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) A ARIERER— X A BHEE ?

BEi= = halt/restart CPU

let disk finish current sector write, assume no h/w damage, no wild write to disk

Hix: BHIkE
Can fs always make sense of on-disk metadata after restart?
Given that the crash could have occurred at any point?

Bl -
Crash during mkdir, leave directory without . and ..
Crash during free blocks
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creat(“a”); fd = creat(“b”); write(fd,...); crash
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 Journal Block Device 2

- ERANBEECRER
HEAT LA R IVRTE
- BEUALIERENGFHEIRER

¢ *EEIU\
— Journal : HE , A EREHEXIFAR
— Handle : [RF2E , BRERTFHRAIZIMENER
— Transaction : 55 , Z/MEETE—EEFERE
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MR GHERNAT

journal t journal;

/1 IRt BERS ( BEEEXGH )

journal = jbd2 journal init inode(inode)
/1 ERFHREEEEE (MNRFE)

jbd2 journal load(journal)

[FEHE

while (sleep 5s()) {
/7 RRBFSMEM BT E ( FFRHRIESS )
jbd2 journal commit transaction(journal)

}

SMAH R GTEN T

/1 BHESESE
jbd2 journal destroy(journal)

) JBD2ERECOIFNERGE

A ERLE -

/1 AMERBESRTRIBIES G

// 1. #xicinode N

// bh: buffer head XNNFEIRFZFHER/IVEGIEIETT
bitmap bh = read inode bitmap(sb, group)
set bit(ino, bitmap bh->b data)

// 2. #)4Eftinode

inode bh = get inode bh(sb, ino)
init_inode(inode_bh)

// 3. BEFRMEABRH

data_bh = get data page(dir_ inode)

add_dentry to data(page, filename, ino)

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )
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) JBD2ERECOIFNERGE

MR GHERNAT

journal t journal;

/1 IRt BERS ( BEEEXGH )

journal = jbd2 journal init inode(inode)
/1 ERFHREEEEE (MNRFE)

jbd2 journal load(journal)

[FEHE

while (sleep 5s()) {
/7 RRBFSMEM BT E ( FFRHRIESS )
jbd2 journal commit transaction(journal)

}

SMAH R GTEN T

/1 BHESESE
jbd2 journal destroy(journal)

FraHFTRIR I
ZEERNE

handle_t handle;
/1 TRFEE © SIS

handle = jbd2_journal_start(journal, nblocks=8)

// 1. #xicinode N

// bh: buffer head XNNFEIRFZFHER/IVEGIEIETT
bitmap bh = read inode bitmap(sb, group)
set bit(ino, bitmap bh->b data)

// 2. #)4Eftinode

inode bh = get inode bh(sb, ino)
init_inode(inode_bh)

// 3. BEFRMEABRH

data_bh = get data page(dir_ inode)

add_dentry to data(page, filename, ino)
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) JBD2ERHIEOFNERGE B3 bd 2B Kb hr RO

R
AR GriERET handle_t handle;
. _ /] RTFRAE - BUEHET
journal_t journal; handle = jbd2_journal_start(journal, nblocks=8)
/1 st EERS ( BHFEAET ) // 1. ¥RiBinode/35Fl
jou;nal = jbd2_journal init inode(inode) // bh: buffer head XIRNAEIREFHIR/INGEIETT
// ERFIREEERE (NRFHE) bitmap bh = read inod itmap(sb, group)
jbd2_journal load(journal) jbd2_journal get write_ access(handle, bitmap bh)

set bit(ino, bitmap bh->b data)

LN HIa .

JEEHE | // 2. #)4Eftinode

while (sleep 5s()) { inode bh = get inode bh(sb, ino)
/1 1RAZFESHIRMW AT ( FHRFHIIES )
jbd2 journal commit transaction(journal) init inode(inode bh)

}

ST RGNS - // 3. BERWMEAERF

. data_bh = get data page(dir_ inode)
/1 BMBERSE

jbd2_journal destroy(journal) add dentry to data(page, filename, ino)
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) JBD2ERSHECOIFNERSL

MR GHERNAT

journal t journal;

/7 P BERSE ( BSFEXHF )

journal = jbd2 Journal_lnlt_lnode(inode)

// ERHFKREEERE (WREFE)
jbd2 journal load(journal)

EaHiE
while (sleep 5s()) {
// RZRBSFEWREEE (FFEFIES )

jbd2 journal commit transaction(journal)

}

SAG AR FENERT
// BBERR

jbd2 journal destroy(journal)

EAjbd2 , {E8bh5cEe
R
handle_t handle;

/1 TRFIRE SIS

handle = jbd2_journal_start(journal, nblocks=8)

// 1. #xicinode N
// bh: buffer_head XRMAEIREFTIIS/INAGAIETT
bitmap bh = read inode/bitmap(sb, group)
jbd2_journal_get_writé access(handle, bitmap_bh)
set bit(ino, bitmap/oh->b data)
jbd2_journal_dirty metadata(handle, bitmap_bh)

// 2. #)4Eftinode
inode bh = get inode bh(sb, ino)

init_inode(inode_bh)
// 3. BEFRMEABRH
data_bh = get data page(dir_ inode)

add_dentry to data(page, filename, ino)
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MR GHERNAT

journal t journal;

/1 IRt BERS ( BEEEXGH )

journal = jbd2 journal init inode(inode)
/1 ERFHREEEEE (MNRFE)

jbd2 journal load(journal)

[FEHE
while (sleep 5s()) {
// RZXBFSHEWHEE=E (FFRIHINES )

jbd2 journal commit transaction(journal)

SMAH R GTEN T

/1 BHESESE
jbd2 journal destroy(journal)

) JBD2ERECOIFNERGE

ROoTEREE
handle_t handle;
/1 TRFIRE SIS

handle = jbd2_journal_start(journal, nblocks=8)

// 1. #xicinode N

// bh: buffer head XNNFEIRFZFHER/IVEGIEIETT
bitmap bh = read inode bitmap(sb, group)
jbd2_journal_get_write_access(handle, bitmap_bh)
set bit(ino, bitmap bh->b data)
jbd2_journal_dirty metadata(handle, bitmap_bh)

// 2. #l#attinode

inode bh = get inode bh(sb, ino)
jbd2_journal_get_write_access(handle, inode_bh)
init_inode(inode_bh)

jbd2_journal_dirty metadata(handle, inode_bh)

/7 3. BERMEANBRH

data_bh = get data page(dir_ inode)
jbd2_journal_get_write_access(handle, data_bh)
add_dentry to data(page, filename, ino)
jbd2_journal_dirty metadata(handle, data_bh)

jbd2_journal stop(handle) // ZEREFIEE
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g | AR
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/

typedef struct journal header_s

{
__be32 h magic; /* BiEEFE */
__be32 h blocktype; /* HREVZEE! */
__be32 h_sequence; /* HFE */

} journal header_t;

typedef struct journal superblock_s

{

journal_header_t s_header;

__be32 s _blocksize; /* BRK/IN */

__be32 s_maxlen; /* BRESHAIRSEL */
__be32 s _first; /* BEERBHNE—NMRE +/

__be32 s _sequence; /* first commit ID
expected in log */
__be32 s_start; /* BERFRRS */

__be32 s_checksum; /* fEEFG */

} journal superblock t;

tag#ll , B MagrI M fEE HERIYER

typedef struct journal block tag s

{
__be32
belé6
~ belé6
__be32
} journal

t_blocknr; /* WERLERIRS */
t_checksum; /* TGS/
t_flags; /% —EARELL */
t_blocknr high; /* B32fi */

_block tag_t;

ERT , IRIEEARPICRANagER | 15
R SRR USRS N B R AR R

8RB REFH TSRS ARFT (IPADS@SITU ) 32



) Ext4FHJBD2EEIAI=FhETEL

Writeback Mode : HERICRITEE

QP - - - =" | Qr--- == I Q- - |
— Data Data r— Metadata — Data
| o e e e - J | o e e e - J | o e e - J

Ordered Mode : HERICE TR+ SRR TTEIEAERIB \EE

— Data Jmetadata J commit Metadata ——

Journal Mode (Full Mode) : Fe&UEFIEIEIIERHEICR

Jaata Jmetadata J commit Data Metadata p—

BE—T | =AM EE RIS ?
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) Ext4FJBD2SEHAY=FhAZFIEIL

Writeback Mode : BERICRTEIE =R, BE—HtEEE !

QP - - - =" | Qr--- == I Q- - |
— Data Data r— Metadatap— Data >
| o e e e - J | o e e e - J | o e e - J

Ordered Mode : HERICRITEIE+SIERETTEIEHERIBAELE BOAMRD

— Data Jmetadata Jcommit Metadata p—>

Journal Mode : STTHUEFIEIEEAEESCE —B4ERY | (BEEESARX !

Jdata Jmetadata J commit Data Metadata p—

BE—T | =AM EE RIS ?
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SRS
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) Sh3EH ( Copy-on-Write )

- NS EIER  AERESEEE  MEREUEET—h TS
EBITIER , FRETIE|TRYTT RS SR AR 1M

- BRTIREH

FERBEBREHFITS,HEGSHARET (IPADS@SJTU ) 36



) WHABHERESHE [ A=
R y - MK
o NHEIEECEEZ N EUBIRN o ] s iz
£13th
. FARE  MEEEEHE X :
—EE R
. SRS MR T E e
gégi \—;;ﬁ,gﬁ—'
I‘ET_H%?EIR\
HER

HEREAEFITESHRERESHATET (IPADS@SITU ) 37



) XHPHSEREH [

s sy
ET /
o VIHHUEECEEZ 1 EUERA 2T ] s
$13i -
- FAHE  JEEEEWIE X — 1/
- ERNEFIRIEZS N EUERETFEH — Wa -
— BEEXNEIERHTES ( oBECHFEIR ) 222& L
|‘ET_H§‘§§I19%\
s
R
-

LBRBRFFITED LR FMARFT (IPADS@SITU )

-

4
-

-
- -

o
—

=

|
-~ -~
S — =

'\



) XSS
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) BEREO

T3 HREN , BRIEH—ELHE
IFNHSZERNTIRRE L ?

ISETEHISRSEI— RS ?
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SRS RS

- EigEH/ta)

« Btrfs (B-tree FS)

XERTH

JFEN GRS

HERIR

IREEH F S TG RDAR
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)  SOFT UPDATES
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) Soft Updates

- —ERAHIBERERERT
— HinodetRCASA , INXHERGFILZEHEZinode

- ANBIESH

1. ¥ridinode A 5 FH
2. f1gattinode ﬂ\
3. FERIMEABRT

- BETHHEREN#ERVXAF (order ) |, AlEEEEA—EIBRAYAE
- EXNEEGIERHLE

~- TEREEAERER

- KRR DICREIMER
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) Soft Updatesfi S {FE4E

» EMRITTEIRTERFH
= Updated in DRAM with dependency tracked \1 /'E\E

v DRAM performance

v No synchronous disk writes DISK
. BETRRITTAIBE 2 — 5 N

= Persisted to disks with dependency enforced

v Always consistent

: Traditional Soft Updates
v Immediately usable after crash



) Soft UpdatesBI=4N RN

1. ARBR—P RIS
- 90 : BRBUEE—NinodeZ Al , Hlinode SNSRI

2. =S

REHEER , REER

%451

— 3 . Z—inodetgA T — M EUERAT | XM EIRERAROZKEF D

RRs ot

—I:I/\

3. FEENE

=i

E— e

HESHaRY:

gt

— %0 : RenameX /48T , EEAFFAIBEFRINAET , ANMIBRIBAYERIN
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) Soft Updates

- WFEBMNERFASK , BEIFBANS M EEREE
- IERYENEEIMERAS ([HE. FifE)
— IERIXMEBKE T AREAZ L ( MAEBEAZ R Z ]RFFAN )
— FNEUEESE

1. ¥riginode A5 A ( XbitmapAY{EEL )
2. #1ta{kinode ( XJinodeB&RT |, HkiiTF1)
3. BERIMEANBZ:RY ( WEREFNARBEN , KiTF1F02 )
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S5 E

* Delayed disk writes

“soft updates are, simply put,
too hard to understand,

Auxiliary structures for each operation  jmplement, and maintain to

More complex dependencies

« Cyclic dependencies

Rolling back/forward

= I

FreeBSD fs modified on FFS

be part of the mainstream of
file system development”
Valerie Aurora, Linux
Kernel Developer

emply, the “'saved data pir~ and “'sale copy pir” point 1ags be set and tne dependencies compiete.
to identical blocks and the indirdep structure (and the
safe copy) can be deallocated. 3.7. New Directory Entry Dependency Tracking
3.6. Dependency Tracking for new Indirect Blocks 15
dirpage_bp->b_dep diradd (foo)
inodedep (bar) W |_ parent dir pagedep | worklist
dinode et block it block
~ ~ worklist e woklist [y state (see below)
state (see below) state (see below) = nextdindd [
deps list hash list dir offset 7
depbp ‘mount pir new inode number
hashlist | | inode number previous dirrem
dlaode bpob.dep lndie_bp>b.dep duabpob dop filesystem ptr | logical blkno my pagedep |
e allodiect i J— _inodenumber | | dimembead | ATTACHED
kit - A [ o [ v nlink delta | diradd head t/ ~ DEPCOMPLETE
e s below) st s below) ot s below) saved inode pir pending ops head diradd (bar)
depulise - vcddaps |~ deplst S v worklist \
ved si no flags
by st copy by acptp saved size o flage asre 14
hash it done bead offetinndicbik | |_pending ops head state (se¢ below)
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The Design and Implementation of a Log-Structured File System

Mendel Rosenblum and John K. Ousterhout

Electrical Engineering and Computer Sciences, Computer Science Division
University of California
Berkeley, CA 94720
mendel @sprite.berkeley.edu, ouster @sprite.berkeley.edu

Abstract

This paper presents a new technique for disk storage
management called a log-structured file system. A log-
structured file system writes all modifications to disk
sequentially in a log-like structure, thereby speeding up
both file writing and crash recovery. The log is the only
structure on disk; it contains indexing information so that
files can be read back from the log efficiently. In order to
maintain large free areas on disk for fast writing, we divide
the log into segments and use a segment cleaner to
compress the live information from heavily fragmented
segments. We present a series of simulations that demon-
strate the efficiency of a simple cleaning policy based on
cost and henefit  We have imnlemented a nrototvne log-

magnitude more efficiently than current file systems.

Log-structured file systems are based on the assump-
tion that files are cached in main memory and that increas-
ing memory sizes will make the caches more and more
effective at satisfying read requests[1]. As a result, disk
traffic will become dominated by writes. A log-structured
file system writes all new information to disk in a sequen-
tial structure called the log. This approach increases write
performance dramatically by eliminating almost all seeks.
The sequential nature of the log also permits much faster
crash recovery: current Unix file systems typically must
scan the entire disk to restore consistency after a crash, but
a log-structured file system need only examine the most
recent nortion of the log

1992 ACM Transactions on Computer Systems
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