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v IR offset EEXHHIHRIKEE R, T—1MEREMSHEXXH “EX (extend) ”
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Linux 342811 5 # 5 3CH4

Q #FEE X (Sparse File)
MO SHMTEXHEAMEE, XAEFXHFHBLEEE20, BXIFLEESRSHAUE

=[E.

THEHRXHNEESEER
[root@localhost ~]# dd if=/dev/zero of=sparse-file bs=1 count=1 seek=1024k
[root@localhost ~]# Is -1 sparse-fTile
-rw-r--r-- 1 root root 1048577 Oct 15 17:50 sparse-fTile
[root@localhost ~]# du -sh sparse-fTile
8.0K sparse-Tile
[root@localhost ~]# cat anaconda-ks.cfg >> sparse-file
[root@localhost ~]# du -sh sparse-Tile
12K sparse-fTile
[root@localhost ~]# du -sh anaconda-ks.cfg
12Kanaconda-ks.cfg
[root@localhost ~]#
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A LinuxXHREZFinode#iB IR 1F4E

RO TREXATZERSIEN, TEAMEEERHMI N EEES. EEEEI 120 EEE
PR, ENEEREEESXXHRENEIER, REEREN3NEZEEN TENXXAFR/N

TR

Inode Indirection

blocks

—>>

>

12 direct

data blocks

P
s

Data blocks
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Linux3 4% iE 5 B30

QA Linux#F X Einode# B i
SRR ERT R, inodeZ 313 A, QA SRR & AR & EaBlock 2,
KRS E B T & AR E RS Block It R A MIIRHE S Block 2.,

inode

Pointing to NULL/Os to
represent a page full of zeros

>

Pointing to NULL/Os to
represent a page full of zeros

>

[
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A LinuxFBEL S Finode BB 7 4E

v XHEIRBAA G A#EEEE
v XHRTE AR T EDARARE

L4«
[root@localhost mnt]# du -sh sparse-file
20K sparse-file
El‘] [root@localhost mnt]# Is -lh sparse-file
-rw-r--r-- 1 root root 1.1G Oct 15 10:36 sparse-file
[root@localhost mnt]#

debugfs: stat sparse-file

File Dats

Inode: 49153 Type: regular Mode: 0644 Flags:
0x0 Generation: 3068382963

Hard
Disk

User: 0 Group: 0 Size: 1073742848

File ACL: 0 Directory ACL: 0

Links: 1 Blockcount: 40

Fragment: Address: 0 Number: 0 Size: 0
ctime: 0x507b76af -- Mon Oct 15 10:36:31 2012
atime: 0x507b765f -- Mon Oct 15 10:35:11 2012
mtime: 0x507b76af -- Mon Oct 15 10:36:31 2012
BLOCKS:

(IND):106496, (256):106497, (DIND):106504,
(IND):106505, (262144):106506

TOTAL: 5
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X ARG AR

Q Linux XX RGHIBREHZERS]

vV 0LNnuxXX R G BHEFERKHinode %

directblocks

ERSIEN, AEERHMI N EEE

Fo
HUTFFEAHEEEX

BLKSIZE/4

unsigned long blk; Indirect
unsigned long *bik; Blocks

unsigned long **bik; BLKSIZE/4)?
unsigned long ***blk;

Indirect
Blocks

Double

Indirect

vVEEREERERREFSIENBloCK

Indirect

=, Blocks
(BLKSIXE/4)3
i N . Indirect
‘/_'_g))-ll?g%l_:fﬁ IJETJ : | BIObCk ’ 'LZB'OC'SEFI Tnple Double Blocks
E,‘] ﬁ?EIEmOCKTEI %l_y TEI ﬁEET%ﬁéi—& Indirect Indirect o
IERYBlocks lgt;f:re:t
ocks

v IR = RIEF AL SEHE
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ARG

(1) RII2MEEES, EREREFENEERE
ABlocks A1) %4096, [YFTL2 1 EEEHE£1 3L ATIX (RAFABKB X fEo

(2) —RiEsAIFEEXHRMTE

BIREIMEH A FT, W—R A4 75/ A9Block FT(RZA096/4 7
75, AHEEL0247Blocks. —RH5E AR HEHEA ) 10244096 =
4MB .,

(3) ZZ R A F X R/MHE
[FF#zfEBlocks X\ 74096, Ml —ZR#5 51 AT R 77 HBloCK #5 £ £ & 77(4096/4) *
(4096/4) = 1024*1024 ., Sl —ZR#5%1 A tR7AAHIX HEEE A7) 79(1024*1024)*4096
= 4GB °

(4) =L AR AT AE SR/ R
U= ZRIEH T E LN, = RIFH AT A EAEA )
(1024*1024*1024)*4096 = 4TB ,

Xl ir

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

Inode /

//

TdomNo0 b wN

—
=L N

/

—_
(%)}

N

Treble Indirect Pointer

[Up to 1G blocks, 4TB storage]
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ARG

A LinuxPUAiES#ER (8 Virtual Disk) LIiEEMEREX

o IRIEEVERKX
dd if=<FiX&> of=<fd/ik&a Xf> skip=</5Zj7/X (&> bs=512 count=1

o ERETEMERKX
dd if=<Zg A K& > of=<ZyHt}i#&E> seek=<}5F /G /X{E> bs=512 count=1

Q WAiES X R % _EisEBlock i fEfig BI &R
T
1. HEXHERGBlock ™ EHNYIER X

#HE 55 X = = Block Num * Block Size / Hard Disk Sector Size
2. EAddRQREEREENEBK
BEHE. dd if=<JFi¢ &> of=<ZgH gt X 14> skip=<#J#f5 /X > bs=512 count=Block Size/Sector Size
B dd if=<ig A& x> of=<i5 145> seek=<#J# 55X <> bs=512 count= Block Size/Sector Size
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ARG

debugfs: stat linux-2.6.18-194.el5.tar.bz2

D i{f’: £ m %i@ﬁﬁﬁ?ﬁ I‘é] Eg— Lq%c;t;:séésgype: regular Mode: 0644 Flags: 0x0 Generation:

. ‘ User: 0 Group: 0 Size: 51670183
1. @& s X/dev/cciss/c0d1pl, XHFRSGext3, HEHE/datalBR File ACL: 0 Directory ACL: 0

T Links: 1 Blockcount: 101032

[root@localhost datal]# df -h Fragment: Address: 0 Number: 0 Size: 0

Filesystem Size Used Avail Use% Mounted on ctime: 0x507fe6cb -- Thu Oct 18 19:23:55 2012

/dev/cciss/cOdOpl  95G 5.4G 85G 6%/ atime: 0x507fe6ch -- Thu Oct 18 19:23:55 2012

tmpfs 32G 0 32G 0% /dev/shm mtime: 0x507fe6cb -- Thu Oct 18 19:23:55 2012

/dev/cciss/cOd2pl  1.1T 287G 758G 28% /data BLOCKS:

/dev/cciss/cOd1lpl 942M 67M 827M 8% /datal (0-11):24576-24587, (IND): 24588, (12-1035):24589-25612, (DIND):25613,
[root@localhost datal]# Is -Is linux-2.6.18-194.el5.tar.bz2 (IND):25614, (1036-2059):25615-26638, (IND):26639, (2060-3083):26640-
50516 -rw-r--r-- 1 root root 51670183 Oct 18 19:23 linux-2.6.18-194.el5.tar.bz2 27663, (IND

[root@localhost datal]# ):27664, (3084-4107):27665-28688, (IND):28689, (4108-5131):28690-29713,

(IND):29714, (5132-6155):29715-30738, (IND):30739, (6156-7179):30740-
2. @ debugfssk & &L fHinux-2.6.18-194.el5.tar.bz2Fr A RISERRS 31763, (I
R 25 ] ND):31764, (7180-8182):31765-32767, (8183-8203):33312-33332,
(IND):33333, (8204-9227):33334-34357, (IND):34358, (9228-10251):34359-

[root@localhost ~]# debugfs /dev/cciss/cOd1pl 35382, (IND):35383,

debugfs 1.39 (29-May-2006) (10252-11275):35384-36407, (IND):36408, (11276-12299):36409-37432,
debugfs: Is (IND):37433, (12300-12614):37434-37748
2 (12). 2 (12).. 11 (20) lost+found TOTAL- 12629
12 (4052) linux-2.6.18-194.el5.tar.bz2 . .
debugfs: [root@localhost ~]# dumpe2fs /dev/cciss/c0d1pl |grep "Block size™
dumpe2fs 1.39 (29-May-2006)
Block size: 4096

[root@localhost ~]
(1) linux-2.6.18-194.el5.tar.bz23 4 K/N 51670183, 5 SEPrIIAIIRRLEE = [B) 812629 4 Blocks

(2) @I dumpe2fs TRAIAER SR RARKR/NAA096F 5. BIZXXHFSLhra AR E =
12629*4096 = 51728384 = 50516K
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ARG

Darect blocks

Linux-2.6.18-194.el5.tar.bz2> {4 Fr s HRIBlocks 537 Bosble indic
0 1 ect

(0-11):24576-24587, (IND):24588, (12-1035):24589-25612, (DIND):25613, Indirect blocks blocks

(IND):25614, (1036-2059):25615-26638, (IND):26639, (2060-3083):26640-
27663, (IND inode
):27664, (3084-4107):27665-28688, (IND):28689, (4108-5131):28690-29713, ]
(IND):29714, (5132-6155):29715-30738, (IND):30739, (6156-7179):30740- Infos

31763, (I

ND):31764, (7180-8182):31765-32767, (8183-8203):33312-33332, /D
(IND):33333, (8204-9227):33334-34357, (IND):34358, (9228-10251):34359-

35382, (IND):35383, 5
(10252-11275):35384-36407, (IND):36408, (11276-12299):36409-37432, =

(IND):37433, (12300-12614):37434-37748
TOTAL: 12629

I« BI2DEEES, BEEREREENEEERSE, B (0-11) FraRBlocks/y24576-24587 .
2 F—PSIMBRISCsRiG, BEMLA—RIEHM_RIast. (WRTEIHT, —RIEF XXX/

48KB+4MB,
{52 F Z 2R P8 ¥ KR X R/ N48KB+4MB+4GB)

BT —RiEst:
—RIaFHHE[AAIBlOCKZ24588, RIERIHE B RzTsEBlOCKRIGHIETT A, FEIZBlOCKFRERIEIE N
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ARG

Block 24588} v BAE AL L iR M IR R X & 24588*4096/512 = 196704

[root@localhost ~]# dd if=/dev/cciss/c0d1pl of=linux_kernel_code_inode.bin skip=196704 bs=512 count=8
8+0 records in
8+0 records out

4096 bytes (4.1 kB) copied, 0.011518 seconds, 356 kB/s
[root@localhost ~]# hexdump -C linux_kernel_code_inode.bin

00000000
00000010
00000020
00000030
00000040
00000050
00000060

00000fa0 5 63 00 00 f6 63 00 00 f7 63 00 00 f8 63 00 00 |.c..
00000fb0 f9 63 00 00 fa 63 00 00 fb 63 00 00 fc 63 00 00 |.c..
00000fcO fd 63 00 00 fe 63 00 00 ff 63 00 00 00 64 00 00 |.c..
00000fd0 01 64 00 00 02 64 00 00 03 64 00 00 04 64 00 00 |.
00000fe0 05 64 00 00 06 64 00 00 07 64 00 00 08 64 00 00 |.

0d 60 00 00 Oe 60 00 00
11 60 00 00 12 60 00 00
15 60 00 00 16 60 00 00
19 60 00 00 1a 60 00 00
1d 60 00 00 1e 60 00 00
21 60 00 00 22 60 00 00
25 60 00 00 26 60 00 00

0f 60 00 00 1060 0000 |."..."...
13 60 00 00 14 60 00 00 |.‘... AU

17 60 00 00 18 60 00 00 |. ...
1b 60 00 00 1c 60 00 00 |. ...
1f 60 00 00 20 60 00 00 |. ...

23 60 00 00 24 60 00 00 |!‘..'
27 60 00 00 28 60 00 00 |% ..

.C...C..
.C...C..
.C...C..

d...d...

d...d...

N
|
S
T
# $‘ A

&..C.

Q-Q-Q.Oo

-
o
-
-d]
~d..|

00000ff0 09 64 00 00 Oa 64 00 00 Ob 64 00 00 Oc 64 00 00 |.d...d...d...d..|

00001000

— K IEETI5MRIBlock3E E 0x600d~0x640c, XF B2+ 13 7524569~25612, F{ldebugfsrH
ZBlock SHEELRIEAY12~1035, R{EXHRNHIBlockS. )

(0-11):24576-24587, (IND):24588, (12-1035):24589-25612, (DIND):25613, (IND):25614, (1036-2059):25615-26638,
(IND):26639, (2060-3083):26640-27663,

BEREMSCALL.

CEE:
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ARG

AT T —REs, BAIBEESHTLINUX-2.6.18-194.el5.tar.bz2  —ZtE5MEMRAIE — 2351 BlocksS 425613

X R iaEtET G ARBlocks 274 X B —T, block 25613F{R 7RISR 264,
¥etrfEmBlock®, RIFHIREREEH .
(DIND):25613, Dizece blacks
(IND):25614, (1036-2059):25615-26638, (IND):26639, (2060-3083):26640-27663, Double Ssdirect
(I ND Indsrect hlocks blocks

):27664, (3084-4107):27665-28688, (IND):28689, (4108-5131):28690-29713,
(IND):29714, (5132-6155):29715-30738, (IND):30739, (6156-7179):30740-31763, (I
ND):31764, (7180-8182):31765-32767, (8183-8203):33312-33332, (IND):33333, Lafos
(8204-9227):33334-34357, (IND):34358, (9228-10251):34359-35382, (IND):35383, ? /D
(10252-11275):35384-36407, (IND):36408, (11276-12299):36409-37432, 3
(IND):37433, (12300-12614):37434-37748 3
TOTAL: 12629

TRt = dREal, BRI E X S AR P E—2EH 20T TR
(51670183 — 4194304 — 49152)/ 4194304 = 11.3, BIZE[FEA121M T,

inade

HAIBRE =Y I8E M AIblock 25613 BOETHE,

— ¥R e M B — 2385 FREBlock % il 0x640e . 0x680f, 0x6¢10. 0x7011, Ox7412, 0x7813. 0x7cl4. 0x8235. 0x8636.
0x8a37. 0x8e38. 0x9239, x| W B+ itk {H 5 51k : 25614, 26639, 27664, 28689, 29714, 30739, 31764, 33333, 34358,
35383, 36408, 37433

[root@localhost ~]# dd if=/dev/cciss/cOd1pl of=linux_kernel _code_inode_2.bin skip=204904 bs=512 count=8
[root@localhost ~]# hexdump -C linux_kernel_code_inode_2.bin

00000000 Oe 64 00 00 0f 68 00 00 10 6¢ 00 00 11 70 00 00 |.d...h...l...p..|

00000010 12740000 13780000 14 7c 000035820000 |.t..X...]..5...]

00000020 36 86 00 00 37 8a 00 00 38 8e 00 003992 0000 |6...7...8...9...|

00000030 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 J.veevvvrereneene |

00001000
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ARG

Linux-2.6.18-194.el5.tar.bz2> {4 Fr s HRIBlocks 537

(0-11):24576-24587, (IND):24588, (12-1035):24589-25612, (DIND):25613, (IND):25614, (1036-2059):25615-26638, (IND):26639, (2060-3083):26640-
27663, (IND

):27664, (3084-4107):27665-28688, (IND):28689, (4108-5131):28690-29713, (IND):29714, (5132-6155):29715-30738, (IND):30739, (6156-
7179):30740-31763, (I

ND):31764, (7180-8182):31765-32767, (8183-8203):33312-33332, (IND):33333, (8204-9227):33334-34357, (IND):34358, (9228-10251):34359-35382,
(IND):35383,

(10252-11275):35384-36407, (IND):36408, (11276-12299):36409-37432, (IND):37433, (12300-12614):37434-37748

TOTAL: 12629

BIE 247 T Linux-2.6.18-194.el5.tar.bz2 X A A E 3E36 4T . — 364t - 364t
WZERE E@ITEE R, FAAI LA %3 & ARIBlocksl

XftBlocks® NI fF&RTBlocks XftBlocks®  WNEIX#HFZiBlockS

(1055, i (9228-10251) 34359 ~35382
(10252-11275) 35384~ 36407

(1036-2059) 25615~26638

(4108-5131) 28690~29713

(5132-6155) 29715~30738

(6156-7179) 30740~31763

(7180-8182) 31765~32767

(8183-8203) 33312~33332

(8204-9227) 33334~34357
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