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FAT internal 1S

FAT Blocks
0 1 2 4 6 7 8 9 10 11 12 13 14 15 16
=z FF FF:FF.FF:FF FF -
2 |w_| @ |8 9 FFFF1213| ¢
= Q o (@) s
S = |14:15:FEFF: 0 : 0 , . @)
c? 0 % oy E <«—[FilelT— E < Hile2 5
S |=5| & [0.0:0:00:0]| —_
0 g 5 = .
= | * ol 0:0:0:0:0:0 S
= > 100000 0] ™
StatuSFlleName FirstAddr Size ‘
_ Sf;tus File Name FirstAddr SlZe
F Filel 7 3
D Dirl 10 1 D : 10 ?
F File2 11 5 D .. 6 ?
D Dir2 16 1 F x.hwp 17 5
F my.doc 22 1

(Source : Dr. dhlee)
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CISEel HS2E2 HEHIOIES G(FATIIE)

Status File Name FirstAddr Size

D usr 7
B dev___ 10

D
6 D home 11
D var 16

D member 20 2

— | O — W

D choijm 39 3
D sjbaek 43 2
F SrSitxt 48 1
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s Inode /*include/linux/fs.h, ext2_fs i.h */
inode type (4bit) u4gls| r{w|x
T e —
Lmode T
i_nlink, i_dev
i_uid, gid
i_op —
i_atime, ctime, mtime w
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S_IFSOCK
S_IFLNK
S_IFREG
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S_IFDIR
S_IFCHR
S_IFIFO
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v Cleieel IS o

v HS 24 M3
Linux2| C|el&Ee| AIEZ|

inode number | file name size file name

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

1 4 dev ! 16 include 39 33 tom
5 etc 17 lib 37 mark
6 vmunix 20 bin 41 sooni
7 var 23 member 42 choijm

inode for / 9 mnt 25 local
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file name 1-node No.

4
2
a.hwp 10
b.c 11
Test.c 24
-Note.doc 19

(Source : Dr. dhlee)
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s B HHZ0] FSAHIAACHH L& S &elot)| fl st il e
GO As+AE HE N Zalg A1
v OIF, 3JI, A0l &, - Al 2t, datasS = 2| P X,
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; nebFS
s+ attribute__ ((packed)) IDXDIRENTRY_T; Seungjae Baek
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struct ext2_dir_entry {
__le32 inode; /* Inode number */
__le16 rec_len; /* Directory entry length */
_ _lel16 name_len; /* Name length */
char name[];

¥

/* File name, up to EXT2_NAME_LEN */

struct ext2_inode {

__ule i_mode; /* File mode */
__ule6 i_uid; /* Low 16 bits of Owner Uid */
_u32 i_size; /* Size in bytes */
__u32 i_atime; /* Access time */
__u32 i_ctime; /* Creation time */
__u32 i_mtime; /* Modification time */
_u32 i_dtime; /* Deletion Time */
__ule i_gid; /* Low 16 bits of Group Id */
__ule i_links_count; /* Links count */
__u32 i_blocks; /* Blocks count */
_u32 i_flags; /* File flags */
union {

struct { __u32 L_i_reservedl; 3} linuxi;

struct { __u32 h_i_translator; } hurdil;

struct { __u32 m_i_reservedl; } masixl;
} osd1; /* OS dependent 1 */
_u32 i_block[EXT2_N_BLOCKS];

/* Pointers to blocks */
__u32 i_generation; / * File version (for NFS) */
__u32 i_file_acl; /* File ACL */
_u32 i_dir_acl; /* Directory ACL */
__u32 i_faddr; /* Fragment address */
bs
ext2

24
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struct msdos_dir_entry {
__s8 name[8],ext[3];
__u8 attr;
__u8 Icase;
__u8 ctime_ms;
__ul6 ctimey;
__ulé6 cdate;
__ulé6 adate;
_ulé starthi;
__ul6 time,date,start;
__u32 size;

}i

/* 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

Seungjae Baek
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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];
#else
__u32st_uid; // user ID of owner
__u32st_gid; // group ID of owner
__u32st_atime; // time of last access
__u32st_mtime; // time of last modification
__u32st_ctime; // time of last change
#endif
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.
__u32st_rdev; // device stuff for block and char devices (maj/min)
#ifdef CONFIG_YAFFS_WINCE
__u32 win_ctime[2]; __u32 win_atime[2]; __u32 win_mtime[2];___u32 roomToGrow|[6];
#else
__u32rootToGrow[12];
#endif
} yaffs_ObjectHeader;

m YAFFS
Seungjae Baek
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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()
Is = MYFS_dir_read()

I Seungjae Baek
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s IS AAE 2H ANLAE ==

v
v
v
v
v
v
v
v
v
v
v

open, close
read, write
Iseek

dup

link

pipe, mkfifo
mkdir, readdir
mknod

stat

mount
sync, fsck

s POSIX interface ?

¥
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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,

}i

static struct file_operations neb_file_operations = {
read: neb_file_read,
write: neb_file_write,
mmap: generic_file_mmap,

+i

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

b

nebFS

29
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struct file_operations
read:
readdir:
ioctl:
fsync:

}

struct file_operations
liseek:
read:
write:
ioctl:
mmap:
open:
release:
fsync:

}

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: ext2_read_inode,
write_inode: ext2_write_inode,
put_inode: ext2_put_inode,
delete_inode: ext2_delete_inode,
put_super: ext2_put_super,
write_super: ext2_write_super,
statfs: ext2_statfs,
remount_fs: ext2_remount,

}

ext2

30
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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,

3

Msdos FS
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static struct address_space_operations
yaffs_file_address_operations = {
readpage: yaffs_readpage,
prepare_write: yaffs_prepare_write,
commit_write: yaffs_commit_write
}i
static struct file_operations yaffs_file_operations = {
#ifdef CONFIG_YAFFS_USE_GENERIC_RW

read: generic_file_read,

write: generic_file_write,
#else

read: yaffs_file_read,

write: yaffs_file_write,
#endif

mmap: generic_file_mmap,

flush: yaffs_file_flush,

fsync: yaffs_sync_object,
}i

static struct inode_operations
yaffs_file_inode_operations = {

setattr: yaffs_setattr,
}i

struct inode_operations
yaffs_symlink_inode_operations =

static struct inode_operations
yaffs_dir_inode_operations = {

create: yaffs_create,
lookup: yaffs_lookup,
link: yaffs_link,
unlink: yaffs_unlink,
symlink: yaffs_symlink,
mkdir: yaffs_mkdir,
rmdir: yaffs_unlink,
mknod: yaffs_mknod,
rename: yaffs_rename,
setattr: yaffs_setattr,

¥

static struct file_operations yaffs_dir_operations = {

read: generic_read_dir,
readdir: yaffs_readdir,
fsync: yaffs_sync_object,

¥i

static struct super_operations yaffs_super_ops = {
statfs: yaffs_statfs,
read_inode: yaffs_read_inode,
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 b

}i

YAFFS

Seungjae Baek
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v 9FeF Hard Disk ¥l HIA =2l 2 A CHH?

User # touch a

File System file_create()

| |

Disk Emulator _

'y ’ A

Vv

Disk Device Driver XXXhdd_write_block()
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v HFRAM 2H0IlA =2l & CHEHE?

User # touch a

File System file_create()

|

Disk Emulator diSk_‘A"‘ite_b'OCk()

A : L
v
SDRAM Access Interface  “. RAM_write_block()

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

:2"":.,_ .. b

Seungjae Baek
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36

int MYFS_dir_read()

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

SM_P();

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

offset = 0;

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(" %14s %d", ep->name, ep->size); [/* ep->status == FILE */
offset += sizeof(DIRENTRY_T);
if (offset == 512) {
sector = FAT[sector];
offset = 0;
b
if (1((i+1) % 4)) printk("wn");

bs
printk("Wn");

SM_V();
return(FS_SUCCESS);

ae Baek
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s create, read, write .... 2| &=="7

m cp .Ja.txt /b.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);

=dE cp T2 1E= 0 H 2=0 = OF E0t?

= 0| FS SEXHO0|X $XE= olcAH?
I

Seungjae Baek
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User level
e . e 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,
[ "0 ee— [ " |

/dev/hdaf /dev/hda3

/dev/hda

I Seungjae Baek
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UserApp

User level

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

/dev/hdaf /dev/hda3

/dev/hda

I Seungjae Baek
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VFS
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s VFS At #+2

v #IHES 2 Hl(struct super_block, <linux/fs.>)

Type

Field

Description

struct list head

s list

Pointers for superblocls list

kdev t

s dev

Device identifier

unsigned long

s blocksize

Bloclk size it bytes

unsigned char

s blocksize hits

Bloclk size in toyunber of bits

unsigned char

s dirt

Ivlodified [ duty) flag

unsigned long long

& maxhytes

Ilaszimum size of the files

strucst file system type * s _type Filesystem type

strust super operations * s _op Superblocls methods

strucst dguot operations * dg op Dhigls quota methaods
unsigned long s flags Ivlount flags

unsigned long 5 maglc Filesystem magic munber
struct dentry * s _root Dentry object of mount directory

struct rw_semaphore

2 wumount

Semaphore used for unmounting

struct semaphore

& lock

Superblocls semaphore

int

2 count

Eeference counter

atomic t

5 _active

Secondary reference counter

strucst list head

s dirty

List of modified inodes

strucst list head

g locked inodes

List of inodes mwolved in [0

strucst list head

s files

Lizt of file objects assigned to the superhlock

struct block dewvice *

& hdev

FPointer to the block device dover descriptor

strucst list head

g _lnstances

Pointers for a list of superbloclk objects of a given filesystem type

strust guota mount options

& dguot

Options for disk quota

unlion

11

Specific filesystem mformation

Seungjae Baek
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s 2= superblock object= circular doubly linked list2 HZ&
= list field

v XS

b 22 super_blocks 22| s list2 next® prev0ll M&

\ 4

super_blocks

=2
=7

1

next _|

next

<

s=2
=7/

1

next _|

— >

prev

prev

=2
=7

prev

prev
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[wagic e, |Bdevs | [magic Rae——— |Hdevs | '

CO0199038 ([rootts 1. CO1CESI0  |sockts 1.

— i1 »0 next = 0xCOZEF400 —
read_super () read_super() | —8 r'IEHt = DxCOZEF800 —
CO02400C ramfs_read_super [CO10AEDO ckfs_read_saper [| —>B next = 0xCOZEFCO0 —» L
next = 0x4C02C5000 —

CO195C 35l flags flags / /EI next = 0xC02C5400 — (

HOMOUNT LITTER HOMOLMT ) E hext = 0xCO02C5800 —

El hext = 04CODE42300 —»

C019901C  |ramfs muunted devices: fted devifes: [ next = OxCOBE4800 — (
C0194028 |msdos device : i E next = 0xC0198958 — (
C0194816C  |[vfat COZEFOOD [ hext = 0=COZEFOO0O,

FEprey = 0xCOBE4200D,

0194308 |nfs
Fprey = 0xCODE4200),

CO1BFDDS  |devpts -7 BuTASK.FS, Typ

Bdevs | Eprey = 0xCO2C530070,
EE%EEP& dev : ?HS Fprey = 0<C02C540070,
) FHprey = 0x<C0O2C500070,

Fprey = 0<COZEFCO0QD,
Fprey = 0<COZEF3007,
Hprey = 0<COZEF4007,
Fprey = 0%COZEFO000D,
Fprey = 0<C01989587,
Hprey = 0xCOBE42007

read_super{)
COO4E3EC  hd_read_super

flags
WOMOLNT

muunted dev1ces

|CD2EF4EID

Imangnc W

COT38FOC |proc 1. CD1;7£E= pipefs 1. ;|
read_superi{) reay/ superil

CO0E4DEd proc_read_super ||[CORSICCE pipEFS_read_/Sdper
flags At 1ags

SINGLE HOMOUNT

COZEFS00 2. [ COZ2C5400 S. pipe:

mnunted devices: mounted devices;
dey ] Foot L«w deyice  root ‘




Super block 24 Al 2} super operations

struct super_operations {
struct inode *C*alloc_inodel{struct super_block *sb);
void (*destroy_inode)(struct inode *J:

void (*read_inode) (struct inode *);

void (*read_inode?) (struct inode *, void *J |

vold (*dirty_inode) (struct inode *3;

void (*write_inode) (struct inode *, int);

void (*put_inode) (struct inode *),

void (*delete_inode) (struct inode *J;

void (*put_super) {struct super_block *J;

void (*write_super) (struct super_block *3;

int (*sync_fs) (struct super_block *J;

void C*write_super_lockfs) (struct super_block *);
void (*unlockfs) (struct super_block *J;

int {*statfs) (struct super_block *, struct statfs *);
int (*remount_fs) (struct super_block *, int *, char *J;
vold (*clear_inode) (struct inode *3;

void (*umount_begin) (struct super_block *3;

struct dentry * (*fh_to_dentry)i(struct super_block *sb, _u3? *fh, int Ten, int fhiype, int parent);

int (*dentry_to_fh){struct dentry *, __u3i2 *fh, int *lenp, int need_parent);
int (*show_options)(struct seq_file *, struct vfsmount *);
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VFS' mounted FS system structure *

root
d_subdirs
d_child \
d_cover P ~
d_mount / = \
I . \
dentry dentry I dentry |
d_subdirs -\ d_subdirs | d_subdirs |
d_child [« * d_child [ I » d_child |
d_cover d_cover I d_cover i dentry I
d_mount d_mount | d_mount d_subdirs I
I d_child |
I d_cover I
d_mount I
dentry dentry dentry | |
d_subdirs d_subdirs d_subdirs \ /
d_child = d_child [« d_child NS T -
d_cover d_cover d_cover
d_mount d_mount d_mount
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B192+H'H"| -1|_.IE ==

[rootEembeddedDell ruut]# mkEEFS -fimg

mke2fs 1.32 (089-Hov-2@02)

-.fimg is not a block special device.

Proceed anyway? {y,n) uy

Filesystem label=

0S type: Linux

Block size=182% {log=8)

Fragment size=1824 {(log=8)

2048 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
2848 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.
[rootEembeddedDell root]#

48
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Example — Zt = et

[rootRembeddedDell
[rootRembeddedDell
[FootEembeddedDell
[rootR@embeddedDell

froot/fimg
[rootR@embeddedDell
[root@embeddedDell
=t H 17K

root]# mkdir mnt

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

root i

root]# df -h
Size \Used
386 7.5G
99H 13H
736 656
251H 8
7 .8H 13K

root]# cd mnt

mnt]# 1s -alh

druwxr-xXr—x 3 root root
drw=r-x——— 1 root root
2 root root

[rootR@embeddedDell
[root@embeddedDell
a

[rootRembeddedDell

mnt]# touch a
mnt]# 1s

mnt]#

Avail Use%

296G
82H
h.4G
251H
AL

21%
13%
ou
0%
1%

Mounted on
!

fboot
Fhome
Fdev/shm
froot/mnt

cZ 38 12:06
cZ 38 12:087
cE 30 12:06

= Block Size= 2048 £2,409622 0tS

O
AA

=7

49
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Inode 24 X >0

v 0t0l= & 24X (struct inode <linux/fs.h>)

Type Field Description
struct list head i_hash FPointers for the hash lst
struct list head i list FPointers for the mode list
struct list head i _dentry Pointers for the dentry list

struct list head

i dirty buffers

Fointers for the modified buffers list

struct list head

i dirty data bhuffers

Pointers for the modified data buffers list

unaigned long i ino inode munber

unsigned int i_count [Jsage counter

kdev t i dev Device identifier

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

uid t i uid Crarner identifier

gid t i gid Group identifier

kdev t i rdew F.eal device identifier

off t i size File length i bytes

time t i_atime Timne 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
unsigned long i_blocks Murmber of blocks of the file
unsigned long 1_wversion Wersion munber, automatically incremented after sach use

struct semaphore

1 =em

inode semaphore

struct semaphore

1 zomhie

secondary inode semaphore used when removing or renaming the inode
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51

struct inode operations * i op iade operations

struct file operations * i fop Ciefault file operations

struct super block * i =h Pointer to superhlock object

walt gqueue head 1 wailt inode wat queue

struct file lock * i flozk FPomter to file lock list

struct address space * 1 _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 inade disk quotas

struct list head i devices Pointerz of a hist of block dewice file inades (zee Chapter 13)
struct pipe inode info * i pipe Uszed 1f the file 1z a pipe (zee Chapter 19

struct block dewvice * i bdewv Pointer to the block dewice dowver

struct char device * i edev Pointer to the character dewice drowver

un=signed long

i _dnotify mask

Bit mask of directory notify events

struct dnotify struct * 1 dnotify [sed for directory notifications
unsigned long i state inode state flags

unsigned int i flags Filesystem mount flags
unsigned char i sock Manzero if file is a soclet

atomic

t

i writecount

UUszage counter for writing proceszes

unsigned int

i attr flags

File creation flags

. _uSE

1 generation

inade wersion mumnher (used by zome filesystems)

union

u

apecific filesystem miormation
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Inode 28 Al 2t inode operatoins

* inodeZ & AE2 inode operations X0l &0Fi opE &Gl

struct inode_operations £
int {*create) {struct inode * struct dentry *,intl;
struct dentry * (*lookupd (struct inode *,struct dentry *3;
int {*T1ink> {(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 *,int);
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_1ink) (struct dentry *, struct nameidata *J;
vold (*Truncatel (struct inode *3;
int {*permission) (struct inode *, intl;
int (*revalidate) (struct dentry *3;
int {*setattr) (struct dentry *, struct jattr *3;
int {*getattr) (struct dentry *, struct jattr *3;
int {*setxattr) {struct dentry *, const char *, void *, size_t, intl;
ssize_t (*getxattr) {(struct dentry *, const char *, void *, size_t3;
szize_t (*listxattry (struct dentry *, char *, size_t3;
int {*removexattry (struct dentry *, const char *3;
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53

v IO 24Xl (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 associated with the file

struct vismount *

f vismnt

Ilounted filesystem containing the file

struct file operations * f op Pointer to file operation table
atomic t f count File object's usage counter
unsigned int f flags Flagz specified when opening the file
mode t f mode Process access mode

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

unsigned long f ramax Mlasarmumn 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 Mumber of read-ahead pages

struct fown struct f owner Diata for asynchronous A0 wa signals
unsigned int f uid Uzer'zs UID

unsigned int f gid Uzer'zs 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

Descriptor for direct access buffer (see Section 15.2)

long

f ichuf lock

Loclk for ditect [FO transfer
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File 25 M| 2t file operations

= IOl CHSE A A2 file_operations & XUl & 0F f op0il

* Joff_t, int);
. > * char *, size_t, Toff_t *3);
rite) {struct file *, const char *, size_t, Toff_t *);
struct file *, void *, £il1ldir_t);
311W fsttuct file *, struct poll_table_struct *);
* struct file unsigned int, unsigned long):

Lstruct +11:
(struct ino

* gtruct file *);
truct file *, struct dentry *, int datasyncl;
(int, struct file *, int);
struct file *, int, struct file_l 4]
(struct file *, const struct fovec *, unsigned long, Toff_t *J;
{struct file *, const struct i * unsigned long, loff_t *):
dpagel {(struct i , struct pi , dint, size_t, lToff_t *, int);

t_unmapped_areai{struct file *, unsigned long, unsigned long, unsigned long,

54

unsigned long);
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55

v CIAE 2| 24Xl (struct dentry <linux/dcache.h>)

= (&L AELCES HLZ2l= &2 7, VFSIt dentry -+ 2 M 2] C] ¢l
Ec| BMl= ¢Het
= PO} &4 d=82 2= 24 40 Uoll T HES XA 4
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 lst of dentry objects mncluded m parent directory

struct list head

d subdirs

For directories, lst of dentry objects of subdirectories

struct list head

d alias

List of'associated inodes (alias)

int d mounted Flag =zet to | if and only if the dentry 15 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_=h auperblock object of the file

unsigned long d vis flags Dentry cache flags

volid * d fadata Filesystem-dependent data

unsigned char * d iname mpace for short filename
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Dentry 24 Xl 2t dentry operations

= dentry 24 &0l CHSt A AHE dentry_operations2 =X 0l &0t d_op E
S 0l, CHOH NULLE!

struct dentry i
atomic_t d_count;
unsigned int d_flags;
struct inode * d_ 1ﬂndH /* Where the name belongs to - NULL is negative */
struct dentry * d_pa s /* parent directory */
struct 1Tist_head d_hash; /* lookup hash Tist */
struct list_head d_Tru; /* d_count = 0 LRU list */
struct Tist_head d_child; /* child of parent list */
struct Tist_head d_subdirs; /* our children */
struct Tist_head d_alias; /* inode alias list */
int d_mounted;
struct gstr d_name;
unsigned long d_time; /* used by d_revalidate */
struct dentry ratic ;
struct super_ ; /* The root of the dentry tree */
unsigned long d_wvfs_flags;
void * d_fsdata; /* fs-specific data */
unsigned char d_iname[DMNAME_IMLIMNE_LEMN]; /* small names */
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Linux2l I} 1Ak P& 24 (1/5) 5

s U AL file operations
s inode &4t inode operations

struct task struct
/* include/linux/sched.h */

struct files struct *files;

struct file

/* include/linux/fs.h*/ struct dentry
* 3 3 *
struct files [struct struct file *f_next, **f pprev; /* include/linux/dcache.h */

3 % 3 .
atomic t count; struct file operations *f op; struct inode *d_inode;
int max fds; mode t f mode; \
struct file *fd_array]] ; loff_t f pos; struct inode
fd_set close on_exec; unsigned int f_count, f_flags; /* include/linux/fs.h */
............... int i_imL

struct inode operations
i_op
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task_struct@t VFS2| 24 X

task_struct file_struct /* include/linux/fdtable.h */

fles |

fd[0]
fs fd[1]
fd[2]
fd[3]

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

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

inode /* include/linux/fs.h */

root ]

pwd file dentry

task_struct file_struct

;;;es //

fs L) super_block /* include/linux/fs.h */
fd[2]
fd[3]
fd[4]




59

Ut OIE H Ol A
s HE Alg 24 2HY
fork open same file
file_struct fil
inode lle_struct .
task_struc : task_struct inode
Sycl— - e === file
parent 1 parent > q
st tfile_st uct /
task_struc /
// // i
7 file
child

><how about dup?
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Linux2l THY 1A D& 24 (2/5) o

/* fs/open.c */

@ System call layer

- get unused fd flags()
- do_filp_open()
- fd install(fd, f)

/* fs/mamei.c */

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

\/ Specific File layer

T

fifo open e ...........................................

blkdev_open() nfs_file open()
chrdev_open()
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61

=4 (3/9)

L I
s struct file_operations 2 : (st It RalsS 2= QIHHIO|AZ X[&

NFS

ext2 file system

/* fs/ext2/file.c */

/* fs/nfs/file.c */ -

NULL,
nfs_file read,

nfs_file write

NULL, NULL,
NULL,

nfs_file_ mmap

nfs_file open,

ext2 file Iseek,
generic_file read,

ext2 file write
NULL, NULL,

ext2 file ioctl

generic_ﬁ_leifﬁ_map

“struct file_operations
/* include/linux/fs:h */
| lseek()

| read()
write()
| readdir()
| poli()
ioctl()
mmap()
open()
.| flush()
3 release()

fsync()

socket
/* net/socket.c */

" no lseek

..... SOCk_pOll

sock readv

sock writev
NULL

soék:i_gptl

2A & x| I
sock_mmiap,_ Fex e

‘'sock no op

-, [* fs/char_dev.c */

noop_llseek,

chrdev_open

/* fs[h.loél{dev.c */

fasync()

pipe_lseek,

pip¢ read,
pipe_write

NULL, pipe_poll,
pipe_ioctl,

NULL,

fifo_open, ...

'Blﬂaev_close,

... blkdev_open,

blkdev_llseek,
block ioctl,
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/* fs/read write.c */

62

= & (4/5)

System call handling layer

sys_read()
1 - file->f_op->read VFS layer
/* mm/filemap.c */ tty_read() Specific File layer
generic_file read_iter()
- try to find page in cache, if (hit) OK.
- inode->i_op->readpage()
nfs_readpage() o Nere v coda_readpage() ) Specific FS layer

/* fs/ext2/inode.c */ generic_readpage()

ext2 bmap()

"/ driver/block/ll_rw_blk.c */

11_rw_block()

/* fs/ufs/inode.c %/

Device Driver layer
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s structinode operations -+ : Ct&fst Ot

fs/pipe.c

Linux2| U<

fs/ext2/file.c

ext?2_file_operations,

NULL, NULL,
NULL, NULL,

generic_readpag‘é

NULL
ext2_bmag.,--""

rdwr_pipe_fops,
NULL, NULL,
NULL, NULL,

fs/device.c

def_blk_fops, .

NULL, NULL,
NULL, NULL,

of A

-

include/linux/fs.h .~

struct inode_operation {

def_file_operation
create(),
lookup(),
link(),
unlink(),
symlink(),
mkdir(),
rmdir(),
mknod(),
renamel(),
readlink(),
followlink(),
readpage(),
writepage()
bmap(),
truncate(),

ooooooo

2

NES

&l
=]

Rl
1z

o2t )

U0

fs/ufs/file.c

5/5)

CIEHH Ol A= A&

ufs_file_operations,
NULL, NULL,

“NULL, NULL,

generic_mr”"e”'adp‘age
NULL ’
ufs_bmap,

63

.. fs/nfs/file.c

| %éfs/dos/files.

Qdos_file_operation..-

NULL, NULL,
NULL;"NULL,

dos_readpage,
dos_writepage,

. NULL,

nfs_file_operations,
NULL, NULL,
NULL, NULL,

nfs_readpage
nfs_writepage
NULL
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s register filesystem()

int register_filesvstem{struct file_system_tvpe * =)

int res = 0
struct file_system_type **

it (1fs) tCt. file_system_type XAl
FEtl”"" — 6“—" iH‘?’-I—DIC-J—J_ i%ﬁ"@ :'EJ'
if (fes—rnext)
return - R
IMNIT_LIST_HEADC&Efs-:Ts_supers);
______ =_svystems_lock);
b = find_filesystem{fs-:namel;
it C*pod

2lse

p o= fs;
write_unlock{&fFile_svystems_lock);
return res;
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TTILOI H == 65
LA AEH S=
Ol file_system_type X2 LSS OtcH et 2Lt read_super 2E= AIH E52 e &5 XN EGH

truct file_svstem_type £
const char *name;
int fs_flags,
struct super b1u.+ *CFread_super) (struct super_block *, woid *, int);
struct moc * ;
struct file_system_tvpe * next:
struct Tist_head fs_supers;

L F - rname  name
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=
19
=
| >
L
il
I

2EHE=E BE MHAZ =X 28 25 DECLARE_FSTYPE() 2= E AIS&StCH &0 2HEGHCEH

struct

name :
read_super:
ts_ftlags:

owner .
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Example(17/19)-FS I &

s FSE ModuleYElZ K& SHCHE?

67

/* NEB_super.c */

static DECLARE_FSTYPE(neb_type, "neb", neb_read_super, FS_SINGLE);
static int ___init init_neb(void)

{
return register_filesystem(&neb_type);

by

int init_module(void)

{
dprintk("<0>9%s:%s(%d)Wn",___FILE_ , _ FUNCTION_ , _ LINE_ );
return init_neb();

by
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Example(18/19)-FS kAl £ 68

s UserJlt mount3d=2 LH2|H ?

static struct super_block *neb_read_super(struct super_block *sb, void *data, int silent)

{

dprintk("<0>%s:%s(%d)Wn",__FILE__, __FUNCTION__, _LINE_);

struct inode *root_inode;
int vol, err;

dev_t dev;

neb_file_id_t fid;
unsigned long tmp;

vol = MINOR(sb->s_dev) & 0x7;
dev = MKDEV(MAJOR(sb->s_dev), MINOR(sb->s_dev)-vol);

if ((err = _neb_mount_vol(dev, vol-1)) < 0) {
printk("<0> %s: _neb_mount_vol failed: %dWn", _ FUNCTION__, err);
goto neb_sb_errl;

}

// read_super? 2IXt2 &0 super block L 2IE sbiil file system specific st 322 J|
if ((err = _neb_read_super(dev, vol-1, &sb->u.neb_sb)) < 0) {
printk("<0> %s: _neb_read_super failed: %dwWn", _ FUNCTION__, err);
goto neb_sb_errl;
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Example(19/19)-FS kAl £ %9

[/ LIHX sb 2 32 M3
sb->s_blocksize = sb->u.neb_sb.cluster_size;
sb->s_blocksize_bits = 0;
tmp = sb->s_blocksize;
while (tmp > 1) {
sb->s_blocksize_bits++;
tmp >>=1;

}

sb->s_maxbytes = OXFFFFFFFF; // maximum file size

sb->s_magic = NEB_MAGIC; sb->s_op = &neb_ops; sb->s_dirt = 0;

/] X2 = fidOICHD} root directory?l inode 2 E J| &

fid.dev = dev; fid.vol = vol-1;

fid.parent_first_block = sb->u.neb_sb.root_cluster;

fid.dir_first_block = sb->u.neb_sb.root_cluster;

strcpy(fid.filename, ".");

if ((err = _neb_lookup(&fid)) < 0) {
printk("<0>9%s: _neb_lookup failed: %dWn", _ FUNCTION__, err);
goto neb_sb_errl; 3}

/] root_inode (il root dir 2 ¥ &! inode &%

root_inode = iget4(sb, sb->u.neb_sb.root_cluster, (find_inode_t) _neb_find_actor,

(void *) &fid);

if (root_inode) goto neb_sb_errl;

// root_inode E 2|5t dentry& &

if (1(sb->s_root = d_alloc_root(root_inode))) goto neb_sb_err2;
return sb;

¥
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Example(1/3)- Lock & & 70

Process AUl A fentl()OI L flock()& =2 AtEZot( IOt
a.txt0fl lock= 21 Ch

Process AJt fork()ot 4 Process AE 284 et}
Process AJt It a.txtOl &2 ot otH?

Process AJ| It a.txtlil lock=S & 2 S
Lt H S RAAM vi HED|Z a.txtE HESIAH L) 61EH?
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Example(2/3)- Lock & &

= Advisory lock(POSIX : fentl(), BSD : flock())

/1

= OSSOt S8 T2 NI A0 25 LockingE! IOl CHot A &tst A= 2
S XGHE, CHE Z2 NI A0 2/6H Locking®! 0l CHotod MO E &
AN e Hds 2

» U2 N A= advisory locks £ Alot) H&Est Hst0] /LA LockE

IO MIIE & = US
» Mandatory lock(System V Release 3 : lockf())

» SE IZANAIEZoHE PO'OH CHoll lockE < BtotKl 2 =ItE

A Ao ?loll kernel2 ot 2 open, read, writeE Z Atot= 24
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