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. FAT (File Allocation Table)
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FAT Iinternal

FAT Blocks
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F Filel 7 3
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Status File Name FirstAddr Size

D usr 7 3
D dev 10 1
D home 11 5
D var 16 11

D member 20 2
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m inode /* include/linux/fs.h, ext2_fs_i.h */
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directory entry in DOS

file name | extension | attributes | time | first block number

inode 1 disk block 1 inode 3 disk block 7 inode 23 disk block 39
i_mode 1 .. i_mode 1 .. i_mode 3
time 1 . time 3 . time 23 .
3 usr 12 src 32 jim
] 4 dev / 16 include 39 33 tom
5 etc 17 lib 37 mark
6 vmunix 20 bin 41 sooni
_ /__var 23 _membey 42 choijm
inode for / \ 9 mnt 25 |ocal

m
A
o
[T
)

i
0l



o] JHE A X 16

Ext22] inode®l} Ut 2

inode 2

_~disk block 20

I [oels Lo 2
time 7 2

20// Filel.c 11
mydir 12

inode 11

l_mode inode 12
time i_mode
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ext? internal 1
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~ %/ -

Root dir /:ilel.c / mydir\ \myﬁle

file name i-node No.

file name i-node No.

AFEH : dir AFEH : file ALER - dir ALEH : file _ 2 4
| :?? I ?7? | :?? ] :??
MEYR MEE MR MG MAEYR N 2 2
=8 Y0 =dE Ml =d 2l =d3 Y0
d2En d2E M d2En d2En Filelc 3 a.hwp 10

A7 A8 ||a%A A8 | |A%A 8 |74, A8
H2HIE d2HE: &2 HIE: [|[BZ2HIE: mydir 4 b.c 11
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GIOIH @I Xl | [GI0IH ?IXI:||TI0IEf /X :||CIOIH ?IX: myfile 5 Test.c 24
20 212223 || 2526272930 +—8m | S
_______________ 31323328 | [mydir2 7 Note.doc 19

(Source : Dr. dhlee)
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Example(2/16)—-F

FS A&

___attribute__

((packed)) IDXDIRENTRY_T;

= 0| FSAI & ACtH U&= 2elot)| ?et HIE
S+2E (EH Zag ALY
....................................... 2, ddA2, data= =2 7IAl
typedef struct {
unsigned int blockno;
unsigned short offset;
} attribute__ ((packed)) ET_T,;
typedef struct {
unsigned char status;
time_t date;
unsigned long size;
char name[FILE_NAME];
union{
ET T index[5];
char data[30];
} attribute__ ((packed)) uarea;
unsigned int next_blkno;
char reserved[4];
char attr;
} attribute__ ((packed)) DIRENTRY_T;
typedef struct {
unsigned char status;
char reserved[5];
ET T index[9];
unsigned int next_blkno; nebrs S
ct=0istw
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struct ext2_inode {

__ule
__ule
vid */
_u32
_u32
_u32
_u32
_u32
__ule
Id*/
__ule
*/
_u32
_u32
union {

struct {
struct {

ctriict I
(SR8 RV L] & 1

} osdi;
_u32

_u32

(for NFS) */

_u32
_u32
_u32

i_mode; /* Fiie mode */

i_uid; /> Low 16 bits of Owner
i_size; /* Size in bytes */
I_atime; /* Access time */
i_ctime; /* Creation time */
i_mtime; /* Modification time */
i_dtime; /* Deletion Time */

i gid; /* Low 16 bits of Group
i_links_count; /* Links count
i_blocks; /* Blocks count */
i_flags; /* File flags */

~u32 | i_reservedl; } linuxi1;

__u32 h_i_translator; } hurdi;

11272 m
Ui [ ]

i rocarvond1- 1
1 Ivoo

maciv1-

rveu.di, J' TTICAODI/\ L,

i_block[EXT2_N_BLOCKS];
/> Pointers to blocks */

i_generation;
i_file_acl; /* File ACL */
i_dir_acl; /* Directory ACL */

i_faddr;

~ /*0S dependent 1 */

/* File version

/* Fragment address */

ext?

21
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struct msdos_dir_entry {
88 name[8],ext[3];
__u8 attr;
__u8 lcase;
___u8 ctime_ms;
___ul6 ctime;
___ul6 cdate;
___ul6 adate;
__ule starthi;
___ul6 time,date,start;
__u32 size;

) &

/* name and extension */

/* attribute bits */

/* Case for base and extension */

/* Creation time, milliseconds */

/* Creation time */

/* Creation date */

/> Last access date */

/* High 16 bits of cluster in FAT32 */
/* time, date and first cluster */

/* file size (in bytes) */

Msdos FS
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typedef struct
{
yaffs ObjectType type;
int parentObjectld;
___ul6 sum__NolLongerUsed; // checksum of name. Calc this off the name to prevent inconsistencies
char name[YAFFS_MAX_ NAME_ LENGTH + 1];
__u32st_mode; // protection // Thes following apply to directories, files, symlinks - not hard links
#ifdef CONFIG_YAFFS_WINCE
___u32 notForWinCE[5];
#Helse
_u32st_uid; // user ID of owner
__u32st _gid; // group ID of owner
___u32st_atime; // time of last access
__u32 st_mtime; // time of last modification
__u32 st_ctime; // time of last change
#Hendif
int fileSize; // File size applies to files only
int equivalentObjectld; // Equivalent object id applies to hard links only.
char alias[YAFFS_MAX_ ALIAS LENGTH + 1]; // Alias is for symlinks only.
__u32 st _rdev; // device stuff for block and char devices (maj/min)
#ifdef CONFIG_YAFFS_WINCE
___u32 win_ctime[2]; __u32win_atime[2]; __ u32 win_mtime[2];_ u32 roomToGrow[6];
#Helse
___u32rootToGrow[12];
#Hendif
} yaffs_ObjectHeader;

YAFFS
I SR04 W ST




Example(6/16)—-FSHI &t

24

e =0l FSAHIAACHE IHE

?aﬂ%* 0III? &, FSIE2 2 HU interfaceE

01 J17?

touch = MYFS_file_create()
rm = MYFS_file_delete()

cp = MYFS_file_rename()
cat = MYFS_file_read()
echo >> = MYFS_file_write()
mkdir = MYFS_dir_create()
rmdir = MYFS_dir_delete()
s = MYFS_dir_read()
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U AIAED 203 Al AE
v open, close

v read, write
v |Iseek

v dup

v link

v pipe, mkfifo
v mkdir, readdir
v mknod

v stat

v mount

v sync, fsck
POSIX interface ?
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Example(8/16)—-FSHI &t

static struct file_operations neb_dir_operations = {
readdir: neb_readdir,

}i
static struct inode_operations
neb_dir_inode_operations = {

create: neb_create,
lookup: neb_lookup,
unlink: neb_unlink,
mkdir: neb_mkdir,
rmdir: neb_rmdir,

rename: neb_rename,
permission: neb_permission,
symlink: neb_symlink,
mknod: neb_mknod,

3

static struct file_operations neb_file operations = {
read: neb_file_ read,
write: neb_file_ write,
mmap: generic_file_mmap,

}

static struct inode_operations
neb_file_inode_ operations = {
lookup: neb_lookup,
permission: neb_permission,
truncate: neb_truncate,

........................................................................................................ nebrs
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Example(9/16)—-FSHI &t

struct file_operations
read:
readdir:
loctl:
fsync:

¥

struct file_operations
lIseek:
read:
write:
loctl:
mmap:
open:
release:
fsync:

&

put_inode:
put_super:

statfs:

delete_inode:
write_super:

remount_fs:

ext2_dir_operations = {
generic_read_dir,

ext2_ readdir,
ext2_ioctl,
ext2_sync_file,

ext2_file_operations = {
generic_file_llseek,
generic_file_read,
generic_file_write,

ext2 ioctl,
generic_file_mmap,
generic_file_open,

ext2 release file,
ext2_sync_file,

static struct super_operations ext2_sops = {
read _inode:
write_inode:

ext2_ read_inode,
ext2_write_inode,
ext2_put_inode,

ext2_put_super,
ext2_write_super,
ext2_statfs,
ext2_remount,

ext2_delete_inode,

o
El
1=
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struct inode_operations

msdos_dir_inode_ operations = {
create: msdos_create,
lookup: msdos_lookup,
unlink: msdos_unlink,
mkdir: msdos_mkdir,
rmdir: msdos_rmdir,
rename: msdos_rename,
setattr: fat_notify_change,

Msdos FS
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static struct address space_o erations
yaffs_file_address_operations = { e
readpage: yaffs_readpage, : i static struct inode_operations
prepare_write: yaffs_prepare_write, i yaffs_dir_inode_operations = {
commit_write: yaffs_commit_write : create: yaffs_create,
}; lookup: yaffs_lookup,
static struct file_operations yaffs_file_operations = { link: yaffs_link,
#ifdef CONFIG_YAFFS USE_GENERIC_RW unlink: yaffs_unlink,
read: generic_file_read, symlink:  yaffs symlink,
write: generic_file_write, mkdir: yaffs_mkdir,
#else rmdir: yaffs_unlink,
read: yaffs_file_read, mknod: yaffs_mknod,
write: yaffs_file_write, rename: yaffs_rename,
#Hendif setattr: yaffs_setattr,
mmap: generic_file_mmap, Y
flush: yaffs_file_ flush, .| static struct file_operations yaffs_dir_operations = {
fsync: yaffs_sync_object, read: generic_read_dir,
} readdir: yaffs_readdir,
static struct inode_operations fsync: yaffs_sync_object,
yaffs_file_inode_operations = { Y
setattr: yaffs_setattr, . i static struct super_operations yaffs_super_ops = {
}; statfs: yaffs_statfs,
struct inode_operations read_inode: yaffs_read_inode,
yaffs_symlink_inode_operations = put_inode: yaffs_put_inode,
{ put_super: yaffs_put_super,
readlink: yaffs_readlink, delete_inode: yaffs_delete_inode,
follow_link:yaffs_follow_link, clear_inode: yaffs_clear_inode,
setattr: yaffs_setattr i &
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p 22 HH=Z20] FSHIAEASHH Bt= FSJF S & device®
HAMNBH =E= BtEAIASLIN?
User

File System

Disk Emulator

Disk Device Driver CD-ROM Device Driver i SDRAM Access Interface
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v

0O Hard Disk ¥ OlA =2l

User
A A A A
v V v v

File System

i |

Disk Emulator

A

A4

Disk Device Driver

MCHE?

a1 L

# touch a

file_create()

d isk_write block()

XXXhdd_write block()

i
A
o
[T
)
=
ol
=



Example(14/16)-FSHI & .

& RAM & 0lM =2l

User
A A A A
v V v v

File System

i |

Disk Emulator

A

\4

SDRAM Access Interface

o LhEH?

AL

# touch a

file_create()

d isk_write block()

RAM_write block()

Static char * ramdata[SIZE];
RAM_write_block(){
//copy data to ‘ramdata’

}
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Example(15/16)-FSHI & %
FS&4 &2 Nl(ls)

int MYFS_dir_read()
{

int i, sector, offset, files_in_dir;
DIRENTRY_T *ep;

SM_PQ;

ep = (DIRENTRY_T *)buf;
sector = cur_dir;

offset = 0O;

disk_read_block(sector, buf);
files_in_dir = ep->size;

for (i=0; i <files_in_dir; i++) {
disk_read_block(sector, buf);
ep = (DIRENTRY_T *) (buf+offset);
if (ep->status == DIR) printk(" %14s/ %d", ep->name, ep->size);
else printk(*" %614s %bd", ep->name, ep->size); /* ep->status == FILE */
offset += sizeof(DIRENTRY_T);
if (offset ==512) {
sector = FAT[sector];
offset = 0O;
by
if (1((i+1) % 4)) printk("Wn");

+

printk("Wn");

SM_V(); i
return(FS_SUCCESS); u SRS
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m Create, read, write :--. 2| &7

s Cp ./a.txt

Intcp(....)

int a, b, rb;
char buf[SIZE_OF_ BLOCK];

a = MYFS_file_open(./a.txt);
b = EXT2_file_open(/b.txt);

rb = MYFS_file_read(a, buf);
while( rb ){

EXT2_file_write(b, rb, buf);

rb = MYFS_file_read(a, buf);

M cp T2IOS 01F 2HS0f FOF 22

O|a—i*a| FS S5MO0| X = ot H?



Ctest MM AIAE XIR2 2 ME 3

User level
Kernel level
do_sync_read, generic_file_read, generic_file_read,
do_sync_write, generic_file_write, fat_file_write,
ext3_truncate, ext2_truncate, fat_truncat,
ext3_readdir, ext2_readdir, generic_read_dir,

/dev/hda3
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User level

Kernel level
do_sync_read, generic_file_read, generic_file_read,
do_sync_write, generic_file_write, fat_file_write,
ext3_truncate, ext2_truncate, fat_truncat,
ext3_readdir, ext2_readdir, generic_read_dir,
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AEXI a.txt 2 &

VEFS

msdos AtAH 2
QA I LY

; i g2 Hgoz
o2 %EH? TEHE YA 2lE
S ole
= 210

msdos_Cl2EHNE|

B

/dev/hda3

/dev/hda
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User level

Kernel level

VES

| ext2 || msdos |

| ext3| procfs |

| yaffs| nfs |
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0 VFS(\/irTuai File System)2| S &t

TZ UNIX FSO| HlEot= 2= AlAE 2
S/W HS
v 04 SR FSOl tHoll 2 InterfaceS M=
v 557

» C|AF J|IBFES
Ext2, Ext3, ReisefFS
SYSV, UFS, MINIX, VxFS
VFAT, NTFS
ISO 9660 CD-ROM FS, UDF
HPES, HFS, AFFS, ADFS

. JFS. XFS
» HE®R3AFS
A FS(JHA} FS) Vs
Ext2 Ms-D0S

fmpftest  SFloppy/TEST
I

= X 2lot= Kernel

inf = open("/floppy/TEST", O_REDOWLY, O};
outf = open{”/tmp/test”,

{ 0_WRONLY|O_CREATE|O_TRUNC, 0600);
di

l = read(inf, buf, 4096);

write{outf, buf, 1);
} while (1};
close(outf);
close(inf);
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40

s VFSJI X 2lot= system call

System call name

Description

mount( 1 wmount( )

iountfurrmount filesystermns

syvafs{ ) et filesystem information
statfs( 1 fstatfs( ) ustati ) iret filesystem statistics
chroot{ )} pivot root( Change root directory
chdir{ ) fchdir({ ) getcwdi{ ) Llatipulate current directory
mkdir({ 7 rmdiri( Create and destroy directories

getdents{ ) readdir{ ) link{ ) unlink{ ) rename{ )

Ilanipulate directory entries

readlink{ ) svymlink{ )

Ilaripulate soft hnlkcs

chown({ ' fchown({ 7 lchown( ) Lindify file owner

chmod { ) foelhrmod( ) utime ! ) Iiodify file attributes

stat({ ) fstati{ ) lstat{ ) accessi ) Fead file status

openi ) close{ ) creat( ) uwmask({ ) Cpen and close files

dup( 1 dupZ{ 3 fontl( 3 Llatupulate file descriptors
select{ 3 poll( 3 Asynchronous KO notification
truncate({ ) ftruncate Change file size

lseck({ ) 1llsesk( ) Change file pointer

read( ) writei{ ) readw({ ) writew( ) sendfile{ ) readahead( )

Carry out file I/0 operations

pread( ) pwritei )

Geelk file and access it

mmap{ ) munmap( ) madwvise{ ) mincore{ )

Handle file memory mapping

fdatasync( ) fsynoc( ) syno( ) msyna( )

aynchrotuze file data

ftlozk{

Llatipulate file loclk

RSt m

Joi
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s VESS Xl 28

v =S 24X
» JI2E & FS2 LBt 838 &
. ((EI&E!SI) oI AAE MO 2= (filesystem control block) 0l CH
v OO0l & 28Xl
» S8 IS UEHUHE 838 M&
= (ClA3Q) Y MO EZ=(file control block)0fl CHS
» inode HSZ FS LHOIAl oA AEE
v I 24K
n IZ2NAQ HZ2ENH OpenT MU= WL 2SE E2EE HE
= 2} process JI fileOll &20t= =2t HE K22 08 =TH
v CIAEZ] 22X
= CJHEL &S0 0|0 Sote WY HZ0 tiet 322 ME
» SN YHOZR (AT HEE
s C|AUEC] A
v IS =20 AtEel CIYEZ] 2RME JHA
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= VFS Atg #+2

v #IHEE MHI(struct super_block, <linux/fs.>)
Type Field Description

strucst list head s list Fointers for superblocls list
kdev t s dev Device identifier
unsigned long s blocksize Block size in hytes
unsigned char s blocksize hits |Block size in number of hits
unsigned char s dirt Ivlodified [ duty) flag
unsigned long long s maxhytes Ilasarmum size of the files
struct file system type * s _type Filegystem type
struct super operations * g _op superblock methods
struct dguot operations * dg op Mgk quota methods
unsigned long g flags Ivlount flags
unsigned long g5 maglic Filesystem tnagic munher
struct dentry * s _root Drentry object of mount directory

struct rw_semaphore

I_umount

setnaphore yesed for vnrnoutting

struct semaphore

s lock

superhblocks semaphore

int

£ count

Beference counter

atomic t

5 actlive

Secondary reference counter

struct list head s dirty List of modified inodes

struct list head g locked inodes List of inodes involved in /O

strucst list head s files Lizt of file objects assigned to the superhlock

struct bhlock device * s_hdev Fointer to the block dewvice dower descriptor

struct list head g _instances Pointers for a list of superblock objects of a given filesystetn type

strust guota mount options s _dguot Options for disk quota

union u Specific filesystern information
I St CHSr W B4
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struct super_operations {
struct inode *C*alloc_inodel{struct super_block *sb);
void (*destroy_inode)(struct inode *J:

void (*read_inode) (struct inode *J;

void (*read_inode?) (struct inode *, void *} ;

vold (*dirty_inode) (struct inode *);

void (*write_inoede) {struct inode *, int);

void (*put_inode) (struct inode *),

yoid (*delete_inode) (struct inode *J.

void (*put_super) (struct super_block *3;

void C*write_super) (struct super_block *);

int (*sync_fs) (struct super_block *J;

vold (*write_super_lockfs) (struct super_block *);
void (*unlockfs) (struct super_block *3;

int {*statfs) (struct super_block *, struct statfs *);
int *remount_fs) (struct super_block *, int *, char *J;
void (*clear_inode) (struct inode *);

void (*umount_begind (struct super_block *3;

struct dentry * (*fh_to_dentryi{struct super_block *sb, __uiz *fh, int len, int fhtype, int parent);
int (*dentry_to_fhi{struct dentry *, __u3i2 *fh, int *lenp, int need_parent);
int {*show_options)istruct seq_ile *, struct vlsmount *);




VFS mounted FS system structure

root
d_subdirs
d_child
d_cover
d_mount
|
dentry dentry I dentry
d_subdhs\\ d_subdirs I d_subdirs
d_child [ * d_child [ I g © Cle
d_cover d_cover I d_cover l dentry
d_mount d_mount I d_mount d_subdirs
I d_child
d_cover
|
d_mount
dentry dentry dentry !
d_subdirs d_subdirs d_subdirs \ y,
d_child [« d_child [+«—{ d_child SN Do O T T -
d_cover d_cover d_cover
d_mount d_mount d_mount

I SRS D W

L1



Inode ZH A

45

v OFO| =& 28X (struct inode <linux/fs.h>)

Type Description
struct list head i_hash Pointers for the hash list
struct list head i list Pointers for the inode list
struct list head i _dentry Pointers for the dentry list

struct list head

i dirty buffers

FPointers for the modified buffers list

struct list head

i_dirty data buffers

Pointers for the modified data affers List

iode et

un=signed long i ino

unaigned int i_«ount [Jzsage counter

kdev_t i_dev Device identifier

umode i mode File type and access rights
nlink t i nlink Mumber of hard links

uid i uid Owner identifier

gid t i gid Group identifier

kdev i rdewv F.eal device identifier

off t i_size File length in bytes

time t i _atime Time of last file access
time t i mtime Time of last file write
time i ctime Time of last inode change
unsigned int i blkhits Block size in mumber of hits
unaigned long i blk=size Block size in hytes
unzigned long i_blocks Murmber of blocks of the file

un=signed long

1 wversion

Wersion munher, automatically incremmented after each use

struct semaphore

1 =sem

inode semaphore

struct semaphore

i _zombie

mecondary inode semaphore used when removing of retaming the inode

Joi
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struct inode operations * i op ade operations

struct file operations * i fop Default file operations

struct super block * i sh FPointer to superblocls abject

walt gqueue head 1 walt inode wait queue

struct file lock * i flock Pomnter to file loclk hist

struct address space * i mapping Pointer to an address space object (see Chapter 14)
struct address space i data address space object for block dewice file
struct dguot ** i dguot inode disk quotas

struct list head i devices FPointers of a list of block dewvice file nodes (see Chapter 13)
struct pipe_inode info * 1_pipe Used if the file is a pipe (see Chapter 19

struct block dewvice * i bdew FPointer to the bloclk dewvice driver

struct char device * i adew FPointer to the character device driver

unsigned long

1 _dnotify mask

Bit mask of directory notify events

struct dnotify struct * i dnotify Uszed for directory notifications
unsigned long i state inade state flags

unsigned 1int i flags Filesystem mount flags
unsigned char i sock Monzero if file iz a socket

atomic

t

1 writecount

[sage counter for writing processes

unsigned int

i attr flags

File creation flags

__udd

1 generation

iade version murher (uged by zome filesyatems)

union

1

apecific filesystem mformation

i
A
o
[T
)
JE
ol
=



O At

— - L

» jnode&d HA2 inode_operations2 M 0l &0t i_opE E0

struct inode_operations £
int (*fcreate) (struct inode *,struct dentry *,intl;
struct dentry * (*lookupd (struct inode *,struct dentry *3;
int C(*1ink) (struct dentry *,struct inode * ,struct dentry *J;
int {*unlink) (struct dinode * ,struct dentry *J;
int (*syvmlink) (struct inode *,struct dentry *,const char *J;
int (*mkdir) (struct inode *,struct dentry *,intl;
int C*rmdir) (struct inode *  struct dentry *J;
int C*mknod) Cstruct inode * ,struct dentry *,int,int);
int (*rename) (struct inode *, struct dentry *,
struct inode *, struct dentry *3;
int {*readlink) (struct dentry *, char *,int);
int {*follow_T1ink) {struct dentry *, struct nameidata *J;
vold (*Truncatel (struct inode *3;
int {*permission) (struct inode *, intl;
int C*revalidatel) (struct dentry *3;
int {*setattr) (struct dentry *, struct jattr *3;
int {*getattr) (struct dentry *, struct jattr *3;
int (*setxattry (struct dentry *, const char *, void *, size_t, intl;
ssize_t (*getxattr) (struct dentry *, const char *, void *, size_t);
szize_t (*listxattry (struct dentry *, char *, size_t3;
int {*removexattry (struct dentry *, const char *3;
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v IFY 22| (struct file <linux/fs.h>)

Type

Field

Description

struct list head

f li=st

Fointers for generic file object list

struct dentry *

f dentry

dentry object aszzociated with the file

struct wvismount *

f wvismnt

Mounted filesystem contaiming the file

struct file operations * f op FPomter to file operation table
atomic t f count File ohject's usage counter
unsigned int f flags Flags specified when opening the file
mode t f mode Process access moade

loff t f pos Current file offzet (file pointer)
unsigned long f reada Fead-ahead flag

unsigned long f ramax Masarmum number of pages to be read-ahead
unsigned long f raend File pointer after last read-ahead
unsigned long f ralen Mumber of read-ahead bytes
unsigned long f rawin Mumhber of read-ahead pages

struct fown struct f owner Drata for asynchronous /0 wia signals
unsigned int f uid Uzer's LD

unsigned int f gid Uzer's GID

int f error Error code for networks write operation

unsigned long

f wversion

WVersion number, automatically mcremented after each use

woid *

private data

Meeded for thy driver

struct kiokbuf *

f ichuf

Drescriptor for direct access buffer (see Section 15.2)

1ong

f iochuf lock

Lock for ditect I/O transfer
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*, Joff_t, int);
struct file *, char *, size_t, Toff_t *).
5 : te) (struct file *, const char *, size_t, loff_t *);
int (*readdir) (struct file *, void *, Filldir_tJ;
unsigned int o113 (struct file *, struct poll_table_struct *);

ctl) (struct inode *, struct file *, unsigned int, unsigned Tong};
{(struct file *, struct vm_area_struct *J;
cstruct inode *, struct file

(struct in *ostruct file *3;
truct file *, struct dentry *, int datasync);
(int, struct file *, int};
struct file *, int, struct file_l )5
(struct file *, const struct ¢ *, unsigned Tong, Toff_t *);
. {struct file *, const struct 1 * unsigned Tong, loff_t *):
ssize_t (*sendpage) (struct file *, struct page *, int, size_t, Toff_t *, int);
unsigned long (*get_unmapped_areal( e *, unsigned long, unsigned long, unsigned Tong, unsigned long);
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Dentry 2H Xl

v CIAE2| 24X (struct dentry <linux/dcache.h>)
ANEZE HREelE A2 FH, VFSIt dentry 2 H 2| C| ol

= PJ} EHMGE RO RS RA QA0 U Ol HERl HH A4
Type Field Description

atomic t d_count Dentry object usage counter

unsigned int d flags Dentry flags

struct inode * d inode Inode associated with filename

struct dentry * d parent Dentry object of parent directory

struct list head d hash Pointers for list in hash table entry

struct list head d lru Pointers for unused list

struct list head d child Pointers for the list of dentry objects included in parent directory

struct list head

d subdirs

For directories, list of dentry objects of subdirectories

struct list head

d alias

Lizt of associated inodes (alias)

int d mounted Flag set to 1| if and only if the dentry iz the mount point for a filesystem
struct gstr d name Filename

unsigned long d time Used by d rewvalidate method

struct dentry operations® d_op Dentry methods

struct super block * d_sh muperblock object of the file

unsigned long d vis flags Dentry cache flags

void * d fadata Filesystem-dependent data

unsigned char * d iname mpace for short filename

- I ot = LH

i
E
12
0l

Z



Dentry 254 2red &4 51

= dentry 24X 0fl CH&t
ZC 0], CHIH NUL L(:!

struct dentry i
atomic_t d_count;
unsigned int d_flags;
struct inode * d_inhode; /* Where the name belongs to - NULL 1is negative */
struct dentry * d_p 1t ; /* parent directory */
struct Tist_head d_hash; /* lookup hash Tlist */
struct Tist_head d_Tru; /% d_count = 0 LRU Tlist */f
struct list_head d_child; /* child of parent list */
struct Tist_head d_subdirs; /* our children */
struct lTist_head d_alias; /¥ inode alias Tlist */
int d_mounted;
struct gstr d_name;
unsigned 1ong d_time; /* used by d_revalidate */f
struct dentry_operations ;
struct super_ * ; /* The root of the dentry tree */
unsigned 10ng d_. = 295
void * d_fsdata; /* ts-specific data */
unsigned char d_iname[DNAME_IMLINE_LEM]; /* small names */f
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T2 N A B Y

|
v 2 process LIAAEE 0l process®l fs_struct #HE Il

= fs 2E R X

struct fs_struct, <linux/fs_struct.h>

T2 NAQ 2dE HMEEAAE E2E RA

- ST XY ClAER|YG H IR AS RE [2E: B
Type Field Description

atomic t count Mutmber of processes sharing this tahle
rwlock t lock Feadfwrite spin lock for the table fields
int unia sk Bit mask used when opening the file to set the file permissions
struct dentry * root Dentry of the root directory
struct dentry * prcl Dentry of the current working directory
struct dentry * altroot Dentry of the emulated root directory (always NULL for the 80 z 36 architecture)
struct vismount * rootmnt Mounted filesystem abject of the roat directory
struct vismount * purdmnt Wounted filesystem object of the current worling directory
struct vismount * altrootmnt  |Wounted filesystemn object of the emulated root diectory (always HULL for the 80 x 86 architecture)

I c=0
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v 21 process LIATEE 0, 2 processJt opengt fileS LHEHU
= files_struct 22X ME JtelI|= files E=

v struct files_struct <linux/file.h>

Type Field Description
atomic T count Mumber of processes sharing this table
ruwlock file lock Feadfwrite spin lock for the table fields
int max fds Current masrum mumber of file objects
int max_ fdset Current masimum number of file descriptors
int next fd Wasntmum file descriptors ever allocated plus 1
struct file ** fd Fointer to array of file ohject pointers
fd set * close on exec Fointer to file descriptors to be closed on exec )
fd set * open fds Fointer to open file descriptors
fd set zlose on exec init [nitial set of file descriptors to be closed on exec( )
fd set open fds init Initial set of file descriptors
struct file ** fd array [tuitial array of file object pomnters
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fd : I 2HH LRI BHE (D] = max_fds), files_struct =+ XM 2
fd_array (It 24Xl Ol E 327H D AT ZEE Il = P}
3204 Ol& €™ [ 2 W ptr arrayE 2, max_fdsgt 4l
fd_array Hig€ 2 2 219l A D} file descriptor
file descriptor
dup(), dup2(), fentl()2 S file descriptordt 22 W D219 H Jts
5t P= NR_OPEN(1048576)J1 0l &t A2 £}
PCOAIEE L rlim[RLIMIT_NOFILE] 2 ZHM Ol file descriptor2l x| CH
=0 st s& HMSH1024)01X1 12 UAS
open_fds : open_fds_init 2=2| =4 JI& = S &l o
file descriptorg Al86t= HIE 2 (max_fdsetIH)
fd_set: 1024HIE X232 X, & 2R Al SEHOZ SH&EE

" File ohject

stdin 0

I’ " File -:|h|e-:t
stdowt 1

stderr 2 File abject

3
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task_struct file_struct /* include/linux/file.h */

files —
fs fd[0]

fd[1]
fd[2]
fd[3]

file /* include/linux/fs.h */

sdentry /* include/linux/dcache.h */

fs_struct /* include/linux/fs_struct.h */

* include/linux/fs.h */
root
pwd
task struct file struct
files —
fd[0] super_block /* include/linux/fs.h */
fs fd[1]
fd[2]
fd[3]

fd[4]




Ut CITE MOl A >

fork open same file

file_struct ode file_struct

task_struc file task_struct il inode
file_styuct
task_struct
file

= how about dup?
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8192+00[2| 2 D

g192+0042| HDEE =

[ruut@emheddedﬂell Jfimg

mke2fs 1.32 {(@9-Hov-28062)

.fimg is not a block special device.

Proceed anyway? {(y,n}) y

Filesystem label=

0S5 type: Linux

Block size=1824 (log=8)

Fragment size=1824 {log=8)

20848 inodes, 8192 blocks

489 blocks (4.99%) reserved for the super user
First data block=1

1 block group

8192 blocks per group, 8192 fragments per group
2048 inodes per group

Writing inode tables: done
Writing superblocks and filesystem accounting information: done

This filesystem will be automatically checked every 21 mounts or
188 days, whichever comes first. Use tune2fs -c or -i to override.
[FootEembeddedDell root]H#

57




Example — 2F&HSE

[root@embeddedDell
[rootE@embeddedDell
[rootR@embeddedDell
[rootREembeddedDell

froot/simg
[rootRembeddedDell
[root@embeddedDell
=HH 17K

root]# mkdir mnt
root]# mount -t ext? -o loop .fimg mnt

root]#

root]# di h
Size Used
386 7.5G
99H 13H
736 656
251H 8
§.8M 13K

root]# cd mnt

mnt]# 1s -alh

drw=r-¥r—x 3 root root
druwsr-x¥x——— 1 root root
2 root root

[root@embeddedDell
[rootR@embeddedDell
a

[rootRembeddedDell

mnt]# touch a
mnt]# 1s

mnt1#

Avail UseZ

296G
82H
L.4G
251H
f.4H

21%
13%
ouy
0%
1%

Mounted on
!

/hoot
Fhome
Fdev/shm
froot/fmnt

cZ 38 12:06
cE 38 12:987
cZ 38 12:06

= Block SizeE 2048 =2, 40962 = 2t= == J=IH7?

I
£
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[* fs/open.c */
G;:OE/’ System call layer

[* fslopen.c */

filp_open() >

- struct file initialize
- call file->f_op->open() ! VFS layer

/* fs/namei.c

open_nameip

\/ Specific File layer

............................................................

pipe_rdwr_open() . T .
sock_no_open()

blkdev_open() nfs_file_open()
chrdev_open()
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Ol re= —
Linux2l 1L |'§ AN HAEH 2A (2/4)
= struct file_operations /12 : Ct&et It RalS 2= CIHHOIAZ X|&
: socket
ext2 file system | tsock /
* net/socket.c *
* * .
[* Tslexta/tile.c * / 1 sock_Iseek
ext2_file_lseek, . . . K read
5 .struct fil rati S0CK_
generic_file_read, St uct file_operat ons sock write
ext2_file_write P mclude/lmux/fs h */ i NULL
NULL., Nl.JLL, 1 Iseek() P ... sock_poll
ext2_f|Ie_|octil‘u._‘.,..,,..- T ""~----.,,..s_ock_ioctl
NES generic_file-mmap | write() NULL
. NULL;"...... : - =
I* fsinfs/file.c */ .. SR | readdir() sock_no_.Qgsn SK & o
......................................................... ' i poll() % . %
NULL, |y ee——, - / fs/device.c */
nfs_file_read, mmap() . NULL
nfs_file_write open() ) :.; NULL
NULL, | [ty . =5 Al & NULL, NULL,
nfs_file_mmap 0| &£ el § [* fs/device.c */ NULL,
nfs_file_open, ...... D NULL
.................................................................. [* fS/D'De C */ fasync() NULL chrdev_open, .......
pipe_ |see"l'<'""|b'i'pe'"~read U EINULL,
pipe_write NULL
NULL, pipe_poll, Hg::t NULL,
pipe_ioctl, : ’
NULL NULL
) ’ blkdev_open, .......
Ripe iiiiii 1111 VNS N et CHRysHE AT
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s open A|IAEl S & 24
/* f rite.c */ System call handling
sys_read() layer
| file>fop>read  VFS layer

sock _read()

pipe_read() mm/filemap.c */
<__generic_file_read()

- try to find page in cache, if (hit) OK.
. - inode->i_op->readpage()

nfs_readpage() Y des _readpage()

I* fs/buffer.&j/
/* fslext2/inode.c */ @eric;readpage() sda_readpage()

= I* driver/block/ll_rw_blk.c */

/* fslufsfinode.c *¢~
/* dri

Specific File layer

Specific FS layer

Device Driver layer

20y
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Linux2| Tt AL S 24 (4/4)

= struct inode operations & : Ct&sh I A|AEE d2tE CIHBOIAZ K&

fs/ufs/file.c
include/linux/fs.h - 1" t5 file_operations,
... NULL, NULL,
“NULL, NULL,

fs/ext2/file.c
ext2_file_operations,
NULL, NULL,
NULL, NULL,

generic readpag'é': generic_readpage

NULL )
Z)ilibmap‘,--’" ufs_bmap, fs/nfs/file.c
S EeeeesnsEs——— nfs_file_operations,
[ s NULL, NULL,
fs/pipe.c NULL, NULL,
rdwr_pipe_fops,
NULL, NULL, nfs_readpage
NULL, NULL, . nfs_writepage
5 NULL
‘ifs/dos/files. i

Cdos_file_operation,.+~
fs/device,c peration

def_blk_fops, ™. NULL, NULL,
NULL, NULL, - '

NULL;"NULL,
NULL, NULL,

dos_readpage,
dos_writepage,
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Example(1/3)— Lock

e
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Process A Al fentl() Ol L} flock() &=

a.txt0ll lock= 2 Ch

Process AJ} fork()otOd Process A’

U

S AMEot( L}

M BT

()

Process A'JF I a.txt0f] &2 ot ofH?

Process AJ} It a.txt0| lock=S & 41
'E:'

otlLt O A vi _@DIE a.txt=2

o

m
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Example(2/3)- Lock &l & o

Advisory lock(POSIX : fcntl(), BSD : flock())

OSDP EH TZZMNAN 2ol Locking®! U0 CHEI & =+&t
= SXotE, T2 T2 HAN 2ol Locking=! I 0l CHotH M D]

| — o
DA E= A= EE

ﬂllﬂJ ﬂll

rot

I Z Ml A= advisory lock2 S2Alot0 H&EsH ASH0| [AUCHH Lock

=
S AN MIIE E S Y

M O

Mandatory lock(System V Release 3 : lockf())
il

E I MNAJHEZ2otdd= LE 0 ol locks 2 BHotAl 2=t

34M IJ] ol kernelZ2 otH 2 open, read, writeE & Alol= &t

o

Iz ﬂllﬂJ PO
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Example(3/3)- Lock & &
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m File locking on linux
v LinuxOl A locking

Advisory locks
- fentl(Q - FL_POSIX Et&
- flock() - FL_LOCK Et&

mandatory locks
- Lockf() — System V

mount() AlIAE 22| MS_MANDLOCK flagE AtEot(d It

Gt enable?l disableg &= US
C|Z E g¢=2 mandatory locking switch off

— LTI |,-\ O DX=IMH d2nNd dstEe X T orse
- JIAl IOCK=E STOIWH N TmVJI o= T Al 56

fentl QO] filell lock& 28 FlockQ e
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