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super block

struct super_block {

struct list_head s_list; /* Keep this first x/

dev_t s_dev; /* search index; _not_ kdev_t x/
unsigned char s_blocksize_bits;

unsigned long s_blocksize;

loff_t s_maxbytes; /* Max file size */

struct file_system_type *s_type;
const struct super_operations xs_op;
const struct dquot_operations *dq_op;

const struct quotactl_ops *S_(cop;
const struct export_operations xs_export_op;
unsigned long s_flags;
unsigned long s_iflags; /* internal SB_I_x flags x/
unsigned long s_magic;
struct dentry *s_root;
struct rw_semaphore S_umount;
int s_count;
atomic_t s_active;
#ifdef CONFIG_SECURITY
void *§_security;

#endif

const struct xattr_handler * const xs_xattr;
#ifdef CONFIG_FS_ENCRYPTION

const struct fscrypt_operations xs_cop;

struct fscrypt_keyring xs_master_keys; /x master crypto keys in use *x/
#endif
#ifdef CONFIG_FS_VERITY

const struct fsverity_operations xs_vop;
#endif
#if IS_ENABLED(CONFIG_UNICODE)

struct unicode_map *s_encoding;

__ulé s_encoding_flags;

#endif
struct hlist_bl_head s_roots; /* alternate root dentries for NFS x/
struct list_head s_mounts; /* list of mounts; _not_ for fs use x/
struct block_device *s_bdev; /* can go away once we use an accessor for @s_bdev_file %/
struct file *s_bdev_file;

struct backing_dev_info x*s_bdi;



super bl

s _list
s_blocksize

s_blocksize_bits

s_type

s_root
s_inodes
s_instances

s_mounts

s _fs info

ock=FEZ
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b super block HERIEE super blocks %—_’E%,
BTAZEEMREEEENXERFLA.

XURFRNSERAND (FHEA) , EXXHRR
/0 BYER/NERALL,
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WRERITE) .

REX AR FREEEATT file system type, €
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BRIFIRIER IR (super operations) , X
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inode) ,
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super operations

struct super_operations {
struct inode *(*alloc_inode) (struct super_block *sb);
void (xdestroy_inode) (struct inode *);
void (*free_inode) (struct inode *);

void (*xdirty_inode) (struct inode *, int flags);

int («write_inode) (struct inode %, struct writeback_control xwbc);
int (xdrop_inode) (struct inode *);

void (xevict_inode) (struct inode *);

void (kput_super) (struct super_block x);

int (xsync_fs) (struct super_block *sb, int wait);

int (xfreeze_super) (struct super_block *, enum freeze_holder who);
int (xfreeze_fs) (struct super_block x);

int (xthaw_super) (struct super_block *, enum freeze_holder who);
int (xunfreeze_fs) (struct super_block x*);

int (xstatfs) (struct dentry x, struct kstatfs x);

int (kremount_fs) (struct super_block *, int *, char x);

void (*umount_begin) (struct super_block *);

int (xshow_options) (struct seq_file *, struct dentry *);
int (xshow_devname) (struct seq_file %, struct dentry x);
int (xshow_path) (struct seq_file %, struct dentry x);
int (xshow_stats) (struct seq_file *, struct dentry x);
#ifdef CONFIG_QUOTA
ssize_t (*quota_read) (struct super_block *, int, char %, size_t, loff_t);
ssize_t (*quota_write) (struct super_block *, int, const char *, size_t, loff_t);
struct dquot __rcu *xx(xget_dquots) (struct inode x);
#endif
long (*nr_cached_objects) (struct super_block x,
struct shrink_control x);
long (xfree_cached_objects) (struct super_block x*,
struct shrink_control x*);
void (s*shutdown) (struct super_block *sb);



super operations

alloc_inode: TEBARIRP D EFHAIIGH— 1 #HY inode 3L,

destroy_inode: $§2— inode FIAZ, BHEFTGRIREA—ERKAE.
free_inode: X inode FrSANAE, KBEAKSMRLERS.

dirty_inode: % inode fRicA “IE" RS, RAERTCHKIEN, FESE#ME, HEREXITE.
write_inode: & inode FRYESEIRSRIZI#MET, HREIERZL.

drop_inode: FI#fiF4LE inode BI5|FHIHE, RERBEIAEFFRERIZ inode,
evict_inode: )\ inode EFFBIRIFFE— inode, BETEABHS|BIER.
put_super: BEBXTERIRINS 1A, SERIRABE AT T EERE.

sync_fs: BENNHRFNFIBIREIERLSEAN#E, RIESIE—EUE.

freeze_super: JREEBRIR, FELENXHRFBHITENEIE, BERATRERREHED.
freeze_fs: IREEBNXHRS:, EIIELLATEE N ELIRR—E1E,

thaw_super: fRIRERIR, IREXIIHRFHISNERIE, FRERFERE.
unfreeze_fs: fRAEN GRS, FHIKSEEIES(E.



super operations

unfreeze fs: fRAEN NGRS, (FRIKSIEFRNESEF.

statfs: WEFIREIMHRANRIHERS, NEBE. JETESF.

remount_fs: BTG RS, RTHESGERRTHIEIESEL,

umount_begin: FEEIEIN G R FRIFI TV ZRIFBEIRLS TR, SESMEES.
show_options: fEFFI 4 ERESIEI, BEAT /proc XERFFHIER.
show_devname: RS HEBXRIKAVIREEZIMER.

show_stats: EitH MR FRIFITEUE, REMEFERBRIER.
quota_read ({XfE/=FIECERAY): EEENFHREI 4 RFHIBCEREE.

quota_write ((X{E/5FEECERAY): B EFEHIECEEIES NS4 FE 5.

get_dquots ((fE/EFIECERRTY): SRENSISRE inode KEXRIECRNISRFIZ.
nr_cached_objects: it EFREISRIEFIRAVEE, HAHRREESEIL,
free_cached_objects: BRIEFHFABRENNIR, BHRFRIR.

shutdown: BUTSHRARXARIRGEERRE, MRMEHELESEHEREIR.
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= LinuxLAextAERISUG RS, FRLABRIREIASUG R VES
%S T inodesL#a,

= YR HRGHinodeEIMFHAERIKEIFER, VFSHY
INodeXIRERFT, SIREFENTEY, FBHFEITHIE.

= PR R GFHinodeZF#ESHY, MVFSHYinode@—MzIas
14,

® inodefSHE NS F <include/linux/fs.h>d,




struct inode {

umode_t i_mode;
unsigned short i_opflags;
kuid_t i_uid;

kgid_t i_gid;

i n Od e unsigned int i_flags;

#ifdef CONFIG_FS_POSIX ACL

struct posix_acl *1_acl;

struct posix_acl *1_default_acl;
#endif

const struct inode_operations xi_op;

struct super_block *i_sbh;

struct address_space *1_mapping;

#ifdef CONFIG_SECURITY

void *1_security;
#endif
/* Stat data, not accessed from path walking */
unsigned long i_ino;
[k
* Filesystems may only read i_nlink directly. They shall use the
*x following functions for modification:
%
* (set|clear|inc|drop)_nlink
* inode_(inc|dec)_link_count
*/
union {
const unsigned int i_nlink;
unsigned int __i_nlink;
b
dev_t i_rdev;
loff_t i_size;
time64_t i_atime_sec;
time64_t i_mtime_sec;
time64_t i_ctime_sec;

u32 1 atime nsec;



Inode

» stat /etc/passwd

X1 : /etc/passwd

S iv: 3762 g I0 RAK/N: 4096 E@EXH
%% 802h/2050d Inode: 74191564 e 1
PR : (0644/-rw-r——r——) Uid: ( 0/ reot) -5 “Gids 0/ root)

15 [a] B (8] © 2025-03-24 21:30:01.723704623 +0800
{Z o B 8] ©: 2024-10-26 21:05:43.563292314 +0800
L ERfE : 2024-10-26 21:05:43.595292484 +0800
Bl 2 A7 (8] © 2024-10-26 21:05:43.563292314 +0800

VFS inode FE} STHIE(E/ R IR stat IR

S TFREG \| 0644 (EEXMH, NR rw-r--r--) - /
L e © (0644/-rW-r——r—m
e Z3#I{E: ob1000 0001 1010 0100 (+ 5l oxsiaa) ( rw-r--r--)

i uid 0o (root HF) Uid: (0/root)
i gid 0 (root4H) Gid: (0/root)
i ino 74191564 (IZXEHME— inode {S) Inode: 74191564

i size 3762 (XX, Bfi: ) KN 3762
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= VFSIE2HAYinode{ERRE fEinode operationsi&ta e,
BlIE—&%I3inodef 1T FRIRZGEET4HRY, inodeZ5is
{Kkehiopfgminode operationsZ5ia,

struct inode_operations {
struct dentry x (xlookup) (struct inode *,struct dentry *, unsigned int);
const char * (xget_link) (struct dentry *, struct inode *, struct delayed_call x*);
int (xpermission) (struct mnt_idmap *, struct inode *, int);
struct posix_acl * (xget_inode_acl)(struct inode *, int, bool);

int (xreadlink) (struct dentry x, char __user x,int);

int (xcreate) (struct mnt_idmap *, struct inode *,struct dentry x,
umode_t, bool);
int (xlink) (struct dentry x,struct inode *,struct dentry x);
int (xunlink) (struct inode *,struct dentry x);
int (ksymlink) (struct mnt_idmap *, struct inode *,struct dentry x,
const char *);
int (*mkdir) (struct mnt_idmap *, struct inode *,struct dentry x,
umode_t) ;
int (xrmdir) (struct inode x,struct dentry x);
int («mknod) (struct mnt_idmap *, struct inode *,struct dentry x,
umode_t,dev_t);
int (krename) (struct mnt_idmap *, struct inode *, struct dentry x,
struct inode %, struct dentry *, unsigned int);
int (xsetattr) (struct mnt_idmap *, struct dentry *, struct iattr x);
int (xgetattr) (struct mnt_idmap *, const struct path x,



Inode operations

" lookup ATFTELETERY inode REFKIEE dentry FHIR[E|ILECLS
RS

" get link BT 3REFAT SHERAI B RIS,

" permission FBTREXT inode HIEIEINER

" get_inode_acl FF-3XKEX inode BUIHIEHEHIZIER;

= readlink BT SH#EEFHIANS,

s create HFEHFRHCIEN XY, FREBRNEINR;
= link BFAEABM inode BIEEFTAIE TR,

= unlink AFBRFERERISUS;

" symlink FBTEHRPEIEFRSHEE,

= mkdir BFEIEFHE=R,;



Inode operations

rmdir FFHIFRER;

mknod FIFAEBRPOERIA UG (S |
rename AT ERREBEIETIER,

setattr FIFIRESGE HRAVREE,

getattr T EREAE HRIVNSER,

listxattr FIFFIHS 4 EL B RV REY,

fiemap BT ERECUARIYIIERRIRESE S

update_time FF&E# inode AYATIEIE;

atomic_open AFLURFARFTAXHFLURILEFALE;
tmpfile FIF-BIZIGRTS4;

get_acl FAF3REN B RIAYHIEHEHIFIZR;

set_acl BFIREBRMAYAHEHESIZIZR,

fileattr_set BT REXHAW EEE,

fileattr_get FITF3RBIHAYY REMK,;

get_offset_ctx FAF3RERG X4 |/O BFEXRIRE L T ER.



Processes and incore inodes

References of process to incore inodes:

struct
file

struct
task struct

pid n

files

struct

| files struct

——

“'--..\__h‘

=20 = |
root

struct
f2 struct

count=71
mode

struct
dentr?‘

flags=s

pPos=s

dentryv

struct
file

count=1
flags

inode
name

narrne

couunt=1
mode

struct
dentzy

flags=s

pos

dentxzv

couunt=1
flags

struct
inods

count=1
flags
=sb
inode#
s-dep
node /f




sInXJgdentry object

s G T E— RS [T inodeSiREIINEE—
HRIndentry&iEs5ial.

o G dentryRREZhi— MSERS. W /. binE
FERTE.

» HEMe]EiELEER, W/ mnt/cdrom/foo, 1. mnt,
cdrom, foo#fETFHRIINIS.

s HRIISIER SIS R RIEERL, 1AEE%E f
{EF.,

L Yy inode LLl

=
=

inodenn



FInXgzxRdentry object

struct dentry {
/* RCU lookup touched fields %/

unsigned int d_flags; /* protected by d_lock */

seqcount_spinlock_t d_seq; /* per dentry seqlock */

struct hlist_b1l_node d_hash; /* lookup hash list */

struct dentry :*d_parent; /* parent directory */

struct qstr d_name;

struct inode *d_inode; /* Where the name belongs to — NULL is
* negative */

unsigned char d_iname [DNAME_INLINE_LEN]; /* small names */

/* ——— cacheline 1 boundary (64 bytes) was 32 bytes ago ——— */

/* Ref lookup also touches following */
const struct dentry_operations *d_op;

struct super_block *d_sb; /* The root of the dentry tree x/
unsigned long d_time; /* used by d_revalidate x/

void *xd_fsdata; /* fs—specific data =/

/* ——— cacheline 2 boundary (128 bytes) ——— x/

struct lockref d_lockref; /* per—dentry lock and refcount

* keep separate from RCU lookup area if
* possible!

*/
union {
struct list_head d_lru; /* LRU list %/
wait_queue_head_t *d_wait; /* in-lookup ones only */
};
struct hlist_node d_sib; /* child of parent list x/
struct hlist_head d_children; /% our children */
/k
x d_alias and d_rcu can share memory
*/
union {
struct hlist_node d_alias; /* inode alias list x/

struct hlist_bl_node d_in_lookup_hash; /x only for in-lookup ones */
struct rcu_head d_rcu;
yod_u;



mounted under /mnt

c_root '|

. |
s list '.

5_in5tancég

T
v
11

super_bln:l&\'L

N

!

fs_supers -

|'\_":' i

file_system_type

inode

i_dentry |
——

name:
path: /mnty

openi/mntfilel, ..

openi/mnt/filel

-
open(/mnt/hardlinkl, ..

d parent f dentry
I d_innde | f_dentr:,llr |
_ . | |
/ file | |  dentry
/| d_child | file |
."ll . i | -.I"'\.
s R .. | file
[ : | | '\
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. \ : ] / .
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A path: /mnt/filel e p
I'- I'I ., -"‘--.___ |
T )Z —t d_parent |
\ d_parent A d_inode
', d_inode I;-’ .l /
""'-.\- II- / I'I __-" "'-.._\. . / I.'I
| | |d_child
d_child / =
C'-—-_;i_ 7 |d_subdirs /
I - - F
— f""“i'___ —  ———{/dalas /
'.Ej_allaS _x'; | / 1}{,
LW al
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S
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Fig: Relationships between the VFS objects

inode

list_head.next
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sInxJgidentry object

d_name FRBRIMHPFERIS(HFE;

= d inode IEEIZBFRITRAY inode, FRASAHHIENITS;

d parent iI8ARXEFM dentry, TSGR FGHIREIREK ;

d_hash BFERHRPREELIZE R,

d_children {RFZBRIN NRYFMEFE RS,

» d_flags: TRRERTAVRSIAEG, RIMEEFIRSHEMBENE;

* d_op: IEMSIZERIMEXAYRIFRES, FATLISER dentry THEE;
» d_sb: EAIZERMATEXGRFRIBER, BISXHRFEEBEE
BRE,

» d_lockref: IRELERAIBIERS FITEWE, FHRSEENE N L2h
18],




FERA

d_name

d_inode

d_parent

d_hash

d_children

d_sb

SEGIEIE/AT IR

XHBHERE, FEFHSE "passwd", FEIRH
BIAMAERMEEE.

FEEIZ XIS NAY inode (BN i_ino=74191564 HY
inode) ,

IEMRXBEM dentry (BN /etc BFMBERI) ,

JBiZ dentry BEEEIRZIRE R
(dentry_hashtable) , DA X8 + RKBF dentry

ANREREEN.

BT RERY super_block (Bl extd By

super_block ) 5

sInXJgdentry object

KExtn=

k(o) /etc/passwd B, AZET d_name FTEESC
e ==

BT d_inode THEIXHAITTEIE (MANPR. A/
RNE.

BRI, MIRER / BREK etc, BBET
d_parent % passwd B9 dentry,

BRESBEINTKEZ, FIAZIRIHE /etc/passwd FHE
EaRER.

/etc/passwd X, TFIN; HEAEF (W
Jetc) , M d children 818 passwd HFFIN
dentry,

B d sb FRIXHRGNERER (WHEA/N. iRE
& inode)



RIXTSdentry objecti/ERRE]

struct dentry_operations {

int (xd_revalidate) (struct dentry *, unsigned int);

int (xd_weak_revalidate) (struct dentry *, unsigned int);

int (xd_hash) (const struct dentry *, struct qstr x);

int (xd_compare) (const struct dentry x,

unsigned int, const char %, const struct qstr x);

int (xd_delete) (const struct dentry x);

int (*d_init) (struct dentry x);

void (xd_release) (struct dentry x);

void (*d_prune)(struct dentry *);

void (*d_iput) (struct dentry %, struct inode x);

char x(xd_dname) (struct dentry x, char *, int);

struct vfsmount *(xd_automount) (struct path *);

int (xd_manage) (const struct path x, bool);

struct dentry x(xd_real) (struct dentry %, enum d_real_type type);
} cacheline_aligned;



FIXYgRdentry objectiZ{ERREL

d_revalidate T 10EHEMBRIMESIZATR
d_weak_revalidate NI ¥ —FP4EEAHIIEUEN
d_hash AFRIEERIMAS T ESREMISHE;
d_compare FIFLUR B RIMLARIA B FRILED
d_delete FIF#IlTERIVE S ROZ MR

d_init ASHIEHFIRERIERIN;

d_release f£ BRIEMATHTISIEL(E,
d_prune T BMRABEANERI;

d_iput BFMIEE RIS inode AYUKERRRRL;
d_dname FBTEKERIEREFR,
d_automount EBaEEATIREIFENAEES ;
d_manage AT EHE HRIVASEEEE HREM,
d_real BT AN E RIMHNESLRKENS.



struct file {

file_ref_t f_ref;
spinlock_t f_lock;
fmode_t f_mode;
. const struct file_operations *f_op;
I{t:yj%fl Ie struct address_space +f_mapping;
void xprivate_data;
struct inode *f_inode;
fI %_\# ':'EI‘ uns%gneg 1n€ :_flags;l
(W unsigned in ioc ags;
jz{q:xq% e /_'RLEE consg struct cred *?_crea; ]
_ [k —— heline 1 bound (64 bytes) ——— x/
FIFFROSCM, REZs struct path . fpath
union {
s - - / 1 fil (with FMODE_ATOMIC_POS
%&*T;Z_Ejjﬁlj\]ﬁq:@ﬁ s:rzigumift—exl = f_pos_lock;
/* pipes *x/
fileXIRAIE. Lo
loff_t f_pos;
. #ifdef CONFIG_SECURITY
= 1§Xj§m¢EmE{JOpen() nee void *f_security;
#endif
SUTARIENRE, Hiclose() Lot e Y (1 e
errseq_t f_wb_err;

RoERHEER. errseq_t t_sb_err;

#ifdef CONFIG_EPOLL

struct hlist_head *f_ep;
#endif

union {
struct callback_head f_task_work;
struct 1list_node f_1llist;
struct file_ra_state f_ra;
freeptr_t f_freeptr;

};

/* ——— cacheline 3 boundary (192 bytes) — x/

} __randomize_layout
__attribute__((aligned(4))); /* lest something weird
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s f ref RSUEFHIS |ARLTEL, ATEENHNRAVEREES

= f_lock 2—1Bleil, BT f_ep. f_flags SFEHYH A,

= f mode 5T FMODE_* #ris, iR T SUGRIFTFRT VAR FARFIE
" f op IEAXIHEIFSR, X TN HHITIES. ioctl F{ERYREY,
= f_mapping EXHAFHIMEUEE, SEMERNENEFTIAFIRGT;
" private_data FEMIGRFBERSIEFHWTESIE, SR EGRIN

—

(=Y}

" f inode K17 7 5123 FKEXRY inode, {EFHRIELRIS4TTEUE;
= { path X 7 NHENHRFETRERRER, MWRSUFEMAIRSE,
" f pos ICR T XHIRANESNE, SHF4EEIRFRIE,
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f ref
f mode

f mapping
private data

f inode
f path

f _pos
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SIRTEERN 1, RRHIE—THERBZXENR, &

Hitt#HREITHE—X M4, iHEUSE,
FMODE_READ (R3E) ,

}Eﬁlj{‘fﬂiﬁl\]ﬂﬂﬂtﬁlﬂ (address_space) s —'ﬁ inode-
>i_mapping 1H[E], BENEFHNFIE,

}

=

H

o

8 X EXAY inode (Bl /etc/passwd Y inode,
i ino=74191564) ,

BEM TR dentry: 5[0 /etc/passwd BYHEFII
(dentry) ; vEsmount : NHFIEEHSMNER.,

HSANEEMNERBE (B F7) . B8 o, B
read() EE lseek() EE?]EJ"I'O

*xBx1%5= (DA open("/etc/passwd",
o_rponLY) F3ffl)

FAF AR open() B1T#00 1, @M close()
B 1.

AFRER B AR, VFS & £ mode B8
£l& FMODE_WRITE, HLNEL,

FAFER mmap() B, A#%EE £ mapping
I USRI RTFEROBRET ,

/etc/passwd EEIBXH, BWFEAT,

BT £ inode THIE)XIFAITTEIE (40

i size=3762) ,
FRAFEMENTERE (W /proc/self/fd HRY
FSpEE) .

FBF AR read(fd, buf, 1024) /5, f pos
TN 1024,



I &G54 Efile operations

struct file_operations {
struct module *owner;
fop_flags_t fop_flags;
loff_t (xllseek) (struct file *, lLoff_t, int);
ssize_t (#read) (struct file *, char __user %, size_t, loff_t *);
ssize_t (xwrite) (struct file %, const char __user %, size_t, loff_t x);
ssize t (kread_iter) (struct kiocb %, struct iov_iter x);
ssize_t (xwrite_iter) (struct kiocb %, struct iov_iter x);
int (xiopoll) (struct kiocb xkioch, struct io_comp_batch x*,
unsigned int flags);
int (xiterate_shared) (struct file %, struct dir_context x);
__poll_t (xpoll) (struct file %, struct poll_table_struct x*);
long (*unlocked_ioctl) (struct file *, unsigned int, unsigned long);
long (xcompat_ioctl) (struct file %, unsigned int, unsigned long);
int (xmmap) (struct file %, struct vm_area_struct *);
int (xopen) (struct inode *, struct file x);
int (xflush) (struct file *, fl_owner_t id);
int (*release) (struct inode *, struct file *);
int (xfsync) (struct file *x, loff_t, loff_t, int datasync);
int (xfasync) (int, struct file *, int);
int (xlock) (struct file *, int, struct file_lock x);
unsigned long (*get_unmapped_area)(struct file *, unsigned long, unsigned long, unsigned long, unsigned long);
int (xcheck_flags) (int);
int (xflock) (struct file *, int, struct file_lock x);
ssize t (ksplice_write)(struct pipe_inode_info %, struct file *x, loff_t x, size_t, unsigned int);
ssize t (ksplice_read) (struct file %, loff_t *x, struct pipe_inode_info %, size_t, unsigned int);
void (xsplice_eof)(struct file xfile);
int (ksetlease) (struct file %, int, struct file_lease *x*, void *x);
long (xfallocate) (struct file xfile, int mode, loff_t offset,






