Linux

Linux
Linux
Windows Linux Linux
8.1
Virual Filesystem Switch VES
VFS
Ext2 Minix MSDOS VFAT
VFS VFS Ext2 Minix MSDOS
1
Linux VFS
VFS VFS
VFS Linux
8.1
VFS file_operatoin
Linux
VFS

1

2 write open stat link

3

4
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8.1 Linux
VFS Linux 8.1  Linux
8.1 Linux
Minix Linux 64MB
14
Ext 1 Linux 2GB 255
Xiafs Minix Minix
Ext2 Linux
Ext3 Ext3 Ext2
System V UNIX Minix
NFS
1SO 9660
/proc
Msdos DOS UNIX
UMSDOS MSDOS Linux
Vfat fat
Ntfs Windows NT
Hpfs 0s/2
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2 VFS

8.2 VFS
VFS
mknod( )

ioperm( ) ioctl( ) pipe( )
VFS

socket( ) connect( ) bind( ) protocols( )

8.2 VFS

mount( )/ umount( )

sysfs( )

statfs( )/ fstatfs( ) /ustat( )

chroot( )

chdir( ) /fchdir( ) /getcwd( )

mkdir( ) /rmdir( )

getdents( ) /readdir( )/ link( ) unlink( )
/rename( )

readlink( ) /symlink( )

chown( ) /fchown( ) /lchown( )

chmod( )/ fchmod( ) Zutime( )

stat( ) /fstat( ) /lIstat( ) access( )

open( ) /close( ) /creat( ) /umask( )

dup( ) /dup2( ) /fentl( )

select( ) /poll( )

1/0

truncate( ) /ftruncate( )

Iseek( ) /_llseek( )

read( )/ write( ) /readv( ) /writev( )
sendfile( )

1/0

pread( )/ pwrite( )

mmap( ) /munmap( )

fdatasync( ) /fsync( ) /sync( )/ msync( )

flock( )

VFS
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VFS
Iseek()
VFS
8.2
C++
o superblock
o inode
o dentry
“/,’
test 3
o file
[ ]
° (X3 Y
VFS
8.2.1
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UNIX

FCB

tmp

VFS

VFS € 7z

Linux

VFS
/tmp/test
2 /tmp

Minix Ext2



VFS Ext2 VFS

VFS

VFS VFS VFS
VFS inculde/fs/fs.h super_block

struct super_block

{
/************
kdev_t s_dev; /*
/dev/hdal 0x301*/
unsigned long s_blocksize; /*
*/
unsigned char s_blocksize bits; /*
1024 10*/
unsigned long long S_maxbytes; /* */
unsigned long s_flags; /* */
unsigned long s_magic; /*
*/
/************** /
struct list_head s_list; /* */
struct semaphore s_lock /*
*/
struct rw_semaphore s_umount /* */
unsigned char s_dirt; /* */
struct dentry *s_root; /* */
int s_count; /* */
atomic_t s_active;
struct list_head s_dirty; /* */
struct list_head s_locked_inodes;/* */
struct list_head s_FTiles
/*********** /
struct file_system_type *s_type; /*
file_system_type */
struct super_operations *s_op; /*
*/
struct dquot_operations *dg_op; /*
*/
u; /*
fsname_sh_info */
b
super_blocks
s_list next prev s_list struct list_head
s_dirty

s_list
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8.2 list_head next
s_list s_list s_list
super_block
next |\ | next next |\ | next
prev prev prev prev
8.2
u
union {
struct Minix_sb_info Minix_sb;
struct Ext2_sb_info Ext2_sb;
struct ext3 sb_info ext3_sb;
struct hpfs_sh_info hpfs_sb;
struct ntfs_sb_info ntfs_sb;
struct msdos_sb_info msdos_sb;
struct isofs_sb_info isofs_sb;
struct nfs_sb_info nfs_sh;
struct sysv_sb_info sysv_sbh;
struct affs_sb_info affs_sb;
struct ufs_sb_info ufs_sb;
struct efs_sb_info efs_sb;
struct shmem_sb_info shmem_sb;
struct romfs_sb_info romfs_sb;
struct smb_sb_info smbfs_sb;
struct hfs_sb_info hfs_sbh;
struct adfs_sb_info adfs_sb;
struct gnx4_sb_info gnx4_sb;
struct reiserfs_sb_info reiserfs_sb;
struct bfs_sb_info bfs_sbh;
struct udf_sb_info udf_sb;
struct ncp_sb_info ncpfs_sb;
struct usbdev_sb_info ushdevfs sb;
struct jffs2_sb_info Jffs2_sbh;
struct cramfs_sb_info cramfs_sb;
void *generic_sbp;
}u;
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VFS
s dirt
Linux
S_0op
8.2.2 VFS
VFS
VFS Ext2
inode /includ/fs/fs.h 2.4.x
struct inode
{

/********** ****************/
struct list_head i_hash; * */
struct list_head i_list; /* */
struct list_head i_dentry;/* */

struct list_head
struct list_head

i_dirty_buffers;
i_dirty_data_buffers;

/********** ****************/
unsigned long i_ino; /* */
kdev_t i_dev; /* */
umode_t i_mode; /* */
nlink_t i_nlink; /* */
uid_t i_uid; /* */
gid_t i_gid; /*
kdev_t i_rdev; /* */
off_t i_size; /*
unsigned long i_blksize; /* */
unsigned long i_blocks; /* */
time_t i_atime; /* */
time_t i_mtime; /* */
time_t i_ctime; /* */
unsigned long i_version; /* */
struct semaphore i_zombie; /* */
/*********** * * * * /

*/

*/

super_operations

VFS
VFS
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struct inode_operations *i_op; /* */
struct super_block  *i_sb; /* */
atomic_t i_count; /* 0
*/
struct file_operations *i_fop; /* */
unsigned char i_lock; /* */
struct semaphore i_sem; /* */
wait_queue_head_t *i_wait; /* */
unsigned char i_dirt; /*
*/
struct file_lock *i_flock; /* */
struct dquot *1_dquot[MAXQUOTAS]; /* */
/************ **********************************/
struct address_space *i_mapping; * */

struct address_space i_data;

/********** ****************************************/
struct list_head i_devices; /* */
struct pipe_inode_info i_pipe; /* */
struct block_device *i_bdev; /* */
struct char_device *i_cdev; /* */
/ /
unsigned long i_dnotify_mask; /* Directory notify events */

struct dnotify_struct *i_dnotify; /* for directory notifications */

unsigned long i_state; /* */
unsigned int i_flags; /* */
unsigned char i_sock; /* */
atomic_t i_writecount; /* */
unsigned int i_attr_flags; /* */
_u32 i_generation /* */
/************************* ********************/
union /*
fsname_inode_info */
}
inode
o inode inode i_ino
inode
[ ]
inode i_uid i_gid
e inode i_dev i_rdev
i_dev
i_rdev
o inode inode
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i_state I_DIRTY < =

i_state 1_LOCK I_FREEING
1 inode_unused  next prev
2 inode_in_use
3 s_dirty
3 i_list

inode _hashtable

i_hash
inode_operations
i_op
8.2.3
inode dentry directory
enrty dentry d_inode inode
inode dentry “c
7z dentry
inode
Ext2
Ext2_ inode
dentry include/linux/dcache.h
struct dentry {
atomic_t d_count; /* */
unsigned int d_flags; /* */
struct inode * d_inode; /* */
struct dentry * d_parent; /* */
struct list_head d_hash; /* */
struct list_head d_Iru; /* LRU */
struct list_head d_child; /* */
struct list _head d_subdirs; /* */
struct list_head d_alias; /* */
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int d_mounted; /* */
struct gstr d_name; /* */
unsigned long d_time; /* d_revalidate */
struct dentry_operations *d_op; /* */
struct super_block * d_sb; /* */
unsigned long d_vfs_flags;
void * d_fsdata; /* */
unsigned char d_iname[DNAME_INLINE_LEN]; /* */
}:
dentry
dentry inode
dentry
d_inode inode inode
dentry
link inode i_dentry
dentry d_alias inode
i_dentry
dentry_hashtable list_head
dentry dentry d_hash
dentry_unused count 0 dentry
d lru
Dentry d alias d hash d_lIru d vfsmnt d_child
d_subdir d_vfsmnt dentry
dentry d _child d_subdirs
d_parent dentry dentry
d_subdirs
8.2.4
1
Linux file descriptors Td
Linux NR_OPEN
fs.h 1024>=<1024 2.0 256
32
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LSEEK
Linux file
open file description
VFS
Linux
LSEEK
file
file file
A shell script shell shell
1 0 A
2KB 2KB shell
shell file 2 2KB
1 shell 2
1
file
file
file NR_FILE fs.h
8192
file include\linux\fs.h
struct file
{
struct list_head f _list; /* */
struct dentry *f_dentry; /* */
struct vfsmount *f_vfsmnt; /* VFS */
struct file_operations *f_op; /* */
mode_t f mode; /* */
loff_t f _pos; /* */
unsigned short f_flags; /* */
unsigned short f_count; /* */
unsigned long f_reada, f_ramax, f _raend, f_ralen, f_rawin;
/*
*/
int f_owner; /* 170 */
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unsigned int f_uid, f gid; /*
int f_error; /*
unsigned long f_version; /*
void *private_data;
}:
. ®= & 7
f _count
free list
10
. ®= & a4
f_count NULL
VFS
2

files_struct

include/linux/sched.h
struct files_struct {

atomic_t count; /*
rwlock_t file_lock; /*
tsk->alloc_lock */
int max_fds; /*
int max_fdset; /*
int next_fd; *
struct file ** fd; /*
fd_set *close_on_exec; /* exec
fd_set *open_fds; /*
fd_set close_on_exec_init;/* exec
*/
fd_set open_fds_init; /*
struct file * fd_array[32];/*
}:
fd
files_struct fd_array 32
32
max_fds
fd
descriptor 1
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ulb  GID*/

*/

*/

/* tty */

NULL
NR_RESERVED_FILES

anon_list
get_empty Filp( )

NR_RESERVED_FILES

files_struct
files_struct

*/
*/
*/
1*/
*/
*/
*/
*/
*/
max_fds fd
fd
file
0 2



1 3 2

8.3 dup() dup2() fentl)
shell 2>81
open_fds open_fds_init open_fds_init
max_fdset fd_set 1024
fget() fd

current->files->fd[fd]
fd NULL 1 fget() f_count

1
stdin 0
- >
std!n 1 — ]
stdin 2
3 (il
8.3
fput()
T _count NULL
i_writeaccess “
3 fs_struct
fs_struct 2.4 include/linux/sched.h
struct fs_struct {
atomic_t count;
int umask;
struct dentry * root, * pwd;
}:
2.4 include/linux/fs_struct.h
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struct fs_struct {
atomic_t count;
rwlock_t lock;
int umask;
struct dentry * root, * pwd, * altroot;
struct vfsmount * rootmnt, * pwdmnt, * altrootmnt;

¥
count fs_struct umask umask
fs_struct dentry root pwd altroot
root dentry
pwd altroot
3
e 7 Ext2 msdos
DOS fs_struct rootmnt pwdmnt  altrootmnt
3 vfsmount
8.2.5
fs_struct
files_struct file 8.4
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fs struct

dentry
count
task struct ek d_inode 1B B FHIinode
------ *root
fs *pwr d dentry
files \
...... \files_sMct d_inode T—— 47T B FHincde
count
close_on_exed _ inode
Fa[0] _ file dentry
/ f mode
fd[1] f_pos d_inode - urion
______ f flags d_op ' Lop
Fd[255] f_count file operation
f owner
f_dentry
fop
8.4
8.2.6
VFS VFS
VFS
Linux
Linux
VFS Linux
VFS 8.5 VFS
VFS
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AT ENEIESE Y

S R
’,’
FSIHER StA R TR
8.5 VFS
VFS
1
super_operations
S_op fs.h
/%

* NOTE: write_inode, delete_inode, clear_inode, put_inode can be called
* without the big kernel lock held in all filesystems.

*/

struct super_operations {
void  *read_inode struct inode * ;
void  *read_inode2 struct inode *, void * ;
void  *dirty_inode struct inode *
void  *write_inode struct inode *, int ;
void  *put_inode struct inode * ;
void  *delete_inode struct inode * ;
void  *put_super struct super_block * ;
void  *write_super struct super_block * ;
void  *write_super_lockfs struct super_block * ;
void  *unlockfs struct super_block * ;
int *statfs struct super_block *, struct statfs * ;
int  *remount_fs struct super_block *, int *, char * ;
void  *clear_inode struct inode * ;
void  *umount_begin struct super_block * ;

8.3
8.3
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Read_inode(inode)

inode inode i_no

inode inode

Dirty_inode(inode)

inode

Write_inode(inode)

inode inode 1inode i_ino

Put_inode(inode)

Delete_inode(inode)

VES

Notify_change(dentry,
iattr)

iattr

VFS write_inode( )

Put_super(super)

Write_super(super)

Statfs(super,
bufsize)

buf, buf

Remount_fs(super,
data)

flags,

Clear_inode(inode)

put_inode

Umount_begin(super)

inode_operations

inode_operations VFS

fs.h

struct inode_operations {

int *create struct inode *,struct dentry *,int ;

struct dentry *  *lookup struct inode *,struct dentry * ;
int  *link struct dentry *,struct inode *,struct dentry * ;
int  *unlink struct inode *,struct dentry * ;

int  *symlink struct inode *,struct dentry *,const char * ;
int  *mkdir struct inode *,struct dentry *,int ;

int  *rmdir struct inode *,struct dentry * ;

int  “*mknod struct inode *,struct dentry *,int,int ;

int *rename struct inode *, struct dentry *,

struct inode *, struct dentry * ;

int *readlink struct dentry *, char *,int ;

int  *follow_link struct dentry *, struct nameidata * ;
void *truncate struct inode * ;
int  *permission struct inode *, int ;
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int “*revalidate
int *setattr
int *getattr
};
8.4
8.4

struct dentry * ;
struct dentry *, struct iattr * ;
struct dentry *, struct iattr * ;

Create(dir, dentry, mode)

dentry

Lookup(dir, dentry)

dentry

Link(old_dentry,
new_dentry)

dir,

new_dentry dir

old_dentry

unlink(dir, dentry)

dir dentry

symlink(dir, dentry, symname)

mkdir(dir, dentry, mode)

mknod(dir,
rdev)

dentry, mode,

dir

mode rdev

rename(old_dir, old_dentry,
new_dir, new_dentry)

old_dir new_dir

new_dentry

old_dentry

readlink(dentry, buffer,

buflen)

dentry buffer

follow_link(inode, dir)

inode
dir

truncate(inode)

inode

inode i_size

permission(inode, mask)

inode

reval idate(dentry)

Setattr dentry attr

Getattr dentry attr

msdos

fs/msdos/namei .c

struct inode_operations msdos_dir_inode_operations = {

create:
lookup:
unlink:
mkdir:

- 306 -

msdos_create,
msdos_lookup,
msdos_unlink,
msdos_mkdir,



rmdir: msdos_rmdir,
rename: msdos_rename,
setattr: fat_notify_change,

dentry_operations

include/linux/dcache.h
struct dentry_operations {

int *d_revalidate struct dentry *, int ;
int  *d_hash struct dentry *, struct gstr * ;
int *d_compare struct dentry *, struct gstr *, struct gstr * ;
int *d_delete struct dentry * ;
void *d_release struct dentry * ;
void  *d_iput struct dentry *, struct inode * ;

8.5

8.5

d_revalidate(dentry) b

d_hash(dentry, hash) dentry hash
hash

namel dir VFS

d_compare(dir, namel,

name2) MS-DOS

d_delete(dentry) VES d_count 0

slab

d_release(dentry) VES

VES

d_iput(dentry, ino) iput()

file_operations fs.h
/*
813 * NOTE:
814 * read, write, poll, fsync, readv, writev can be called
815 * without the big kernel lock held in all filesystems.
*/
struct file_operations {
struct module *owner;
loff_ t *llseek struct file *, loff_t, int ;
ssize t  “*read struct file *, char *, size t, loff t * ;
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ssize_t *write struct file *, const char *, size_t, loff t * ;
int  *readdir struct file *, void *, filldir_t ;
unsigned int *poll struct file *, struct poll_table_struct * ;
int *ioctl struct inode *, struct file *, unsigned int, unsigned long ;
int  *mmap struct file *, struct vm_area_struct * ;
int  *open struct inode *, struct file * ;
int  *flush struct file * ;
int “*release struct inode *, struct file * ;
int *fsync struct file *, struct dentry *, int datasync ;
int *fasync int, struct file *, int ;
int  *lock struct file *, int, struct file _lock * ;
ssize_ t *readv struct file *, const struct iovec *, unsigned long, loff t * ;
ssize_t *writev struct file *, const struct iovec *, unsigned long, loff t * ;
ssize_t  *sendpage struct file *, struct page *, int, size t, loff_t *, int ;
unsigned long  *get_unmapped_area struct file *, unsigned long, unsigned long,
unsigned long, unsigned long ;
}:
VES
8.6
8.6
THIS_MODULE
Owner
I1seek(file, offset,
whence)
read(file, —buf, count, offset count *offset
offset)
write(file, buf, count
( ’ ’ ’ *offset count *offset
offset)
readdir(dir, dirent, dir dirent
filldir) filldir
poll(file, poll_table)
ioctl(inode, file, cmd,
arg)
mmap(file, vma)
open(inode, file)
flush(fil
ush(file) f_count
release(inode, file
( ’ ) f_count 0
fsync(file, dentry) file
fasync(file, on) 1/0
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check_media_change(dev)

CD-ROM

revalidate(dev)

lock(file, cmd, file_lock) file

readv(file, iovec, count, read() readv
offset)
Writev(file, buf, iovec, write() writev()
offset)
VFS file_operations
2.2 2.4 file_operations
2.2 NULL
struct file_operations device_fops = {
NULL, /* seek */
device_read, /* read */
device_write, /* write */
NULL, /* readdir */
NULL, /* poll */
NULL, /* ioctl */
NULL, /* mmap */
device_open, /* open */
NULL, /* flush */
device_release /* release */
}:
C 2.4 gcc
struct file_operations device_fops = {
read : device_read, /* read */
write : device_ write, /* write */
open : device_open, /* open */
release : device_release /* release */
}
8.3.1
Linux
buffer_cache
1 buffer_head 2
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8.6

buffer_head

8KB

8.6

buffer-head include\linux\fs.h

/*

*
*
*
*
*
*
*
*
*

*/
stru

unsi
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Try to keep the most commonly used fields in single cache lines 16

bytes to improve performance. This ordering should be
particularly beneficial on 32-bit processors.
We use the first 16 bytes for the data which is used in searches
over the block hash lists ie. getblk and friends
The second 16 bytes we use for Iru buffer scans, as used by
sync_buffers and refill_freelist . --sct
ct buffer_head {
/* First cache line: */
struct buffer_head *b_next; /* */
unsigned long b_blocknr; /* */
unsigned short b_size; /* */
unsigned short b_list; /* */
kdev_t b_dev; /* B_FREE = free
atomic_t b_count; /* */
kdev_t b_rdev; /* */
unsigned long b_state; /* */
gned long b_flushtime; /* */

*/



struct buffer_head *b_next_free;/* Iru/free */

struct buffer_head *b_prev_free;/* */
struct buffer_head *b_this_page;/* */
struct buffer_head *b_reqgnext; /* */
struct buffer_head **b_pprev; /* */
char * b_data; /* */
struct page *b_page; /* bh */
void *b_end_io struct buffer_head *bh, int uptodate ; /* 1/0 */
void *b_private; /* b_end_io */
unsigned long b_rsector; /* */
wait_queue_head_t b _wait; /* */
struct inode * b_inode;
struct list_head b_inode_buffers; /* inode */
b
fs.h

/* bh state bits */
enum bh_state bits {

BH_Uptodate, /* 1*/
BH_Dirty, /* 1*/
BH_Lock, /* 1*/
BH_Req, /* 0 */
BH_Mapped, /* 1*/
BH_New, /* 1*/
BH_Async, /* end_buffer_io_async 1/0 1*/
BH_Wait_I0, /* 1*/
BH_launder, /* “c 7z 1*/
BH_JBD, /* journal_head 1*/
BH PrivateStart,/* 1 */

buffer_head b_count

0 0
Linux 5 512 1024 2048
4096 8192 Linux
Linux

Linux 3 include/linux/fs.h
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#define BUF_CLEAN
#define BUF_LOCKED
#define BUF_DIRTY

VFS

buffer_head

Iru-list

LRU

LRU

LRU

Linux

ps
# update -d

bdflush
update

N O

LRU

/*
/*
/*

b_count 1

unused_list

fs/buffer.c

bdflush

update

*/
*/
*/
hash_table
LRU
3 LRU
1/0
b_count 0
free list
bdflush
kflushd
60%

b_count

BUF_DIRTY_LRU

bdflush

500

buffer_head



8.3.2

VFS
inode
fs/inode.c
1
e ““In_use”” i_count >0 i nlink >0 inode
° “dirty,, “in_use” [N 9 E R
e ““unused”” i count =0

static LIST_HEAD inode_in_use
static LIST_HEAD 1inode_unused ;
static struct list_head *inode_hashtable;
static LIST HEAD anon_hash_chain ; /* for inodes with NULL i_sb */

o inode_hashtable 32
inode->i_sb == NULL
anon_hash_chain net/socket.c sock_alloc() ,
fs/inode.c get empty _inode()
anon_hash_chain

o inode_in_use
get_empty_inode() get_new_inode()
o inode_unused next prev
o s_dirty
) inode
static kmem_cache_t * inode_cachep
Slab
i_hash i_list in_use unused dirty
inode_lock
/%

* A simple spinlock to protect the list manipulations.
*
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* NOTE! You also have to own the lock if you change

* the i_state of an inode while it is in use..

*/

static spinlock_t inode_lock = SPIN_LOCK_UNLOCKED;
inode_init()

init/main.c start_kernel() inode_init

inodes_stat t fs/fs.h

struct inodes_stat_t {
int nr_inodes;
int nr_unused;
int dummy[5];
}:
extern struct inodes_stat t inodes_stat
/proc/sys/fs/inode-nr /proc/sys/fs/inode-state

Ext2

fd = open "file”, O_RDONLY ;

close fd ;
open() fs/open.c Sys_open
fs/open.c filp_open() filp_open()
struct file *filp_open const char * filename, int flags, int mode
{
int namei_flags, error;
struct nameidata nd;
namei_flags = flags;
if namei_flags+l & O_ACCMODE
namei_flags++;
if namei_flags & O_TRUNC
namei_flags |= 2;
error = open_namei filename, namei_flags, mode, &nd ;
if lerror
return dentry_open nd.dentry, nd.mnt, flags ;
return ERR_PTR error ;
}

nameidata fs.h
struct nameidata {
struct dentry *dentry;
struct vfsmount *mnt;
struct gstr last;
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unsigned int flags;
int last_type;

Y
dentry mnt
vFsmount
filp_open
1 open_namei() dentry
dentry dentry->d_inode
2 dentry_open() “ 7z file

task_strrct
T _op->open()
open_namei()
path_walk()

file
path_walk()
inode_operations->lookup()
iget(sb, ino)

inode

d_add(dentry, inode)
d_inode inode
symlink() inode
inode i_dentry dentry
inode
iget
iget iget

dentry

vfsmount

dentry inode

dentry

link(Q)
dentry
d alias

iget4(sb, ino, NULL, NULL)

struct inode *iget4 struct super_block *sh, unsigned long ino, find_inode_t find_actor,

void *opaque
{
struct list head * head = inode_hashtable + hash sb,ino
struct inode * inode;

spin_lock &inode_lock ;
inode = find_inode sb, ino, head, find_actor, opaque
if inode {
__iget inode ;
spin_unlock &inode_lock ;
wait_on_inode inode ;
return inode;

}

spin_unlock &inode_lock ;

/*
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* get_new_inode will do the right thing, re-trying the search
* in case it had to block at any point.

*/

return get_new_inode sbh, ino, head, find_actor, opaque

}
e inode inode_hashtable inode_lock
find_ inode inode
super_block
i_count 1 i_count
0 < 7 inode_unused list
inode_in_use inodes_stat.nr_unused
1
o iget4()
o inode
get_new_inode() inode
o get_new_inode() slab inode
inode_lock
__iget
1
sh->s_op->read_inode()
s_op->read_inode()
i_state = | _LOCK read_inode()
8.3.3
4
o VFS
slab
d_count NULL d_inode
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d_count d_inode
[ ]
d_inode NULL
Linux
[ ]
[ ]
i_count
LRU
dentry_unused next prev
i_dentry
d alias
dentry_hashtable
RAM d_hash

LRU

hash

RAM

d Iru
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8.4

8.4.1

VFS
VFS
file_system_type
VFS file_system_type
8.7 file_system_type file_systems
8.7 3 Ext2 proc 1s09660
Tile_system_type
file_system_type fs.h

struct file_system_type {
const char *name;
int fs_flags;
struct super_block * *read_super struct super_block *, void *, int ;
struct module *owner;
struct file_system_type * next;
struct list_head fs_supers;

}:
file_system_type file_system_type file_system_type
file_systems
e name name name
read_super() [|<<ext2? read_super() f<proc” read_super() |[is09660
next next next
8.7
e name
e fs_flags fs.h

/* public flags for file_system_type */
#define FS_REQUIRES_DEV 1
#define FS_NO_DCACHE 2 /* Only dcache the necessary things. */
#define FS_NO_PRELIM 4 /* prevent preloading of dentries, even if
* FS_NO_DCACHE is not set.
*/
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#define FS_SINGLE 8 /* Filesystem that can have only one superblock */

#define FS_NOMOUNT 16 /* Never mount from userland */
#define FS_LITTER 32 /* Keeps the tree in dcache */
#define FS_ODD_RENAME 32768 /* Temporary stuff; will go away as soon
* as nfs_rename will be cleaned up
*/
1 pipe
mount() fs_flags FS_NOMOUNT 1
2 fs_flags
FS_REQUIRES_DEV 1 Ext2 Minix ufs
3 1 (X3 7
super_block super_block
fs_flags FS_SINGLE 1

e read_super

e owner file_system type
module NULL
THIS_MODLUE

e next file_system type

file_systems file_systems_lock
e Ts_supers Linux2.4.10

register_filesystem fs/super.c

**

register_filesystem - register a new filesystem

* @fs: the file system structure
*
* Adds the file system passed to the list of file systems the kernel
* is aware of for mount and other syscalls. Returns 0 on success,
* or a negative errno code on an error.
*
* The &struct file_system_type that is passed is linked into the kernel
* structures and must not be freed until the file system has been
* unregistered.
*/

int register_filesystem struct file_system type * fs
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{
int res = 0;
struct file_system_type ** p;
if Ifs
return -EINVAL;
if fs->next
return -EBUSY;
INIT_LIST_HEAD &fFs->fs_supers ;
write_lock &file_systems lock ;
p = find_filesystem fs->name ;
if *p
res = -EBUSY;
else
*p = fs;
write_unlock &file_systems_lock ;
return res;
}

find_filesystem
static struct file_system type **find_filesystem const char *name
{
struct file_system_type **p;
for p=&file_systems; *p; p=& *p ->next
if strcmp *p ->pame,name ==

break;
return p;
}
write_lock
file_system type
fs/super.c unregister_filesystem()
0
-1

/**
* unregister_filesystem - unregister a file system
* @fs: filesystem to unregister
*
* Remove a file system that was previously successfully registered
* with the kernel. An error is returned if the file system is not found.
* Zero is returned on a success.
*
* Once this function has returned the &struct file_system_type structure
* may be freed or reused.
*/

int unregister_filesystem struct file_system_type * fs

{
struct file_system type ** tmp;

write_lock &fFile_systems_lock ;
tmp = &File_systems;
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while *tmp {
if fs="*tmp {
*tmp = fs->next;
fs->next = NULL;
write_unlock &file_systems_lock ;
return 0;
}
tmp = & *tmp ->next;
}
write_unlock &file_systems lock ;
return -EINVAL;

}
8.4.2
Linux
Ext2
3
$ mount -t is09660 /dev/hdc /mnt/cdrom
1509660 /dev/hdc
/mnt/cdrom
vfsmount
include/linux/mount.h
struct vfsmount
{
struct list_head mnt_hash;
struct vfsmount *mnt_parent; /* fs we are mounted on */
struct dentry *mnt_mountpoint; /* dentry of mountpoint */
struct dentry *mnt_root; /* root of the mounted tree */
struct super_block *mnt_sb; /* pointer to superblock */
struct list_head mnt_mounts; /* list of children, anchored here */
struct list_head mnt_child; /* and going through their mnt_child */
atomic_t mnt_count;
int mnt_flags;
char *mnt_devname; /* Name of device e.g. /dev/dsk/hdal */
struct list_head mnt_list;
}:
o mnt_hash
e mnt_mountpoint dentry dentry

dentry
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e mnt_parent

NULL vfsmount mnt_mounts  mnt_child
vfsmount vfsmount mnt_child
vfsmount mnt_mounts vfsmount
mnt_mounts
e mnt_sb super_blaock
e mnt_list vfsmount
vfsmntlist mnt_list
vfsmount mnt_flags linux/fs.h
/*
* These are the fs-independent mount-flags: up to 32 flags are supported
*/
#define MS_RDONLY 1 /* Mount read-only */
#define MS_NOSUID 2 /* lIgnore suid and sgid bits */
#define MS_NODEV 4 /* Disallow access to device special files */
#define MS_NOEXEC 8 /* Disallow program execution */
#define MS_SYNCHRONOUS 16 /* Writes are synced at once */
#define MS_REMOUNT 32 /* Alter flags of a mounted FS */
#define MS_MANDLOCK 64 /* Allow mandatory locks on an FS */
#define MS_NOATIME 1024 /* Do not update access times. */
#define MS_NODIRATIME 2048 /* Do not update directory access times */
#define MS_BIND 4096
#define MS_MOVE 8192
#define MS_REC 16384
#define MS_VERBOSE 32768
#define MS_ACTIVE 1<<30
#define MS_NOUSER 1<<31
32
MS_NOSUID 1 suid

do_mount()

1
Ext2
ROOT_DEV
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mount mount() sys_mount()
fs/namespace.c

asmlinkage long sys _mount(char * dev_name, char * dir_name, char * type,
unsigned long flags, void * data
{
int retval;
unsigned long data_page;
unsigned long type_ page;
unsigned long dev_page;
char *dir_page;

retval = copy _mount_options type, &type page ;
if retval <0
return retval;

dir_page = getname dir_name ;
retval = PTR_ERR dir_page
if IS_ERR dir_page

goto outl;

retval = copy_mount_options dev_name, &dev_page
if retval <0
goto out2;

retval = copy_mount_options data, &data_page
if retval <0
goto out3;

lock _kernel

retval = do_mount char* dev_page, dir_page, char* type_page,
flags, void* data_page ;

unlock_kernel ;

free_page data_page

out3:

free_page dev_page ;
out2:

putname dir_page ;
outl:

free_page type page ;

return retval;

o dev_name
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dir_name
““Ext2”” ““MSD0S””
data NULL
e copy_mount_options getname()
getname()
““\0~” copy_mount_options

do_mount() do_mount()

SMP do_mount() fs/namespace.c
long do_mount char * dev_name, char * dir_name, char *type_page,
unsigned long flags, void *data_page
{
struct nameidata nd;
int retval = 0;
int mnt_flags = 0;

/* Discard magic */
if flags & MS_MGC_MSK == MS_MGC_VAL
flags &= ~MS_MGC_MSK;

/* Basic sanity checks */

if Idir_name || ' dir_name || !memchr dir_name, 0, PAGE_SIZE
return -EINVAL;

if dev_name && !memchr dev_name, 0, PAGE_SIZE
return -EINVAL;

/* Separate the per-mountpoint flags */
if flags & MS_NOSUID
mnt_flags |= MNT_NOSUID;
if flags & MS_NODEV
mnt_flags |= MNT_NODEV;
if flags & MS_NOEXEC
mnt_flags |= MNT_NOEXEC;
flags &= ~ MS_NOSUID|MS_NOEXEC|MS_NODEV ;
/* ... and get the mountpoint */
if path_init dir_name, LOOKUP_FOLLOW]LOOKUP_POSITIVE, &nd
retval = path_walk dir_name, &nd
if retval
return retval;

if flags & MS_REMOUNT
retval = do_remount é&nd, flags & ~MS_REMOUNT, mnt_flags,
data_page
else if flags & MS_BIND
retval = do_loopback &nd, dev_name, flags & MS_REC
else if flags & MS_MOVE
retval = do_move_mount &nd, dev_name
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else
retval = do_add_mount &nd, type_page, flags, mnt_flags,
dev_name, data_page ;
path_release é&nd
return retval;

MS_MGC_VAL  MS_MGC_MSK

dir_name dev_name dir_name > ““I*dir_name””

memchr()
<e\07”
dev_name
MS_NOSUID MS_NOEXEC ~ MS_NODEV 3 flags
mnt_flags
path_init path_walk dentry dentry
nd dentry
flags MS_REMOUNT 1
“ “ “ 7z do_remount
flags MS_BIND 1 “c i
/dev
/dev/loop0  /dev/loopl do_loopback
flags MS_MOVE 1
do_move_mount
3
do_add mount do_add mount do_kern_mount
fs/super.c

struct vfsmount *do_kern_mount char *type, int flags, char *name, void *data

struct file_system type * fstype;
struct vfsmount *mnt = NULL;
struct super_block *sb;

if Itype || !'memchr type, 0, PAGE_SIZE
return ERR_PTR -EINVAL ;

/* we need capabilities... */
if Icapable CAP_SYS_ADMIN
return ERR_PTR -EPERM ;

/* ... filesystem driver... */
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fstype = get_fs_type type ;
if Ifstype
return ERR_PTR -ENODEV ;

/* ... allocated vfsmount... */
mnt = alloc_vfsmnt ;
if Imnt {
mnt = ERR_PTR -ENOMEM
goto fs_out;
}

set_devname mnt, name ;
/* get locked superblock */
if fstype->fs_flags & FS_REQUIRES_DEV
sb = get_sb_bdev fstype, name, flags, data
else if fstype->fs_flags & FS_SINGLE
sb = get_sb_single fstype, flags, data

else
sb = get_sb_nodev fstype, flags, data ;

if IS ERR sb {
free_vfsmnt mnt ;
mnt = struct vfsmount * sb;
goto fs_out;
}
if fstype->fs_flags & FS_NOMOUNT
sh->s_flags |= MS_NOUSER;

mnt->mnt_sb = sb;

mnt->mnt_root = dget sb->s root ;
mnt->mnt_mountpoint = mnt->mnt_root;
mnt->mnt_parent = mnt;

up_write &sb->s_umount

fs_out:
put_filesystem fstype ;
return mnt;
}
[ ]
e get fs_type file_system file
e alloc_vfsmnt slab vfsmount mnt

e set_devname

) fs_flags
FS_REQUIRES_DEV 1 Ext2 mnix
get_sb_bdev
o fs_flags FS_SINGLE 1
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get_sb_single super_block
Ext2
o fs_flags FS_NOMOUNT FS_REUIRE_DEV FS_SINGLE
0 ce >»

get_sb_nodev super_block

) fs_flags FS_NOMOUNT 1

MS_NOUSER 1

e mnt->mnt_sb sb  mnt->mnt_root

b->s root dget dentry count 1 mnt->mnt_mountpoint

mnt->mnt_parent

do_add_mount
static int do_add_mount struct nameidata *nd, char *type, int flags,
int mnt_flags, char *name, void *data

struct vfsmount *mnt = do_kern_mount type, flags, name, data
int err = PTR_ERR mnt ;

if IS ERR mnt
goto out;

down é&mount_sem ;
/* Something was mounted here while we slept */
while d_mountpoint nd->dentry && follow_down &nd->mnt, &nd->dentry

err = -EINVAL;
if Icheck mnt nd->mnt
goto unlock;

/* Refuse the same filesystem on the same mount point */
err = -EBUSY;
if nd->mnt->mnt_sb == mnt->mnt_sb && nd->mnt->mnt_root == nd->dentry
goto unlock;

mnt->mnt_flags = mnt_flags;
err = graft_tree mnt, nd ;
unlock:
up &mount_sem ;
mntput mnt ;
out:
return err;

o do_kern_mount
) do_mount() path_init() path_walk()

dentry
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inode vfsmount nameidata nd
do_add_mount()
) do_kern_mount
d_mountpoint
follow_down
while
[ ]
) graft_tree mnt
[ ]
8.4.3
VFS VFS
VFS
0
VFS VFS e 7
VFS vfsmount
vfsmntlist fs/super.c sysy_umount
8.5
Linux
include/linux/quota.h
#define MAX_1Q_TIME 604800 /*  7*24*60*60 = */
#define MAX_DQ_TIME 604800 /*  7*24*60*60 = */
Linux
“ 7z Linux
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inclue/linux/quota.h
struct dgblk {

__u32 dgb_bhardlimit; /* */
__u32 dgb_bsoftlimit; /* */
__u32 dgb_curblocks; /* */
__u32 dgb_ihardlimit; /* */
__u32 dgb_isoftlimit; /* */
__u32 dgb_curinodes; /* */
time_t dgb_btime; /* */
time_t dgb_itime; /* */
}:
dquot
inclue/linux/quota.h
struct dquot {
struct list_head dg_hash; /* */
struct list_head dg_inuse; /* */
struct list_head dg_free; /* */
wait_queue_head_t dq_wait_lock; /7* */
wait_queue_head_t dq_wait_free; /* */
int dg_count; /* */
/* fields after this point are cleared when invalidating */
struct super_block *dg_sb; /* superblock this applies to */
unsigned int dg_id; /* 1D this applies to uid, gid */
kdev_t dqg_dev; /* Device this applies to */
short dq_type; /* Type of quota */
short dq_flags; /* See DQ_* */
unsigned long dq_referenced; /* Number of times this dquot was
referenced during its lifetime */
struct dgblk dg_dgb; /* Diskquota usage */
I
vfs dquot
dquot dquot
0
1 /etc/Tstab

/dev/hdal / Ext2 defaults 1 1
/dev/hda2 /home Ext2 defaults 1 2

2 userl /home/userl
/etc/fstab
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/dev/hdal / Ext2 defaults 1 1
/dev/hda2 /home Ext2 defaults,usrquota 1 2
3 root guota.user
#touch /home/quota.user
#chmod 600 /home/quota.user

4

5

# edquota -u userl

Quota for user userl

/dev/hda2: blocks in use:10, limits soft=4000,hard=5400
inodes in use : 400, limits soft=1200,hard=1600

limits
#quota userl userl
8.6
file_system_type fs_flags
Ext2 Minix
mount() pipe
kern_mount()
file_system_type fs.h

#define DECLARE_FSTYPE var,type,read,flags \
struct file_system type var = { \

name: type, \
read_super: read, \
fs_flags: flags, \
owner: THIS_MODULE, \

}

#define DECLARE_FSTYPE_DEV var,type,read \
DECLARE_FSTYPE var,type,read,FS_REQUIRES_DEV

DECLARE_FSTYPE_DEV

FS_REQUIRES_DEV 1 0
DECLARE_FSTYPE fs_flags
8.6.1 pipefs
pipefs
fs/pipe.c

static DECLARE_FSTYPE pipe_fs_type, "pipefs”, pipefs_read_super,
FS_NOMOUNT | FS_SINGLE
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static int __init init_pipe_fs void

{
int err = register_filesystem &pipe_fs_type
if lerr {
pipe_mnt = kern_mount &pipe_fs_type ;
err = PTR_ERR pipe_mnt ;
if IS_ERR pipe_mnt
unregister_filesystem é&pipe_fs_type ;
else
err = 0;
}
return err;
}

static void __exit exit_pipe_fs void
{
unregister_filesystem &pipe_fs_type ;
mntput pipe_mnt ;
}

module_init 1init_pipe_fs

module_exit exit_pipe_fs

pipefs module_init
module_exit

DECLARE_FSTYPE pipefs FS_NOMOUNT  FS_SINGLE
1
FS_SINGLE register_filesystem()
kern_mount()
register_filesystem() pipe_fs_type file_systems
/proc/filesystems ““pipefs”” ““nodev’”
FS_REQUIRES_DEV
kern_mount() do_mount() pipefs
unregister_filesystem pipe_fs type fFile_systems
pipefs
pipefs pipe() sys_pipe()
do_pipe() /fs/pipe.c

int do_pipe int *fd
{

struct gstr this;

char name[32];

struct dentry *dentry;

struct inode * inode;

struct file *fl, *f2; /* file
fl 2
*/
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int error;
int i,j;

error = -ENFILE;

fl = get_empty_Filp ; /* file

if Ifl
goto no_files;

f2 = get_empty_Filp ;
if 112
goto close_f1;

/*
inode

inode = get_pipe_inode ;
*/
if linode

goto close_f12;
error = get_unused_fd */

error <0

goto close_f12_inode;

i = error;

if

error = get_unused_fd ;
if error <0

goto close_f12_inode_i;
J = error;

error = -ENOMEM;

sprintf name, "[%lu]”, inode->i_ino ;

this.name = name;

this_.len = strlen name ;

this_hash = inode->i_ino; /* will go */

dentry =d_alloc pipe_mnt->mnt_sb->s_root, &this ;
dentry dentry
file inode

/*File
inode

*
if I!dentry
goto close_f12_inode_i_j;

dentry->d_op = &pipefs_dentry_operations;
d_add dentry, inode ; * inode

f1->f vfsmnt = f2->f_vfsmnt = mntget mntget pipe_mnt
init_pipe_fs( vfsmount
mntget() 2*
f1->f _dentry = f2->f _dentry = dget dentry ; *
1*

/* read file */
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f_dentry
d_alloc()

; /* pipe_mnt
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f1->f_pos = f2->f_pos = 0;
f1->f _flags = O_RDONLY;
f1->f_op = &read_pipe_fops;
f1->f _mode = 1;
f1->f_version = 0;

/* write file */
f2->f_flags = O_WRONLY;
f2->f_op = &write_pipe_fops;
f2->f_mode = 2;

f2->f version = 0;

fd_install i, f1 ; /*
*/

fd_install j, f2

fd[0o] = 1; * fd[0] */
fd[1] = j; * fd[1] */
return 0;

* */

close_f12_inode_i_j:
put_unused_fd j ;
close_f12 inode_i:
put_unused fd i ;
close_f12_inode:
free_page unsigned long PIPE_BASE *inode ;
kfree 1inode->i_pipe
inode->i_pipe = NULL;
iput 1inode ;

close f12:
put_filp f2
close_f1:
put_filp f1 ;
no_files:
return error;
}
! “
O_RDONLY =Z “ O_WRONLY =~
read_pipe_fops write_pipe_fops pipe.c
struct file_operations read_pipe_fops = {
I1seek: pipe_Iseek,
read: pipe_read,
write: bad_pipe_w,
poll: pipe_poll,
ioctl: pipe_ioctl,
open: pipe_read_open,
release: pipe_read_release,
Y

struct file_operations write_pipe_fops = {
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I1seek: pipe_Iseek,
read: bad_pipe_r,
write: pipe_write,
poll: pipe_poll,
ioctl: pipe_ioctl,
open: pipe_write_open,
release: pipe_write_release,
>
read_pipe_fops bad_pipe_w write_pipe_fops
bad_pipe_r
inode
file inode dentry
8.6.2 BFS

BFS  Berkeley fast File System
BFS

1 32 BFS fs/bfs/inode.c
static DECLARE_FSTYPE DEV bfs_fs_type, "bfs", bfs_read_super

static int __init init_bfs_fs void

{
return register_filesystem &bfs_fs_type
}
static void _ exit exit bfs fs void
{
unregister_filesystem é&bfs _fs type ;
}

module_init init_bfs_fs
module_exit exit_bfs_fs
DECLARE_FSTYPE_DEV() bfs_fs_type FS_REQUIRES_DEV
BFS
register_filesystem VFS

unregister_filesystem

Ts_type->read_super() BFS fs/bfs/inode.c
bfs_read_super()

static struct super_block * bfs_read_super struct super_block * s,
void * data, int silent

s super_block
s_dev
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super_block data BFS

silent
VFS fs/super.c read_super() read_super
VFS
170
iget(sb, ino)
inode inode inode->i_op
inode->i_fop inode->i_fop file->f_op

8.7

8.7.1 open

open

sys_open() fs/open.c
asmlinkage long sys_open const char * filename, int flags, int mode

{

char * tmp;
int fd, error;

#i1f BITS_PER_LONG 1= 32
flags |= O_LARGEFILE;

#endif
tmp = getname Filename ;
fd = PTR_ERR tmp ;
if VIS ERR tmp {
fd = get_unused_fd
if fd>=0 ({
struct file *f = filp_open tmp, flags, mode ;
error = PTR ERR f ;
if ISERR f
goto out_error;
fd_install fd, f ;
}
out:
putname tmp ;
}
return fd;
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out_error:
put_unused_fd fd
fd = error;
goto out;

1 filename

2 flags 3
0_RDONLY
0_WRONLY
0_RDWR

0_CREAT

0_EXCL 0_CREAT open()
0_TRUNC 0

O_APPEND write()

0_NOCTTY

0_NONBLOCK open() read() write()
/include/asmi386/fcntl .h

3 mode open()

S_IRUSR
S_IWUSR
S_IXUSR
S_IRGRP
S_IWGRP
S_IXGRP
S_IROTH
S_IWOTH
S_IXOTH
/include/linux/stat.h
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3

sys_open() filp_open O fs/open.c
files_struct fd 1 file
file inode
PTR_ERR IS_ERR
8.7.2 read
open O_RDONLY  O_RDWR
read fs/read_write.c

asmlinkage ssize_t sys read unsigned int fd, char * buf, size_t count

{
ssize_t ret;
struct file * file;

ret = -EBADF;
file = fget fd ;
if file {
if file->f_mode & FMODE_READ {

ret = locks_verify_area FLOCK_VERIFY_READ,
file->f_dentry->d_inode,
file, file->f_pos, count ;

if Tret {
ssize_t *read struct file *, char *, size_t, loff_t* ;
ret = -EINVAL;
if file->f_op & read = file->f op->read = NULL
ret = read file, buf, count, &file->f pos
}
}
if ret>0
dnotify_parent file->f_dentry, DN_ACCESS
fput file ;
}
return ret;
}
1
1 fd
2 Dbuf
3 count
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2
-1
0
3
1 fget() fd
file
T _pos count
locks_verify_area
3

fs.h

file_operations

Ext2_dir_operations

file
mm/filemap.c
4 0
file inode
8.7.3 fentl
1
1 fd
2 cmd
F DUPFD F_GETFD F_SETFD F_GETFL
3 arg cmd
2 cmd
3
cmd F_DUPFD
arg arg
arg
cmd F_GETFD
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count

file

Ext2_file_operations

generic_file_read

dnotify_parent

10
F_SETFL

fs/fentl .c

Ext2

fentl(fd F_DUPFD arg) files_struct

files_struct

fd

close_on_exec



cmd F_SETFD arg 1

close_on_exec close_on_exec
cmd F_GETFL open
O_RDONLY O WRONLY O_APPEND
file flags
cmd F_SETFL open
O_APPEND  O_NONBLOCK arg
0 -1
8.8 Linux 2.4
Linux 2.2.X 2.4.x 2.2.X
2.4.x
1
myfs

static struct file_system type myfs_fs_type =
{ "myfs", FS_REQUIRES DEV, myfs_read_super, NULL };

__initfunc int init_myfs_fs void {
return register_filesystem &myfs_fs_type ;

}

#ifdef MODULE
EXPORT_NO_SYMBOLS;

int init_module void {
return init_myfs_fs ;

}

void cleanup_module void {
unregister_filesystem é&myfs_fs_type ;

}
#endif

MOD_INC_USE_COUNT read_super() MOD_DEC _

USE_COUNT put_super()
static DECLARE_FSTYPE DEV myfs_fs_type, "myfs", myfs_read_super ;

static int __init init_myfs_fs void {
return register_filesystem &myfs_fs_type

}
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static void __exit exit_myfs fs void {
unregister_filesystem é&myfs_fs_type ;
}

EXPORT_NO_SYMBOLS;
module_init 1init_myfs fs ;
module_exit exit _myfs fs ;

MOD_XXX_USE_COUNT VFS

2 Large File Support LFS

VFS 64 x86 Sparc

o 64 loff_t

o 64 getrlimit() setrlimit()
e glibc getrlimité4d()  setrlimit64

3

if tdir || 'dir->i_nlink  {

*err = -EPERM;
return NULL;
}

ERR_PTR(), PTR_ERR()  IS_ERR(Q)
if Idir || 'dir->i_nlink
return ERR_PTR -EPERM ;
include/linux/fs.h
static inline void *ERR_PTR long error

{
return void * error;
}
static inline long PTR_ERR const void *ptr
{
return long ptr;
}
static inline long IS_ERR const void *ptr
{
return unsigned long ptr > unsigned long -1000L;
}
4 inode

file_operations inode_operations inode

struct file_operations *i_fop;
inode->i_fop
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inode count
int i_count;
atomic_t i_count;

\
atomic_read v ;
atomic_set v, value ;

file dentry
5 dentry
dentry
void *d_delete struct dentry * ;
dentry

int *d_delete struct dentry * ;

struct dentry *d_alloc_root struct inode *, struct dentry * ;

struct dentry *d_alloc_root struct inode * ;

6 VFS
filldir
typedef int *filldir_t void *, const char *, int, off_t, ino t ;
filldir
typedef int  *filldir_t void *, const char *, int, off_t, ino_t, unsigned ;
fs.h
/*
* File types
*/

#define DT_UNKNOWN 0
#define DT_FIFO 1
#define DT_CHR 2
#define DT_DIR 4
#define DT_BLK 6
#define DT_REG 8

#define DT_LNK 10
#define DT_SOCK 12
#define DT_WHT 14
7

struct file_operations myfs_file_operations = {
myfs_file_lseek,
generic_file_read,
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generic_file_write,
NULL,

NULL,

myfs_ioctl,

NULL,

struct file_operations myfs_file_operations = {
Il1seek: myfs_file_lseek,
read: generic_file_read,
write: generic_file write,
ioctl: myfs_ioctl,

GNU C 1SO C99 C99

struct foo {
int foo;
long bar;

¥
struct foo x = { .bar = 3, .foo = 4 };

8 VFS file_operations

fsync

int (*fsync) (struct file *, struct dentry *);
int (*fsync) (struct file *, struct dentry *, int);

file_operations
int *check_media_change kdev_t dev
int “*revalidate kdev_t dev ;
block_device_operations
struct block_device_operations {

int  *open struct inode *, struct file * ;
int “*release struct inode *, struct file *
int *ioctl struct inode *, struct file *, unsigned, unsigned long ;
int *check_media_change kdev_t ;
int *revalidate kdev_t ;

inode
struct block_device *i_bdev;

block_device
struct block device {
struct list_head bd_hash;
atomic_t bd count;
dev_t bd_dev;
atomic_t bd_openers;
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block_device_operations *bd_op;
struct semaphore bd_sem;

Y
file_operations
readv()  writev()
ssize t *readv struct file *, const struct iovec *, unsigned long, loff t * ;
ssize t “*writev struct file *, const struct iovec *, unsigned long, loff t * ;

9 VFS inode_operations

file_operations
inode_operations

inode_operations inode
follow_link

struct dentry * (*follow_link) (struct dentry *, struct dentry *,

unsigned int);

int (*follow_link) (struct dentry *, struct nameidata *);

struct nameidata {

struct dentry *dentry;
struct vfsmount *mnt;

struct gstr last;

unsigned int flags;

int last_type;

}:
inode_operations
int “*setattr
int *getattr

notify_change()
int *readpage
int *writepage
int *updatepage

int  *bmap struct inode *,int

nameidata
struct dentry *, struct iattr * ;
struct dentry *, struct iattr * ;
setattr() superblock

5
struct file *, struct page *
struct file *, struct page * ;
struct file *, struct page *, unsigned long, unsigned int, int

int  *smap struct inode *,int

10 VFS super_operations

super_operations

write_inode

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

statfs()

inode
statfs

int (*statfs) (struct super_block *, struct statfs *, int);
int (*statfs) (struct super_block *, struct statfs *);

notify_change

getattr() setattr()
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