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11.1 File-System =

B File system& 2 X MEEX|(C|A)0| 2 X].
» SR TS S/02EE T

» block size: one or more sectors
= Sector size: 32 ~ 4KB (usually 512B)

B File systems2 L|A30| Lot 2@ =X0|1 Helot 2= MS

B OpA AAEO 27K 27 =X
= LIPS A|LEIO| AEX0|A 20K = SRS Z2
- OpQ, It &£, o g4 HEED =
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B I A|AHIO| AHESH AA = layered file system



A=A ot A|AHEI(Layered File System)

application programs

| u HIEFE Ol B M & |, A2l 0t 0|2
logical file system Clal E2| X, file control block(FCB) - inode
l protection/security
file-organization module | |ogical block& physical block©S 2 H %t
@ file 27+ 2k | X}
basic file system device driver0f 4| E O H=
physical block(drive, cylinder, track, sector) At
a memory buffers?} caches £t2|
/O control device driver, interrupt handler
Q -o|2a|et ClA3 7kl Ho|E Ha
devices



File systems?| &5

LS =

» H{FEE2 23X 71271 O] S2of It A|AE X[ &

AN B2 LE AAESO| AEE L US

O| = 7ts2Hremovable) It A|AH — CD-ROM, DVD, floppy disk
= CD-ROM : I1SO 9660 format

C|A 3 7|HF T} A|AE
= UNIX : Berkeley Fast File system(FFS)Q{| 7|8tS &= Unix L} A|AEl
= Windows : FAT, FAT32, NTFS

= Linux : ext2, ext3, ext4(extended file system),
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11.2 File-System {+¢d

B IO AAH s ot Atr
= on-disk A2 X
= in-memory Xt& X
B On-disk 1=
» 2 E KO == (boot control block) (per ZLtE|M/Z &)
=« UNIX-EE 282
» =5 X0 &5 (volume control block) (per TIE|M/E2 &)

= contains # of blocks, block size, free block count, free block pointer,
free FCB count, FCB pointer ...

= UNIX - superblock, Windows NTFS - master file table
» C[EEQ] 7= (per ThRA|AE
« file names, associated inode numbers st
(NTFS: in master file table)

= O XM =5 (per L)
= UNIX'sinode (NTFS: in master file table)
= IO} OO|H



UNIX file system*

double triple
indirect indicect indicect
block block block
W
logical disk ,/
boot | super e Lo L | |
block | block : i-nodes : : : : direﬂ;mrjil and data blocks : :
| : : : | | | | : | | |
_,.""-':ﬂil.'ﬁl:.‘tl:l[jf blu::ﬂi"'
: 1-node name
imfo : 2079 abc
- 1030 subdic
0856
3109

I -

Htriple indirect block
double indirect block



In-Memory X2 =

® In-memory ¢+

= iN-memory mount table (partition table)

= iN-memory directory structure
« X 20| M2 CIHES| S0 st HE

= System-wide open file table
= open fileS0| CHH It X0 E2I(FCB) 2 A=

= per-process open file table
= the system-wide open table2| entryOf| Cj{3t & QI E
=« UNIX - file descriptor, Windows - file handle



In-Memory File System #t =

2 0
]

directory structure

open (filename)

1 3 =

directory structure ile control block
user space kernel memory secondary storage
(@) File Open
S b
uffer
~ | buffer i« ; cache w4
AN ~ L]
S| 3 /’E |
1 r 2 | 7 data blocks
read (index) 4 "‘“\E
per-process system-wide file control block
open-file table open-file table

user space

kernel memory secondary storage

(b) File Open / File Read




File Control Block

B File control block (FCB)
 IHY| HEZ M| = storage structure
B M3 A9l file control block

file permissions

file dates (create, access, write)

file owner, group, ACL(access control list)

file size

file data blocks or pointers to file data blocks

N

logical block 2 (0 ~ N-1)




Partitions1} Mounting

B partition2 “raw”’(unformatted) EE = “cooked’(formatted) Y &= UZ
= raw partition : file systemO| Q&

= usages: UNIX swap space, some databases, boot information
RAID system information

» cooked partition : a file system= E &t
® Mounting
= root partition0| £ E A|7t0f| O E &
= CI2 partitionS 2 2 E A|ZH0| AI5X O 2 O EE| AL}

LIS -2 2 O2EE = US

= Windows= 2} volumeZ 22| &l 0| S7t0] 02 E (Of) C:, D: ..
= UNIXLE partition2] TFUA|AEIS Qlojo| C|HEZ|0| OFRE 7t
-> MNAEo = otLte| CIHEL| X FX|
« OF2E HHEE=in memory mount table0f X%t
« ZHOHE|M O Q= T A|AElO| superblockd]| CH$H & QI H
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Virtual File Systems

file-system interface

i

VFS interface

my

2 R30| T
S APIZ AHE

ext3 l

local file system
type 1

NTFS

local file system
type 2

remote file system
type 1

P

network
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11.3 Directory 4+¢d

B Linear List
» C|EEHZ|E (20| E, Z2IE)=2| linear list2 T4
« TAASH7| K| CHCIEIE 2] M| A|ZH0] A9 &

B Hash Table

» LI2AO0| 20| CHSH hash &t 4r= Al ASHY linear liste] X E 4™

s C|2E{Z| ZAH A|ZF ZEA

= O3 02 50| Z2 %X 2 hashk|= 5= &0 C
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11.4 Allocation ghed

m I}0| Cf3t CjAS B7

» [|23 S0 2EH

» OO HE BT

B 3UMX| =2 2T U
= contiguous allocation
= linked allocation
= indexed allocation
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A= g (Contiguous Allocation)

m ZOfe jazol ¢
count
o] 1 2[1] 3[]
4[] 5[] 6|:|f7|:|
8] 9[]1o[]11[]
12[|13|:|14|:|t1rs|:|
16 ]17[]18[]19[]
20[_] 21 E|az"2|:| 23[ ]
24[ |25 ]26[ ] 27[]

list

28[ ]29[]30[]31[]
w

=02 = o) Ad o
=z =ESo Y= EF
directory

file start length

count 0 2

tr 14 3

mail 19 6

list 28 4

f 6 2

If start block = b,
block i of a file > access block b+i
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Contiguous Allocation (A=)

T NS
O O
s XA EFMOA|ZH(seek time)
o ZtEHe - ClHE2[= AR Xt 27|0t HRZ T

« Random access : It ™M20| 4|2
« US| EEi0| X[ = b+ i (b MY start |23 EEHD)

I |
. 9|2 CIE3Z Q1% NESZ W - SX HEI 2L 2F
EEIE BIE= S-S N

= S| Z M : (1) pre-allocation =& but, internal fragmentation
) M2 2 A58 S2H= &0t HE 2 55 X3}
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2t oL A3 22 59| linked list 2 74

block = | pointer

file

start end

o] 1fek 2[] 3[] jeep 8 2

e 10ps] 1107 2E2E=0| C|A39
olo| QIx|of £t 7Hs

8[]
1213014115
16[a]17[]18[ ] 19[]
20[]21[J22[] 23]
24 ]25[|26[_]27[]

28[ ] 29[ ]30[ ]31[]
~N_

17



Linked Allocation (A=)

d -
= SZHEHI7EE
m G
= random access 27t — 9| /X| 20| HEEX
. Tlo'” Nu_ ;%S O:IE'I I:II_-Ig'l Elﬁﬂ EE‘ rél-g-
. o7 OIEZ 98 370l B
» OffZ2M: oY 7ie| AL SEQl clusters TR 2 &

(C|A 3 throughput SFAF LIS CHE S| EHA)
B File-allocation table (FAT) 2fAl
. MS-DOSO|Af At&3HE C|A3 B7H B
» linked allocation?| HY
. FATS THE|M2] A|ZHOf 9|3t
= FATE 4 L[23 S50 Oic ¢t entryS XS
> Z C|A 3 S5 9| next block numberE X%t

o

= FAT= O 22]0 i E/0f AFE 2> 22X WtE 2

0%
1=
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File Allocation Table (FAT)

directory entry

|  test | | 217  }—
name start block
0
disk partition - 217
FAT \\
copied into 330
memory

618

no. of disk blocks -1

| ___— unused block

618

end-of-file

339

FAT
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stck(Indexed Allocation)

DA S5 ALE - A3 259 pointers XM ot= LA 55

‘ directory

file index block

o] 1 2] s3[] jeep 19

index table

16

24[ ] 25 26[]27[]
28[ J29[ Jso[ Js1[ ] index block

N~
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Indexed Allocation (A=)

DRSS

=« random access 7} (contiguous allocation2| &)
« 28 CHEDE Q1-F (linked allocation2| &)
. ClYE2|E oEA 22 QX0 XY
m
= index blockO| &l @ st
= linked allocation 2 C} pointer overhead”?} I &
» 1709] index block - It 37| 0j X|et
= (0f]) 512 word/block : 1 block2 512 block?| I QIE{ X%
> X|Cf It 37| 512 x 512 = 256K word
B 37| N|ste| s A* - 24 7| 2] index block= AlE
= linked scheme
= multilevel index

= combined scheme
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Indexed Allocation - Linked scheme

B Link blocks of index table — I} 37| AN|st Sl

oo ~. disk block

directory index tab|e/§/v

| — 4
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Indexed Allocation - Multilevel index

:I//; //' : “n
: ——
directory | \\ ~\\
' M il
—
\\ ,/

outer-index 1

index table disk block

4KB/block, 1024 4byte pointers = makx file size: 10242 x 4KB = 4GB

23



Combined Scheme: UNIX (4KB / block)

mode direct: 12 x 4KB = 48KB
single indirect: 1024 x 4KB = 4MB
double indirect: 10242 x 4KB = 4GB
timestamps (3) triple indirect: 10243 x 4KB = 4TB

— | data

owners (2)

size block count

— data

32-bit file pointer > 4GB

> data 64-bit file pointer(Solaris, AlX)
' > 4GB
12{ | direct blocks - .
- —={ data
\ =—* data >
single indirect ——>|E . data
double indirect L data J_: =— dala
triple indirect I—' * & ™| data
UNIX i-node “+——| data

24



11.5 Free-Space 2|

B Bit vector

» free space listZ bit map EE= bit vector2 94

01 2 n-1

o 1 = block]i] free
bit[i :{

0 = block[i] occupied

= block number A Al
= block number=8x2+1=17

the number of bits the number of bit offset of
per word O-value words  first 1

00000000

00000000,

00010010

11111100

00010010
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Free-Space &2|(4|=)

B Bit vector EHAl (A=)
n A -H A ZHEH AR free block 8! n7 Q] A= free block & 7| |2
- CHY-Bitmap %7} Z7t2 Wa2 3
block size = 212 B (4KB), disk size = 239 B (1GB)%l A%
n = 230/212 = 218 hits (or 21°B = 32KB)
= MK bit vectorE |2 2|0

&II XH 'c'él- _/Ig 812% Hl_—@-_%&! free-space list head —

B Linked list (free-list)

o
. O - G372 E 22
- YH-BULHIHYS

A HO
T HA DO

28 ]29[ Jao[Ja1[]
i -
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Free Space £

B Grouping — free list #tAI0| =74
= X HX free blockd]| n7H 2| free blocke| F=A X &

a free block a free block
list head —1 |, [,].|* ANNNN
Ao ‘ot
LI
n-1 free blocks n-1 free blocks

B Counting
n free list= A5l free blockl| A HR| =A% =& 7iE X
= free list Z0|7} B O} &

(list head,3) —[3 —{ o —{ 1]
4 2

Xt
o
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11.6 2 =(Efficiency)1} d=(Performance)

stoh Ol ClAE2] YNa|&E0| C|AT 270 E8X A20| &

= ClHELD| entry0] N EE|= HO|H SFE 1225
= OFX[E E2 AlZtS 7| SothH B2 28 2

o s}
O
-TT

= disk cache

. HIH3| AR | disk blockS KM AsHs Hma|o| 2

= buffer cache, page cache (7} 2 2|2 ATtSHY] AE)
= free-behind 8! read-ahead

= =X = HHEoH| fie 71 -
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Page Cache

B page cache
« IO} O|O[EHE Tt S=0]| Ol 72t 02 22| page tH¥ 2 7|
= double cachingO| &fAist — |2 2| &7F HH]

/0O using

memory-mapped VOV |\ ooy ndiwrita()

I

page cache

\

Memory-mapped I/O+=
page cacheE AtE

nt A|AEN/O REIZ
buffer cache buffer(disk) cacheZE AtL
file system

/0 Without a Unified Buffer Cache
29



Unified Buffer Cache

B A unified buffer cache

= memory-mapped pages?} 2 & file system I/OZ
D= Z+2 page cacheE A& - double caching &

=Atot= L

2 Ao HE

memory-mapped I/O

/O using

read( ) and write( )

N/

buffer cache

I

file system

(= page cache)
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11.7 Recovery

oD Y ER|s FoRele ClAA0) BE MY
= system failure.= [|O|E &4l &I §{|0|E H| &2t (inconsistency)S

A o
e & U

m 22 AAH(Consistency checker)

. C|2E2| 170 Qe HO|EQ C|AZ0| H0|E S22 H|8}0]
inconsistencyE &1, inconsistencyE 113 > 2N 710K = %S

B Backup
= AXHEIZ2O-E AMESH0 C| 23 H|0|H & HHE 2N EEX|(H| O]
Z )2 WY
= full backup = incremental backup - ... = incremental backup

t |

B Restore

» HE IXN=ZFH HO[HZ SN &2 L/L[23 5 S+

Mok
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271 F?X(Log Structured) o} A|AE

B 27 X O A|AH! (Journaling I A| A ED
. A AEIG| CHSE 2 updateE transaction@ 2 7| &

D= EMHMNAR 210 7[5
» EHMMO| 20| 7| FL|H, EUMMAZ commit(2HF) = A= 7+
= Of WjOf, TpRYA|AEEZ OF2] AAMEX| RS = US

B 2700 A= EMERZ H SV ML E O A|AH 7| FE
o I A|AHEIO] =H™E[H, ST EUHEAEZ 200 M A4 =

B O RAAHO 7| EE= S A[AHO]
fOPQle EAMME ChA| 23E 4 9

o
20| 7|25 S0 AAH0| D LiE

—

A S - IUAIAE LPY S QX E
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