — A B i 1) segment HATE . RN RT & gc, Frr LA
X [ 2 L RIS 2, MR Y5 1% segment HURAY, K Horb A it
2 2%} W Y] segment H

XA AR AE ) ) R A2 7 RIANE I, BRI SRR E < ge k. (Hi2
ge FIRER TR . TR AP, —FhREH MR segment 7] LA EIYL, #H
HTET —iH ge KIZBEEZFRIFRA EWRIZEE . X HFNER) segment 451 /2
B 1 6 > current segment Z Ak, HIREA N 0, HAK 512 (—A> segment &
512080 o HERF SRS, RIRAT R LA R segment R {15
L) T QRS 2, R ARA RN, RRREIEE <A go, H
PRBETCR ge, EHENRZRNE], 55—FRAFEE segment FHIFBIRIEE L.
L an 45 R  segment A 510 N R, IEF8IX £6A5 R 2165 N 2R A1) current
segment 1R AJ g 3 Y current segment A XA L, AT 75 2 — A0 S N
segment {4 current segment. LR, EIREIWC T —A segment, HE AT
FEAE, 1A 781 segment, Pl AT F Y segment FH3 A . 1 HK NEIE
Rk, 1XHP g, IRTRIINTHITEZL

TATIG 0 B PRAGZ BB 2 AE R IS T JER ge Ja . WM LA S R Hh R i
& geo [FINGHE 7 —A ge MR, €N IR, JFEESREPAR & g
()3 4 .

(3) FIA fsck STERKE R
PAHE 1.1.3 A4 7RI fske WS B =RAE R, FRATH A B AR &=
TR A s — A L, BT SEIA PSS IEAS, LA fsek AR
& B thBh f26s ST RGMATHRINE . KRAMWSITRENE 3-4 FiR:
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‘ f2fs_fill_super ‘ —>»  f2fs_mount_by file

’ f2fs_fill_super by fsck info load data
2
=
+ \4
’ read raw_super_ block \ ‘ read raw_super_block by fsck info

3-4 FIM fsck ERRIRE

BRI LAy Y8R g3, A 800 A 2801 o Fe 20t 2 S R G
I S2HX super block (18 ZimAE, 72 fsek #RALME S, ARSI
B, BEIEIREL super block 15 S HIIRAE . SRS /2 R ERAH N 1 N 2%, W f Fn4R
o 2fs U RGN, HhiE a2 26 RS EA RN,
1M SR ER 772 T fsek FHIRAE BAE £2fs g AR RALHS

NHVEARH— T 2fs XA R G HEERS, WA fsek (5 SR, 2fs 3
& G o, 2 8 A 26 fill_super B A, FE UL R H b, WA
f2fs_fill_super by fsck_info SKiu &5 & REME i fsck_info (115 Bk LI ik £
oo MIRATH N AZ N #L T fsck-infoko 8 0L 1Y) B B if,  F AT 5K 68 1A
f2fs_mount by file MTIANZK fsck-info FEAEIEHE, F1E J5 223 HL super block [
ik A aBE G RS SR, T BB AN fsck-info $ it 1 £ H 3R

LTI T R2fs ARG U R fsck $E LG BARPUEEER, (H2 20 1
fsck LIS B2 Wil A8 il — MR 2 30 A SR Ge A A 4E T, X ER 7 R AE A
Pt M RGBT 4A
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3.2 FERERET

3.2.1 HNiE fsck.f2fs

AN S PR, AR TR, LR, &R R SO
BT AR TR E ARSI, RS RIS H R I SRR /AT 55 R ]
EALEE, RN BRI SPAT. EPAT IR 75 Z B vy i Rk
AR ECHE UG M 2R R B R S0, FH SR ) B AR ST 2R 4 1 AT R
(A g any

AN BN RARIAT AT S R AT &I 43, e B w3 AU R ORAIE TEAf 12

UNRTSCAT, 55 BRI o & — A s 152G fsck. £2fs (4G 2532 45 2 AR Node
JHaR i AU B> Node M #EAT R, I H AR Node #REXS T Node f I [ {E 1
ITAEHE . 35 FORH A Node #/EN—/MESIINZARML,  FEAAT55 1R [BHE K
ANGFALEE, LR 4N Node 75 Ea 73 58 H B+ Node J5 KA 28T Node MM F14C Node
Hd AN EOEAT XS o BT DA RERE B0 R Node #E N —AME S I BT
BAZIH

XFt, FATH root Node T —Z4 T Node, a2 Kl 3-5 4t Node 1
NAESSIRIMEUES BT R, OUE T —%, AEHEE 3-5 RO 6K Node.
IXFEIX LT Node % [BIME A Bk vT LA I A AR ES, AREs. #T kR
5 B2 FE 4 7E root Node H X AT T Node HIIR [FME BEAT AN EE . XFik, FRATHEE
BMESPAT AT — L8 bR SCRAE TR, TEAESE )G, AL R0, SHE
S5 AR R AT A3

root Node

eisestapnage | ——j Node | | Node | | Node |

—piskt — Node —D

Nod
—sgstt L  Node |—» | ode |

& 3-5 SIS TEE
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LS RIRS S B RT

AN HARE R TR, SRR R TSl S TR .

LRI 3-6 fos, BE IR, — 2 TARLRE, 124
BRZBENSTHATIE EAES . TAFLAE I B ARSI & A A i AT 55
2 R AR B A 55 BAAIAE BB 0 0 B A2 25 1), IR 20 PR 2 Al it L ) 2R TR
AEUES, Bizibti CPU. AN ZENAREE B A REAES, LRERINEIRE
RSS2 AL B QR A 2R it . 2R BLI AT an Zefe ol i 12 17 N 2 80k
FE o [FIIN P AR LR = shis AT, I SRIBCR L SR A F 1 Dl 4l 5 4 Aiie &
THMRIREHTEOL, SRR E  X A3 B LA 55
BAB BT — AN AR 55 FERIRXAMESS IR RE B 2 1 B OB 2 5y — DAzt
%o WEPTR, 207 TAFRREA PN EREE AW AL 55 BABISRIUE 5530047
1117 SR T s 2R R PR IR TB) 45 R 8 7 AR, e s R G s O, &
BLARGH) CPU MM ZH I A, N T LRI P LR 3 B TAF LRI .
U S 2R A 2 7 25 PR 2 A Tt AR AE 55 BRI I — SR AR 55 IR AR SSBE T
FESSRA, ARREOS— DN RBEAESS, ARiR T HARZReit, 2R 3 RN
550, it B IR 2Rt Oy TR . DA SR R AE — DM IEIEI B
AWK E O JE R REIEAE S5 BA S L AAE 55, PrEAE R —IRIEA TR, 4ofs
3 IR TAF AR AL S5 BA S AR 55, IXAFLRAE 3 MU IN R It e 7%
BT TARLRREN . 08, BNAAEE P A2 R A 3 SRR AL 55, thrlfE
FELRE 4 SRIBNFEAESS, B, Haf —DEERIEIHEAES, Ak
3 TAEZAR

= — = —

£ ES ) ﬁ&sL_] :%ﬁs: 24

sy

Tt 2SR
FEBF (BT EE=FI (REsE
EES) EE3)

T i

2575 AR

K 3-6 ZkiEikit
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FRZ AR B a2l

AN BIERAGOLT R LA By 5], A8 T B s 4 rE B SO
Bio

FERFEHT, N T HAE C/R WIERRME, SR Edsssin, miidEe —1
B IR R, AR, fn AR R T N BT A A 5 A R U TR — R, IR
O LA G AL B R AT AU 1) 22 O ZR G, BIAT (IR 8] S i 3G ottt
AT DA A& AL B R B A 1T 22 B R S0 WKl 3-7 i, B8 A Akt
FHAREE, BEFFRUE TRV T EZIng. 28 B ARKE ML=
Wik, HEFBANEIEN ETXXPEA M AAERRE B, ZLIEENZLE B
BTSN, RANZERE BT XA ERRE B #HITHE . TLRESENAES
PAT RS, BENEENAAEREHITRS, W EEB 2 MHE, £
LIEH T A LR AR E B RINFFL=8H4EL5H B . XA EILR T
BER, FEFEAESATHRE BT & RS [FI, S AR A A 15
FHEMBUALE, PRUEEMYE.

HN AR B AR AL 73 N LR A

B s

JMANGHE BT LR UL Z S0k H O E T30 A eSS
PATTEIG, HELEREGLER.

m s

REMERE . PRI & e A RHZ AR B AT AR AE, AR C/R 4 3.

B N5 R

ML . FOZEEWBS)E, TR AR L3, B U2 1E 3L
ERARLE, Ui E . XRAE KL 2 bitmap A7 K2 B EEH .

B UATRNZRE BN SCA Re R UE IR 14 1R 2 -

JANZRE BRI e BB EER, R 5 Node NHRK] Node B4 5%,
TERG A I ZRFE 2 AN [ X AN EER I BN R 45 i, ARG, XNMER AT
MNEERE X EE, AT, INMEERFEMFENENZERNRE S, WA
LI BT, AREIRIUEZ I

BRI R

X AP A LY R — AN AR & blk cnt, ‘B AE fsck node blk 25 bR E T —
MNSE, 183 T 4T node 15 AL A B block A%, ALFE LT EE B A i EL RN
HABMM AR . T — inode XA node >k ik, HAERAEET f2fs_inode
SRR 1 _blocks JEMERE . FRATRAR H s STAFAISCAE Ak 75 AT 55, XLk
H &IN5 SRR B 08 . 2R B s scfsliocfJe i |t 2,
¥ 3] dnode, H-% 2 idnode K45 1] 58 2 B, Ko HE 219 H . 1
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dnone. idnode %%, A TSR0 AT55, TARATTT blk cnt A& )& TR H %5 H
(1) block, ZEFIHR H 3% blk_cnt Z N KA % TR H 3% inode Frid %1 i_blocks,
XL LT — A blk_cnt [, T AR ZRFE 0T AR B2 ST

R RIMER AR, — R 80 2R I = AR AR D A i A AR L oAb 3
W — e Rk, HEXSEIEFNTERE . RAOTRHZE =M%, FH
post_work I 20 #h i Peax AN ) B . BT RS SRR U A5 R S 2 R R 6 R (1)
post_work PRECHAT AL, AT K ZAE BT SO AR, BN IEE blk ent 2R
FEEMOLE blk cnt, 1545 KA, 7F post work Hnitil o &g f. XA L
RN EAESL B A BT O, BTSN T R H 3¢ 5 A blk_ent B2
MRS UEAR H SR — 8, TAFLRRIRA Al Reik A ailis b miE#E 2R Tk
SRS, LSO RS0 A% inode NMEE, SRIGUESCIF R0 — B, FrA R L
VELAEHRfE IR T .

W R

R A b BB U IR R BB AR B, S I

. TEAI
TEA [ 0k <
|— iz SRR ()
=25 () 1
== | | ..
o
HEB (FAB)
£
723
FEB (TAH)

B 3-7 H{Z=TEE)EH
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3.2.2 itk f2fs 1) ge

f2fs 1) ge F7E 1Y ] B 53 B

£ 3.1.2 75, CEVPLt T 2fs go FAFFER R @, RT3 — 0504,
FEA A R 2 B A5 1 segment H A RCE AR5 2 150

(1) EHEE

PATE IS LI KN T IX 75, BRI segment H & (1A Ak g = R
W2 WAL BB IR fHH] fs_mark FEFAE—H3EH 2fs T RSR 100M
B AW S 8HE, F55 256 A3, STHFRIR/N A 2k, BT A BCEL
PR B IRAFAE—> Inode . FE T 5w S, JATK Main area X15H segment
(R S J2 BL RN B A 28 53 BE A AT curseg IELS 4T B R, UK HE S
X 256 MG segment DL K block BRI . N T M8, 3R 3-1 45 1 3RAT
(1)L B0

# 31 LREE

85758 £ SHRE i tH
£ B K/MNE = £2fs | linux_kernel: 5.0.0 B = 100M segment bits : 7% ™
RS EHE, mkfs.f2fs: 1.16.0 N =256 segment 145> block
BENDNKANS S =2k R AR
XA, BEERSH. segment_info: %>
AT B A7 B gy I segment 11 & KA
T 2 block ™4
curseg_info: TP
T 1¥) logging X W (1]
T segment [FEL5
(segno) A7 FC AR =G
(alloc_type)

(2) R &

FH T30 inode XT M. I curseg [FZEAY 0 4, BRIFRATT R 00K 4 1) segment
A ECAT . BATHIRILAN T . FEAE R TR S AR, 4 5 segemnt 73T block
77 EEFA T Rk 2, WP aE S B R A LFS B30, Ja 2 N ERANE B A7
7t dirty segment I, 289 SSR i, /5% A segment |, LA LFS 1
o AAVKB 1V R AL SN, segment )43 BCBk 1 P4 block,
BPSRA P block & 73 B, W] 3-8 o, 27 10 256 A STl f& segment
I Be A TSI . X AN segment 1 block A, Gl 3-9 Fias, FIRTTHEIAS
A%, It segment 14 ECEL T P block, B NIFF4E A block #% H.#2“Bkid>

<ol
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format: segment_type|valid_blocks
segment_type(0:HD, 1:WD, 2:CD, 3:HN, 4:
0 2112 4|512 5|8 0|16

10 4|512 41512 4|512 4|512 4

20 41512 4|512 4|512 4|512 |4

30 311 410 410 11140 4|86
40 0|0 610

format: segment_type|valid_blocks

segment_type(0:HD, 1:WD, 2:CD, 3: 4:

0 2|12 4|512 5|8 0|18 4|512 &4 4|512 4
18 4|512 41512 4|512 4|512 4 4

20 4|512 4(512 4|512 4|512 |4|518|4

30 311 410 4|8 1/150 41D

40 ole Blo

3-8 segment S ELIF MR

24 4|256| 3f ff ff ff ff £f £f £f £f £f £f £f £f £f £f £f £f £f Ff f

ff ff ff ff £f £f ff ff ff ff ff ff cO 00 60 GO0 OO 0O 0O 0O 0O OO OO GO OO
3-9 segment # block EEAMAINME, 0 REXR, 1 REXEX, A 16 #HFHIRR

IERFAIEANRE, JEiS S filk TR I go (useless ge) , #eh) it
AT ge B, —DEH 510 NME I NE segment ke, AR 510 NME IR
HATIER . MG, HILEA 510 MBI segment #ikH I, FRRH#
ITIEH . XFIERITCH go, RIGHH T E R T RSB R . AT 4
%5 2 SRR XA IR I R R, AT et IR 510 AN BRSO, Kk
G TCH geo

(3) &RAEH

R T B4 2= HILRF RN segment H A R R 2 BIT5 6L, FRATRFSE
BT V2 IREE, RKINXFILRAZER, FRA LI R 52 segment 73T
A B LVEAR, HILEH 510 N BRI G2 AR, HILERRAL 2 —
B, XAFIRATREE IR B A B E . Bk, FATEN gdb A1 qemu Xf N %
HAT WA, FRATE Je3REC T 288009 4 X5 curseg BT AE B L, SR 5 W W Az K]
I AR RS (R i — DM, B 3-10 5t T — Ao, R
ST MRS — 17 3f, 3708 0011 1111, Frd M B 1 257D
H 01 AR, FATE 7T W N KB, block M ECFFASZBE T HIME, WRE G
SEC T, JERBEERR 7.t 3-11 B, ATRASE —A bit Jyfil, AT 2kt
bit &4 T ek, HEH RN £21s_create -> 2fs_gc -> f2fs_write_checkpoint; X
JETEE 3-11 FroniIREE, Bt f2fs_sync fs > f2fs_checkpoint, XiE=S 71X bit.
Kl 3-10 A& 3-11 #BRAE R — N IEATHY, X T segment H 41T block
I I A gL 2 4 block HRIL -
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~ CALL STACK Paused on exception

f2fs test_and set bit(unsigned int nl Exception has occurred.

update cit entr‘y(ztr‘uc't ‘FZ‘FS 'E-b 1n+0| Hit watchpoint 14: *((unsigned char*)(exffffa8503b416446 + @)) at
_ _ ) ) exffFfffffal7e343a.
f2fs_allocate data block(struct f2fs| 514 value - 8 "\ooe’

do write page(struct f2fs summapy * | New value = 128 *\200°

f2fs do write node page(unsigned int 2259 H

__write node_page(struct page * page
f2fs_sync_node p (struct f2fs_sb e addr)
uct f2fs_sb_info =€ 1

inline int f2fs_test_and_clear_bit(unsigned ir

- . — 263 int mask:
f2fs_write checkpoint(struct f2fs sb 54, int ret-

f2fs_gc(struct f2fs_sb_info * sbi, b
f2fs_balance fs(struct f2fs_sb_info
f2fs create(struct inode * dir, stru

3-10 ®E bit BTRYHR%

addr

ir TERMINAL

v CALL STACK Paused on exception [ D’ 1’ 9
update sit entry(struct f2fs_sb infor

f2fs _allocate data block(struct f2fs EXECpboeiies De-utrers e
i _ Hit watchpoint 14: *((unsigned char*)(@xffff88803b416440 + @)) at
do_write_ page(struct f2fs_summary * | o rrrrfEFEg17ecrss.
f2fs _do write node page(unsigned int| ©1d value = 255 '\377'
i ) » New value = 127 '\177'
__write_node_ page(struct page * pagel

2fs sync_node pages(struct f2fs sh_

exist f2fs_test_and_clear_bit(offset, se

block operations(struct f2fs_sb_info
ite checkpoint{struct f2fs_sh
f2fs sync_fs(struct super block * sb

sync_fs one sb(struct super block ¥

iterate supers(void (*)(struct super

l 3-11 ;5B& bit HTE’]U—JFF]#&’

TERATHT fs_mark F2PH, XF—ANCHS 2K EE, 1FEN create. write.
sync, RIZe@l@cfl, SREAXRInSHEE, &EHEEERLD M. S H
TR, A sync BT, RFA AT —IK checkpoint #1E; WAL T
AR, Wi 3-10 Az, create J5, S#HATRGHATIIG gc KT, XBFF

AR REN B ge WILEE, B £2fs_ge %R, 78 B 2> FIWrF 3% F prefree [1] segment,
A1 ﬁﬁé‘:‘é?ﬁlﬁ T — R checkpoint #1E k¥ prefree f) segment fiI A 2] 75 [N 1]
segment 553K . XAk T —ANEIER , WIRIETEE 1 SO 57 5 54 87 [ 1 Flash
H, JETESERTCM, P syne SRAE RN, BT f26s b BE R AR XTEZ

HI 2B IR AR N TR, IX G K T — A segment H LS TR 1E O, ﬁﬁﬁﬂ]
B4 S H S ge Xt segment HH ) block FEAT AR E TR, i ik R Gt RE JT

B
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3.2.3 FIH fsck WERIE R

ANTIVELIAN A 265 ARG R fsck WA M5 B R % 1 A LT 1)
YRR 5T o SEBLZINREM RS AR UK 3-12 B, BR 1 & LIH A ©2fs Flash % £
A, NHESINT 3 KB, 4352 fsck.f2fs, module generator DA} linux, A1
DIRe 7l : 3REUE B, {5 5, (MG B R B RS i 7 F 7 4 fsck.f2fs
A linux Z [ARE(EFIMSE . @I EIRAERITE, fsck.f2fs A f2fs A R4St
oA AR PSS, WIR ARSI A fsck.f2fs SEHUE AL 5 3RS 105 B 55 B
f2fs S RS ATHBEMA ST N, B R KIS RGBIREITHE. K
WA FRBUEFRCHE T &N FIEAT N, AR B EAR R D ge A,
Wi i fsek_info.c & — AN HARSCAE, FORE fsek B B3 i AR IS
s HANAE R, AR B TAR G AR gy B, wT BATEOL N B,
fsck_info_dump 372 CRAEAH BLAE B B R S04, 7] DL 2 i J5 Jd i fsckinfo
FHT ARG B TR HIX R B AR D RE

f2fs Flash

read disk @ read disk

fsck_info.c puput O_i =
— ' sck_infi :
fsck info_ko generator
dump
meT read f%:k-im‘o
. Buid
P e _ \.compil smod | Module
templat fsckL ko
fsck.f2fs linux
module generator

3-12 FIf f2fs R ARG~ E=E

® fsck.2fs: M ARGk dr e Bt HscH LA RN, I R BES 14 %2 75 s
f2fs ARG RAE B HEB— 7, 150G B ReM U BhEkT 26 ST
ARG HICAL, 1X & i# i main.c A1 fsck_info.c SZHLH, main.c BLH GEEHG T fsck
PR R A I R, e, AR A fsck_info.c AHM I HH BRE,
super block info 1C K HIFHNAZ B3, T —Br BB AR pleds 1 .

® module generator: template s&— MEH ORI, 4 B IIEN fsck info 5
HIEME B )G, Bl fsck info dump, HEEENSAE B — AR]85 1E DN #E N #% 1) S
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o X—idFE 2 1H T fsck_info ko generator KSZIIY),  Hoad ik /i [ 2k B A
fsck_info {5 B template B S, A2 pl—A fsck_info.c MIRRER SO, AR
Yot 2l gn i B WAL S, HOE B RER 2 1 £2fs SXHF RS H .

® linux: fEFEE f2fs A RGHIERE Y, o Fka AAH R ER SO 2 AR AE
WRAFAE, oK R B (5 Bk T H:, B0, woE EH RHEEamn
M2, B AAAE A b e O RS SR
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4. RGLIM
4.1 JNiE fsck.f2fs

4.1.1 ZOHIEEH

DR K4 Hh B TR A 1 7 L
® thread_ctx

thread_ctx AL MR HUE, KOLTLR LR, TR ZARNH
BRI R. B 4-1 Bon 7T HEZOTE,

struct thread ctx {

//Thread information

Tt tid;

u64 checked node cnt;

u64 valid_blk_cnt; // ** main area®hBExf{Iblock#B: node + data

u32 valid_node_cnt; // #** main area®B3fUnode block#E

©32 valid_inode_cnt;// *% main aread&xfJinode block#{H (node blockMIFE)
u32 multi_hard_link_files; // BZ hard_link 3R

u32 dentry_depth;
struct f2fs_dentry *dentry;
struct f2fs_dentry *dentry_end;

b
4-1 thread_ctx #ILEE
K 4-1 5o T AR ERE XL
% 4-1thread_ctx ZILERE X
ZEA R ZERHIR
tid int it id
checked_node_cnt u64 CUR 2 ) node %t H
valid_blk_cnt u64 A 2K block L H
valid_node_cnt u32 A Z1 node block %1 H
valid_inode_cnt u32 A 2 node block % H
valid_blk_cnt u64 A3 block £ H
valid_node_cnt u32 H R4 node block %1 H
valid_inode_cnt u32 A Z1 node block %1 H
multi_hard_link_files u32 ML R
H
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4R 4-1 thread_ctx D TE S X

REH HmR RERR

dentry depth u32 H SR IR
dentry struct f2fs_dentry * H Sk iR
dentry_end struct f2fs_dentry * H S IigER R
® f2fs fsck

f2fs_fsck AR AR 2 RERE. K42 BoR T HZOER,

struct f2fs_fsck [{

struct thread_ctx »tctx_array; // list of thread contexts

pthread mutex_t tctx_array_lock; // lock for iterating over tctx array
pthread key_t tctx_key; // thread key for getting threads specific tctx
uint32_t thread_number; // how many thread do you want to make? default is 1

struct thpool_* threadpool; //&IN&Zfsith
pthread mutex_t fsck_lock;

pthread mutex_t qf_szchk_type_lock;
pthread _mutex_t qf_last_blkofs_lock;

struct f2fs_sb_info sbi;

struct chk_result {
u64 checked node cnt;
u64 valid_blk_cnt; // *+ main areadhBHIblock#{H: node + data
u32 valid_node_cnt; // ** main area$B5%{node block#iH
u32 valid_inode_cnt;// ** main areadhBE¥inode block#H (node blockIFE)
u32 multi_hard_link_files; // B% hard_link 34HITE
} chk;

struct hard_link_node xhard_link_list_head;

pthread mutex_t hard_link_list_head_lock;

char *main_area_bitmap; // {CREEHNEFHAGEFEFERDblock (Fisit_bitmapiits), BRERETHEEARX
pthread_mutex_t main_area_bitmap_lock;

char *nat_area_bitmap; // {8@ nat_entry{uE

pthread _mutex_t nat_area_bitmap_lock;

u32 dentry_depth;

struct f2fs_dentry *dentry;

struct f2fs_dentry *dentry_end;

LH
& 4-2 f2fs_fsck #&iILTE
42 B T EEERE X
#z 4-2 f2fs_fsck #ib T2 Rk

6322

HImRT

RERR

tctx_array
tetx_array_lock

tetx_key

thread_number
threadpool
qf_szchk_type_lock

thread ctx
pthread mutex t

pthread key t

uint32 t
thpool *

pthread mutex t

44
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T 3RB AR T S0
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AR R R
AR
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REH

43R 4-2 f2fs_fsck #ZL T E R ik

HImRT

RERR

qf _last_blkofs lock

sbi

chk

hard_link_list_head
hard_link list_head_lock

main_area_bitmap

main_area_bitmap_lock
nat_area_bitmap
nat_area_bitmap_lock
dentry_depth

dentry

dentry_end

pthread mutex t
f2fs_sb_info

chk result

hard link node *

pthread mutex t

char *

pthread mutex t

char *

pthread mutex t
u32

f2fs_dentry *
f2fs_dentry *

45

qf last blkofs X N )45
super block 115 5
ERfaEL R
MR R R
hard_link_list_head X} W
FR A

main area [/ ]

main area 37 0] 87 ) 4

nat area 1117 €]
nat area fi7. & I8
H SR IR

H sx I &

H kIt R R



® job

jobARE T —MES . 2
XN NodeM TR & . HAZ L AT EAIE4-3[7R .

/* Job %/
typedef struct job{

struct job* prev;
void (#function)(void* arg);

voidx arg;

MO N EEAESS

/* pointer to previous job

/* function pointer

/#* function's argument

LLLL LT LT LR T ECEE LT L PSS L F L L L LR L L

int type; // @=regular, l=transfer protocol,

-1=giveup protocol

struct thpool_* new_tpool; //new thread pool if there
LITIIILTLLL L ETL LTI L T AL P AT L A LI P LA AT

} job;

[E 4-3job LT E

K 4-3 BIR T job FZLAEREKIE X

= 4-3job LT E

Bl 5%t A FE—Node 4514 5

*/
*/
*/

PRE STRUCT JOB* i [ BT —MES5 HI$E
g

VOID (*FUNCTION)(VOID* | FUNCTION 55 %6F I L1 FH 1) By

ARG) #

ARG VOID* RS

TYPE INT 1S5,

NEW_TPOOL STRUCT WL, “EHN
THPOOL * IEBEAENT, LT

46
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® jobqueue
jobqueue NAES-BAFI, BN H —AMESS B, LRI BRI L RS A
W MAZAT 55 AU AT 55 AT« HeAZ AR BN & 4-4 Fos.

/* Job queue */
typedef struct jobqueue{

pthread_mutex_t rwmutex; /* used for queue r/w access */

job =*front; /* pointer to front of queue */

job *rear; /* pointer to rear of queue */

bsem *has_jobs; /* flag as binary semaphore =/

int len; /* number of jobs in queue */
} jobgueue;

4-4 jobqueue #%ILZEE

K 4-4 BIRT jobqueue FAZ ORI o
% 4-4 jobqueue #ILTE

RRA HAERT ZERR
RWMUTEX PTHREAD MUTEX T Vi BA 1%,
FRONT JOB * BASK AT 555
REAR JOB * UNEAIIERE

LEN INT A eh AT 554
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® thread
thread J& X B IEIZRFEBEAT VB3, 0k TAUME S, WngRREXT R i) 28 i,
REMEE, FRLREMmE, KO0 8K 4-5 Fin.

/% Thread x/|
typedef struct thread{

int id; /* friendly id */
pthread_t pthread; /* pointer to actual thread =*/
struct thpool_* thpool_p; /* access to thpool */

LLLLLLLLELLLLLLL L LT L LS LIPS
int borrowed; // signifies if this thread is borrowed
struct thpool_* orig_tpool; // originating threadpool
LLLLL L L LT L L LTS L L L LA L

} thread;

& 4-5thread #ZILTE

* 4-5 BIR T thread FHZOZ &R L.

% 4-5thread #ILTE

ZEA HmRR ZERHIR

ID INT LAEID;
PTHREAD PTHREAD T Fi H) FCIE 2R FE s
THPOOL_P STRUCT THPOOL _* LA I 2t
BORROWED INT LR
ORIG_TPOOL STRUCT THPOOL _* LRRIEA T 2
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4.1.2 R R FSLI

get_tectx
R R R
struct thread ctx* get tctx(struct £2fs_sb_info *sbi)
B ThEE
RECAFT AR B
S
REH HimRA ZREfHR

@ © e

sbi struct f2fs_sb_info * F2FSH A5 B

(4) R[EME VLA

IR [5] AT A R ) R 3
(5 HREWRE

AT ZRE E R SCH key SREUCHATZRFE | N3 B RE UG, B2KiZ L
e e R B SC A . KRR E 4-6 Ak .

get tctx

- 0 il AV
keyFREX_E T3

ARSI ekl

E2E E R

o =
BETY

AR
SHREEET R F TR

4-6 get_tctx RIEE




® thread do
O R¥RE

static void* thread do(struct thread* thread p)
@ EHTRE

X T AR L ) 2R A S — BT I R L
® SHRH

ZEZ HiERR ZEHR
thread_p struct thread * L
OB AL
o
® RFME

TR A AESEIEIA BN I BRI AT 2R fh AT 55 AT AT A 4-7 Pl

‘ thread do ’

y
HREY SATEAZ R,
]

(=5

/
IRCEBIEAET
b

B

=
A J

MAES AT
BEs

PUTZEBESSRS
R

L

& 4-7 thread_do it2E
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® scheduler thread
© R¥IRE

void scheduler thread(struct £2fs_sb_info *sbi)
@ EHThEE

WS, s T, s HBAREH.
® ¥

REH HIERR ZEHR
sbi struct f2fs_sb_info * I A HAE B
OB AL
o
® FRBRE

T EIR A NESCIE A BLAERE — B [A) 18 ) schedule pR%. &l 4-8 fls .

B Fschedule

v

(MR —ERATIE]

[E 4-8 scheduler_thread RF2E
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® schedule
O RBURE
void schedule(struct f2fs sb_info *sbi)
@ EHTyRE
RYE AT SR IGO0, BhAS LN
® ZH U

REH HIERR ZEHR
sbi struct f2fs_sb_info * I A HAE B
@ R [ ¥ BH
o
® FRBRE

T ERAR VIR top Ay S IRHUAR SR CPU AR A AT AL CPU A H]
R, B DHEMAREEIE, I AR NI AR IS . K 499
I

8

RFSALIE
FICPUF P

Y
RIECPUFIE
s

EEZENES B
LR (HE "RERR" HHE
= =

B 4-9 schedule iiEE
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® adjust core_count

© RBURE
int adjust_core_count(int cores, int prev_cores, float total _util, float process_util)
@ EHThEE
AR AT SR IGO0, Bt N i A T A
® ZH U

B3¢ BIERA R R R
sbi struct f2fs_sb_info * RIS B
cores int N2 B B f) LR A
prev_cores int ZHT I ERFR AL
float total_util ARG MCPURM %
float process_util wFSCK 2 1) CPURI
O AR
A EIIVAELE I IES 7 e
® RHME

FERAENRYE R4t CPU AR R AR CPU MR K, P i ineg
Il AN SN RE R Wi 4.10 o

IEINEAR P SRR perdeaz

&R

4-10 adjust_core_count R 2
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® Dborrow_threads

O BHEH

int borrow _threads(thpool * thpooll, thpool * thpool2, int n)

@ E¥hEE

MEEFEN thpooll HHE n NERFELS LEFEN thpool2, HUTAEEATS .

® ZHUH

B3¢ BIERA R R R
thpooll thpool_* A1
thpool2 thpool * L A2

n int EAE AR
@ R [ ¥ BH

R A0, RIBR [A]-1 .

® EHFHE

FERRE N R EAE AR AR 1 T asin—AMESS, Zefeits | P gefese
FERXAMEFPATH, ZICH CUMBIZREN 2 k. WK 4.11 Fios.

TTHa

BlEEEIA,
A VERE
iB2HVESS

RIS 1R
ZES

R

[E 4-11 borrow_threads & 2 E
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® fsck_increase_valid_inode_cnt_atomicly
© R¥IRE
void fsck increase valid inode cnt atomicly(struct f2fs_sb_info *shi)
@ EHThEE
BUHS T2 B e AR B AR i —,
® ZH U

REH HIERR ZEHR
sbi struct f2fs_sb_info * I A IAE B
@ R [ ¥ BH
oo
® FRBRE

T ERAE NI TR B SO AR R A E R N — . SRR s BE A R
%2, IXFRRBEIR T SRR BRI, 07 b B R G B R 3L
W a5 AR o

® post_work inode
© R¥IRE
void post_work_inode(int ret, void *args)
@ EHThEE
fsck_chk inode PRENHL 0T A] 42 block AT IS B SE G, X IR [EME BT AR BE .
® KN

REH HimRA REHER
ret int A R BIE, 0GR, -EINVALAR KK .
args void * A3 3R [B 4B IF 75 B B RS, TR A AT S
B CORTFEF -
O AR
o
® RHME

FERFEE 4-12 s
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FREUEER

l

REUESSHh 78T
G ol =2

l

RiBIREE, &
A ETRNARENE
=

oy

T HESRD

I

LT

4-12 post_work_inode SRIZ2E
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4.2 14k f2fs B ge

4.2.1 BOBAELER

LA R4 A B S5 R R E S
® f2fs gc_control_thread

f2fs_gc_control_thread F T5€ N T /B B A go KB, Z4FE 2K
a8 ge R, ASFR R AR BRI A R) 2 [ g 1, ELMRRE s R T AR AE R 2
R R AL = E N true. B 4-13 BoR T HZLEE.

struct f2fs gc control thread {
' struct task_struct *f2fs_gc_task;

wait queue head t gc_control_wait_queue head;

unsigned int sleep time;
. unsigned int gc ctl wake;
| &

4-13 thread_ctx #%LIEE

R 4-6 Won T BREIE Lo

% 4-6thread_ctx #ZILTEA X

ZEA HmRR ZERHIR

f2fs_gc_task struct task_struct * f2fs gc 1E5%

gc_control_wait_queue_head wait_queue_head_t go P LR FE LA A5 1
A

sleep time gc ctl wake ge P55 il e FE HERIG AN [

gc_ctl_wake unsigned int ge 2| A A M i 2% AF
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4.2.2 RERBELIH

gc_ctl_thread_func
AR R
static int gc_ctl_thread func(void *data)
RHThEE
541 go 268, ERTIREE, ¥ really can ge WEE N true.
SR
R4 HHERA REHIR

& @e

@)

data void * F2FSHZ G B
(9) R[EME UL
To
10 HRFHRE
WG4k ge HHILRNE S, BIEEMABAS, BEIREK A5, ER0EH T, A
WA, MefiE, MelERTEF really can ge BN true. HIRFERIUIE 4-14 Fios.

A

attgci=Hss
TEREIRA ASER

EARATRIZER

2
y
&

really_can_gc

= true

R

4-14 gc_ctl_thread_func ;i#2E
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® f2fs gc
1) RHPIRH
int f2fs_ge(struct 2fs_sb_info *sbi, bool sync,
bool background, unsigned int segno)
12 H¥TIAE
4T ge, AU segments
13 Z¥YiHA
BEY HERA B
sbi struct f2fs_sb_info* F2FSHE A5 B
sync bool ZHSYNC
background bool e NG BGC
segno unsigned int SEGMENT 515
19 RFEME B
0 ARRIAT 1T«
15 BBFE

1k Z F A segment FAETT A, SRJFiR A, 35 0&H prefree [1) segment, NIARYE
ge RS HUAH B 1) 592 9k % & & 1 segment BEAT [RIWL . 25 1A 3 AR [B1 U1K
segment , B £ R segment ARGAER 2, WA REAT 7B gCo %
really can_gc W E A false, (FIEEMAEF AT & gc. HHLEFIK segment

22 [A]AS LI ) W & 75 prefree ) segment, A N34T write checkpoint #21E,

I, FHOARTG ge WL HEERA IR, HNEE ge M2k segment drid NIE,
Sl IR E 4-15 Pros. Hrhag i 2 JATHE 12 4
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write checkpoint

=58 prefree
AIsegment

IEREAERUR

tricsegment/ofE

4-15 gc_ctl_thread_func 5RF2E
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® f2fs balance fs

16 HEIRE

void f2fs_balance fs(struct f2fs_sb_info *sbi, bool need)

17 RETIEE

Gt LR, BT RER A g, RIDNAKET G geo

ZH

REH HIERR ZE#IR
sbi f2fs sb_info* F2FSHEBHRAE B
need bool bR &AL

1R 5146 Ui BH

To
20 HRBARE

#HAEAE, really can ge A true, NIHH ge.
H SR 0 53 A ERAT TR 0 ()32 4

FRZEFE

!

f

A EIAgC

HRBEEWE 4-16 . H

[& 4-16 f2fs_balance_fs iz E



4.3 FF fsck WERE R

4.3.1 BOBAELEH

DL 25 o B B R S5 i 1 e X
® f2fs fsck info_data
W 4-17 Fros, 2fs fsck info data &2 —MNFRFEAH, H TAEBIELR R2fs ST
&G At EdE, Hog CEBS R, fad A slcas idtr, Wi
4-18 flis, % f2fs_fsck info_data 278 A — N ESLHFRA A, RT TR, &
RN TR N A . HUREE UM E BN AET, 2fs X RGAEEERIN 2R
B ARG = R, ERin fsck A1 f2fs 205 s I 28 N — AN 2B i
2, N f2fs sl S A0H0E 2 e — B g, Bl iork B R, Rtk 17
faly, f2fs 8 X SRR, AR IR IR (AR A T B A
char f2fs_fsck_info_datal[4896] = {
/] EmCRRIEdR
{_data__}}
i
EXPORT_SYMBOL(f2fs_fsck_info_data);

4-17 f2fs_fsck_info_data X

char f2fs_fsck_info_datal[4096] = {
/] EERSCERRIEHE
16, 32,245,242, 1, 0, 16, 0, 9, @,

B. ©. 3. @8 9 @9 12. 8, 9 @

7. 8. 89 8, 1, 8. 8 8 1., 8,

@, ©. 6, 0 @, @, 9,100 8, B,

3. B. 8. 8; &2: H®H. 8. 6, &9, 06

0; ©; 2, & 8 ©; 2. 6; 0; 8;

2. 8y 8 B. 4. &. 8. ‘8. &2. '8
& 4-18 f2fs_fsck_info_data SERR TR EEl
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4.3.2 RERBELIH

® dump_fsck_info

@ mHRA

void dump_fsck info(struct f2fs sb_info *sbi)
2) R¥TIRE

B fsck SRAGIE B FH B, HATSCEL 7R IR A3
@) SHUH

R HiERR ZE#R
sbi f2fs_sb_info* F2FSHE S B
(0 IR EE 3B
T
(5 HERE

XM RFERRERA KR, main K2 A dump_fsck_info,
dump_fsck_info J64T7F dump SCHF, RS54 super block S5t (1 £Ha 8 1T fwrite
BRAE Y, BREUTAR I 4-19 Frow.

SR dumpX#?

I

4— -

,.ﬁi;itegsu per blockZ,

wumpReEEmy ) e

=
=

& 4-19 dump_fsck_info SRiZE
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® do_write_module

RBUR T

void do_write_module(unsigned char *data, size t len)

BT RE

¥ data FRETFR A len 7KLV B, WRIRALOBR OO, B i 5 A
P, A RS R ] G RIS AT R S

SH U
ZEHZ HImERR ZE#IR
data unsigned char* Hedfa et
len size t A E TN
1R [B14E Ui B
oo

dump fsck info PR % 2E W B dump X T B £ i B H A R 2R 1
do_write_module fEHT, AR AT HE R IFIE TS do write_ module BRI EHY
BATRAE A 4-20 A7 o

y b BdatagiiEierkbytes
FTHfsck_infolRthse, ~ _ ) =5, WtAaT, &%
{Edump3zit = #apk" 65, 97,
"I
& ) 4
i’ BHEEFERE— |
17, BEFRLINHE |
oo
,|, at

BB F R RESR

P SERRELIR

<<

Al

[& 4-20 do_write_module &R
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® read _raw_super_block by fsck info
RHUR R
static int read_raw_super block by fsck info(
struct f2fs sb_info *sbi,
struct f2fs_super block **raw_super,
int *valid_super_block,
int *recovery,
struct f2fs_super block *data)
RBTIRE
B — AN, FT & ¥R KK read raw super block Bi%{. M data MIE
BOE AN AT AL B, I F IR IR 2 — Bdk

SR
R4 HyE LR BERR
sbi struct f2fs_sb_info* IERF2FS2 RE R
raw_super struct £2f5_super_block ** A VINEH, iR Bl A 2
BRI N
valid_super_block int* P 7~ 24 HT L ) 2 A
FBHL, F2FSHRgEk
BEAT T & A, BT bR R
AR
recovery int* i hREBE
data struct £2fs_super block* FSCK-INFORZH R AL 1)
HH AN 2
A TN

R[] err, #7 err=0, AAFKBLBUEHR: B, BHIHIILER.

read raw_super block by fsck info pRE#41E | —/ ME LK buffer header 2514,
B B e 5T T8 M S B UL B 3R 1 data, 10 A 2T R R AL RN . AR A 2
FH A S A bR OR300 UE B e B — Bk, IS R, IRAT = A A R 46 1
read_super block MAHELFFIIRA . pREL ) BARGFE WK 4-21 Aios.
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A

1 super blockiZ1 3| A
Siraw_super, FFiR ead E.T Efea? block
EEEEE] P -

\ﬂ
ZR

4-21 read_raw_super_block_by fsck_info ER#RIE
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5. R
5.1 N3 fsck.f2fs

5.1.1 JiAAES

XT wisck IR 9 D R -5 1t BE I A J7 1T - D e Ut 32 EE A wisck
REAS IEAAS I IS R BRSO R SR - PHEREINR 32 ZE MR wisck 7EA [R5
NS AT RIVEAS AR RE, RS A fsck T HRXT LG .

A R G I SO A E SR AT R A IR R TR R T . 1R 3B
RocksDB(E B 17-0i#) WLHIRSS 2% . Web JIRSS 23 RS2 AR 45 28 25 T AE U3k AT 20
M, RIS ECE 5 32 AL (99% B SCAT 5 1% B 3%) o MR FRAT AR 42 BT
BREMHRS, —NHFTFEE 100 304

SKIREP G LAY BT, —GWENL, RNl & 7GRN
HNIE BN 5 AL = T SR AGEORBAE 3, £ R LB s T8 R B IR S
WIZEAME . 3 —J5 i 34113 A % M Nand Flash A7A# /5t [ALHEAE [R]34

%4 FRERL T Nand Flash ffi 4,

PRAZ B NER 5-1 Fios:

*=5-1 HRRE

BB # B AT extd ISP ARG E, HLasi R

Target System Storage Device
YIEHL*16 % CPU : Intel(R) Core(TM) | Samsung SSD 860 4B6Q 500G
9-9900K CPU @ 3.60GHz | 7ELAE AL G T — /N KA
Memory: 128G 450G H)5r X, U RGA extds
OS: Ubuntu20.04.6 LTS | fEM T/ RGFHE T KA
1/10/50G (1[I 385 2%
VirtualBox fE#IAL | CPU : Intel(R) Core(TM) | vdi i £ 150G ( 7& Seagate
*4 1% i5-10500 CPU @ 3.10GHz | HDD 1T b@I) . i g
Memory: 8G T 130G K13 X, RS
0S: Ubuntu22.04.1 LTS | N extd. fEMXMHRG LK
T K/NN 12/5G ) [E3R 3 %%

AEPEREIT, O A R G B A A, AT fs_mark JE
A T HAEATIHTE . #1016 (30 R 48, JATHTE 512000%1 >R/ 1024 75
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TS, XK S00M 1A ], X AFA— RO R G A TR L. DA IS,
EEE2G ST RS, TRATHIEFE 512000%2 AN K/ 1024 F5 (R S01F. Sei R
W, AT wFSCK ETF 8 R T — AN TARZAES, I R AH L R R (1) fsck.f2fs
W4l FE T 25%.

EDhREM T, N T IUEFRA TINGE J5 11 fsck.f2fs 55 fsck.f2fs FI47 8—2K,
TRATTNS SO R 48 () FE L X Sd AT I IR, SR 5 fsck. f26s SRR R IR 150 43 9
BHTAIE . RIGE wFSCK 7 I3 1) [F] I I A 2R SR Th g se 2 1

5.1.2 WAFTEEMAER

wisck #5188 Thae il
Diee M A GRAR T
(1) Apde & KNS RGU GG IEIBAT fs_mark P27 N SCPF R R BRI A S
(2) 81T destroy.f2fs F& 744 S R EAL T 7 DX I B0 FH BEATLA0HE &5 46t
(3) KBRS BB HE DL s
(4) IB1T LG fsck P2 PRS0 S RGP E L
(5) 1817 wisck &5l HAE B IR S RGi5AL
(6) I 4. 5EFIHHEEHEET NS B
(7) FZAFRGAM BIIR, BI2REE 40, @l SR ERrPEITBE,
SRIE RO H AT B, 1B HFET .
Bl 5-1 45 H T — IR DhREMNR AR B . VRS 3 0, AT BRA5 38 DL T Wit
XFEY R fsek 5 wisck 17 A —EUN, FRATAT AFEEE wisck 5, it A5
B, FUGHEATI, RAEUHRETA B, BANSREA Be < M.
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BERA?

©), = fgafzfs FRERIRIAT?
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destory.fsz @ BrExdt GFD
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i EELIR?

BERIRIA T ?

Y

(=527

5-1 DheeMitiRiz

MR A RATAERL T — K/ A 1GB WU RGHAR,  HZBHR I sit BL nat 5L

ssa XIFEALE ANEE, BRZ5AR . Z XIS 100 757 b R 8 . {6 5

f fsck THY5 wisck 70l TR BB S, {51 diff THx 385 i H S

TR, EHPRE B HE R, AT AP E 4T A2 — 8. Bl WA 1

20 &, HRARAGI F fsck M wisck ZHAT AKIA—F, FRATE BN wisck 15

fsck 22—, JE AT AT N TER B, LUl dR Main Area [X 35 node
TR A SRS A AR TR AR E X R e B R

wisck B R LRI HE Ik

AT LI B E R £ IR B EWNIAEL Y, wisck F1—A cpu B
PP (I stress-ng 30 [FIINHZE AT, wisck TF 5 I R85 )9 jE ML IO A% 3L . stress-ng
RS2 IRIAT, BHE wisck iIBH . stress-ng FHRHAT BB HAERIFE S, 45K
B 23T ENA IR BAT BB 1], SRS HERR 10s, 45T wisck 768 FIRS [AI404T, RJ5E
BrAT stree-ng, TEMAEE . FATREEREIR stree-ng P2/ F AT H] . wisck 1B H &
FrE FERRS B DL K wisck ZRFERIL IS B .

5-2 JE/R T 1a47 IE) wisck IR ECR WIS L. HEBF R AR, xR
T RS cpu TGO, BTUUE 2 200 B0 E AR L, X2 stress-ng
2 FE SRV A MR BT RABAU N F 1 8. BRIl 4, X2 wisck JTJE TAEZ
RN Z, R 2RI RO, RS AR, Wi E]
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20 o, SRAEEUE BRI i ELBGRIN i TR 30 A R, SRR
ZIE T, SR G AR I TAE . SRR BB G REA T, 4
RIS 1 wisck X cpu (9 AR, A%, BITARZRESEME R, X cpu
R 2R A

Threads change curve

ze— - 400
4.0 A Threads number - === total_cpu_utilization
et process_cpu_utilization
5 - 350
3.5 |
2.5 1 ; ." i@ rasog
I i ! =
= . | i i ¥, I ©
E 2.0 ;.' | | | - 200 é
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it | 456 &
1.5 1 {4 150 &
1.0 1 ST IO PRSP T ST TLS ST TR b [0y
054 & ° h % L ~: }so
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T T T T T T
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Time

5-2 wfsck Zi2 T 1Lk

Kl 5-3 e 1 wisck o HoAth B Ay g2 (1) Al R . 21 k2 B R P AR
WA wisck TP IEH IHATI ], #5108 origing R (128 &2 B FH F2 /7 7E wisck
TP, I B wisck WA T8 sh2A A5 D) REN R $AT I 18], #5184 no-scheduler;
1M W5 42 N AR P AE wisck B4R, IF H wisck JFE T 202 % Th Re I 1
ATHS ], BRICN scheduler. 1E wisck BA FF A s &AL ThRERT, N TR 14 B
KRR TBE T, XT3 R PR wisck A B.4+35 % 51 1 cpu %R 520 10 wisck
THE TR Refa, s SRR 7 i1 A 2 i ik B B, X 72 T wisek I
Ja 1 EhA TR 5 RERE iR R 4 24 Al TR A G LB A TR B LA 2, A 2T 0 Hit
TP i R K« FRATTIEFREL T 7E no-scheduler A1 scheduler #:30  wfsck iz
AT A, I scheduler T PERE T FEAEIL 5%, X2 KA wisck Al 21 5 48 51
RN, =5 FIRAH COWERE, RN T 7 AR e g, 45
FEAT-PH AN ()[R O 38 B AT RE

Zx FRR, wisck Zhas % Ty RE AE 05 AR 14 i1 R S0 1 B AT A O sh A T
H O EE, RegEA Rz Hoph N A TARR FIN A0 4 B BT RE
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Performance
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no-scheduler
= grheduler
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Count
& 5-3 wfsck sh7ZSIEEE I RExT H At IZFF HUS2 00
PR RETU R

PERE MBI AR L R -
1) AR RSO R G E T
2) &84T fs_mark &7 NS RSB ALR € BC B TS AT
3) @i time FEFPAER fsck FEFPIIEATIN TA] o

B 1. YEN

BAVEDFENL LA T K/NA 1GB, 10GB, 50GB 3RS 4814%, 435l
W) fsek B2, DLRAE AN RIS A2 30 wisck B8 7 (i 47 I (8], FFHN 3
UGB AT PR T i I8 AT I ] 25 RGtian i 5-4 o B R AL bR 2
JPIZATH (], BEARAR Ny wisck {8 F 26 F2 8k, (B4 N R GG fsek F2 7 HIIEAT
BF18], {F N baseline #AT EL#R o
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5-4  wfsck ZE493EH] LIE1TREXSEE

AILLE Y, wisck ] 2 AR HATH, 1217 M I 5 4R fsck F2)7 . BEAE 2R
PR EIEG N, wisck HIEAT I B MRIFE 2R, HAESCIF RGN RIS, #RIR
REDRAFIX M . Ui wisck BCDIHIH 2 G2 4T SEIUINE o Hh & FR 808 11,
EIANE R IRAT I, wisck IS AT EENE 9 TP, X e HT I AT IEER F P gl A
TEAMNOTTES, S TERERSA TR SRS, EfTH 8 L2 IFATHS, wisck %
JF R DANNIE 2 25%, R AT IE ) 29%.

PARYEFE R — 40 wisck. £ER/INJY 50gb (130 RGBT IHAAT 21
fabrtn N3, b Total time JNFEFIEAT S A], FESAZALES BT H P aSisqT
INf[E] (User time) , WA%&Ia4THS[A] (System time) , 5 10 I [A]Z A, EP

= + + #(5B-1)
MEZ AL, FATH:
= + + #05—-2)
CPU usage NFEFIEATIHIEN CPU THEBTIH A & SO

7 5-2 YIEHLMEREMIR 45 R (image size: 50GB)

=020 fsck wisck wisck wisck wisck wisck
-1thread -2thread -4thread -8thread -16thread

Total time(s) | 224 232 188 172 163 159

Total time * | 3584 3712 3008 2752 2608 2544

16 cores

User time(s) | 11.39 18.62 23.24 32.47 35.45 33.98

System 36.78 38.50 49.10 65.48 69.99 75.45

time(s)

CPU 21 24 38 56 64 68

usage(%)

MR 5-2 EERAT LR, BEE whsck € I &REEE i, Brmi P&z
AT IS T6) 5 N AZ I AT I TR) 2T 19 0, 10 AR I T AT B o X LRI B R AR A2
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wisck Hid 2 LR IFAT AL B, 1R 1 10 MM, FEAR 1 10 RYSEAFI 6],
MR TR FE1T. (H5 R, wisck T CPU BRI ZIEHAL, 76 16 48
PR CPU b, &M 100%, B, REEEMHSIET VO sk b, JAHEZ
TRETAE, WX EAEIER ML VO 547, LAkdm VO R, L35 &
{0/ IbE Y=

B 2: B

BAVE RN LA T K/NA 1GB, 2GB, 5GB KX RS54, #1751
a0 1 AHEIRIN, 2R 5-5 Fios. BRI ARG AR P T I 8], AARAR
9 wisck 2R EL, LRI RN IRE fsck B HIE 4TI 8], /BN baseline
AT HLEL

image size: 1g image size: 2g image size: 59

& 5-5 wfsck 7EE N LB 1T E)%FEE

ATLVE M, SPEPLELL, wisck T 2 &R IFAT RS, 18473 B2 5
G fsck F2/7 . B SO RGUR/NRISEIN, X PP FRE RO . T2 Bl A AR AL
(RN, wisck BSATH K%, TAVENEL/MESR |, WALECLRE
IR BN KM IE L, It 25%, WsG Ao L2 2R T VO FIE 5l R G5
RHFFEH, MAFHAH S E. AR, B — RN wisck FFY 2wz
TR fsck, Xib AR RSN, BATVIEINE & H T IX 2 E RN RN Zi, %
BT RIS #2527 A Host B4 R4, T G471 2 BRIl EAR 3R T4
1T wisck 1 J 2 A2 A A 5 HEAT AR 28 — MR T, BRI B N AFFER T
KEWE, TME8HTRASN, WG RERe 7L . Ggk, RATEERAA
[ () 2R R E 2R — AN DI 7 R IR AIE X P2, I HL AR A2 8 it R T 4 &
RSB S B R MR . (HR BART 5, wisck FEFRAEME ] 2 A TAEZRAE S AL,
Bapinid I 25%; MAE 2G RS OL T, R T 50%.

DUARIEHE bRt — 25 20 # wiscke #ER/NA Sgb BISCAF RS HAR B IAAS3 1)
FebrunER 5-3,
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# 5-3 EHMLIMEEEMIR 4L R (image size:5GB)

Ei=0n fsck wisck wisck wisck wisck
-1thread -2thread -3thread -4thread

Total time(s) | 234 857 169 162 162

Total time * | 936 3428 676 648 648

4 cores

User time(s) | 2.42 4.26 2.81 2.39 2.40

System 224.94 220.22 327.26 465.97 479.71

time(s)

CPU 96 25 194 288 295

usage(%)

T LUE B wisck TR 2 MEREERT LA LRI, CPU A RARR &, UEBEA
FAAHF A T CPU iR, VO B T EIR Y ENLE S T2, XHf
A g EIRA TG BRI . (H, SRR A T CPU
FEATYE, XSO R G AME B 2 I I HOR -
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5.2 fit4k f2fs ) gc
5.2.1 WAAEE

BAFE 5.1.1 FT HB AL E LA B2 . 8 s i GC i
AIE GC ITHERE, SRISUFFRATIIRER . JATH B AR 2K GC X H P 7S
PERERIRZ M, PR, SRS YEREHONE B RS IRARE, R4h, N TRUEZHT
TR GC RG22 SN S ERE TR, FRATER LR GC HIREHT BT HI K

MR — AN B B AT, AT ) TAE A AN A fs_mark £3:3C
PERGH SR, ARG IR E ST MERE TR gc IMIRBFHE R, &EH
KL B 2 AR ok A GC B B 5-6 P il
run_get log.sh JlIA, FATREWE1T 2 21T F2FS XXM R4t tEREN Log £uds; @it
draw.py ZFEIIA, FATRER X LA T AL 2 I R . 20 % I £2fs SO RG%
M GC A JE 1 22fs XAF R Gt AT R eI, AR 17 5.2.2 /N7 I REXT E
K.

Jrun_get log.sh  — Sy
1Sl 5.3%\%&}& T
REES, Y | ”
RS
i o draw.
VA== \a=s 2-@@, Jrun.sh i
T esmifsE T
3.J8Mfs_ma rk@ e
v 4. R REER
I
fs_mark > *

5-6 GC Mt THERIZ
5.2.2 PRATT=H WAL R

ATVBE X S e FRAS AN 0t Ja R ARCAS, 2 U0 fsmark, A3 ICAIEE — € BRI
Ao ALK AT I TR AL (1) ge R e ge AL, HAr B2 ge 7>
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A invalid gc 1 useless gc. invalid gc /&8 A segment 1] LA[RII, useless ge &&FE
FE B segment A RUELAE R 2 . K] 5-7 HRREALFR A fsmark i F OVREL, 2101
PAFR NG AT B, B IARPALFR A ge BIREL. Hr4k origin write AR R 1A
WA B SO Y A, A2k our write AUSR U AR 5 ST I 2 . 44k origin
ge_count fRJRIBIRAS ge IEIREL, 14k our ge_count AR BU#ERUAS ge ALK
. P12k origin invalid AR JRIH A invalid gc IREL, FT4k our invalid X% it
WA invalid ge R%L, 72k origin useless fAFK JRUGHAS useless gc IXEL, #T4k our
useless R B A useless ge IR AL

i
[ /
700 1 \ /
1

5-7 gc Rk thk

i 5-7 frs, —HRASRIES, KA 100M,  fsmark RS 500 4N SCHF,
BA R/ 2048B. [ fsmark 1 REE N, WAL 0O R F SR AL AESE
FEH 23 IXIF, R EAR, FIBRAALA TG go, FEERE TR, X Bk
K ge, JLF42 invalid gc (& origin gc_count 5 origin invalid JI-FE &) ,
WL RR A A segment AT LA, 10 S RRASFE Ml R — IR TG AR ge Ja ¥ 4E —=
HIREPRURE G go K24, Fr ASUHBRCART & go REUR/D, fsmark 5 1)1 fE
WA T,
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5-8 gc R 1L ihZk

i 5-8 fra, —HEBIMEEL, K/ 100M, fsmark 53X 5 400 /N304,
BA R/ 2048B. [ fsmark 17 BN,  WERL IR F SR AL AESE
FEH 29 IXIF, R EA R, FIBRAALA TG go, FEMERE TR, X H b
K ge, JLF42 invalid gc (& origin gc_count 5 origin invalid JI-FE &) ,
W 2 MR A A segment AT LA [BIWC . RElvE =, 25 35 ki, HBLT IR 2
useless gc  ([AUA K] segment 5 %% block #¢%) , TEAE N FRELEG™E .. 1Mk A
FERRR — IR TG ge Ja ks — 2 BmiE AR HT & go W24, BT AScs A HT &
gc REUR/D, fsmark 5 HITEREHBAE T FE.
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5.3 FIH fsck WERKE R
5.3.1 JAH#E%

AR fsck (015 B EEGEAT ThRE M, W0 A AT Th SEBL T R
fsck (15 BT HA . TRALE 5.1.1 R AN UA R ML B2 347 5258,
IR T IERISE R . AT LI R FE N fEAINE fsck-info AR ELS BE1T
2fs KRG, REX A RAIAT RS EE, REDOHER: ARG HEEN
3 fsck-info BEHLIS HEAT 26 XA RGUHERE, X X REIATIREEME, BJEHL
HEERL; BGAINE fsck-info MEERBEIT £2fs SO RGEER, P LR EE—2L.
T3, UFBAFRATRE @ fsck-info B FE B ©2fs U1 R G EEK

HHWEARRENE 5-9 Fon, MRS FET T 3 WEH, REHE R
I fsck-info BHURHEIIME B, 5 — X ME =X # R T fsck-info B IE 1
WIMAE . RIS R X RG RS, R a HIW SO R — Bk %
TERATT I SZ A fsck-info AiHuE BT HESL .

=

A

{E=21

=3

A

Fofsck-info.ko | fsck-info.ko ‘ Fofsck-info.ko

lrorsscEs

J 2
ES IEEE??—» g2y

5-9 FA fsck WERIE S ThEEMIRXIRIE
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5.3.2 ARG R

root@runninglinuxkernel:/mnt/f2fs# mount /dev/vdb $f2fs_mount point

[ 844.784642] F2FS-fs (vdb): Mounted with checkpoint version = 4eebbla7
root@runninglinuxkernel:/mnt/f2fs# ls $f2fs_mount_ point
root@runninglinuxkernel:/mnt/f2fs# touch $f2fs_mount_point/1l{a..c}.txt

root@runninglinuxkernel:/mnt/f2fs# echo "hello world 1" > $f2fs_mount_point/lat
root@runninglinuxkernel:/mnt/f2fs# 1s $f2fs_mount_point

la.txt 1b.txt 1lc.txt

root@runninglinuxkernel:/mnt/f2fs# umount /dev/vdb
root@runninglinuxkernel:/mnt/f2fs# |

5-10 E—Xx#E#H (X fsck-info)

root@runninglinuxkernel:/mnt/f2fs# umount /dev/vdb
root@runninglinuxkernel:/mnt/f2fs# insmod fsck-info.ko
root@runninglinuxkernel:/mnt/f2fs# mount /dev/vdb $f2fs_mount point

[ 872.058275] read data from fsck-info

[ 876.318415] F2FS-fs (vdb): Mounted with checkpoint version = 4ee6bla%
root@runninglinuxkernel:/mnt/f2fs# 1s $f2fs_mount_point

la.txt 1b.txt 1c.txt

root@runninglinuxkernel:/mnt/f2fs# touch $f2fs_mount_point/2{a..c}.txt
root@runninglinuxkernel:/mnt/f2fs# echo "hello world 2" > $f2fs_mount_point/2at
root@runninglinuxkernel:/mnt/f2fs# 1s $f2fs_mount_point

lTatExElbiExt e Xt 2a-tXt 2blEXE N 2c . EXE
root@runninglinuxkernel:/mnt/f2fs# umount /dev/vdb
root@runninglinuxkernel:/mnt/f2fs# I

E 5-11 Fx#EH (F fsck-info)

root@runninglinuxkernel:/mnt/f2fs# rmmod fsck-info.ko

[ 897.955869] goodbye

root@runninglinuxkernel:/mnt/f2fs# mount /dev/vdb $f2fs mount_point

[ 898.559765] F2FS-fs (vdb): Mounted with checkpoint version = 4eebblab

root@runninglinuxkernel:/mnt/f2fs# ls $f2fs_mount_point

la.txt 1b.txt 1lc.txt 2a.txt 2b.txt 2c.txt
root@runninglinuxkernel:/mnt/f2fs# cat $f2fs_mount_point/{la.txt,2a.txt}
hello world 1
hello world 2

5-12 = x## (X fsck-info)
B 5-10 2 5-12 335 17 3 RIS R . v LA R, BUR T o % fsck-info bR,
£2fs FEE e sh A H vk @ AR LR ECEE RS B, 31 BRI fsck 15 BBk AT 4k A o o h se Fil 4k
HINEE
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6.

BESRYE

6.1 THERZ

1E wFSCK T H /, FRATTX f22fs A KRG A HAG & T H fsck.f2fs #5A T 50

WA T, SRR R, T SEEE, WATEAT go 55, HAPRATE
TR, Wl el HERABUSHERCR. thing e g4
VO 247, JFRAINERROR . HanE itk f2fs (1) trim #4F, (H5E% 17 trim i
Feja, RMBAeasEl. thaniEE R AR & go KIADAT G ge, AEAITG
GFIRICR . (B R FATIERZTER T 2fs SRAL I =4~ B 5o

£ wFSCK Tt H H1, FAT5ER T -

B3t £2fs AR RS 450, K pFSCK 9 & AR HE 3 fsck.f2fs, FF
fsck.f2fs Xf Node WA &R 73, FHFATHATIR A .

XT fsck.2fs B BAT 55 34T Rl 40, RIS A2 C/R 1 IR %

TRAPAT S PATRTH) B F 3, TSR EME AT A EE, fRIE T C/R —EE,
XL R G LMV R TR, R EBR A, R R D U R
SERIE .

BRI RA TGN, ShA R TIELE N

RIN 2fs FEAE RIS ge 17 @

I g EHILAE, WD TERL go Mfil K

fsck.f2fs R At FEHURERAE ., Ak e S s S5 B Ol fsck.f2fs 7E A A S A
RGN, 2 P A S o= B, XE BRIl TRk, H
TR G S0 S REE RIS .

NEREIR TR N A L -

H 5 EA TR AR Boh A

N fsck.f2fs SERL (100%) A 25%3) 50% 725
A AT I IR
AT B AR AR AN EL

AL £2fs 1) gc S2i (100%) P PR TE R g
UN i PARC R A
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SER (100%) A fsck. f2fs e
FIF fsck UEERIME B FBLE BAL IR £2fs FEK
INECYEEN

6.2 BIH A

FEAGF S

® 5Tk J 13 pFSCK ) future work, i 3C pFSCK 1 JE AR HE 3 fsck.f2fs H,
1153 fsck.f2fs BEANEEE, PEREIRTE 25%-50%. Foflt 1 REAE I FE b M A B
I pFSCK g B id fE 5 fsck.f2fs (Ui BT RERE A —FE. pFSCK 52 73 B
BATAL A, fsck.2fs X U EAT A A & . R A —F, SBUE
F RN A —FE . ARSI XPOE TR A g R IR, Rl 32
TR OG5 MR BB AT AL B . S RS R BRI A IR R R, B
F1h) R 2 ) gl A DR IE R Ja B 45 R — 3 . 7R EAE RIS R Gi A =
Ab PR B AR BT 1A

® RATKIL T R2fs fE— 5t T, fAAEREICR ge M. I HH & BA 2K
TR T TR ges fH15 go IR RE.

® JEIRANIATAN, HENRA LIER fsck.f2fs 5 f2fs W ARG &K . FAITFH
T fsck.f2fs WEE RIS R G5 B, AL 52 2fs BIHEEER, 15 f2fs HhnRae.
R T4 fsck.2fs 5 02fs XM RS SR 2 AT I . fEA—1 g+,
KRRBEFIH fsck.f2fs 15 BXT ©2fs A RGH HE 2L,

6.3 KXRKEZE

HIR WwFSCK il TIRZ TAE, (HI&H R Z M) Futrue Works, f111:

® W AESS, (EHARS EE S, B fsck.f2fs.

® WA FEAESS BIPAT . A HIAE S TR SRS /2 FIFO Je NS, AT RAGI A Atk
g, BN fsck.f2fs.

©® AT Ab) JEC IBE o S segment A RUELREA 2 A1 O H IR

o A MA AR ERERIEE, 46 26 KR, 5 2 e
1.
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