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|
VFS

read write ioctl open...

T ¢ 4 @

VES

char 4% Block RAW% £ Ext4 7 frifile

E—— » fs/ext4/file.c
BRI & IR B] fs/block d —
S/DlOC ev.C file operations ext4 File operations =
_— .1lseek = ext4 llseek,
file operations @&fIblk fops = { -read = new_sync_read,
open - = blkdev open .write = new_sync write,
' pl blkdev ]lf ! .read_iter = generic file read iter,
; .reLease = €v_close i i = i i i
rations 1p fops = { _ ' write iter = extd_file write iter,
_owner _=THIS MODULEl,J_ P .1lseek = block llseek, . .unlocked ioctl = ext4 ioctl,
irite = lp_write, .read = new sync read, #itdet O extd ¢ foctl
.unlocked ioctl = 1p ioctl, .write = new sync write .. -compat_toc = exta_compat_ioctt,
. _ — — — ' #endif
#ifdef CONFIG_COMPAT mmap = ext4 file mmap
.compat_ioctl = lp_compat ioctl, - —_—
#endif
.open = lp open,
.release = Lp release,




Super block, storing:
Size and location of bitmaps
Number and location of inodes
Number and location of data blocks
Index of root inodes

Table of inodes

Each inode is a file/directory
Includes meta-data and lists of
associated data blocks

"

Bitmap of free &

used inodes\
Data blocks (4KB each)




file_system_ type .mount -> fill_super

: : {
(register_filesyste A AL ¥ super_block;
m) W)k ftsuper_clock: s_op
Root inode#¥] %A1k (i_opsHli_fop)

8 H % fjdentry: sb->s_root

¥
Umount:
s_op.kill_sbOffiE Bt
super_block PELE N APSE LN PSS
super_operations
inode i_ops:inode_operations i_fops:
o s e . create file_operations
(dirs#Sphscry) e
1

Istremp(record->filename, child_ dentry->d_name.name)
srfdinode, & j5d_add(), #f5Echild dentryflinode:
dentry->d_inode = inode;

¥
.mkdir
dentry KT dentry ¥R R HEIR ;

dentry->d_inodef§ [a]#H M () inode 4 1)
dentry_operations

file HEREZR 9 (4T JF S2fltask_struct.file_struct.fd_array[]
file.file_ operations=inode.i_fops



Inode diagram
Inode diagram 7 22 #5R A A7 O HE R TR LE H (block)

Inode

Direct blocks

Indirect blocks

File info

Double
Indirect
Blocks




Indirect blocks

Inode diagram A~ & CLFIS 2985 2 o f e, Rl n] DL i [a] 4%

SENYRFS

cO0O®~NoOU b WN =

N N
[ ) I <N % T G T

SCRFR I

Direct Blocks (12)
[File sizes to 48K]

[4M storage]

//
—1
a
rd

/

/

]

/

T

~

Treble Indirect Pointer

[Up to 1G blocks, 4TB storage]

Indirect Blocks (1024)

Double Indirect (1M)
[4GB storage]
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EXT4 Extents

—/Extentsse /M HBES FAHE R (block) 4 5. tLUn—~100MBH]
SO AT RERE 7 B ge — > B Extents, X FERLA FR Exts ISR Hr 1

25600 M HHE I LS (B — D EHETUE4KB)

Data block

Extent-Header
Extent —

Extent

Inode

Extent-Header

Extent-Header

Extent-Header

Extent
Extent \‘




xxX_inode cache

HALZE K M cache, iR Tinode diagram B4 78, 558045 B £ 50 1K 2%

__init init inodecache( )
{
ext3 [NOAEEACHEp = kmem cache create("ext3 iHOHEEAEHE ",
ext3 inode info {
~ le32 1 data[l5];
(EXt3- ~u32 1 Tlags;
"|#ifdef EXT3_FRAGMENTS
0; _u32 i faddr;
} _us i frag no;
__u8 i frag size;

#endif
ext3_f5blk t i file acl;
u32 i dir _acl;
B u32 i dtime;

~u32 1 block group;
1 state flags;




Directory diagram
B S — MR SCIE, Ainode s 1544 5 M2

Inode Table Directory
\ i1 | namel
) / 12 name2
13 name3

~ 14 name4

15 name 5 ik 1
15 name 6 (Hll4a)




Lookup /usr/bin/emacs

data

usr
bin
sha

2 gy |
3
re 4

D Inode

> 2 peemees P11
data ; data
var 10p-— X 117
bin 11 vi 118
opt 12 emacs 119
Data area

Lookup operation for /usr/bin/emacs.




5 5t %
wxx: In —s ../cbw/my_file
_I:j_l" cbw_file

cow — my_fle 4 Create a soft link file

j—» [E 2. Add it to the current

amislove  chyTile diI'eCtOI'y

—

home

13



File,inode, address_space

struct . .
. file operations [4
file —
address_space
host >
HE
page tree [—
f op
struct dentry struct inode /
f dentry
1_mmap
. a ops
i op P A
d inode i fop 71
i mmaping
address_space_operations { address_space_operations

(*writepage) ( page *page, writeback control *wbc); - -
(*readpage) ( file *, page *);
(*writepages) ( address space *, writeback control *);
(*set_page dirty)( page *page); pagelFs.....
(*readpages) ( file *filp, address_space *mapping,

list_head *pages, nr_pages);



file_operations 5
address_space_operations X #

Bl & hook upZ|VFS, 5% THipage cachel Al (&

tEbio & i2);
f ops.read
if O DIRECT
a_ops. direct_I10()
else

do_generic_file read()

R page cachef ¥, Epage cache;
& lla_ops->readpage, Kbio




lcache flldcache

~_init inode init( )

loop;

EAGHENEREEp - knen cache create " GHENEHENE ",

sizeof( inode),

0,

(SLAB RECLAIM ACCOUNT|SLAB PANIC|
SLAB MEM SPREAD),

init once);

__1init dcache init( )

loop;

= KMEM CACHE(dentry,
SLAB RECLAIM ACCOUNT|SLAB PANIC|SLAB MEM SPREAD);




]
Slab shrink

To free pagecache:

echo 1 > /proc/sys/vm/drop caches

To free reclaimable slab objects (includes dentries and inodes):

echo 2 > /proc/sys/vm/dFop caches

To free slab objects and pagecache:

echo 3 > /proc/sys/vm/drop caches
shrink shrink

LRU Is Everywhere

BRAFIAK dcache sb( super block *sb)
{
freed;
{
LIST HEAD(dispose);
freed = list lru walk(&sb->s dentry lru,
dentry lru isolate ShFiAK, &dispose, UINT MAX);
this cpu sub(nr dentry unused, freed);
dentry list(&dispose);
} (freed > 0);
}

EXPORT SYMBOL (ShFinK dcache sb);



FUSEF Z4BVFES 2 iih K A4% 2 H P 25 fuse app, EH S, 2R

FRHEEE A, 14 BRI AVESE: 18 18 SeBl o 7 Gl
9228 NN P Rt P A I RO FAY, P RS A —

S

i Jhello ftmpffuse '

----------------------------

libfuse ] f

glibe J

Is -l ftmip/fuse

[ glibe

Userspace A —— - D I S —————
Kernel ELUSE
MFES
“MES
Ext3

fuse_loop(): M\ /dev/fuseiz B 44 R G2 F , 1 FH fuse_operations s #) v 1) A 3 p %,

IR Bl FH 45 25 /dev/fuse
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