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System call interface

- PR BEE RSERH(open/read/write)5 X

T VFS/ File System (ext4fs, s6fs, bfs)
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'ﬁ:%/}bl_'f TX__EA_ o Path — inode
| File offset — Disk block
Permission check

| Cache /consistency
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Block layer
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Hardware (PCI-E, DMA, RDMA, etc)
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| IREL = inode (index node)

Simplified ext2 Inode

X4 cEE (B

Size Name What is this inode field for?
2 mode can this file be read/written/executed?
2 uid who owns this file?
4 size how many bytes are in this file?
4 time what time was this file last accessed?
4 ctime what time was this file created?
4 mtime what time was this file last modified?
4 dtime what time was this inode deleted?
2 gid which group does this file belong to?
2 links_count how many hard links are there to this file?
4 blocks how many blocks have been allocated to this file?
4 flags how should ext2 use this inode?
4 osd| an OS-dependent field
60 block a set of disk pointers (15 total)
4 generation file version (used by NFS)
4 file_acl a new permissions model beyond mode bits
4 dir_acl called access control lists
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e write ! FFWHAHEBGAITHNXH (HZohiET)
e close ! KFAFTHRINXIE
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#include <sys/types.h> /x include necessary header files x/
#include <fcntl.h>
#include <stdlib.h>
#include <unistd.h>

int main(int argc, char xargv[]); /% ANSI prototype */
#define BUF_SIZE 4096 /* use a buffer size of 4096 bytes x/
#define OUTPUT_MODE 0700 /% protection bits for output file x/

int main(int argc, char xargvl[])
{
Ftrand fd conutaibd o iEascount ks ceoun it
char buffer[BUF _SIZE];
i barge -l= 18 exitl) iy % syntax.ernor: At abge. 1S not 3. &K/

vk=Bpen: the drnpite Bl letsana o Feate ke OlbERIEE tF il e ox/

in_fd = open(argv([1l], O _RDONLY); /* open the source file x/

if (in'fd <:0@) exit(2); = /% 1f 1T cannot be opened,: exit’ %/

out_fd = creat(argv[2], OUTPUT_MODE); /x create the destination file */
if (out _fd < @) exit(3); /x if it cannot be created, exit x/

/* Copy loop *x/

while (TRUE) A{
rd_count = read(in_fd, buffer, BUF_SIZE); /*x read a block of data x/
if (rd_count <= @) break; /x if end of file or error, exit loop *x/
wtiicount = writetout fd,: butfer, rdicount)y /% write data >/
it bW eount <=0} exit{4)=/r wi colnlt <= 0 15 an error */

¥

/* Close the files x/

close(in_fd);

close(out_fd);

Lfritrd count ==«0) vk noerror onilast read &/
exit(0);

else
exit(5); /*x error on last read x/
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FD Purpose Posix name stdio stream
0 Standard input STDIN FILENO stdin
1 Standard output STDOUT FILENO stdout

2 Standard error STDERR FILENO stderr




LT B+ 5 TiE= %
of Intelligent Software and Engi f “I

R School of Intellig oftware and Engineering

o« NTHIEITANEITXE, REFRAFAMBTIIRE—TXFREZE, ZiREZER
E N —/RIZEEE N MEI2bia.

> [RIVEHT SHTNFTRNZEEEAN, NEHEARNINE SRS =,

- SIVEFT [FHIseek()RZN,



IR 3

o SRR, BRIERFNOZECIZE—EMIMIIRELY (EAF
F) , BTFERXTHIEITAXENER.

s BRI —TH AR

s — NG R A

> RPNETFHIIREXFRASIS I ANEEXGS, SRz AREMD
MRAT (BFIEIISXEFERD, UE. WREF)




% $A1¢'51$ %Bm ‘ ‘ I

o ZPHEFERNITAR—TXH

~J

> FPHIZEE B ORI AR IRERERZFT RIS XM+

> RGVCERFTAXGR: RIS HIELTRER (UXERE, XNMUE)

\I

P1 PCB >Open—file table
/~ o txt /\System Open-file table
files b.txt .g o txt
Z.xt N ptxt
> c.ixt
P2 PCB 3 Open-file tablg > fixt
. bt > z.txt
1S c.txt
f.txt

Multiple entries of per-process open-file table can point to the same entry of system open-file table
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File descriptor table (System-wide) Inode table
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G SEe PG ID File offset |Status flags| inode ptr Sy )
ID file type |file locks
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Process B 1976

File descriptor table 79
FD | File ptr / ~_

86 | 5139
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Open File Table
(System-wide)

Process A
File descriptor table

FD | File ptr

O ——

ID

File offset

Status flags

Inode ptr

Inode table
(System-wide)

Process B
File descriptor table

FD | File ptr

ID file type | file locks
> 224
- 1976
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ID

file type | file locks

224

1976

File descriptor table (System-wide)
FD | File ptr ID File offset |Status flags| inode ptr
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Process B
File descriptor table 79
FD | File ptr 7 N
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/ abhishek prakash Absolute path

YOou are here

- HXNIRIER: AEITHERE—TSE (LT 3 _
scripts your_script.s
1 E) E i‘ i{ Relative path —

: . You want to access this file
my __script.sh ""'/

- £ Unix B, 8T HRXPEMTRIIRFE
E ;7 *D “”ﬁ%”’f‘%%%ﬁﬁ@%*ﬂt— ls -1 /home/abhishek/scripts/my_script.sh

%Ei ls =1 scripts/my_script.sh

cd ../prakash



oy BG5S TEF MK
2 J ol o ﬂnw[ﬁ'gent Software and Engineerin

_I_

xFE L XRS5 RERIEN (X

= /\

7£ Unix

= x4

BER—TXH,

MRE R

~
\

ETE R —

SHIENE

- ot

— (X

5 6 2 IR

H K

HiRinode) 2 [B]AYVBREY

=% inode &) X

= K

BT

xBExoE—"T

HJ inode =
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tmp 224
test.itxt 1976
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e 3 ¥ /usr/ast/mbox B8

root directory
1
1 .
4 bin
14 dev
14 lib
9 etc
6 usr
8 tmp
MIRE FKFE usr
5% Hinode N6

mode

size

time

132

inode 63X %l/usr £
M EER91321R

Hs

Block 132
is /usr
directory
6
1
19 dic
30 erik
51 jim
26 ast
45 bal

¥ Zl/usr/ast BJinode 26

mode

size

time

406

inode 6% %ll/usr/ast £
HEER94061R

Block 406

is /usr/ast

directory
26
6
64 grants
92 books
60 mbox
81 minix
17 Src

¥ Z/usr/ast/mbox Einodey60
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e create! BIE—TH=% (R7T .5 .. ZNEEH)

e delete: MIF—TH= ((XEBFRAZTH)

» opendir: RFIBUEEREZR (B0, FI&prEXXHF)

* closedir: BAEKRZIE]

e readdir: R[OF] FKHFIF—1%

e rename: BANHZFERRIR

 link: MIIBEXHEIE— Tz Rz (RIFXEEIES TERF)

e unlink: MIFF—THERFE (1 Unix iR &)
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- hE3%z (Hard link) \ \c Cz \C

- fﬁ%iﬁ% (Symbollc |Ink) EJZ Eﬂ%ﬁi}%(SOft |Ink) Shared file
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iE3%1E (Hard Link)

- MBI EEARPEESZ TR, FR/EIECRIEFHIMERE inode =

» linux M: 1n file linkname
Physical Disk

filename Index

Inode index

file.txt
document2.ixt

hardlink -

documentn.txt

XEBERER; R2EM TR (MTENERR) &EmE—7TXE

) -
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o EMNXEHARGTHMIFRSE, VAR unlink()

> > inode B—1 5| FITEL (pEfziTEEs)
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BRp%E (Soft or Symbolic Link)

« 5 () Wik CIE—MARRENXGF (pEEKi)

» linux p: 1n -s file linkname

Physical Disk

filename Index

node index T

file.txt
document2.txt

hardlink

documentn.txt

file.txt

Holding the pathname of the linked-to file as the data of the link file
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> EIBA X RR, FMERTRIRTT

> BRI AR — 1Stz (&3

> LERE s R

115

IR 5 95 i=lT, BRI RIGTAE

- SERXEERIEREY, TE5|AEZ ( dangling reference)
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SR

"N T B IERIMIESERIAMT N

» X{HPTEENIXEETS T

> A BAT A7

'

VEE AT A2

*  ThIE)AX FRAYSSEY

> X~

— {5 read / write / execute

TiAIE) RS & -

F-Bx: list/ modify / delete

EoOREIINER / 22 F E AR / #tH R AR A0 ER
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o 1HI0)3R%I%EFE (Access Control Matrix) @ ZRZiiH0)3R$a9SEI A AT 9 E
T—1TEXRERRE, &ZEXBRE 7T RGPFETHFPSE R HFRE 10T R

File1 File2 File3 Dir1 Dir2
UserA rw r rwXx Imd
GroupB r rw Im
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» UnixHEyIAIE)ER]: A THAF 2B (FHFID, ZHID) tHMNAEYINER

> ID51iZRAFP R BN MNMERIEIEREXREL

- INEPLR: S, A, HibA

> SMITAIEARTY: BN, BA. 1T (wh3931u)

51 - RWX
owner access: I4 111
group access: 6 110
other access 1 001
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Y RGHEE, (Mount)

o A RATEREISA T H, DAEHITER

> MIIEXEARZFRIETEE (FERR) CIERESXERFAIRE R
HR 5T

- BETXHERFA—EI—RNH

- 7E Linux E, mkfs &L ATIMTERRIRE EOIR— DRI RS, mount
HOTNE LRI RATOEN B R FEE— MRS, REEES

2T, mountan L = E /RS AIAIIERSR.
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An existing file system Another existing file system

Alice’s Disk Bob’s Disk

An unmounted volume

USB Volume

An unmounted volume

USB Volume

vacation.mov

H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H H
H -
H

H

H

H

:

H

H

H

H

H

:

H

H

H

H

H

H

fasmmmsaans

Mounted at /Media/Disk-1

vacation.mov

Mounted at /Volumes/USB1
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o« BREM: BN Es12 2 RET BIE N A9 S EFIE IR

File index structure:
map offset to the number of disk block

file name (path name) Directory File Index
-+

Structure Structure Data blocks

offset

#block




NFRG

& R

 Y&HITER + DI
- SR SE R AR - HhAIEES BRI M T A BR S
> iﬁ‘\'ﬂ¢yﬁﬁ$u3|§;§ﬂﬂﬂt¢ﬁ/}”u > iﬁ\\'ﬂ¢XBE’<$DE|E;£iJ@iJJZ¢ﬁ/)H\U
. S pnER ST > SCINERREGAST I, U

TLB



& School of Intelligent Software and Engineering

BEEMHS TIEF e ‘ ‘ I




oy BEERHS TIEF M
o J School o ﬂnw[ﬁ’gen and Engineering ‘ ‘ I

N R GTLEL

o BANFEZLZUW ML E)&R:
> jz'ﬁ:ﬂ:l = %T\E/u\/ﬁ\ﬁﬁ%ﬂ] Qﬂ//\ﬂ’]’?
> R 0EIE?

> XHRGNZNEE oA FE?



oy BG5S TEF MK
o J School qf Intelligent Software and Engineering ‘ ‘ I

N{F R G A
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o MBI AFAR/NEIEIR

»  MOZIN-1HTES

A simplified version of a typical UNIX file system
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> inodeR: B MXIFRITTIER

- XEXNMLEERIR . XEFRIA/N, HESE, WEE, THIeXER...

- —PEUERTIAFEZ TN TER (inodes) , — PMKBHIEUIEIRRI AR S 16D
256=F TTAJinode

- —NinodefERI MR IR TF iR 5 T
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NFRS

il k)=

s XIHFRARENFTEFENZURHIS— T EEMRE LIRS

> DECEIREGM: NTED

- RE—"inodesi—"

i

FCAZRZRIER (BEIRZ(E 2

PIRRE S =X A

- BT ENEIREEN (BT bitmap) , —1°"9 Sinode,

i

7 BiC)

— A T BIRIR

31
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N{F R G A

s XERAFTENFZTEFMIIBIREIT— " EERE CrISURLEM

> BIR (Superblock) : XI&ERZAABHIEER
- XHRGHIEE . inodesi=. ZIRIREN=. inodeRFIGHIIR MBI . ..

- SEH T XHFRGNEIEZERBRIRIE B

E.E-

0 31
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& s o snsignsSfoareand Eginring E :: ﬁ %
E,]

s XIFERARENTEFENZURHEIN— T EEHE LIRS

A\

=oiiR: BoIOSFIEERER

> —RRIRE—T 0 XRE—TEHIER (B OSHIENZ)

Partition table Disk partition

l . T~

MBR

Boot Block Superblock |Free space management inodes root dir files and directories
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& scliool of tielligen

Sftw cffg g

NFRS

TR R CRIEIRL T

/A
= /\

boot, swap, /

Partition table

l

A REENEEFRNBIEEIP— T ERE

Fo|Sidx, aiF5|5EX (Master Boot Record, MBR):

10 XEWE DESN—RXY, rIMRSTVCAFEEXERS (¢

o XFE (Partition Table) : 77 XMEIGFHGE R (HEF—7RENEER, FiE

]
\
>

il K

RoNTENFAFENER

T XX RGFRE

\

Disk partition

_——

5

=&I0SH 7 [X)

EEZNLinux =1 RISV D

MBR

Boot Block Superblock

Free space management

iInodes

root dir

files and directories
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N{F R G A

s XHRAARFZEAFFRAEITEN IR ARG BRI E 2HEHE1TIA0]
(PR 2 BR A0 R R 22 P R 2514 )

> ¥EFFR (Mount table) (XTXHRZINIERER (BEIER. XEHRSIRE)

> IR RGUEENTIE T HIZRY

> Bx4M: miapeliIERER

> /ONFEH: IEEHENFEMEFFNUEZ BREEZEF"E/PF
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» XIHFBEMELERNNSIRRHATEME, WINEFER —LEIURGM R RIRIZ
S R RO ZRHE IR T

s RBMALHI(
> HEZ1ZfE (Contiguous)

» 33X (Linked List)

» Y1EPBEE (File Allocation Table)

ECE (Indexed Allocation)

A9
I
o
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LR B

s BITXEAE—TEZNBIRERES

» FERNXFHEEECER /N NIKBRYE R, — T 20KBRIXFF 2 5 1E 720 N EZEEREEIR

-

File A File B File C File D File E File F File G
(4 blocks) (3 blocks) (6 blocks) (5 blocks) (12 blocks) (6 blocks) (3 blocks)

File A File B File C File E File G
(@ blocks) (3 blocks) (6 blocks) 9 irsie sloeis (12 blocks) 6iree blocks 51 5cks)




oy BEERMHS TiEF M
2 .,‘\‘f School of ﬂnt‘e[ﬁ'gen and Engineering ‘ ‘ |

Directory
file start length
. FEEZDET: om | 2 | °
tr 14 3
- REXHE— BRI TS S
E’J*&TEH%U;: R=RIDK f 6 2

> 2 ERIT5 |0 2 = AHY
> [EALERINE Rt E S H1TER




EeERHFS T2k I
! fngin [ ‘ ‘

o B
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D

s BEZEDEABRIE:

» EXERIZENMBEANEXEFIAR), Z g pnA0ED AR\ 2 R AR

- BINEIRR R BEHITWAEE(E (compaction) ERZDMXFNEE H

» {EXJFCD-ROMHIDVDXFHIITRZ IR (bR ZFABE)

s BEYIHARGFHEEDICIN—FPIMA: ETextentBUiEZEE D B

AN
—

» extent@—TIEZEIRE

- — I"NHEHBEET—RTextents, extents Z [BIRAELB(CAPER EIR)

- B S A AR

=

» BN ESEDERE—R, BEXREFEE,
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l h /\EE
2T RN D

s BITXHE—TEIRRBER

> FPURRE 218D F—TIRIVIEE

File A
—> —> — —> 0
File File File File File
block block block block block
0) 1 2 3 4
. _Physicalblock 4 1 2 O 12
File B
—_> e —
File File File File
block block block block
0 1 2 3
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s
=T RN

. BOXHR—RIBRAER Jirectory
- B E RS BRI AT R file | start | end

9

- RBEIINEIER

> UNBEFMEE — T IRV

> PRI,
- FEIREN = ERZHEEI/O

- B RERBEE IR BIE

- FJEEME)RR: WRFETIETTIRN. .. s B E K
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S ERE (File Allocation Table,FAT)

. XHHEE (FAT) : —MEFHESERN
TR, EEFA R EIE— 1

> XN TE T EEZEREE — T FATRIIN

- B FATINEIE— N8 F—"1FATIRAY
B, EXHRIESS

- IFRENLIARAVIRIE, REE1H|0)1%
FATZRENA], ZR I MBEREFEAEEF
MR N EEI/O/Y R %

© 00O N O O A WO DN =2+ O

10

12
13
14
15
16
17
18
19
20

Data blocks

File 9 Block 3

File 9 Block 0

File 9 Block 1

File 9 Block 2

File 12 Block 0

File 12 Block 1

File 9 Block 4

File 9

File 12
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N1+ Boc

» FATXHRGIH0 B

» FATRIA R DAREHITE N BIEER

> o] DM{ER M NFATZR Nl 4%

o (HBFATEEZFMWBEEXEFR, XemEEKRNFHH

- WFRER—MTB Q™) Bt A/\R4KB 212 Bk SR,

- MRBTRMFRATFD, BA—TFATRIEMFER1GB
Sepsictdencn {EAT Brea'’ | S EAT Aren Boot
b Directory

l=|=l|:

D 2SR I

Data Area
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Zo|R. 78 (Indexed Allocation)

aes HEE $A1—’T-'51$ 5
‘f-g?ﬁ(f telligent . HI

Directo
. EATHE— A AR (R ;
R) , ERNSTEFIEENZ UG — 1 BIER file index block

19

> SBITIRTHEE X E I T L E ZIEIR

- YT, RRIRAERME NG

» EUEAZFEFHE RAFTHXEGEEx, m
NEBTHE

> BE—ElR: 81 XIFFMHEENIETT 12X
ZNE %EEI’J*&TEH%EI’J BAE) , MF
WERG|[RRNHELARE




Y BG5S TEF MK
2 J Scﬁoo[qfﬂnuz ! Engi [

[ﬁgent SOJQ’W(M’Q and neerin,

» {ERElFRIETT: AL RS IRPEYIETTIEE—
— P ERIBFEMRNEUER, HEPSMEHHIE
) HEIR

- —ANRB R A A P B MR B e
GEREIER) HEEREMEEEH

- I RSINEMER T — MY (FETE)
- T INSERIA S E RTS8
AR R A

2]

File Attributes

Address of disk block O

Address of disk block 1

Address of disk block 2

Address of disk block 3

Address of disk block 4

Address of disk block 5

Address of disk block 6

Address of disk block 7

Address of block of pointers

Disk block

containing

additional
disk addresses
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Inode

File Attributes

direct
pointgrs

disk addresses

N\ L/

>

Single
Indirect
block
//
//

Triple
Indirect
block

/

Double

Indirect

block

SN/

addresses of data blocks

/7
N

\

NN N

/ N\
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{51l-F

o BELIERNNIKB, — " "EKINHNIFET

* inodeMIZR S| IEEMEF 15T IET

> FHBEV1238FTIE[EUREIR (12 * 4 KB = 48KB)

> Bx/537 18 B ERIR

) -

- #13: R a)iEigs 219 * 4 KB = 4MB)

- #14: WeRiaEigs 210+ 219+ 4 KB = 4GB)

- #15: =gpaiEigst 210+ 210 210+ 4 KB = 4TB)




BEEMHS TIEF e ‘ ‘ I

q School of Intelligent Software and Engineering

F4: A five-year study of file system metadata [FAST 2007]

» MXHFHINERSA

> KREBD XERIN: ~2K BB E WA A/

> REB D HEIEF T EFREEAXFIH

Files per file system
Used space per file system (MB)

2K 32K 512K » | 32K 256K 2M 16M  128M 1G
File size (bytes, log scale, power-of-2 bins) Containing file size (bytes, log scale, power-of-2 bins)



https://www.usenix.org/conference/fast-07/five-year-study-file-system-metadata

e BEERHS TIEF M
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* PRI

/

4
-+

FEHY

e JLI KR

BETS S FF IR ER RV = A FE A7 o]

SCI AR
NAFRIME

l“t: :

_QH.//\I_ITIEI:R

ANERFISMNEREE,
LS

\

1E

Mt

-
—

N:NEEST

N {F2H2R

HR S 15 3

l\.ll

=T ZLHVFFE

C
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» BRIEMH rXEIXEZMEEMRE CRISIERNIREE B XHFa, XEFER5D

> SFBHA—TXER, OSELHEEER, ARIER 2 EIME FrIERIN

> BRINEE MR N AV EZTER, rIBAE
- B X PREROtE R
- B—TEIRRNES

- X158V t{E Einodes
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» XFRERE A MUEREFHEEIHRIN—IEH

H RAY—INtE r] A R F & TR 12X 4 7oiE RinodelViE £t

CEINES attributes CEINES //
------------------------------------ S .

news  attributes news -

work attributes work >
5 | Data structure
containing the

attributes
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H xR

« MS-DOS (FAT)EY H & In

Bytes 8 3 1 10 % 2 % 4
File name Extension Attributes Reserved Time Date P e size
number

o UnixHYH xIn

Bytes 2 14

Inode number File name
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H %212

. B BHKETFK?

- AXHENKERE— LR, GHRESAENDTH

- BT XENXEFRIESE— T BEE R/ NNFFEE

> B8, BRnEE, MEEITXHFRERIS

- WFIERSFDHEENZFIIXG, FERRENRE
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» EFEFRIMAIAEANENKE

* XFHE—IN
> ZIBHOBNHIFERE (1283 R EE KIZE)
> ZXFRIEM (EK)
N2 (REER, A—T5RESLELL)
. 1J_:;]J-_u:, MRNXERBR T, TET—TAERK
TN ESS

H xR

File 1 entry length
File 1 attributes
Entry for P r O J
one file = . t
u d g
t
File 2 entry length
File 2 attributes
e r S
N N e
File 3 entry length

File 3 attributes

O

)
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» FIBIGRIZE

> X FRG—EI— T X EE

o H— P IMEFBZLR R, B TAZ|E]
=EA USRS P 1T HEEFEINE

3 101

. XHEBREE

. BEEZ

FRIX MFR X 2RI X 1

H xR

Pointer to File 1’s name

>8] &l = E K

File 1 attributes

Pointer to File 2’s name

File 2 attributes

Pointer to File 3’s name

File 3 attributes

E—TFHALFNME

r 0
C t
u d
t
r S
n e
f 0

- Entry for

one file
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o Y& ZRZiext2filF

> NERBmRZ 2557 FN

> 1o% B R INPT S RIAR/)N

Inode Entry e File name |
number size yF\) length Fllename
Vi

19 F 8 colossal F | 10 voluminous D | 6 |bigdir| Unused

' MBE FxHBRFEFRvoluminousH ZIif5

19 F 8 colossal unused 88 D | 6 |bigdir| Unused
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AT BRI P B

o
\ NS
0
>
L

- 1R B xFEZ (< file name, inode number ) HY51IZR

- MXEIB A BERIIRFIIN

- MRBExRARITR=EE (W FMERRIRE DB RERLY) , BUNR—TBFRHLEM ARSI,
X TMEOETARERN 7

- FRARARER: EIN—1E7MIhashZE (BAfilename N key)

- {ERRERRIENIE

- BIRAVE, ERFEENERNEE

~ 59, FToieli s s, #RrIBAFIAcacheskiEt—wINIRIEE
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o {FHEZRN (WB+H) 1ZfiE < file name, inode number )X, F AN {4+ Ahash{ERF#H TR S|

Search for Hash (foo.txt) = 30

root

Before | 240 | 510 | 730 | 980

Child Pointer
l \ 4 \ 4
Child - > Child
Before | 58 121 | 180 | 240 780 | 841 | 930 | 980
Child Pointer
--------------------
l """"" v v v v T Il v
Leaf ‘> "> Leaf
Before | 15 30 44 58 |
Child Pointer
i T N —
........... L-----------l--------- | |mmmemedmmmmmmeemlemmmmmmmmmmmmeemmmmmmmm ===
. ¥ \ 2 4 \ 4 \4
Hash number €-1- 30 €T
name . .. foo.txt | music .. work code bin .. test

inode number | 830 158 871 320 219 3 14 324
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o YMOEIRZTIRAHinodeIRFNENIELR?

> BIXEFN B RFEREIZENMEFEZXEZ RNZT B FEXELE

> MMERNEEE: Bitmap (LE]) FM=RIIFE

> WAERHEESREWIUIBN



% $A1¢'51$ %Bn: ‘ ‘ I

Bitmap

o FEUERA—TbithRRIA, OM1XRGEHE T A 1001101101101100

0110110111110111

 RESHESESEREE
011011011011101-

111011101110111-

> BitmapFEZEXN/MNIT 8] 110110101000111"
000011101101011-

- Block size = 4 KB = 22 bytes e

- Disk size = 1 TB = 2% pytes

0111011101110111
1101111101110111

- =ED40/21°- 228 pits = 32 MBZ &)1 E

A bitmap
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A— TR RR A = (R IR

= [RFIR

SETERE, REEFATKZTE

R FETETTEN A

NFFRAFTEFE—T18 (head)

B ECRYT A2 EL B

- BEETXERRS]
HR(EEEIMITLE/O)

> S FEELERIZE]

ENES

0
8 12888 15
_) f'.‘>
17 19
21

/‘ Free-space list head
£ =
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» MENREIRZAKEE?
> §FK: BTFKRES &2/ N\, MESTERENRE (NEMEA)
> B/ IR EFREFERENTFENIER(ET X E S KEMIIR)

e [ EXHFRFAEREIRIZFE1~4 KBRIIR A/

» HEEII1TB (MEELKETIE) , RXK/IIEEN64 KBENTIE

> HEZF RS EZRRD=EIMA ERVIR
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O A+ R Gt A

e BRIR: XIFRGUER

. SEREUREH: RE—NnodesiE — MUERESS

* inodeR: BE— 1 FHEE—TXHRITER

o FUEXIE: —RIIRIEIEIR

SIIII]IIIIIIIIIIIIIIIII
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1R X 15

o RIX—TXERGHIER, EFBANRERNTZER,EEAM (inodes, directories) &3 £ A

¢ B E BRI XM

> BNREREERZRINEIENAYInode

- IEEUXNinode, MIRIRIGN, SEMBREHEAT (MRS RIEITFXERS)

» RERFNETREIVIEIRIE:

> 1E/8 M AYinode

> MR N RYEHREIR

> Finode (E#TL/X15[0]H(8)

> ERTANEFERH XS

it

Y offset
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o fBlF: EENX 4/ foo/barBIFFKINTENELR

data inode root foo bar root foo bar bar bar
bitmap bitmap iInode inode inode data data data data data
| ' | | o m [2

read 1. Read root inode (must be known) to Iocate root data

openbar) I fead | 3 A Gl e '°Cate foodata
read Read foo data to fmd bar inode
| | | read 5. Read bar inode |ﬁtomemory 777777777777777777777777777777777777777777777777777777777777777777777777777
___________ The read will further update the in- ~ fead | 6.Readbarinodetolocatedata
read() memory open file table to maintain  read [ 7.Read data block of bar
........... the f||e offset for thIS f||e descrlptor
- - ~write 8. Update tlmestamp of bar mode :
read ' ' '
eadd read ......................................
________________________________________________________________________________________________________________________________________________________________ Wnte
read
eadl ____________ read ____________
................................................................................................................................................................ W”te
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s BRIIAXE (JRESIEXERM)

s BSEXEA—HFNMAEET, EXGrAIEREDE—THHRIZIEIR(FRIF
=5 [HZHER)

S R L Abitmap (3 — IS R EURRATIER 5 78)
- IS X iinode (E3finodess X M AR AL B)

> X THTRIEIRIR
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o SEIE—TNXHFINHEEE SR

>

>

XA S =W EIRIR G M EEWbitmap (3% E]—T = A RIZIEIRMCH 5 78)

12/ 5 S {4ERJinode (#J141%)

=it

RS B REGEUE (15301 E FIE XY Finode T \)

>

>

15 B %R inode (BFTE x)

R B RFBEIBINE = RKRIX TR,
¥, IEN0FTRY B RAVEHEIR)

== O

m

EZHI/0 (GhlaE

S EAE S
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=it

» B /foo/bar FAHINTIIEIR

data = inode root0 @ foo bar rooto @ foo  bar = bar = Dbar
bitmap bitmap inode inode inode data data data data data
__________________________________________________________________________________________ o T T —
.............................................................................................................................................................................................................. read The f||e must be Opened as We”
................................................................................................................................. el e S
e S read
create . read Find a free mode .....
Uooban) | B o
write() Wwrite update data bitmap
............. WnteertetheactualdatabIOCk
...................................................................................................................................................................... TR,
TR ST NS SIS SN « N S S S S A
............ =221 T S N S S R SN S S S
Write() | write e
e e Write
write
......................................................................................................................................................................... =221 S N SN S S S
............ =221 N S N S A R S S S S
Write() | write e e
........................................................................................................................................................................................................................................................................................................................................................................... write
write
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N+ R GUIERE

o — PXHERGUELED/OFHRAIFTEH?

Il

- SBIEELE (/0 181E) LEiBa ]

A=
3%

X

» Read-Modify-Write 13%=
- JLFRrBE RIS R G ARG S 70 2l B & E AR/ IR

- FHEZREHZEFLASEERNT, AREBREENTHAESI




BE EEERMS TREYR
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E1ZMZE)m (Caching and Buffering)

» RARTEREERIMEREBHEARNT, MIXAMAFTBEIMETSEAIR (KIUEF,
wll) , XA AT PASREIZIR A AT AR KRR /ORYIRIE 1

> MERAERRKICR—TOERESHEFE

> WRcacheim L B EZR—ER CRUTIEE RIS, LEALRU)

. MR RABERE AN R AR ERTA—TTERT

XM, WEAMERMAEIX S RE 2 HE R E DR
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s ER IR

o FREX: PFILUE B ERBIRRIRAIFEAZFRRIESEFEFER

> RJBIEXFIRIEEZ LR, XATFIERIRCERS

> (BUIRZERENTAIE], FREXN AL

> ELERIBE= 1S A DN % FC FH RV ZHE IR 1 2 35 B A VBB IR IX A R R ER

> XFERG I LOEERE T A X FHITAI0ZZ0
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. SREVOTT BT D MBS, (B

s ER IR

r;/

> 5#E (Buffering)

- AJBBEIREHRIE: XHERG I AHLLE

E, LERNATIA

- ENSRE, X RAATASENE

- BEGREE

B FbitmaplEZIZE)

Vaay

- {BEEIFRYIERE

y S—

® —HRE

QBN T —B

S RI/OAIA R S ERRIFF A1

/OB HIRIE (B S RITEAID B H9I/OY IR

ZI/ORiRSEEE (EEUERIEREURIR—HBN)

ZEEL R (IR T — XA

\

) -

}

= il FR)

KA crash, [ BIRRIEEBNEIRIESERX

fe—EzlfBl=E %%, Ba)efgx/])\a—" trade-off
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I?& RN ZR4E (Fast File System, FFS)

s RITXFRAFTERUERFESRHEE

> [RIBHIUNXX M RGIRF AT K2 E+w5 (PN EFHREETEIEL)

- ERHETEEBRE—TBILIAI0)8FEES

- TRARZBRIFEE, IEAEUEZELMEEDST (— 1% MER G R EERBALEY
Z\F K

o e

- BRGEEE, WRENRRREER D MEEE LRSI XXEFRIREHRE HZIHEBAIIR
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s — IPHHNIXFRAERHERIRA

. FFS¥XIE RIS N — RFIHRA &

/d/q
/alp

- SMAM—BRSMNEEENR (BT 3 o
) ;

> FFSIE RIBEIR =175 a) RUIRBE R — 1A
1, BURDEE SR =
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RIBNF RS (FFS)

o £ FFS LI FHERE (data locality) : FHXASTHE—K (BAEXATZH)

> X FXF

- FEUER D ECEI S A inode 1H[ERYAH

- FRE—BxPFIE X EFRE T 1% E RKFTERZEA

- SHFER:

- WEIEDEBFRHERD (UFESAHENER) HER inode IE2RZ (BMEREDED
RENXF) B4,

- BB FEIET inode B1EIZA




o HEEmHS TREYR “I

PR R (FFS)

o BRI E R B EHERETXESENTHRESE

° <yST;}:[:]ILﬁ1ﬂ¥LEIL (ESE;[)) :
> BEHL TR RFNR 15 e] — (R

> FPIRABEEAERIRE

- A, SSD/MANIZFITE FEIE

> FTRYIO)RE: R/EIYS el R R I
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NFRGIAIEE
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— 25

o AR —ENI%E[O)ER (Crash-consistency problem) : ggistd & o] PATE(E{O]HY
2l%E (B, BREFE) , XFRS0gESZEXMER 5EI=2 00
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