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= fdO (for floppy drive 0)
= hda (for harddisk a)
= [p0 (for line printer 0)
= tty (for teletype terminal)
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s ETERISNIERSE, Wext2/ext3/extd, VFAT. NTFSE:,
s ARG, AINFSE,
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— User Mode
~ Kernel Mode
Virtual File System
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( Device Interface )
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HBRIR, VFSERRPNERELEEREIZERFHIERIR,

" VFSERRIRAIZHRSIAE X Zsuper_blockZmia,




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 block
= s list: $&izsuper blockiEzZsuper blocksTE5MAAVHERTF.
" s blocksize: RGEHIIFRIERINRA/,

" s blocksize_bits: Z7Rs_blocksizeFREHINIEL,

" s type: BHSUEZRZFAIMount, init fs_contextZ[EEREL,
" s op: fEfHalloc inode, destroy inodeZE[E[ERREL,

" s_root: MXHREFEHIrootS (.,

" s inodes: MX{FRFZinodeHpkAYERATSL.

" s_instances: FEiEERIE—MIU4GRFRIEMRINER,

" s_mounts: EEHERIMountXYSRARRYFERRYL,

" s fs_info: FABZUE.
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5 super_block EEIeE super_blocks R,
T A% ERRE EERR SR FLS,

XERFHSERAN (FRHEM) , EXXERSR
I/0 BYER/NERATL,

s_blocksize M HHIUEN, ATFAIEEMME (£
MR RBITE) .

RO RSRIERBIEIATT file_system type, B
EBXHRERWN. HHLESFRAGR.

BRIREREIER (super operations) , EX
VFS IBIEXHRBNBAGE (NOIR/H%R

inode)

EEZXHRARIRE RN dentry (BRFH) , 2
XY REMAERRIER.

BNZBRIREEIAA inode BUBERK, LXK
HRFTH XM, inode SHRINELTEH AR,

1% super_block HEEZFIEIZEI MR FHISLAIGE
x® (B file system type->fs supers =18) o

EHRiRL, BEMEET nount HEEFEM

AAHY vEsmount ZE1A,

BREFRXHRRNHBEERIE (Wextd iy
extd_sb_info) , VFS RROLHAR, {NRHFHH
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super_operationsPEZE—RIIAIRFREGETT, BIXEER/FRRERIACIHBIL,
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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

= i_mode: ENXTXHRIREANLIAINIR, RET 1% inode MNAIREZHENIG. BHR. FSHEES,
LARARMN ARSI TIR.

" i_uid: RRXHHEREE (FBFID) . BTINREEMNZ2ES, HBIRRAEEENIRFEEEHEEIEN
.

" i gid: FRIMERERYAE (4BID) , BE i_uid —ESSXHRER, s RAFME TRYEEES.

= iino: & inode WE—IRRS, EXHRFTRTHE—IRA—IE, BMEHRRRENRE, %S
RIFAZE.

" isize: FEXHRFTE, RRTHRISSRRA)N, ERSERE. SEDESFHEHERIREER.

= i_sb: IEEATBEHKR (super_block) HYfEEt, #iL T inode SENHRFZIERIKRER, (1534
R REREEBRINIT,

" i op: &M inode BMFREERIIETT, BLIZEOBRERSUGRGSCIAVEE (WelE. Mk, =5
%) , LT VFS ESEREXGR GRS,

" i_mapping: fSEMEUEZSIE] (address_space) i, BTEENARNBEATTREFIRGS, BEES
MASZARY 1/0 148E.

= i_count: X% inode RIS |ALTEY, EIRZIRAVEDFEE, BIRESHIZZSIZAET inode
"SRRI, ERBETEFEE.



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



iInodetz{E

= 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 PR T E— R mRinodegigSiasMAE—
BHRIudentryZE4514.,

s FPdentry(UREESPII—MFESPD. W: /. bin&lE
FEHRIYER,

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

s HRISER S BSEISUGAIPERE, IAER% T

{ER.
" BERZTRRF 7 UFEE] inode FISHER, AL, =
REFBEBRXLIIEESUGRS, AIJLIEENRFEFIRERI LAY
inode, MALEIRERSEFTEEHZ




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
[ : | | '\
/A d alias T '
NPT — = i ! !
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. n:mame ;”;1—- f \ /" name: hardlink1 |
. \ : ] / .
L ™ ) ath: /mnt/hardlink
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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h — 1_dentry !
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Fig: Relationships between the VFS objects
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list_head.next
list head.prev



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



LESTESIINE

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,



| stisrdssfile

FERA

f ref

f mode

f mapping

private_data

f _inode

f path

f pos

EHICE/T R ER

SIRTTERER 1, ZRISA—THRERFIFZXANR. &

HADAIEITFFE—3X 4, TTEUSIE,

FMODE_READ (HiE) ,

FE @ SR IEES 8] (address_space) , 5 inode-
>i_mapping 1HE, BEENEFHATRES,

N
T o

$8@XBXM inode (Bl /etc/passwd HYinode,
i ino=74191564) ,

BEMTEA: dentry: 35[ME /etc/passwd BIBE FI
(dentry) ; vfsmount : M{FREEHSEA,

HEEEUEREE (B4 FN) . BN o, 8K
read() EE lseek() EE?}EJ—TO

XB¥t7A5 (A open("/etc/passwd”,
o_rponLY) Ff5l)

FIF A open() BHitEI0 1, @A close()
AR 1.

BRSNS, VFS @& £ mode 245
B85 rMoDE WRITE, HANIELE,

AP A meap() B, AZET £ mapping
B X EIATFRIRET,

/etc/passwd mEIBXH, KFERAT,

B £_inode THE)XHFAYTTEIE (40

i size=3762) ,
FTFHEREITEEE (U /proc/self/fd HfY
S .

FBFiEHE read(fd, buf, 1024) f5, f_pos
TH 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,



XI5 Efile operations

" |Iseek: FTFRARENHINEERBEME;

" read: MG EEEEEIRAFZSE,

" write: BEGEMNAPEB A,

A48 ST SR RN,

" release: M RARSHITEIERIFREL,

" mmap: SLIXEASHIAEIRE, RIFHERRRANFEL

B open: EFFIFF

¥

= unlocked ioctl: FBFH

TR R an S 1M,

" poll: ZFFE A1), (£ AEREISIRN SUFIRSHIZE(L;

s fsync: FRRIUGEL

BN TTEL

EREL B NEEFIEIRE.



task_struct

files_struct

super_block

file *[]

I

5 type

mode

file

dentry

read_inode
write_inode

umount_begin

1 ino

i:dev
i_mode
i_uid
1_gid

d_mode

I dent
Cop N

{ count
[ pos

_op

1 fop

1_sb

| u

read inode
wrile_inode




A ETEFIERE

 WTRFEFFIRSUG, EEBZNRINSDEHTEE, —EHA
FBIRGH AR TR —EE, B EHHEEITFAEEL
REIMHITEIR, N THERHITSMEE, VFSIRE TERX
R ERYZ—i= .

» ARG E
s LInXEZ BB EIEF I RS EFEIE, IBE(E RS T
R,
s T ANEERRE— WOk, ENEINERI(TR) 22— Miletiia,
s AT H— AR — Milehtd, FHECIIARIR G TStk
9+,
s 2FTEArst filelg@ R FFT AN EFERIZEL,




| 3:1&%%3@? B/

RIS ETE

o W F—PERET JHRRTE NS, R A S H T EIE,
o fs_structfEMHAICR T XA FIREEFISRIE R,
« files_structZEARE & T HZAYT T H X H5%.

struct files_struct {

/*
* read mostly part
/
struct fs_struct { Y ENEEEE count;
int users: bool resize_in_progress;
. : wait_queue_head_t resize wait;
spinlock_t lock; rdtabt fat
. struct fdtable __ rcu xfdt;
SEqCOUHt_Sp1n10Ck_t Seq; struct fdtable fdtab;
[ . /*
:!'nt I:ImaSk' * written part on a separate cache line in SMP
int 1n_exec; v inlock_t file_lock heli ligned_i
. spinlock_t file_lock ___ cacheline_aligned_in_smp;
struct Path r00tr der unsigned int next_fd;
} randomize layout' unsigned long close_on_exec_init[1];
L — ’

unsigned long open_fds_init[1];
unsigned long full_fds_bits_init[1];
struct file __rcu * fd_array[NR_OPEN_DEFAULT];




/__/rlr

ST E

= count E2—NRFITHEESE, BTFEER files_struct U5 |HITEL; fdt 2—1 =
RCU {RIFRVIEET, $EMZHBIEEFERIISUGIARTE fdtable;

= fdtab 2REIIVIIASUHEIATTR, EXHEATFHERVINERER, BERIS
DBCHH;

= file lock 2EHES, FBFHRIFEW next fd #1 fd_array SFE1E SMP RS TRYFF
KRIERL;

= next fd i7" F—MNAIDBCAVSUHRIATTRS |, BEIREENTHVE;

" close on_exec_init 2—MUEZH, ICRWPELIUHEIATFERIT exec RFEA
iNEoE=2o ST

= open_fds_init 2—MUEEEH, BATRCIRIETIIFPRESHIS HEIATT

= full fds bits_init 2—MUBIEEE, 1IERUHRAFTRFIMEEDERIMER, LA
EENRES SR,

» fd_array @—TEOAX/NIEEH, FERMEITASUGRIEST, SRR SR
ST Z [BIHYBRET




A ETEMIERE

s fd_arrayB N EUHTTENN— P HEART, MRS HE
fd array BY ¥R,

SRR XERITH—XR, RHRSME fd_array FEEI— =R
&, BN file SEIETHENZNE, FIRZ R FANHHEIRFTIRE],
IO/ FERT ST R BIIBIT X N HOR B3, TIAB{ERSUE 2.

" RFEERHRTSESE 7 HEIARF 0. 1. 2, DBIRINAERA. TE
b A R IR I H I R

" S—PNHEEY fork() EIEFHER, KFHIEHRZER—MTHU4ER,
XEKRECERR TR fd_array JTIBEMERAY file 451G, LERT file
ZEHRRY f_count SIATEIEIEN, LURRS PMHIEXTRE—34RYS A,

" BAb, NPT E—HEZIRF I, BIRF IS A SUGERF
SE— MY file EHHF SHE— 1 #EY fd_array TRE, SE5AIXLE file 5142
HIZH9, (BEINERRY f inode 1859 MIE— inode, MMIREFERHZ
HTEIEN R —E1E.




| SrETERERE

_)inode
fs_struct g
current 4. ok struct [ count 2
— umask
root inode _
pwd [—> é
Al
S|
fs files_struct b 4
files A count
RS R fnode
—0 [ ——= .~ |
1| £d[1) > £ mode
TS < - file_operations
" : [ 1seek
255 [£a[255] £_inode|T"F read
f op B write
file
HEFREE



| StHtopen(iRE

= 7f Linux R, XE4RY open ##EIGT sys open() EGFER, 1% ARREIH
FAENBISUS IR AR,

1. WtziEE getname() SR T EFRIHEREEHIZIRZ=TIE, HIREEEL
BB,
2. ZFSAA get unused fd() FEXRHHFEA TSGR (current->files->fd
#HH) PISE— TR ERTF, ARE NMMRAFEEEEZER.
3. WzER filp_open() KFRIGFHIFIFHIIE, X—dED AR
1. EB—2EF open_namei() EHTEREEENT, BIIREITSE] BARSUEXTRAY dentry XIsREAK
FERHY inode 375 ;

2 SBENEIY dentry open() 1% dentry SECFHAIEM file 3195, 15 file XWSAT f dentry
PYSAE AT HERY dentry,

4. 5, fd install() BEUSEFBIZEN file WSR2 L aHERF I SU4RF,
BD current->files->fd[fd] HMHEHNZ file W, BLIREISHEREAT, MItH
BN AR BIA B AR, e EEFERNHmARIHITIEERE,




| StHtopen(iRE

" open_namei() 25314 open BIEFFHIKXELE, ©ETHEMNTE—
dentry {ENEERF TSN, XEURTATRHESU4 IR R B RIS 248X
1z,

" Bd path_walk() (SEFRLH link_path_walk() SE3) HA—MEH, BXE
HTERIRAI— 1M

" EXAMER R, RRAEE 1 (FReZSRiIEx, BEERY) M NS GRE

RER, FEFHELXEHZRM dentry) HYSFIRIET.

s NZESCER cache lookup() MEBELRIRREBHERTELEFAET dentry EFH, WNREFE,
NEZFRZEFFRY dentry, IIRBITERE,; BN, S2BCHAY dentry X%, FHEA
real_lookup() MIZEIZEUZBERIENER., real_lookup() =FIALER inode FENH
lookup() FAiRIEENBE 4R dentry JFRAY inode #iE, BRTTENEIFRMIBES SIS 55,
KRR 2R EmhIR T RauEZ i,

o R, UPFEIRRAEEMRIEMRENTS, open namei() SSREXT BFR dentry FIELXEX inode
HIE(Z, 9 dentry open() ¥J381L file ISIRE T RDBNER., B NIRRT XEERSEE
% S AR ENERE R v WiZF AT REEL 1/0 BIFRY file [,




extdN(FZE S

" extd NHRFRAFHIEGREEMDECRL, TARMRNABSEFELIT
" YRS XBERNX 1 EB, BNHIISRARIEIX 16 TB;

s TIKYER, BERKN 255 MNFEF, FSOFEENYT BB,

= 5|\7T extents #lil, FBLABREFRIRINGY, BERESUGERFHEFASUS
PSS ESS

" RFBERDBC. ZSWRDBCFILUEN, H—ZRE TH#E 1/0 48,

' PSS EERENS], HREGEREERIRERE ;

" RS AR, REESAIREIREE RS, ENSEETR K,

» G, extd FREANHFCENHRFINSIEREE, LMEERSSEH
ITEERE,

o ZEMEE. TRMSRIENE, extd BAAIUL Linux RRFPERIABTEFE
BRIRTTZE,




extAd (R G E FHIYIEME

" 7 extd f, BMEVEREEARLIGRT ext2 oA, EIZINTR
E R B

" HEAEEXERERTSISINERER, 2EEEEERE (BFE/ 1024
FP) FREBRRMEDERR (RiEwMENIARE, FIFE 1 EE

RiFED)  MEERERARTR, BioR7ZFHNIVERER.

" WEEXDAZIAKIMERERIRA, M ext4 5|N\T “flex block groups”
LS, BE T T RABRE—ELURD TTETRERE I HE.

" B PHNIBERESEIRERAIE. inode {iE]. inode & (HH inode %
AT extents SIS EEEASFRIRIRGT) LAK SEFRAVEHER X 18,

" IF5h, WIRBATHEINEE, *2BEIXKEFMEEEE, XEimitd

BEffR T ext4d EEEBEFE. REERerIHEF IR S RIS,




extd{RZEK 514

" BRREN AR RPRERRIGN, Bt
ANHRE RS

" HiMAFICR 7T SFRAENER,

» FPRAEE— N
HUER, 0 X RAJH,
FAkZFRZRAF inode XTESFHEBER;

1 RREEH,

BANVIERFZHENSE,;
A inode BYEIE ;

S RIS

BHSE, EHA/NA— R, 5
B MREENESE—

TN FEY—A

inode {3\/[&],

= inode FTEFME T IUHFIEHRAY inode #UE, 81 XEGEEHRBIB—

inode H{77&.

l-','l Sih

-~
-~
-~

-
" block

r a1k

il 0

IKB-

-

n! blocks

RYSFETR

nZ biocks

|

| block |

block

S—
PRI RS IR 1Y & F IV P inode 1714

AN

-_—

—

ni blocks s

[ v &

4 group desc

~ |.

\



ext4ian IR

" ERIREIFRARERBE N G RRRANMEENEEEIRENE, ©

ISR T X RFBRIERsFSomER, UNSZHMKEE
(30ERH. inode FRF) HIRY. HEFZLL

" 7E extd P, BRI TENRANGRIR, S5 HREPRIEHRR

REEAERE, EBERRIETH, NZREFRAOFHIBRIUEN

N7, EREASERRNTEASDFE, XEEERIE 7 EURINUR

%, WETEDIPRITIRE GRS,

" fE Linux 51, ext4 BPIRGHITEN I extd_super_block,




ext4s

R ERIR

struct ext4_super_block {

/*00%/

/*10x/

/*20%/

/*30x/

/*40x/

/*x50%/

__le32
__le32
__le32
__le32
__le32
__le32
__le32
__le32
__le32
__le32
__le32
__le32
__le32
__lelb
__lelb
__Llelb
__lelb
__lelb
__lelb
__le32
__le32
__le32
__le32
__Llelb
__lelb

s_inodes_count;
s_blocks_count_1lo;
s_r_blocks_count_1lo;
s_free_blocks_count_1lo;
s_free_inodes_count;
s_first_data_block;
s_log_block_size;
s_log_cluster_size;
s_blocks_per_group;
s_clusters_per_group;
s_inodes_per_group;
s_mtime;

s_wtime;

s_mnt_count;
s_max_mnt_count;
s_magic;

s_state;

S_errors;
s_minor_rev_level;
s_lastcheck;
s_checkinterval;
S_creator_os;
s_rev_level;
s_def_resuid;
s_def_resgid;

/%
/*
/*
/*
/*
/%
/%
/%
/*
/ *
/*
/*
/*
/%
/%
/*
/ *
/*
/*
/*
/%
/%
/%
/ *
/*

Inodes count */

Blocks count */

Reserved blocks count x/

Free blocks count x/

Free inodes count x/

First Data Block x/

Block size x/

Allocation cluster size */

# Blocks per group x/

# Clusters per group x/

# Inodes per group */

Mount time */

Write time */

Mount count */

Maximal mount count */

Magic signature x/

File system state *x/

Behaviour when detecting errors x/
minor revision level %/

time of last check x/

max. time between checks x/

0S x/

Revision level x/

Default uid for reserved blocks x/
Default gid for reserved blocks x/



FERA (RB2)
s_inodes_count (0x00)

s_blocks_count_lo

(0x04)

s_r_blocks_count_lo

(0x08)

s_free_blocks_count_lo

(0x0C)

s_free_inodes_count

(0x10)

s_first_data_block
(0x14)

s_log block_size (0x18)

s_log_cluster_size

(0x1C)

s_blocks_per group
(0x20)

s_clusters_per_group

(0x24)

s_inodes_per_group

(0x28)

s_mnt_count (0x34)
s_max_mnt_count (0x36)
s_magic (0x38)

s_state (Ox3A)

s_errors (0x3C)

s_checkinterval (0x44)

s_creator_os (0x48)

SEFICAE (75l +iE)

0x0000c800 (51,200)

0x00100000 (1,048,576)

0x00001000 (4,096)

0x00020000 (131,072)

0x00002000 (8,192)

0x00000001 (1)

0%00000002 (2)

0%00000002 (2)

0x00008000 (32,768)

0x00008000 (32,768)

0x00002000 (8,192)

0x0012 (18)

0xFFFF (-1)

0XEF53

0x0001 (EXT4_VALID_FS)

0x0001
(EXT4_ERRORS_CONTINUE)

0x000F4240 (1,000,000 f =
11.5K)

0x00000000
(EXT4_OS_LINUX)

i7BA
XHRF R DEMS inode &, 5 mkfs.exta By -n SEUEX.
XERFEHRE (K32 1) . BRANK 4KB, BBEN 1,048,576 * 4KB =

4GB,

REBIRE (AT root BPERME) , BENSREE 5%,

LRI AR (£ 3211) , RAFIFATAZTEL 131,072 * 4KB = 512MB,

HEIZR inode #%, #& s_inodes_count=51,200, MEHEZ 51,200 - 8,192 =
43,008 7 inode,

E—THIBRNES (0501) , Ml ext4 BERH 1 (R 0RBHESISHEKX) .

BRANRIITEERT: BRAN = 1024 << s_log block size = 4096 FT,

FER/NITE (AT bigalloc 151) , HRBEUNSRA/IMER, BIFEAMER
4KB,

Eﬁ‘ﬂeéﬁ@ﬁﬁ’\lﬂiiﬁl, HBEINME, REDH = s_blocks_count_lo /
s_blocks_per group = 32,

Ejl\ifiﬁﬂ’\]'ﬁﬁgﬁ, 5 s_blocks_per group —ﬁ( (*Eﬁﬁ bigalloc) ®
FTIRERN inode §5(, A DER = s_inodes count / s_inodes_per group =
6,

XU RGHERRE, #1d s_max_mnt_count EIHIA fsck.

RAFERRBPRS], -1 RRFTIREL.

extd XHRZEEITR, EEN 0xEFs3 .,

XHERFRE: 1 RIRETFHEH, o RRFENE.

RN 1 RAPRERGEIETT, 2 REHNRE, 3 KRR panic,

PRGEH] £sck MERITRABIRATE ,

BIRXHRAMRIERL, o Tk Linux,



ext448}

" FMHEEE B CHIEIRTT,
1zFHext4 group descimi&,

+|-\ /rﬁ-

struct ext4_group_desc

{

__le32
_ le32
_ le32
__lelé
__lelé
__lelé
__lel6
_ le32
__lel6
__lelé6
__lelé6
__lel6
__le32
__le32
_ le32
__lelb6
__lelé
__lelé
__lel6
_ le32
__lel6
__lel6
_u32

bg_block_bitmap_lo;
bg_inode_bitmap_1lo; /%
bg_inode_table_lo; /%
bg_free_blocks_count_1lo;/*
bg_free_inodes_count_lo;/x*
bg_used_dirs_count_lo; /x*
bg_flags; /*
bg_exclude_bitmap_lo; /*
bg_block_bitmap_csum_Llo;/*
bg_inode_bitmap_csum_lo;/*
bg_itable_unused_1lo; /%
bg_checksum; /%
bg_ block b1tmap h1, / *

/%
bg_inode_table_hi: /%
bg_free_blocks_count_hi;/*
bg_free_inodes_count_hi;/*
bg_used_dirs_count_hi; /x*
bg_itable_unused_hi; /%
bg_exclude_bitmap_hi; /%
bg_block_bitmap_csum_hi;/*
bg_inode_bitmap_csum_hi;/*
bg_reserved;

/*

EESTY

— M BRERNEXRER,

Blocks bitmap block */

Inodes bitmap block x/

Inodes table block %/

Free blocks count *x/

Free inodes count *x/

Directories count *x/

EXT4_BG_flags (INODE_UNINIT, etc) */
Exclude bitmap for snapshots x/
crc32c(s_uuid+grp_num+bbitmap) LE x/
crc32c(s_uuid+grp_num+ibitmap) LE x/
Unused inodes count x/
crcl6(sb_uuid+group+desc) */

Blocks bitmap block MSB */

Inodes bitmap block MSB */

Inodes table block MSB x/

Free blocks count MSB */

Free inodes count MSB x/

Directories count MSB */

Unused inodes count MSB x/

Exclude bitmap block MSB */
crc32c(s_uuid+grp_num+bbitmap) BE x/
crc32c(s_uuid+grp_num+ibitmap) BE x/



inodeZz5| o=

B 7T extd XHEZRFH, inode FIEAX/INEE /I 256 =15,
inode Z|IFFIETE inode T, 1Z3HE— K5 NELLAIRIEBY,,

" inode FRHE—MRAVR SFRIERABFIAFTHY

bg inode table =&, FrH& inode BYK/NY 8 256 =73,

I, — 1024 F=HRIRAILAFIR 4 4> inode, [M—1> 4096 =

THIRALAFRL 16 4~ inode,

= B1TH inode REATZOHR, JAFRK—TREF inode B
# (ICRIEBEIREY s inodes per group FEEH) BRLAGHRE

AT LASYHY inode EERDTE],




ext4 inode

struct ext4_inode {

_lel6 i_mode; /* File mode x/
_lel6 i_uid; /* Low 16 bits of Owner Uid */
__le32 1i_size_lo; /* Size in bytes x/
__le32 i_atime; /* Access time x/
__le32 i_ctime; /* Inode Change time x/
__le32 i _mtime; /* Modification time x/
__le32 i_dtime; /* Deletion Time x/
__lel6 i_gid; /* Low 16 bits of Group Id */
__lelé i_links_count; /% Links count */
__le32 i_blocks_lo; /* Blocks count x/
__le32 1i_flags; /* File flags x/
union {
struct {
_le32 1_i_version;
} linuxl1;
struct {
_u32 h_i_translator;
} hurdl;
struct {
__u32 m_i_reservedl;
} masixl;
} osdl; /* 0S dependent 1 x/

_le32 i_block[EXT4_N_BLOCKS];/x Pointers to blocks %/
__le32 i_generation; /% File version (for NFS) x/
_le32 i _file_acl_lo; /% File ACL %/

__le32 i_size_high;

__le32 i_obso_faddr; /* Obsoleted fragment address x/



ext4 inode

" i mode FEYRAS T HRISREFONPR, N, EESUF. BR.
FRIXE. RIXT. REE. BEEF. SRl RARED
BIXI N AFERIIRADE.
s GhT, extd PR T ext2 RIEUEIBETEIEH
(EXT4_N_BLOCKS, BCAEEES 15) , ATEHCUGEEERR
AEMERRRS, FEE extd PXIFTRIUGEFERKA extents 1l
HILUIR SR,

s NEIZEEAUERI XN EBRIBEREIAE . X sEX4, inode

RNERRITTEUR ELUCRIT BN EER, TNEZEYMIZUELR;

s MY FER, FERGFFEEERIVERE, BN EERPEEETT
ext4 dir entry 2 4589, FRIOMEIAZBER FENXERIEE,



ext4 inode

FRA

i_mode

i _uid
i_size_lo
i_dtime

i_gid
i_links_count

i_blocks_lo

i_flags

i_size_high

i_ctime_extra

i_mtime_extra

i_atime_extra

i_checksum_hi

osd2.linux2.1_i_checksum lo

SEHIEE (7 itmlit)
0x81A4 (S TFREG \| 0644)
0x0000 (1% 16 fif UID=0, root)
0x00000EB2 (3,762 F79)
0x00000000

0x0000 (1% 16 fi GID=0, root)

0x0001 (FEEEIBELN 1)
0x00000008 (8P 512 FTik)

0x00000000
0x00000000

0x0000027Cc (#MFH=620,

epoch=0)

0x00000152a (ZAFH=350,
epoch=0)

0x00000384 (44%0=900,
epoch=0)

0x12AB

0xCD34

PR

EBXM (s_1rreG) , PR rw-r--r--,

4£EA osd2.linux2.1 i uid _high AJ#5 324z UID,
XEIBIEAN (IR stat FPEY A 3762)
XAEARMIBR, RS ERIRE .

4584 osd2.linux2.l i _gid_high AIX#%F 321 GID,
/etc/passwd RHEEM B RIBHEIE.

XS ETE: 8 * 512 = 4096 F1 (W stat A Hh:
8) .

RINLY REML (mE. ERES) .
XA KREBE 4GB, TFHFEMS 32 i,

TERSEIINTIED: 620 << 2 = 2480 ns,

{EERATBIRNTOER D 350 << 2 = 1400 ns,

ThIa]RT BIAYLARDER S : 900 << 2 = 3600 ns,

inode #WI8FS 16 ii (CRC32C EiFAER) .

inode BEGFME 16 i, 5 i_checksum_hi HAEHNFTEMRIEF.,



ext4 dir entry 2

struct extd4_dir_entry_2 {

__1le32 inode; /* Inode number x/

__lel6 rec_len; /x Directory entry length x/

__u8 name_len; /* Name length */

__u8 file_type; /*x See file type macros EXT4_FT_x below %/
char name [EXT4_NAME_LEN] ; /* File name x/

® inode FER (32 fiv)NmEEY) FiE T BRIIMAY inode J/5;
" rec_len FFE (16 i/NimEEl) FNZBERIMNCRIEKE,

" name_len FE G 1 F1, ATHERXEGENKE;

s file_type FEG 1 575, ICRIHRYZREE (&0 EXTA FT * 7=
EX)

" name #HBTEFRELEFRAISUFS.



proc3 {24t
" proc MRS Linux FRUSHARS, =itteAFR—1

LAY iRz TARIIZRYANRE O, s TR A ER

HUREM. BEEWIZIZERINH.
 RERZIBI LIFRNSHREURE, B AT HOUIERE
o WHEHITIESRY, Z1RIBERSHFIIEXE S RIATER IHQ&%EU%@E
PRI S EIESA
" proC #EFRA" ISR A"
HiFEERREE/proc;
= man proc 17 7 1FMHiRE,

W/




|  procxtitz4:
» /proc UG R] LA AT RIREXRZAVIRS. TEEEM.
[FEEITHIEHERIRSHESE., KEb5 /proc FEISEFIERIE
HEZSYEIMNERTIER,
s RE /proc RRINERREIIEY, Be(WhrILAERE AN 4%
tEesE{%R 'more’, 'less'By, 'cat XHEEFREE. IREREFI
EFTH—NERSUEET, XN EGmEE Nz E R ETIHT

—

(on the fly) BIFET .




proc X4 &S

" proc XHERFA S BATWRES AN XTRE SIS TR
SR, FES—LEEH:

= /proc/cpuinfo - CPU BYER (BLS, Kk EFA/NE)

= /proc/meminfo - MIERF. IR EEAIEE

= /proc/mounts - EANERISG R FRIZ1IZE

= /proc/devices - A FIREIYIZE

= /proc/filesystems - 7RISR G

= /proc/modules - ENNEAIELR

= /proc/version - RIZhRZS

= /proc/cmdline - AFBRIITHIARNRIZas LI TS24

® proc FRN (AL FEAHAIXAZ, EBEH—THE, 7]
LAXY /proc BNE— N3 4EB more'— T,




> Ll /proc/cpuinfo
-r——r—r—— 1 root root @ 2R 22 17:44 /proc/cpuinfo

file /proc/cpuinfo
/proc/cpuinfo: empty

> cat /proc/cpuinfo | head -n 10
processor : 0

vendor_id : Genuinelntel
cpu family : 6

model : 183

model name : 13th Gen Intel(R) Core(TM) i9-13900
stepping : 1

microcode : 0x12b

cpu MHz : 895.155

cache size : 36864 KB
physical id : 0



proc A4 &5t

" /proc RG] L AT REUE THRIHERER. £ /proc
hE—LRSHFER. 81 wSEIBRIIN—HEE id (PID),
XEE, B—ME{THRNATE /proc FEE— BRI PID t53aY
HR. XEFEHRPESULIRHERFEAINVSIIERIEE
HHEEAIE. LEATNEER —TEITPIHE, WK,

i with user@host at 11:45:58 © |
> ls /proc

1 134 1533 17804 1900844 20470 26443 3756068 60 749452 759071 94 mdstat

100 1340 154 17820 1902 206 267 3757644 614 749958 759096 95 meminfo

101 1341 1543 17837 1903 20667 27 3758828 45 62 75 759101 96 misc

102 1344 155 17850 1904 207 270 3763928 46 63 750134 759123 973545 modules

103 1345 156 17890 1905 208 275 3778227 464 64 750547 759125 98 mounts

104 1346 158 179 1906 209 28 378 465 640 750736 759126 99 mtd

105 1347 159 1792 1907 21 29 38 466 641 750737 759311 acpi mtrr

106 135 1597 17933 1908 216 290 3822519 467 65 750860 759316 asound net

107 1352 16 17936 1909 217 3 386 468 66 750861 759338 bootconfig pagetypeinfo
108 1354 160 17942 191 219 30 386664 47 68 755628 759339 buddyinfo partitions

116 1357 161 17983 1910 22 3092718 39 48 680 755637 759341 bus pressure
111 1358 1618 17988 1912 220 3112567 396249 5 69 755638 759425 cgroups schedstat
112 1359 162 17995 19127 221 312 4 50 7 755640 759463 cmdline scsi
113 136 1621 17999 19128 222 3140709 40 5053 70 755658 759627 consoles self

114 1363 164 18 19131 223 316 402739 51 71 757823 76 cpuinfo slabinfo

116 1364 165 180 19133 224 317 405 52 72 757942 77 crypto softirgs

117 1365 166 18006 192 225 32 407 53 731963 757948 78 devices stat

118 1366 1661 18008 193849 226 33 408 537712 732041 758313 80 diskstats swaps

119 137 1662 18017 19389 227 333 41 537722 732042 758314 807 lE] Sys

12 138 167 18022 194 228 334 413048 537744 733128 758318 81 driver sysrq-trigger



|  procxtit &%

= 5

» ‘cmdline” B & EaHERERR ST,

s "cpu'XfEizfT SMP WEZRTHEL, BEmZEiR CPU Ko RudtizaTE,
o ‘cwd" BiEOEESE LIEERASG S5,

s ‘envir’ HEENINET S,

= "exe" B TR TIER,

=5
o 'fd"E BiIEEEEFE RIS EA TR,
= ‘root"tiEMEIX MHIEEFEREEZRE R @2,
= “status” BHEAPNSER., SiEENEENBFPIARID (UID) F14
ID(GID) , A#A2ID (PPID), BEHEIRIAVAT:, kil Sleelping”#0
‘Running’s &1 EHFERIEREB LI FFS5%E,
y B 1Y /przﬁéi41617 £d limits mountstats pagemap sessionid status

coredump_filter fdinfo loginuid net patch_state setgroups syscall
cpu_resctrl_groups gid_map map_files ns personality smaps task

cpuset io maps numa_maps projid_map smaps_rollup timens_offsets
cwd ksm_merging_pages mem oom_adj root stack timers

environ ksm_stat mountinfo oom_score sched stat timerslack_ns
exe latency mounts oom_score_adj schedstat statm uid_map




procX 4 &S5t

* _FEITIERIARERSD /proc RYSHRRERY, MsEfRL /proc X
HERFUEN /proc FENEERYXHEHE TR ENE, 5
XL AT LA AROIARE:, Rl E R E A EIX S,

® /proc/sys BREMFMERNEERNHRIESR, RJLSATHEE
RIZAT /3.

" /proc/sys/kernel - XHRBESREARNZITHEER.
/proc/sys/kernel/{domainname, hostname} F5CE1 28/ M4
HUERFMEN S, XEERLIBTESIXEEE,

root@nyose sproclit hostnane
myose

[rooteémyose /proclit cat ~procssys-kernel- hostname
myose

[root@myose /proclit echo NEWose > /procssys-kernel hostname
[root@émyose /proclit hostname
NEWose

[root@myose proclit




procX 4 &S5t

" X, EBEEH /proc SZFF?ZEEPEI’\JS’Z#F AT LMESEA BB
AN HRGNA DB IMNREASESS. REHEMMAEES

IS4 F1ET /proc/sys/kernel/, LET\_J e BT E XS4,
B LA S EX T EREEIUGIAIEZHLER

rootPnyose sproclif cat /proc/sys/
4096

[root@myose sproclt echo 8192 > sprocssys-fs-file-max

[root@nyose ~proclt cat /procrssys-fs-file-max
8192

[rootPnyose ~procli




proc T ARG IS

o HIEIFES T procXHFRGZHIEARB &, AXELLW
FRE—1NRNZIRR, B mERR, E/proc
R TNEMETFINYH, AP HRIEZEERE
RFEITAIE,

o /procHE TN HE T —M4FEREI N, Wi
Y ERY T A G 2 At pR

o proc X RFNRIEEOLLRFC, Kb EREL
=VFSHEZAEML—1"proc_”

0O 612 B &K #proc_mkdir();
O 85 &R & proc_symlink();

O 8l i1 &) R #proc_mknod();




proc it ARG mie s

o TABRNIZRKEZ B, TR T fitprocX R Gmiz
%:_%E’Jy& Ay proc_dir_entry

;;‘

module *owner:
ct proc_dir_entry *next,
rent, *subdir;

ned short low _ino;
signed short namelen,;

const char *name; void *data;

mode _t mode; read proc_t *read_ proc;
nlink_t nlink; write_proc_t *write_proc;
uid_t uid; atomic_t count; /*{s F3 1%/
gid_t gid: int deleted: [* I s 25

kdev _t rdev;

1

unsigned long size;
struct inode_operations *proc_Io
struct file_operations *proc_f
get_info_t *get_info;




proc T ARG IS

o F—PMXHFNMESIINTT—ITTR, BHRE—1
proc3 ¥, ERRZSEEKRINEXHIEIENHFI—
JI_‘iléo RIEPAZINRRAAS. L1 ERZIRRR

name: TRRAFR, WELE1Zproc A TR
mode: AR ZERIFNAN PR
nlink: 1Z B R 2

read_proc: IEER{ERE
write_proc: GiR{ERE
owner: IZX RV B EIRIR



proc it ARG mie s

o NTHNABILNAZEE . BIFIXLLRE, ATLUE

KRz FEproc3 i % = 81 2 B & Ml ER ST 1Bk

Ko
® g %ﬁ!éH?‘&%KE&*Z@%&; /\HEZ’—*&'L’\IL\?&
A, FERE—THREREZAREN.




proc T ARG IS

o Bl {create proc_entry()

struct proc_dir_entry *create_proc_entry( const char *name, mode_t
mode, struct proc_dir_entry *parent)

o ZREIFCE—proc, XHERHname, X
KB Fn5 04X PR Jamode, 3 B3&EAparent.
o NRMEHFEprocxHERGRIRBERETOIE, NFHIE

%%&parentﬂjNULLo

o MEBXHARNZ, procXX&R%LITERI—
TEHERTRESTEZNXHMTFEE

o AERINHFIHRARE
rondirfifl &

I E M R GRIrmE)



proc X 4 RGN mizix
o )i RiE{create proc _read entry()

struct proc_dir_entry *create_proc_read_entry( const char *name,

mode_t mode, struct proc_dir_entry *base, read_proc_t *read_proc,
void *date)

o&ﬁ@ﬂ@@—¢ u%mml# \$ER%
e tthif Acreate proc_entry, FIiR[EIZEHIRY

read procﬂZEI’NEEjjread proc, datai’JZEI’HEE
Jadata.




proc X 4 ARG RIZHE
o Bl|Z B Fcreate_mkdir()

struct proc_dir_entry *proc_mkdir( const char *name, struct
proc_dir_entry *parent)

o ZKEIFLIE—TH®R, XHXRAparent.

/proc/edsionte_procfs/foo:

e struct proc_dir_entry *example _dir =
proc_mkdir(“edsionte_procfs”, NULL);

e struct proc_dir_entry *foo_file =
create proc_entry("foo", 0644, example_dir);



static int proc_read_foobar(char *page, char **start,
off _t off, int count, int *eof, void *data)

{

int len;
struct fb_data t *fb_data = (struct fb_data_t *)data;
1I4&fb_datafy##EE Apage

len = sprintf(page, "%s = %s\n", fb_data->name, fb_data-
>value);

return len;

}

76/46



static int proc_write_foobar(struct file *file, const char *buffer,
unsigned long count, void *data)

{
int len;
struct fbo_data_t *fb_data = (struct fb_data_t *)data;
if (count > FOOBAR_LEN)
len = FOOBAR_LEN;
else
len = count;
IS R tzILiER], 15HPESEbufferE AAR#ZSRIvalue
if (copy_from_user(fb_data->value, buffer, len))
return -EFAULT,
fb_data->value[len] = "\0’;
return len;
}

77146



proc X 4 ARG miziz
o MFETa (XEsEBEZFE) remove proc_entry()

void remove_proc_entry ( const char *name, struct proc_dir_entry
*parent)

o ZERBUEMIBE— N procTm GG MIR) .




proc X4 R G RIETE
o G|IEFFSHEHEproc_symlink()

struct proc_dir_entry *proc_symlink( const char *name, struct
proc_dir_entry *parent, char *dest)

o ZF ¥ EparentB R N EIE—1M 2 FEAnamelIFF
SEENH, dEEBir2dest,




proc X ARG mIiziE
o fIiE 1B HFproc_mknod()

struct proc_dir_entry *proc_mknod( const char *name, mode _t
mode, struct proc_dir_entry *parent, kdev _t *rdev)

o ZR ¥ EparentBFE T EIEE—1RF Anameiik
B3, HFERIFNIR Imode, 1% %S Ardev

(e]




proc it ARG mie s

o LI ERNEET RBIERMAERNZPRISLINRIE:
Bidproc_create JZE#ERIFTE], HiHFHIT—LHRHLT
1lEo
proc_registerNit—FEE M. HESCEMIIE

o MHIBRTY = BY R E RN PRI SEINRIZE:
N 2 4&F clear bitFiproc_kill_inodes, ;¥$Hinodess#)
IR S| AE 90, MFAfree_proc_entryFERLE #Ixt R

m S18); BN E— PR RE, TEMEE



proc it ARG mie s

o LI ERBARGE—IH, EEERNEZENXH
ZFEEH, 2ARTMENESEES, E11=

read_procFAwrite proc.

o AN EHMEEIHEM, LA THITHSH
. RS AEAMRROEAE.

int (*read_proc) (char *page, char **start, off_t off, int count, int *eof,
void *data)

int (*write_proc) (struct file *file, const char *buffer, unsigned long
count, void *data)



UG : RIN— 1PN GRS

o LI HEIMNGHS 48 E A/ EREE T —N
1, 3 /(ﬂ%Jr'EI’JHH‘I HIzIE ERVEE I .
FRBH:

* ifF=HMIAXH (R E BN

* of=HiH X (i FRR)

* bs =bytes [FBTZ B 1%/ BEE A XNETH(FT X EibsH

obs)count=blocks R #% Dl A\ BJblockstk

* conv=ucasel FHH/NEZRAKE

* conv=lcase B FBHHAE®%® /NG
51z : dd if=/dev/zero of=myfs bs=1M count=1. iZ# < MM
/dev/zero iEZEX IMB HIE{EHIE, HEAXH myfs.


http://10.10.21.30/linux-kernel/practice_kern/-/tree/main/AddMyEXT4

g’;gﬁ ﬁpl’OCYﬁzf‘%éﬁTﬁc //J\JJIJ E_RLf‘anﬁ:

o &% : http://10.10.21.30/linux-
kernel/practice _kern/-
[tree/main/CreateProc?ref type=heads.



http://10.10.21.30/linux-kernel/practice_kern/-/tree/main/CreateProc?ref_type=heads

