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28MAN =22 Sl File System 1}, 2 Xt& FZEQ super block, inode, directory

entry 3, &7 UNIX File System O CHSi =X|SIRICtH O|F HIECEZ & 1N OAM=

FUSE 2t user level file system interface & 284l ZtEtet UNIX File System 2
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root@os-lecture: fhome/os-lecture/DKU_0S_LAB/lab3 fuse# 1s

Makefile bmap.c dir.c file.c fuse_main.c inode.c mount.c

v IOtH T
*  Makefile
- 25 ANEES doY 57| flo oY
* include/lab2_fs_types.h
- HE0 AEY &M R Y 20 oieh §iE ol
e  bmap.c
- inode bitmap, data bitmap 2t &4 3 Ot
e file.c
- write, read, create, delete 5 file @4F B I
e dir.c
- makedir ,rmdir, rename S directory ¥4F #& o
* inode.c
- inodetable, inode & HA I
* fuse_main.c
- lab3_mount MUIIAS MMBI7| QB AATE FUSE B 4 == 2

*  mount.c
- format ¢ ramdisk € mount S}7| gt ohL.
* lab3_mkfs

- ramdisk £ format 3}7| 3t M mY.
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A. UNIX File System

UNIX operating system 0| A& EA| E|AS Off, UNIX /X2 Ken Tompson

O] 7Hwst A mA AJAEIOI UNIX file system 2 ItUA|AERIO| meta data Of

st HEE 71X inode 7HE data block ¥ inode 2| Y HEE 7|83I=

bitmap I} multi-level indexing TZ& 7tX|1 QUCt 2 HES0ME 0]2{T
=

UNIX File System & ¢ & 20|22 A& ™ TS| &

2
Hr
H1
i
o

ct.

1. ondisk layout

ib db Inodes Data

i. super block

OUA|AEIOl 37|, 2t HAo| A& FA free inode O] 7H=:, free block 2| 7H=
=

FEE 7HX| 2 ULt

=
steto] £|of o™ BHE inode BB 9| bit 7t 1 2 setting &0, &EO|L|X|
UPALE ALK =l AEJO|H 0 22 setting EICt Of2HQt 2 AR, MUAAHSE

Zol gt AEHO| inode bitmap 2&0|LCt.

root@fslecture-virtualBox: /home/fs-lecture/Simple_FS# xxd -g 4 -1 128 -s+0x1000 /dev/rxd@
0001000: 07000000 OOOOOOOO 00000000 0OOOOOOD .....covveveeens
0001010: 00000000 OOOOOOOO 00000000 0OOOOOOD .....coveeveeens
0001020: 00000000 OOOOOOOO GOOOOOGO 0000000 .........c..cove..
0001030: 00000000 0000OCOEO GOO0O0OO 0000000 .....ciieveevens
0001040: 00000000 00000000 00000000 00000000 .....cciicveewenn
0001050: 00000000 00000000 00000000 00000000 .....cciccveevenn
0001060: 00000000 DOOODOOOO 0OODOOOO 0OOOOOOO .......iccveevenn
0001070: 00000000 OOOOOOOO 00000000 0OOOOOOO ......ccceveeenn

? 2EOM Bt =Xt= 16 T2 HUUE[O UALBZ 4bit § LIEHHCEH
2k 16 1421 00000007 S 2 42 LIEILE Of2fet ZHCt.

0000 0000 0000 0000 0000 0000 0000 0111
et QEZEE o, 19,2 inode 7t 2EE0] s HEAS & 4 ALt

ofgff A2 i LEAAEOAM HIEX| directory R LHAS Ad, 4H o

so| ZADto|ct, ofzf aZIoAM 16 FI£=9Ql 00 01 a0 07 & 2 T2 LIE(LYTH

0000 0000 0000 0001 1010 0000 0000 0111

0,1,2,13,15,16 H inode 7t ZE L0 Y= HE LS & 5= UL}

Embedded System Lab. 4'!1"1‘“7



root@fslecture-VirtualBox: /home/fs-lecture/Simple_FS/mnt# xxd -g 4 -1 128 -s5+8x1008 [dev/rxde
0001000: 907300100 0000000 00OOOOOO COOOOOOO
0001010: 00000000 0OOCOOOOO 0OOCOOOO OOOOOOOO
0001020: 00000000 GOGOGOOO 00OOOOOO GOGOOOOO
0001030: 00000000 OOCOOO0O 0OOCOOOO 00000000
0001040: 00000000 00000000 0OOCOOOO 0OOOOOOO
0001650: 00000000 OOCOOO0O 0OOCOOOO 00OOOOOO
0001060: 00000000 0OOCOOOOO 0OOOOOOO OOOOOOOO
0001070: 00000000 GOOOEOOO 00OOO0O6 0OGOOO60

iii. data bitmap

data block O Ci$t =& MEE bitmap 22 LIEMHCH oY HE

HEAI
o=

ZC} data G| A|ZHE

o
—_

£ LIEtUE
=20, data block 2| ?IXIE Aists L#2 O2fet

=
inode bitmap 1t 55
O datablock o] A7|& &30 & 2= QUL

o
H
B L

iv. data area

root directory £ E directory entry, data 50| 7|& &&= HHO|Ct

FQ XEHx

/home/fs-lecture/DKU_OS_Lab/lab3_fuse/include/lab4_fs_types.h fIx|of T8
AzFZ2o| oA[Zt 20 O|F 0| AiE ALEStALE Aot

i. super block
108 /*
109 * superblock structure
110 */
111 struct 1lab3 super_block{
112 u32 sb signature; /* file system signature*/
113 u32 sb_student_id; /* your student id */
114
115 564 sb_sector _size; /* sector size */
116 s64 sb_block size shift; /* block size shift bit */
117 s64 sb _no_of sectors; /* number of sectors in ramdirk */
118 s64 sb_no_of_used_blocks; /* used block count *#*/
119
120 u32 sb _root_ino; /* reserved inode count */
121 u32 sb reserved ino; /* inode table max inode count */
122
123 532 sb_max_dir_num; /* msx directoy in block *f
124 532 sb_max_inode num; /* max inode count in block */
125
126 u32 sb_reserved; /* reserved area count in cluster size */f
127 u32 sb_sb start; /* super block start address in cluster size */
128 u32 sb_sb _size; /* super block area size in cluster size */f
129 u32 sb_ibitmap_start; /* inode bitmap start address in cluster size */
130 u32 sb_ibitmap_size; /* inode bitmap size in blocknr in cluster size */
131 u32 sb_dbitmap start; /* data bitmap start address in cluster size */
132 u32 sb _dbitmap_size; /* data bitmap area size in cluster size */
133 u32 sb_itable start; /* inode table start address in cluster size*/
134 u32 sb_ltable_51ZE‘ /* inode table size in cluster size */
135 u32 sb darea start; /* data area start address in cluster size*/
136 u32 sb darea_size; /* data area size in cluster size */
137
138 532 sb_free_inodes; /* free inode count */
139 s64 sb _free blocks; /* free block count */
140
141 u32 sb last_allocated ino;/* last allocated inode number */
142 u32 sb_last_allocated_blknr; /* last allocated blknr */
143 };
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i, inode

172 struct lab3_inode{

173 inode_t 1_1ino; /* inode number */

174 u32 i_type; /* file type */

175 564 i_size; /* file size */

176 u32 i_deleted; J/* is fil edeleted ? */

177 u3z i_links_count; /* Links count */

178 u32 i_ptr; /* for directory entry */

179 u32 i_atime; /* Access time */

180 u32 i_ctime; /* Inode change time */

181 u32 i_mtime; /* Modification time */

182 u3z i_dtime; /* Deletion Time */

183 ulé i_gid; /* Low 16 bits of Group Id */

184 ul6e i_uid; /* Low 16 bits of Owner uUid */

185 ulé 1_mode; /* File mode */

186 u32 resvi[1]; /* null paddings to make inode size to 128 byte size */
187 u32 i_blocks[TINDIRECT BLOCKS + 1];

188 u32 resv2[2]; /* null padding to make inode size to 128 byte size */
189 };

i, directory entry

145 [*

146 * Directory entry structure

147  */

148 struct lab3_dir_entry{

149 inode_t d_ino; /* inode number */

150 u32 d_flag; /*directory flag (e.g. LAB2_DIR_USDED , LAB2_DIR_DELETED ..)*/
151 s8 d_filename[FNAME_SIZE]; /* file nanme */

152 u32 resv; /* null padding to make dir_entry to 128 byte size *#*/

153 }:
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B. FUSE File System
Kernel O™ File System 2 7H% St7Igt 01 ®E Zo|Ct OfF0f O|&
BHetst7| I8t FUSE 2H= User Level File System O] QICt £ A&S0ME
FUSE AFE35H0] XHATe| HUAARE JHSIH HE ™ FUSE Off CHsH

=
=
ZHeHS| Am ECL

1. FUSE I AJAE=I0|ZH?

3

Userspace  t---moo—omoooe -t el

Kernel

VFS

I.

—_

— —

A2 AHZEOAM PR A7 WEo CIHZsH7| ofgs, HEel =gt
AmoESitel ARty S92 Olf2 TS| e @St FUSE £ JHEASO|
A

Kernel Level O Ofl, User Level Ol A Ctot Qloj2 Xpilo] MAANAES JHESHY|

Chyet AE2[X] FXe #£EE =07 flet W2 LHEALBSO] EXYSHA|E
o

?/et API & A S38t1, Unix-like operating system 2| loadable kernel module & S5
AL Al GlAtol WA FSE 2ROl LA Z User Level O|A Kernel
code o %= Qi0| & 4= UL Z A 3 Z2ZMN Kernel, low-level operation O CHSH

Z2 0|87} QO|E file system & TS = UA B{FECEL.

i. &

» clean and easy interface
» no need to advanced kernel development skill

» comes user isolation, more secure
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i. ©HH

> libfuse need to be installed

» slower than low-level implementation

» Not the best option if you need multiple users to access your FS

3. FUSE file system 2| Oi|A|

FUSE It A|AE2 J4Eel 0|4 WZ0| ofziet 0] Ciet ThEA|AEOA

A0l &1 RACE.

vV V VY V

LoggedFsS : filesystem that logs operations that happens in it.
GlusterFS : scalable network file system.
SSHFS : allows mounting a remote filesystem over SSH.

GMailFS : allows to user Gmail storage as a file system.

AN 23 FUSE I A28 72 H O[S E &7| fIsi Or2iet #0| FUSE Lt

A 2EOl OfAIE ot B=of H

SHRLEE.

A 20

drwxr-xr-x 3 root
drwxr-xr-x 5 root
-fW-r--r-- 1 root
“fN=C==F-- 1 root
drwxr-xr-x 2 root

root@fslecture-vVirtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse/example# 1s -al

root 4096
root 4096
root 730
root 3546
root 4096

38 7 06:44

38 7 06:36 ..

3¥ 7 83:12 Makefile

38 7 06:44 lab3_example.c
38 7 03:12

oAl Xt== ofefet 20| Hut

ol Ol AlISHSE A
o 9 M & YLk

oot@fslecture-VirtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse/example# make

ompiling lab3_example.c ...

cc -c -D_GNU_SOURCE -g -W -D_FILE_OFFSET_BITS=64 -DFUSE_USE_VERSION=30@ -I/usr/include/fuse

lab3_example.o lab3_example.c

cc -0 lab3_example lab3_example.o -1fuse
oot@fslecture-virtualBox: /home/fs-lecture/DKU_0S_LAB/lab3_fuse/example# ./lab3_example mnt/
oot@fslecture-VirtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse/example# ls -al mnt/

A 4

Hrwxr-xr-x 2 root root e 3%
druwxr-xr-x 3 root root 4096
-rw-r--r-- 1 root root 1024
-rw-r--r-- 1 root root 1024
root@fslecture-VvirtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse/example# cat mnt/file349
Hello World From File 349!
root@fslecture-virtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse/example# cat mnt/file54
Hello World From File54!

3¢
38
33

7 06:48

7 06:48

7 06:48 file349
7 06:48 fileS4

23 Az 29,

http://www.maastaar.net/fuse/linux/filesystem/c/2016/05/21/writing-a-simple-filesystem-

using-fuse/
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http://www.maastaar.net/fuse/linux/filesystem/c/2016/05/21/writing-a-simple-filesystem-using-fuse/
http://www.maastaar.net/fuse/linux/filesystem/c/2016/05/21/writing-a-simple-filesystem-using-fuse/

4. FUSE file interface
i FUSE file handles

lf**

* Information about open files

*/

struct fuse_file info {
/** Open flags. Available in open() and release() */
int flags:

/** In case of a write operation indicates 1f this was caused by a
writepage */
unsigned int writepage : 1;

/#% Can be filled in by open, to use direct I/0 on this file. */
unsigned int direct_io : 1;

/%% Can be filled in by open, to indicate that currently
cached file data (that the filesystem provided the last
time the file was open) need not be invalidated. */

unsigned int keep_cache : 1;

/** Indicates a flush operation. Set in flush operation. also
maybe set in highlevel lock operation and lowlevel release
operation, */

unsigned int flush : 1

/%% Can be filled in by open, to indicate that the file is not
seekable. */
unsigned int nonseekable : 1;

/* Indicates that flock locks for this file should be
released. If set, lock_owner shall contain a valid value.
May only be set in -=release(). *

unsigned int flock_release : 1

/%% Padding. Do not use*/
unsigned int padding : 27:

/** File handle. May be filled in by filesystem in open().
Available in all other file operations */
uint64_t fh;

/#% Lock owner id. Available in locking operations and flush */
uint64_t lock_owner;

/** Requested poll events. Available in -»poll. Only set on kernels
which support 1t. If unsupported, this field 1s set to zero. */
uint3z_t poll_events;

0%
P

FUSE &&= parameter £, path & 20} T oIS 0 o AMS =
= QUEE otCh SHX|TH file Of CHSE read, write 2| A< Zt file descriptor
O{C|7HX| read, write 3tH=X|S2| AtRE i file descriptor 7} EE{U= =
X g 5 UCtH FHo| o HY ZO|C O|F 2Idl fuse & open = L0
CHSH fuse file_info 2= AIETZEZE open, create, read, write, release, opendir,
readdir, releasedir 52| A0 parameter 2 M350 oS FCH A sh=Ct.
0|&, fuse_file_info O|A thet= BI=E AR Fo| o2 =& 7hsdhA sict,
2 A0 A= open, create Al file descriptor, handler 52| HEE HESt1, read,
write 52| A4t Al O] Z&SIH, release, releasedir 2| G4k Al0f file

descriptor & E= &9 A0 28 & = ULt

e
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FUSE context

struct fuse context {
/*% Pointer to the fuse object */
struct fuse *fuse;

/##% User ID of the calling process */
uid_t uid;

J#% Group ID of the calling process */
gid_t gid;

/*#* Thread ID of the calling process */
pid_t pid;

J*¥% Private filesystem data */
vold *private_data;

/% Umask of the calling process */
mode_t umask;

FUSE & 9+ Z} FUSE &3 QA Al SEX2E AM8T = Us context E
Q|QF Z0| XM&sto] o &t+0ME fuse get contextS Sl contextE =22t
M

7o A8 = UAEE HOlYES MITCL = Do

rir

O|E ramdisk £
open 8t file descriptor & fuse_context->private_data Off X&3sl= SO2 ALE%E

OrEAIAE mount A0 XME ZZEE|E init &0

+

QILC}. fuse_context

MHEG = don, MUAAAEO| ymount & [If SET|= release SF0|A free
g 5= ot
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iil. FUSE functions

static struct fuse_operations prefix_oper = {
Jinit = prefix_init,
Jdestroy = prefix_destrov,
Jgetattr = prefix_getattr,
faetattr = prefix_fastattr,
JACCESS = prefix_access,
read|ink = prefix_readlink,
readdir = prefix_readdir,
mknod = prefix_mknod,
mkdir = prefix_mkdir,
svmlink = prefix_swvmlink,
unlink = prefix_unlink,
rmdir = prefix_rmdir,
. rename = prefix_rename,
link = prefix_link,
.chmod = prefix_chmod,
.chown = prefix_chown,
gtruncate = prefix_truncate,
ftruncate = prefix_ftruncate,
utimens = prefix_utimens,
.create = prefix_create,
. Open = prefix_open,
.read = prefix_read,
JWEite = prefix_write,
statfs = prefix_statfs,
release = prefix_release,
copendir = prefix_opendir,
releasedir = prefix_releasedir,
gsvnc = prefix_fswnc,
T lush = prefix_flush,
gewvnedir = prefix_fsyncdir,
ock = prefix_lock,
bmap = prefix_bmap,
Cdoct| = prefix_ioctl,
ol = prefix_poll,
fifdef HAVE_SETHATTR
setxattr = prefix_setwattr,
Jgetxattr = prefix_getxattr,
istxattr = prefix_|istxattr,
removexattr = prefix_removexattr,
fendif
glag_nul lpath_ck =0, Fx See below *f
¥

FUSE = AEAte] 7tedS fIo ?let 20| Ciet operation= HMESHCL.

oEAAES TS 0 ?f A8e 2E M0 A2 A2 OfLEH =

0
r

—

M| M= flush, lock & ioctl & %2 7|52 HiMSID LY A|AH
x

=2 T

LAl QA BHS THSEE SCh [HG|OF she Ao WAH
GIMSS Ofgfet ZCh Of2f HAHSOIA requied 2tD AR i
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OhEAAE SES floll BHEA| 48l 0F ot= 2f4=0|H, optional O[2f1
=

YAE dre EHOZ PO ot &[= e=0|Ct.
static struct fuse_operations lab3_oper = {
.init = lab3_init, // opticnal
.getattr = lab3_getattr, // required
.access = lab3 access, // optional
.readdir = lab3_readdir, // opticnal
.mkdir = lab3_mkdir, // required
.unlink = lab3 unlink, // required
.rmdir = lab3_rmdir, // requried
.rename = lab3_rename, // required
.truncate = lab3_truncate, // optional
.open = lab3_open, // required
.read = lab3 read, // required
wWrite = lab3 write, // required
.release = lab3_release, // optional
.releasedir = lab3_releasedir, // optional
.destroy = lab3 destroy, // optional
.opendir = lab3_opendir, /[ opticnal
.create = lab3 create, // required
.utimens = lab3_utimens // required
I

> init g
vold *lab3_init(struct fuse_conn_info *conn)

{

// You need to Implement here.

DHUAAEO] mount 2 f W Mg 2= &2, &5 WA returndt
Z

= W2 FUSE UWRH2Z return St= 42 fuse_context 2| private 0Of X
sl == CH2 AAMOAM fuse_get_context E4+E Edfl init 0N MY
ot gt #28Y = UREF SFECL

> getattr &
static int lab3_getattr(const char *path, struct stat *stbuf)

// You need to Implement here.

}

file@| metadata 2E YE=. & OIYZYUSS UteSiH, Of7fHs
2 FO T struct statd] Z+H metadataS S A FO{0f SHCH HbAA|
AHIOA stat AL Al 2EE[= &0|H, Is, mkdir & CHE 2 &
MOz 72X o Z ST OOl metadatas 7IH 7| o ==dt=
2h=0|C}.

I XpZ(stat 2HH)

10
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http://man7.org/linux/man-pages/man2/stat.2.htmi

https://en.wikipedia.org/wiki/Stat (system call)

readdir %

static int lab3_readdir(const char *path, void *buf, fuse_fill_dir_t filler,
off_t offset, struct fuse_file_info *fi)

// You need to Implement here.

}

Cl2EZ|o &S 911 1 W8S Htetste & 4:0|H, FUSEE &4 T
H2 ol otziet &2 filer &+E parameter

Hu
=
OH
Ot
2
=3
o)
e
e
<
Hu
o 4HI
m

9 =92l directorylf0f EX{St= mtY O|E=Z namel|, 1 If
metadataE stato] XY filer B+-E TFTCEMN 0 =0 LHES ttet

g 4 olct.

A** Function to add an entry in a readdir(} operation

*

@param buf the buffer passed to the readdir({) operation
@param name the file name of the directory entry

@param stat file attributes, can be NULL

@param off offset of the next entry or zero

@param flags fill flags

@return 1 1f buffer 1s full, zero otherwise

E R R R

wf

typedef int (*fuse fill_dir_t) (void *buf, const char *name,

const struct stat *stbuf, off_t off,

enum fuse fill dir flags flags):

|o] fillergt==2| offset parameterS AMdl= HiAlof a2}

SR A2 poigh = QUCH HHW Y2 offset parameterE FA|SH
0 SHHO| readdir B4 ZEE MAH| directoryE 2J0f S0|

= 2Ho|H, FRHE B2 offsetOf directoryOlAl X 910 Q! directory

entry2| offset2 A7SI0] directory?| directory entryS 210 =& U§OCH

t= 2 =OoICt

@

QD

o
=3
oot
>
rir
Ho

=2
=

OF

readdirgt 7t SEL| T
O|F AMEm HEo] 15 A2 |EL2 of2fet 20| FdstH =ICt,

@ parameter2 722 pathQ| inode & A0 E0] siE directory?t

XMEHE blockTFAE FeHCL.

@ inodeZ2E Ot block FAMAM HEHM directory entry2S 2401

mn mn

o struct statS 243l st ino, st_mode, st_nlink& L1, AN

Ol m O|Znt &t filler 42 BtstSICH

® 29 IHE directoryl] X =8 Lt
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http://man7.org/linux/man-pages/man2/stat.2.html
https://en.wikipedia.org/wiki/Stat_(system_call)

fuse.h (https://github.com/libfuse/libfuse/blob/master/include/fuse.h)0l| BHA| =
readdir 73 22 Of2f{et ZCY,

readdir

readdir

readdir

int (*readdir) (const char *, void *, fuse fill dir t, off t,

struct fuse_file_info *, enum fuse_readdir_flags);
mkdir g

static int lab3_mkdir(const char *path, mode_t mode)
{

3

// You need to Implement here.

path2 HH22 2|X|0f directoryS model| APt Z M- GSICt

Ct. directoryE dQG5HA = 72X 22 AHQ| inode H=z “” 2t I
O|§2 7tX|= directory entry?t 49| directory?| inode H= “."2t= 0|E9
otAO|EE 7HX|& directory entryS ATt pathOf siEst= 0[£0| 0|O|
=X ICHH  —EEXIST 2t= errorE  BE&HS|OF SHCE (1 linux  error

http://www.virtsync.com/c-error-codes-include-errno &=

directory £ F7/8f2{ % inode table %/ inode =7, 22 directory 9 directory
entry =7/, inode bitmap, data bitmap 9 Z'5t ZA[3YS bitE 1.=2 &),
directory block 9 “” «.”9/ =Z}X/ directory entry £7/9/ ItE S +o}0f BF
t.

12
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https://github.com/libfuse/libfuse/blob/master/include/fuse.h
http://www.virtsync.com/c-error-codes-include-errno

rmdir g
tatic int lab3_rmdir{const char *path)
// ¥You need to Implement here.

{
¥

path 2 HHAE2 X0 s{Yst= directoryS AK|SICE path |X[0f sfg
ool =X SHX| %=CHH, -ENOENT 2t errorS BHESJOF SHCE ( linux
x

error : http://www.virtsync.com/c-error-codes-include-errno &= )

directory £ 4/%/3/2{ 5 inode table %A/ inode 44, 22 directory 9/ directory
entry 247/, inode bitmap, data bitmap 9 HH HA[YE bitE 022 &F),
directory 7} Z/Z &l block S 449 IfF S +25)0f gtf.

tatic int lab3_open(const char *path, struct fuse file_info *fi)
// You need to Implement here.

{
¥

path0f 0|0| EX§5t= TS opendt= &= fuse_file_info struct 2| fh H=

o sos
g g28% =+ ULt

th 0 S 7JIX/ readiwrite 2F byte 9 offset 59 FE2E /A structE N &
o =8 ZH 7 + QL)

create &

static int lab3_create (const char *path, mode_t mode, struct fuse_file_info *fi)
{
// You need to Implement here.
1
pathof siEst= IYS mode HI2E MHSl= B

mfeE Myl /5 MASt 129 inode £ indoe table % 7} inode
bitmap % &5t ét‘E’ HA(BHE bitE 19= HZF), L2 directory o

directory entry =7} 9/ if&<S +848j/Of Bt}

unlink &=
tatic int lab3_unlink(const char #*path)

// You need to Implement here.

{
b

path0 siigst= LS AASH

13

rir

gt 2 MA0A= hard link, soft linkE
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http://www.virtsync.com/c-error-codes-include-errno

o peletyl gt

— —

7

rir
or

DE{otA| 7] ME0 thes| DS AfHSH

mYE At £/H AKE If 29 inode £ indoe table 947 444, inode

bitmap A/ {5 inode #2 25 SfX HA[SHE bitE 0 2= &HE) FZ
directory 9fA/ directory entry /%) ZtZ9/ data’f AN E block 44 S Lf

H2 F8HoF BiL}

write g

static int lab3_write(const char *path, const char *buf, size t size,
off t offset, struct fuse_file_info *fi)

{

J// You need to Implement here.

pathOf s{Zst= THAO| bufe|l LHES sizeTtE offset? X0 writeSt= &
O|Ct.
write £ 7818/2/5 path0f 8)5'3}= inodeE &0 =d inodedf 7/ZE @f

2o/ data HA/E XOp7f bute) FEE FIf30f Btf. Pt datablock= &

g/5tefof g &L data bitmap S/ &5 FEE F ot Fof mpglol 37/7f

HEE/ QG CEE inodeS I} 7/ EEE update 3fTLf

read &%

static int lab3_read(const char *path, char *buf, size_t size, off_t offset,
struct fuse_file_info *fi)

// You need to Implement here.

pathOf siEste LS| LHES offsetY X ZEE sizeRtE 2401 =0 bufof

Ngot= g=0olICt
read£ 73/5/ 5 path0f 3/5'3/= inodeE £/ 50 inodedf 7/ZE o2

9/ data P X/E ZOf7f bute) FEE 8/0f SO BHLf.

utimes &4
tatic int lab3_utimens(const char #*path, const struct timespec ts[2])

// You need to Implement here.

{
b

path0] sist= LYl last accessed time, last modification time2 ZrZ} fs[0],
fs[1] 2 2785t= &==0|Ct.

L/ 2lof e read, wite& 78 A/ 2+ Bf2of Ljet &0/ 0JF9 & A9/

14
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>

oZ 3o H2 Nt 52 #Fd FOOF Pirf. utimes S 73 path

0f dj5'of= inodeE 0/ £ inoded Z/EE If 9 last accessed time,

last modified time =& update 3f=Lf

release &%

static int lab3_release(const char *path, struct fuse_file_info *f1i)

{
}

// You need to Implement here.

pathOf sigst= mtes = g=0ICt

rename &

tatic int lab3_rename(const char *from, const char *to)

/] You need to Implement here.

{
b

o
LELY
—
=
o
3
=2
[e]
=
]
OF
-

from0 S{ES= directory entryS toZ HHR O F& &40
= OO0 EXYSHX| U AL, -ENOENT 2h= error2 ety
X0 o|O] mYo] EMY B -EEXIST 2h= errorg BHElS

to X7t Cl2Ee2|7t oty mzE HHE ZF —ENODIR

mjo
L
ot
Ot
==
=}
o
n

(linux error : http://www.virtsync.com/c-error-codes-include-errno &= )

15
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C. Lab3 Simple Linux File System based on FUSE

SAHHLHoA EEs= CFYSE disk OIAM= FAT, btrfs, xfsf2fs & Ctet

OtUA|ARO] AMBE|H, O|F BO0| ALEEl= LYAARE T SR ext AE
TAAARISES UNIX AHIE THUAABIOZ muli-level indexing & x7| UNIX
ODtUA ARl HA ClxilS WECE & oM 7 ZHoheh o A[ ARl

Z7| UNIX THAAARME ramdisk M & E|=5 70| DALY LH0A
E Hop7t= f2|E HESHECE (2 Fl= HMEAZE W abH|

data ™ metadata

TH2 ol HX ext2, ext3, extd S CIE ext TUA|ARIESD FHE| block
group = AIESIX| 2ol xxd & E% hex & &9 CIHZACSl 20|42 <lsl

indoe table ] A7|& 4KB 2 T ULL.)
1. 712 aN 4 oW 22 N

Lab2 FUSE File System 2 Otz &1t 22 f/X[0f A2 bmap.c, dir.c, file.c, inode.c,
fuse_main.c 2t= I+l B=52 TG OF oiCt. ot Fod2 oA T LHO| FoiT
HAIHZ PHSIR| UOtE Lt ™MfTl HAlS BZASIA /™ include/lab3_fs_types.h
o g MRS P FO{OF ShCt. FHHHOF Stz AATMAS WIHMOZ HA|SHRIC

root@os-lecture: /home/os-lecture/DKU 05 LAB/lab3 fuse# 1s

Makefile example m‘: include mnt  mount.c
fuse_mainc E Aot CHE A

fuse_main.c 2 FosHOF & =0 AEE AE & inode HTE A2 inode.c O,
file HEE A2 file.c O, directory 2tEE A2 dir.c O bitmap 2tZE 22 bmap.c Of
F7t5tH EICE Ol =0 fuse_main.c It 2| lab3_getatrr 20 lab3_read_inode 2=
O|29Z inode & A& T+E HOSI0] ArE35I 4AICHH, include/lab3_fs_types.h Of

£ MOoIsl1, inode.c O Ho|t F, fuse_main.c HlA] ARSI EICH

gAY LYAAIAEHZ format Sf= S22 HHnfd= xHFFF T, super block, inode,
directory entry 59/ 7/Z2X 9/ AZ7ZE include/lab3_fs_types.h 9f HF L) O/Z
AL0] HE format of= Z=ZTZ XY X X0/ FOEF NEPZE AIESY
INE Yol AE Bl HHZE Sf=ZF 2.

16
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lab3_mkfs 2= O|E2 2 XS format LY Of2ff DBt Z0| format 2 T+dstH=

Agmrelo|ct,

S Inodes Data

0x0 | i 0x3000 0x4000

0x1000
+ data read & write =%/ : 4KB

0x2000

v FUSE £ Z8%0 HoXEZoA XHE2t Ramdisk £ 7/BICZ ZX6}= ZHIBH

UNIX file system = 23878+L}.

v XBIAIZF LY X FEHEZ 2/ single thread OfA] &ZZ'5f= File System =
& BH . (race condition 55 &0} A] 20, FUSE A ¥A/ —s 242 T single

thread 0JA] SZXt3l=2 3ICf)

v J}53ICIE 2B e FX/BE FBIAIZF LY T 2812 /8 caching, buffering 52

BN G0 Y B9 I5YTE I

v XBIAIZF LY dfx 7312 €/3f hard link, soft link, block device file, character device
file £2 224X 220 £/9/ FUSE operation 0f ZIA/8F SIAtEF 72818Hf.

o>

3. H5 W =X A

= =A2| UNIX File System, FUSE 23 % Of2ff AfgtS HFEA[ O[3i5t oiohTt,

r

v inode, file, directory Ol CH$t 0|3

http://pages.cs.wisc.edu/~remzi/OSTEP/file-intro.pdf

v “file, directory, & 7|2 AL

http://pages.cs.wisc.edu/~remzi/OSTEP/file-implementation.pdf

v “UNIX file system o] G4k X~

http://pages.cs.wisc.edu/~remzi/OSTEP/file-ffs.pdf

Embedded System Lab. 4'!1"1‘“7
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v" FUSE interface, FUSE operation
https://github.com/libfuse/libfuse/blob/579¢c3b03f57856e369fd6db2226b77
aba63b59ff/include/fuse.h#L.102-L577

v “B|EA0AMO| C Error
http://www.virtsync.com/c-error-codes-include-errno

inode.c, file.c, dir.c, bmap.c ZF0fA 5812

g Z2 include/lab3 fs types.h Of gl+5 Molefa Ziafg

t B+ E O} AAGYM AE3H0F
=2
=

£~ 7Y = LAY HolH, HEHOIEZE 7IEE s ST I
o Zo| H{mEE O|0|X[e| ramdisk & E8st0 mEZ2le Y I

Ramdisk 2?

C|A37F ot RAM(DRAM)E O|83l0 C|A3 EZlo|EHE g}

2
X
z
X
o
Hot
°
i

HtAO 2 “RapidDisk’2H= open source tool =
2o|o] CIHER[O mount St ArESICE 2 &

[
storage & AFESIA| 21 ramdisk & 483t storage £ O|2%tCt.

=

rlo
nx
=

M
uul
m
0z
10

ramdisk & 2830 AE2|X| 2HE7|
d5 T ot FYOE S 222 HM AL
e # sudo modprobe rapiddisk

e # sudo modprobe rapiddisk_cache

e # sudo modprobe dm_crypt

root@os- lecture: /home/os- lecture/DKU_0S5 LAB/Llab3 fuse# modprobe rapiddisk
root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# modprobe rapiddisk_cache
root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3 fuse# modprobe dm _crypt

2E0| MX| T|QUK| olstey,
e #lsmod | grep rapidisk

e #lsmod | grep dm_crypt
18
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0S- lecture: /homejos- lecture/DRU_05_LAB/lab3_tuse# Lsmod | grep rapiddisk
rapiddisk_cache 20480 O

rapiddisk 20480 @

root@os-lecture: fhome/os-lecture/DKU_0S_LAB/lab3_fuse# lsmod | grep dm_crypt
m_crypt 28672 0

Y5t storage 2 A7|THE ramdisk & WAMBICEH XHAO] LEE EE AFHI

memory EC} A& A0t (9F 16 B2 H4F HY).

*  # sudo rapiddisk --attach 1024

root@os-lecture: /home/os-lecture/DKU_0S LAB/lab3 fuse# rapiddisk --attach 1024
rapiddisk 4.4

Copyright 2011-2016 Petros Koutoupis

iAttached device rde of size 1024 Mbytes

ramdisk C|HFO|A It (rd0)0] Md EIRE=X| =0l

e #sudols —al/dev | grep rdO

TOOL@EOS- Lecture: /nome/os- lecture/DRU_0S_LAB/ labs_Tuse# s -al jdev/ | grep rd
brw-rw---- 1 root disk 251, @ 33 10 16:54 rde

_._

2H010| £|H AER|X|Z2 &2 ramdisk 7t YAHoZ M=l Z0|C},
ramdisk SiH| S}7].

ramdisk 2 Z8% A& =& AEZ[X|E formatdiof & 0| Xt 42 = QUL
Ol ramdisk & detach & CIA| attach ™ format = AEZ|X[O|A CHA| Tt E
s o £+ ot

*  # sudo rapiddisk --detach rd0

root@os-lecture: /home/os-lecture/DKU_0S_LAB/1lab3 fuse# rapiddisk --detach rde
rapiddisk 4.4

Copyright 2011-2016 Petros Koutoupis

Detached device rde

xxd BHHE 8¢ 2EZ|X| hex & =

-

>

= M= ramdisk & &850 disk 0| X410 Zolot AiztEE 7|EL2EMN
UNIX DFUA|AHROl WAooz FE & £ JYEE FosS= HH|O[CE kA
78 £F ramdisk O 7[EX= 2& ot =

xxd 2t= shell &0f|A HO[LHZ|(O]Zl ZH2| hexdump & EOF& YHOE
Argotet,
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s: Ho|H2| 3 QIXt2 H7 FARE EsiC)
HolH 2| gt2 QAXtZE gl TS St
e #sudo xxd —g 4 -1 128 —s+0x0 /dev/rd0

Qo] HHOl= /devirdd AEZ|X|Q 0x0 YUXIEE| 4dbyte THE 20,

128byte 2HF EHol2t= (0|00 ZAnt= Of2fet ZCt

ofgff Zut= d&2 Tt Aol OA|0|0{, 0x0 | X|0| super block &
7188 2 Z&O0|0, super block 2 3t ZE=Z £ 0|5, &HS

I8 22 2E5S & 5+ UCL

mm

root@os-lecture: fhome/os-lecture/DKU_0S_LAB/1lab3_ fuse# xxd -g 4 -1 128 -s5+0x0 /dev/rdo
000E0000: 4c414234 32111860 00020000 00000000 LAB42.. ........
00000010: 03000000 OOOOOOOO 00002000 OOOORAOO ........v. cuown
00000020: 00000000 OOOOOOOO 02000000 03000000 ......ccveevunns
00000030: 00000000 OOOOOOOO 04000000 00000000 ........ccceeeeas
00000040: 01000000 01000000 01000000 02000000 ........iecuveeas
00000050: 01000000 03000000 01000000 04000000 ......ivvevevanas
00000060: fcffe300 1d0EE00O fcffO300 00000000 ........iooveeenn
00000070: 03000000 01000000 00000000 OO0OOBAOO .......c0c0veenn

. T KR,

http://www.tutorialspoint.com/unix commands/xxd.htm

20
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5.

e #make

root@fslecture-virtualBox: /home/fs-lecture/DKU_0S_LAB/lab3_fuse# ls
Makefile dir.c file.c include mount.c

bmap.c fuse_main.c 1inode.c nmnt
root@fslecture-virtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse# make
Compiling Lab3 fuse_main.c
gcc -c -D_GNU_SOURCE -g -W
S=64 -DFUSE_USE_VERSION=30
Compiling Lab3 file.c ...
gcc - -D_GNU_SOURCE -g -W
S=64 -DFUSE_USE_VERSION=30
Compiling Lab3 dir.c ...
gcc -¢ -D_GNU_SOURCE -g -W
S=64 -DFUSE_USE_VERSION=30
Compiling Lab3 inode.c ...
gcc -c -D_GNU_SOURCE -g -W
S=64 -DFUSE_USE_VERSION=30
Compiling Lab3 mount.c ...
gcc - -D_GNU_SOURCE -g -W
S=64 -DFUSE_USE_VERSION=30
Compiling Lab3 bmap.c ...
gcc -¢ -D_GNU_SOURCE -g -W -I/home/fs-lecture/DKU_OS_LAB/lab3_fuse/include/ -D_FILE_OFFSET_BIT
S=64 -DFUSE_USE_VERSION=30 -I/usr/include/fuse -o bmap.o bmap.c

gcc -0 lab3_mount fuse_main.o file.o dir.o inode.o mount.o bmap.o -1fuse
root@fslecture-virtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse# ls
Makefile bmap.o dir.o file.c fuse_main.c 1include 1inode.o

bmap.c dir.c example file.o fuse main.o 1inode.c mnt

example
-I/home/fs-lecture/DKU_OS_LAB/lab3_fuse/include/ -D_FILE_OFFSET_BIT
-I/usr/include/fuse -o fuse_main.o fuse_main.c

-I/home/fs-lecture/DKU_0S_LAB/lab3_fuse/include/ -D_FILE_OFFSET_BIT
-I/usr/include/fuse -o file.o file.c

-I/home/fs-lecture/DKU_OS_LAB/lab3_fuse/include/ -D_FILE_OFFSET_BIT
-I/usr/include/fuse -0 dir.o dir.c

-I/home/fs-lecture/DKU_OS_LAB/lab3_fuse/include/ -D_FILE_OFFSET_BIT
-I/usr/include/fuse -o inode.o inode.c

-I/home/fs-lecture/DKU_OS_LAB/lab3_fuse/include/ -D_FILE_OFFSET_BIT
-I/usr/include/fuse -o mount.o mount.c

2O = lab3_mount A3 mAN A opjectfile O] W HE= A2 =0l & = ULCH
7

ZIE X|QIoF & B2 offer #2 YO E o oA

0

e #make clean

root@fslecture-virtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse# make clean
Cleaning Lab3
rm -rf fuse_main.o file.o dir.o inode.o mount.o bmap.o lab3_mount
root@fslecture-virtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse# ls
Makefile dir.c file.c include mount.c

examp 1_ e

bmap.c inode.c nmnt

fuse_main.c

x| HH

L iz e

FUSE LY A|AHE A Al s M2 Sl single thread £ SESEZE 10

AlsisiC

=

rot

—_

i Opd 2 Yd

@

ramdisk format 3.

H
n
mjo

22|10 MMTH ramdisk 372 AMES Al
HEOHSICH lab3 mkfs MUIYZ O|85H0] Ofzfjet &0 =ZHSict,

21
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e /lab3_mkfs —d /dev/rd0

root@os-lecture: /home/fos-lecture/DKU_0S LAB/lab3 fuse# ./lab3 mkfs -d [dev/rd@
Formatting target device to lab file system
Warning: your data will be removed permanentlyi ...
super block size 1 120
inode size : 128
dir entry size : 128

sb area size : 4096 B
sb area pos : 0
ibmap area size : 4096 B
ibmap area pos : 1000
dbmap area size : 4096 B
dbmap area pos : 2000
itble area size : 4096 B
itble area pos : 3000
data area size : 4096 B
data area pos 1 4000

lab3 fuse file system formatted successfully.

mount

root@os-lecture: /homefos-lecture/DKU_OS_LAB/lab3_fuse# ./lab3_mount -s /dev/rd@ mnt/
device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection --------------------
read super block for checking ...
inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 0S Lab student id H 60181132

current fdev/rde is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------

————————————————————— executin mount A el
device name = /dev/rd@®
mount point = mnt/
FUSE_USE_VERSION = 30

e # ./lab3_mount —s /dev/rd0 [mount £ #& & directory]

ramdisk £ ZEUSIFOM AHo MAAAR-S ALESHY| Qs THYAA-HS
mount 8i|OF $tCt O|E I3 lab3_mount 2t= A3 TtAS ALESHCE Ofef
HE oAl 73Tt labd_mount 2= FUSE I A[AE M3 mAS
salist ZDO|CH s M8 F0| single thread 0N SZSIE=E GO,
/devird0 2t= ramdisk 21Xt mount HX[Q mnt & FAISH FOf ST
Kol MEEKE mntO| mountStd SESHEE SHIACH mount ¥ A= CHE

directory Off =&5t{ = EIC}

22
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OAAARES mount B F, Of2f HHOE Sl LtYAAHO0| Moo=z
mount E|=X| =0l S £ QUCH mount BHO= mount E IIYA|AEHS

2tolst= HEO oLt

—

# mount | grep lab

root@os-lecture: /homefos-lecture/DKU_0S_LAB/1lab3_fuse# mount | grep lab
home/os-lecture/DKU_0S_LAB/lab3_fuse/lab3_mount on fhomefos-lecture/DKU_0S_LAB/
ab3 fuse/mnt type fuse.lab3 mount (rw,nosuid,nodev,relatime,user_id=0,group_id=

i

mount = O|F, &0 CFet HFHE S 2a0A 7 ZaE
=
=

1
ret
>
Ho
=
N
¥0
il
T
oN
ot
il
>
>
oo
Ot
[
Ral

=
g o, == MES 2ESUS M, mount ot LpEAAES  unmount

Sil3=0{0F STt umount = Of2fiet 242 HHOE S35 mount Al SHCH.

i
[e)3

# umount mnt [mount & directory]

root@fslecture-virtualBox: /home/fs-lecture/DKU_OS_LAB/Llab3_fuse# umount mnt/
root@fslecture-virtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse# mount | grep lab
root@fslecture-virtualBox: /home/fs-lecture/DKU_O0S_LAB/lab3_fuse#

i. IpH CHZF EH

FUSE = background 2 AMEXI7} #oio DHAA|AEES SZFA|ZICH MELM
gdb & &9 debugging = Al, Zdot FUSE Z2OUZ Mg Ij,
HIHX| M8 FO{0F hCt,

v' FUSE C|Hd & 54

- d: CHZd 8Mo=Z FUSE WEOAM Z
HOoFEC}

+
1o
ot
W
ML
X
i

- f:FUSE 7% A0 foreground 2 $HE|EE 310, &
(o]

UEE St O|S E3 printt S CH{Y0| ALRE 4 Utk

- s : multi thread?} Ol single thread 2 FUSE7l SZi8I=2 SOt

O|Z E3dl race donditionS X & %= UL}
v ClHZ oA

* #gdblab3_mount

Orgf= Tt FUSE IUA|AHE Al mAQl labd_mount £ dgbZ [
HZ5H7| sl gdbE A&t ZE0|Ct

23
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root@fslecture-VirtualBox: f/home[fs-lecture/DKU_05_LAB/Llab3_fuse# gdb lab3_mount
GNU gdb (Ubuntu/Linaro 7.4-2812.84-0ubuntu2.1) 7.4-2012.04

Copyright (C) 2012 Free Software Foundation, Inc.

ILicense GPLw3+: GNU GPL versiom 3 or later <http://gnu.orgflicenses/gpl.html>
This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law. Type "show copying”
and "show warranty” for details.

This CDB was configured as "x86_64-Llinux-gnu”.

|For bug reporting instructions, please see:
<http://bugs.launchpad.net/gdb-1linaro/>...

Reading symbols from [home/fs-lecture /DKU_0S_LAB/lab3_fuse/lab3_mount...done.
(gdb)

(et Z0lgdb M =, tracking dt2H= 0| CHS breakpointE A7
St otz O Al= directoryE 240 =0|= readdirgr=0f CHai ClH
5t7| 2I8l fuse_main.c TtL2| lab3_readdir €30l break pointE AH

o 250|CE

¢ (gdb) b fuse_main.c:lab3_readdir

(gdb) b fuse_main.c:lab3_readdir
Breakpolnt 1 at 0x481343: file fuse main.c, line 149.

otefiel Z0| Frt ‘A S ALESHY BT

ouel £ mHE 7HX|
RE 40| i3l breakpoints MY T = QUCL

rir

¢ (gdb)rb fuse_main.c:lab3*

(gdb) rb fuse_main.c:lab3*

reakpoint 2 at 0x401278: file fuse_main.c, line 121.

oid *1ab3_init(struct fuse_conn_info *);

reakpoint 3 at 0x401bSe: file fuse_main.c, line 392.

tatic int lab3_create(const char *, mode_t, struct fuse_file_info *);

reakpoint 4 at 0x401299: file fuse_main.c, line 127.

tatic int lab3_getattr(const char *, struct stat *);

reakpoint 5 at 0x401446: file fuse_main.c, line 186.

tatic int lab3_mkdir(const char *, mode_t);

reakpoint 6 at 0x4019a4: file fuse_main.c, line 325.

tatic int lab3_open(const char *, struct fuse_file_info *);

reakpoint 7 at 0x401a07: file fuse_main.c, line 337.

tatic int lab3_read(const char *, char *, size_t, off_t, struct fuse_file_info *);
ote: breakpoint 1 also set at pc 6x401343.

reakpoint 8 at 0x401343: file fuse_main.c, line 149.

tatic int lab3_readdir(const char *, void *, fuse_fill_dir_t, off_t, struct fuse_file_info *);
reakpoint 9 at 0x401af6: file fuse_main.c, line 372.

tatic int lab3_release(const char *, struct fuse_file_info *);

reakpoint 16 at ©x4018de: file fuse_main.c, line 285.

tatic int lab3_rename(const char *, const char *);

reakpoint 11 at 6x40175b: file fuse_main.c, line 247.

tatic int lab3_rmdir(const char *);

reakpoint 12 at 0x4015f5: file fuse_main.c, line 219.

tatic int lab3_unlink(const char *);

reakpoint 13 at 0x401bb3: file fuse_main.c, line 406.

tatic int lab3_utimens(const char *, const struct timespec *);

reakpoint 14 at 6x401a7b: file fuse_main.c, line 352.

tatic int lab3 write(const char *, const char *, size t, off t, struct fuse file info *);

ChE

rlo

A’d3t breakpoint =2 =QIslE Z&O0|Ct,

¢ (gdb)infob
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(gdb) info b

Num Type Disp Enb Address what

1 breakpoint keep y 0x0000000000401343 in lab3_readdir at fuse_main.c:149
breakpoint keep y 0x0000000000401278 in lab3_init at fuse_main.c:121

3 breakpoint keep y 0x0000000000401b5e in lab3_create at fuse_main.c:392

4 breakpoint keep y 0x0000000000401299 in lab3_getattr at fuse_main.c:127

5 breakpoint keep y 0x0000000000401446 in lab3_mkdir at fuse_main.c:186

6 breakpoint keep y 0x0000000000401934 in lab3_open at fuse_main.c:325

7 breakpoint keep y 0x0000000000401a07 in lab3_read at fuse_main.c:337

8 breakpoint keep y 0x0000000000401343 in lab3_readdir at fuse_main.c:149

9 breakpoint keep y 0x0000000000401af6 in lab3_release at fuse_main.c:372

10 breakpoint keep y 0x00000000004018de in lab3_rename at fuse_main.c:285

11 breakpoint keep y 0x000000000040175b in lab3_rmdir at fuse_main.c:247

12 breakpoint keep y 0x00000000004015f5 in lab3_unlink at fuse_main.c:219

13 breakpoint keep y 0x0000000000401bb3 in lab3_utimens at fuse_main.c:406

14 breakpoint keep y 0x0000000000401a7b in lab3_write at fuse_main.c:352

CIHZAS ot2{H, breakpoint 8™ E3l tracking & &4+2
ZE2OMS HYAIZ A Z20 WHEO|M i S=7F {EA ALE
O] £|=X| =QlsioF BICt FUSE LbY A|ABE CIHZS f6h d M

= MSTCL Ol ofafet 0] AAstr,

—

¢ (gdb)r—-d —s /dev/rd0 mnt
d M2 F0 FUSE It A|AHE HASHA Z[H, FUSE = mount?}
gl S AF2X}O| Q30| S0{7| MHA| ofzf 1 zat ZHo| CH7|sFA =l

1% O terminal B2 Lol ST AXOIM FYOIE My Boz

W CHYe 28 2 + At

(gdb) r -d -s /dev/rd® mnt/

starting program: /home/os-lecture/DKU_0S_LAB/lab3_fuse/lab3_mount -d -s /dev/rd® mnt/
[Thread debugging using libthread_db enabled]

Using host libthread_db library "/lib/x86_64-1inux-gnu/libthread_db.so.1".

device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection --------------------
read super block for checking ...

finspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 0S Lab student id : 60181132

current /dev/rd® is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------

————————————————————— executin mount B R
device name = /dev/rde

mount point = mnt/

FUSE_USE_VERSION = 30

FUSE library version: 2.9.4
hullpath_ok: ©

hopath: @

utime_omit_ok: @

unique: 1, opcode: INIT (26), nodeid: @, insize: 56, pid: @
INIT: 7.23

flags=0x0003f7fb
max_readahead=0x00020000

INIT: 7.19

flags=0x00000011
max_readahead=0x00020000
max_write=0x00020000
max_background=0
congestion_threshold=0

unique: 1, success, outsize: 48

o
ofm
2
n
S
oN
mjo
ot
rir
=

otz a2Ee F7h9l Terminal FE Ol A Of2H
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EHOIZ0M Is mnt BHS &5
[my]
O

=
terminal Of|A{ readdir Ofl A

My =2
[
o
=l

read super block for checking
inspecting if signature value is match ...
signature inspection is computed.

- file system signature : 3442414c
- 0S Lab student id : 60181132

current /dev/rxd® is formated to lab
you can mount this device to mount point

--------------------- inspection successed ---------ccecceaaan-

Terminal A

--------------------- executin mount ssemesccccccccacccan

AlBSH=0 device name = /dev/rxdo
gdb 7|- E%3l—| mount point = mnt/

FUSE_USE_VERSION = 30

T
BOlE, StEA~E
FUSE library version: 2.8.6

Had A8 EHOold oA nullpath_ok: @
coe To -I |EO“ 1 < unique: 1, opcode: INIT (26), nodeid: 0, insize: 56
INIT: 7.23
Is, mv, mkdir 2 flags=0x0003f7fb
max_readahead=0x00020000
FHO| Mg 2 % INIT: 7.12
flags=0x00000011
I CIHE =%, max_readahead=0x00020000
max_write=0x00020000
unique: 1, success, outsize: 40
unique: 2, opcode: GETATTR (3), nodeid: 1, insize: 56
getattr /
unique: 2, success, outsize: 120
unique: 3, opcode: GETXATTR (22), nodeid: 1, insize: 65
unique: 3, error: -38 (Function not implemented), outsize: 16
unique: 4, opcode: OPENDIR (27), nodeid: 1, insize: 48
opendir flags: 0x18800 /
opendir[@] flags: 0x18800 /
unique: 4, success, outsize: 32
unique: 5, opcode: READDIR (28), nodeid: 1, insize: 80
readdir[0] from ©
Breakpoint 1, lab3_readdir (path=0x647¢70 "/", buf=0x6101c0, filler=0x7ffff7bacded, offset=0,
\\ 149 INODE *dir_inode = NULL;
( > root@fslecture-VirtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse
Terminal B root@fslecture-virtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse# ls -al mnt

o =

, 28 REOM CHZE 8oL Tul RE0AM CHZE =

(]
—~
«Q

Q.
(=)
~

1

ot Zto| - HHE B Tul ZEZ MESA /W ot 2Tt 2o

o
o A & fIXlel ZEE EOEL O|F Sof oM CIHE =+
dS2 XS = St CIHZOl 7+S3HH, n, s u, finish, ¢ 52| gdb
Y2 S MY 2+E Sl tHEE = & &+ ALh (GDB 2 7
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Terminal A

Terminal B

\.

CZd & sig 2=7t

Terminal O Z1t7t S8 E|l= A

root@fslecture-VirtualBox: fhome ffs-lecture/DKU_OS_LAB/lab3_fuse

}

off_t offset, struct fuse_file_info *fi)
{
struct lab4_dir_entry *dir_entry;
struct stat st;
INODE *dir_inode = NULL;
int res = -1;

res = do_path_check(path);
if(res == LAB4_ERROR)
return LAB4_ERROR;

res = lab4 read inode(iom

if(res == LAB4_ERROR)
return LAB4_ERROR;

else if(res == -ENOENT)
return -ENOENT;

vath, &dir inode

res = do_readdir(iom,dir_inode, offset,buf,filler);
if(res == LAB4_ERROR)
return LAB4_ERROR;

return 8;

lab3 readdir

ls: mat CIYEHE S S S: 2LEYOI HF TS 2fHyaU
A e

root@fslecture-virtualBox: /home/fs-lecture/DKU_0S_LAB/lab3_fuse# 1ls -al mnt

static int lab3_readdir(const char *path, void *buf, fuse_fill_dir_t filler,

56 PC: 0x481371
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Terminal A <

Terminal B <

off_t offset, struct fuse_file_info *fi)

struct lab4_dir_entry *dir_entry;
struct stat st;
INODE *dir inode = NULL;

int res = -1;

res = do_path_check(path);
if(res == LAB4_ERROR)
return LAB4_ERROR;

res = lab4_read_inode(iom, path, &dir_inode);
if(res == LAB4_ERROR)

return LAB4_ERROR;
else if(res == -ENOENT)

return -ENOENT;

res = do readdir(iom,dir inode, offset, buf, filler);

lnulti-thre Thread x7ffff In: lab3 readdir
fi=ox7fffffffe2fo) at fuse_main.c:149
(gdb) ¢

Continuing.

fi=ox7fffffffe2fo) at fuse_main.c:149
(gdb) c
Continuing.

fi=ox7fffffffe2fo) at fuse_main.c:149
(gdb) ¢
Continuing.
unique: 22, success, outsize: 80
unique: 23, opcode: GETATTR (3), nodeid: 1, insize: 56
getattr /
unique: 23, success, outsize: 120
unique: 24, opcode: READDIR (28), nodeid: 1, insize: 80
unique: 24, success, outsize: 16
unique: 25, opcode: RELEASEDIR (29), nodeid: 1, insize: 64
releasedir[0] flags: 6x@
unique: 25, success, outsize: 16
L

root@fslecture-virtualBox: /home/fs-lecture/DKU_OS_LAB/lab3_fuse# 1s -al mnt
A 4

drwxr-xr-x 2 root root 4096 33 7 01:15

drwxr-xr-x 5 root root 4096 3ﬂ 7 01:34

IBreakpoint 1, 1lab3_readdir (path=0x647c70 "/", buf=0x6101c0®, filler=0x7ffff7bacded, offset=0,

IBreakpoint 1, lab3_readdir (path=0x647c70 "/", buf=0x6101c®, filler=0x7ffff7bacded, offset=0,

{g)\k

1A

o2 Zipt 8 H 25

yro= 70| =X Y2 FP odfet 22 oj2S0| H

W 4> o

g Z1fo|C.

=
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res = lab4_read_inode(iom, path, &dir_inode);
if(res == LAB4_ERROR)

return LAB4_ERROR;
else if(res == -ENOENT)

return -ENDENT;

res = do_readdir(iom,dir_inode, offset, buf,filler);
if({res == LAB4_ERROR)
return LAB4_ERROR;

return 8;
#endif

static int xmp_access(const char *path, int mask)

return LAB4_SUCCESS;

Terminal A < }

static int xmp_readlink(const char *path, char *buf, size_t size)

{
}

return LAB4_SUCCESS;

|"|ulL'i.-T.r'||-':'- Threa fff In: lab3 readdir Line: 169 PC: 0x48132d
(gdb) c
Continuing.
fuse: bad error value: 4199189
unique: 5, error: -34 (Numerical result out of range), outsize: 16
unique: 6, opcode: RELEASEDIR (29), nodeid: 1, insize: 64
releasedir[®@] flags: @x@
unique: 6, success, outsize: 16

]

root@Ffslecture-VirtualBox: fhome/fs-lecture/DKU_OS_LAB/lab3_fuse

(’ root@fslecture-VirtualBox:fhome!fs-lecturefDﬁU_OS_LABflabE_fuse# 1s -al mnt
Ls: mnt CIYELE Y S: HHE HOH 3 Y

A e

root@fslecture-virtualBox: fhome/fs-lecture/DKU_OS_LAB/lab3_fuses I

Terminal A <
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-

A ramdisk X7|8F ZWH gy

2 IN= DHYAAEES HET| 28] ramdisk € EBISED, ramdisk Of AX 2
wirte, read £ &5t IHA[O|Ct [H2HA{, directory create, file create 2tE 1tHX||
=, AZE X0 write =& Al, ramdisk € CtA| 2 E format SHOF & =+
ALt ramdisk CHA| x7|3} ot2{H HA ramdisk 7t mount = AMEH2}H

, Ofgflet &2 THOE Sdll ramdisk & detach £ CA|

A
T
attach & &It

>
m o

unmount

e #rapiddisk --detach rd0

root@os- lecture: fhome/os-lecture/DKU_OS LAB/Llab3_fuse# umount mnt
root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# rapiddisk --detach rde
rapiddisk 4.4

Copyright 2011-2016 Petros Koutoupis

Detached device rdo

root@os-lecture: /home/os-lecture/DKU_0S LAB/lab3 fuse# rapiddisk --attach 1024
rapiddisk 4.4

Copyright 2011-2016 Petros Koutoupis

Inttached device rde of size 1024 Mbytes
root@os-lecture: /home/os-lecture/DKU _0S LAB/lab3 fuse# 1s fdev/ | grep rdo
rde

O|&A CA| attach & ramdisk = 0 22 =7|3} & AEHO|E 2, CIA| format 310 Al&S

30

Embedded System Lab. 4'!1"(“7



6.

L | Bk ! = 3
ToE mountc °f A= Aol HOIYE IS mount E

include/lab3_fs_types.h 2| X|2| structio_manager 2t Fo|ot LXK

[y,

struct io_manager{

s8 *dev_path; /* device file path (e.g. /dev/rdo ) */

*/

int format_type; /* format type (current file system format type)

s8* mnt_path; /* mount path (e.g. mnt ) */

int dev_fd; /* opened device file's file descriptor(used to write&read device file)
int no_of_sectors; /* number of sectors in device file */

int blk_size; /* block size in device file */

int cluster_size; /* cluster size in device file (write, read unit) */

*/

struct lab3_super_block *sb; /* super block which you read from debvice file */
struct lab3_sb_info *sbi; /* super block in */

char *iom_buf_ibmap;

/* inode bitmap buffer

char *iom_buf_dbmap; /* data bitmap buffer

*/
*/

char *iom_buf_itble;

/* inode table bitmap buffer

*/

};

orefet Z2 fuse_main.c 2| MY =2l jom Off L= ZF L},

I0M *iom;

mf2fAf mount £ 0/ HI+E£ 0/&3}0 write, 52 fg

read

A
T

oIt (LA

HHO
TIZE

HHE

£/of mount 22 Z format

A 78 A FY 7E AEE BEXY ZoE EL)

MES PO B}

£ 9 7312 £/3f fuse main.c IS/ ofdfof 22 H
static struct fuse_operations lab3 oper = {
.init = lab3_init,
.getattr = lab3_getattr,
.readdir = lab3_readdir,
.mkdir = lab3_mkdir,
.unlink = lab3_unlink,
.rmdir = lab3 rmdir,
.rename = lab3 rename,
.open = lab3_open,
.read = lab3 read,
wWrite = lab3 write,
.release = lab3_release,
.create = lab3_create,
.utimens = lab3 utimens
1
A. Step 1.init &% K metadata 23 T4 JH.

7+

A W80l &

mount E [, HX

O|EHQl B4R FIIHOR FHK Yot=
=

lab3_init &=+ file system O]

On
L
N

=
getattr & OFAA|AEIOl JHE J7|ZFQl mYUQl inode BEE 20 &0|=
gtolCh 2 MAMOME lab3_getattr R+E S8 01F 73 & + UCh Y
g5 77| o= mount £ Of2fet Z2 ZuE = 5 AUCL
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root@os- lecture: /home/fos- lecture/DKU_OS_LAB/lab3_fuse# ./lab3_mount -s [dewv/
rd® mnt/

device /dev/sdc is selected

check if it is formatted to lab or fat ...

format inspection

read super block for checking ...

inspecting if signature value is match ...
signature inspection is computed.

- file system signature :
- 0S Lab student id

current fdev/rd® is formated
you can mount this device to

3442414c¢
60181132

to lab
mount point

successed

inspection

————————————————————— executin mount
device name = /dev/rdo
mount point = mnt/

FUSE_USE_VERSION =

30

root@os lecture: fhomefos lecture/DKU_0S_LAB/1lab3_fuse# 1s

ls: 'mnt'0l M2 4+ USLICH: HAS B 2% Ao

Makefile dir.o fsformat.c fuse_main.c 1inode.o mount.c
bmap.c fsformat.o fuse_main.o mount.o
bmap.o file.c fuse_format_main.c tags
dir.c file.o fuse_format_main.o 1inode.c

root@os lecture: fhomefos 1ectureé?Ku 0S_LAB/1lab3_fuse# 1s -al mnt

Ls: 'mnt' 0| 2 £ LICH: HS 8o &% Haf

2 &2 mnt 2t= direcctory O mount =¥ F, mnt directory 2| £X2
directory Of| A g st ZQt mnt directory & Z=3| st Zuto|ct, SFX|3
getattr =7t FIE|O AX| @7 HZ0, mount directory 2| mnt 2| inode &
ZtMRX| R b Z0] EV LM A = g £+ UL HYFHe=E
getattr &5 TFSHA £ ofziet 22 ZutE el & 5= QALK SHX|TH mount
directry £ 2101 S0|= readdir &2 4% O 30| E|X| g2 &Ef0|7]
20 Is mnt A A OFRH ZuIt LIQX| Q= AS =olgd = ULt

root@os-lecture: /home/os-lecture/DKU_0S5_LAB/lab3_fuse# ./lab3_mount -s /dev/
rd® mnt/

device /fdev/sdc is selected

check if it is formatted to lab or fat ...

format inspection

read super block for checking ...

inspecting if signature value is match ...
signature inspection is computed.

- file system signature : 3442414c
- 0S Lab student id 60181132
current /dev/rd® is formated to lab

you can mount this device to mount point

inspection successed

————————————————————— executin mount
device name = /dev/rdo
mount point = mnt/

FUSE_USE_VERSION =

30

root@os-lecture: /home/os-lecture/DKU_0S5_LAB/lab3_fuse# 1s

Makefile dir.o fsformat.c fuse_main.c 1inode.o mount.c
bmap.c fsformat.o fuse main.o mount.o
bmap.o file.c fuse_format_main.c tags
dir.c file.o fuse_format_main.o 1inode.c

%?gﬁ@os—1ecture:fhomefos—1ecturefDKU_OS_LAB;lab3_fuse# 1s -al mnt/
[¢]

32

Embedded System Lab.

i



static struct fuse operations 1lab3 oper = {

.init = ebadedy
.getattr = lobd—gepastr,
.readdir = lab3 readdir,
.mkdir = lab3_mkdir,

.unlink = lab3_unlink,
.rmdir = lab3_rmdir,
.rename = lab3_rename,
.open = lab3_open,
.read = lab3 read,
.write = lab3 write,
.release = lab3_release,
.create = lab3_create,
.utimens = lab3 utimens

Stepl = Sof 7+ 3HOF St= St g2 o

=

oo
+
o
_|

Step 2. directory read create, delete 2t g+ 33

o

readdir £ 2492{= directory 2| inode & 0] ST directory 7t ¢ X|st

block T4 QX[E LOtLHA ZMHOZ directory LHEO| A= directory entry &
A0 E0|= e=0|C}. s =2 TS| F2T Of2fel Z0| directory Of
LH&0| EXfsHe OfF 3 ZuE FHSHA| Qs A2 = & £+ ATt

root@os-lecture: /homefos-lecture/DKU_0S_LAB/lab3_fuse# ./lab3_mount -s /dev/
rd® mnt/

device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection e R R L
read super block for checking ...
inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 05 Lab student id : 60181132

current fdev/rd®@ is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------

————————————————————— executin mount e R R L
device name = /dev/rde
mount point = mnt/
FUSE_USE_VERSION = 30

%?gﬁ@os—1ecture:fhomefos—1ecturefDKU_OS_LAB}lab3_fuse# 1s -al mnt
0

Q| olA|2] B2 root directory Off CHSH Is HHOIE ESH 20|22 root
directory 2| inode £ inode table EFE 10| S0, root directory 7t £/ X2} block
FAE LOtLfof, O QX0 EXHSI= directoryentry & A0 S0|== {LoISIH

ofzfet Ze ZmME Bl B & Atk

—/
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root@os-lecture: /home/os-lecture/DKU_0S5_LAB/lab3_fuse# ./lab3_mount -s /dev/
rd® mnt/

device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection R
read super block for checking
inspecting if signature value is match

signature inspection is computed.

- file system signature : 3442414c
- 05 Lab student id : 60181132

current fdev/rde is formated to lab
you can mount this device to mount point

--------------------- inspection successed --------------------

————————————————————— executin mount R
device name = /dev/rd®
mount point = mnt/
FUSE_USE_VERSION = 30

root@os-lecture:/home/os-lecture/DKU_0S_LAB/lab3_fuse# 1s -al mnt/
A 4

drwxr-xr-x 2 root root 4096 3H 10 @6:59

drwxr-xr-x 5 os-lecture os-lecture 4096 3% 10 07:38

¢ 28E Sl EH2E 73 Al mount directory Off CHSH Is Qlits =l SHH
B E root directory Off ZBHZ|0] Q&= «7, .7 o FIHX| directory entry & =
AL,

d|rect0ry e g 4852 = directory 2| 2 directory 2| inode =FE block

QIXIE LOILHA SHE block O MZ2 directory & directory entry & M dst=
a0l 2 IHMOAME lab3_mkdir &5 Sof 7 & £ QUCH O] BRIt
o2 FH0| £|0f UX| YU=CtH otefet 22 ANE & += UL

root@os-lecture: /homejos-lecture/DKU_0S_LAB/lab3_fuse# ./lab3_mount -s /dev/rd® mnt/
device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection mesessresssseseeee~
read super block for checking ...

[inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 05 Lab student id : 60181132

current /dev/rd® is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------

————————————————————— executin mount e LR
device name = /dev/rd@

mount point = mnt/

FUSE_USE_VERSION = 30

root@os-lecture: /home/os lecturE!DKU 0s LAB{lab3 fuse# mkdlr mnt{test

hkdir: “mnt/test' CIElE2|S OHE £ QSLICH: HAS oLt £X Hit
%?gﬁ@os lecture: /home/os- lecture/DKU_OS_LABflab3_fuse# 1s -al mnt

4
rWXr-xr-x 2 root root 4096 38 10 06:59

rWwxr-xr-x 5 os-lecture os-lecture 4096 33 10 07:42
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¢ JE0|AM+E= mount & mount directory 91 mnt O test 2t= O|E2| directory
MAMsta] st QUCH SFX|ZH lab3_mkdir 47t HAMOZ JHO0| g|X|
4 =

g
ol @55 ZHSH, MAH directory & MO X AS A = UL
o

lab3_mkdir &7t SH4HL=Z 0| Z|ACHH of2fet 2 ZNE =l o =+

ALY

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# ./lab3_mount -s /dev/rde mnt/
device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection R R LR LR
read super block for checking ...
inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 0S Lab student 1id H 60181132

current /dev/rd® is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------

————————————————————— executin mount seesessesessceeeee
device name = /fdev/rde
mount point = mnt/
FUSE_USE_VERSION = 30

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# mkdir mnt/test
root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# 1s -al mnt

Al a

drwxr-xr-x 3 root root 4096 3H 10 06:59
drwxr-xr-x 5 os-lecture os-lecture 4096 33 18 12:13
drwxr-xr-x 2 root root 4096 38 10 12:14

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse#

%?gﬁ@os—lecture:}home/os—lecture/DKU_OS_LABflab3_fuse# 1s -al mnt/test/
¢}

drwxr-xr-x 2 root root 4096 3H 10 12:14

drwxr-xr-x 3 root root 4096 3% 10 06:59

2 DO mkdir BHOE S35l mount directory L0 test 2t= directory 7F 44
Z|ROH, test 2t= directory O ., *.” 2t O|&9| directory entry 2= Z0|
EXMste A2 & = UChIs-al %ﬂf Z3E|= message O|A 7tE 2IZ2H F2
Hot (http://linuxcommand.org/Its0070.php), link count(http://www.theunixschool.com/2012/10/link-count-
file-vs-directory.html), T AQXH &, A7|E 2|0[stCt. 2 E directory = M E|™

JI28Mo 2 X9l inode “ZtE2|7|= “r2h= O|E2| directory entry, 2 directory

entry 2| inode £ 7t2|7|= “.” 2= O|&2| directory entry £ 7|2X2 2 JHX|H
ElCh M2t Ol HEstEE TS0 0of BiCt,

é

directory delete &= AKSI2HE directory 2| 22 directory EFH FXZ

£ 2o E0f, B2 directory 2| block 0] 0 & X0
ZMste MHE directory E directory entry & AtH[StD, AHE directory
entry 252E 1 inode £ Ot} AMXE directory 2| block Of {IX[sh LS
X2= stg0|ct. 2 WMAOME lab3_rmdir 2 S8 FO| E £ QUCh

AX
lab3_rmdir g7t YEH2= 0| EO{YUX| HCHH offt €2 ZuE

directory 2| inode
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=3t E=ict ofgf 12 S Sl directory AKX HHES LHZ|
o
=

Z|0, AH directory & A E|X| &0 HopQl

rir
N

device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection  --------------------
read super block for checking ...
inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 0S Lab student id : 60181132

current /dev/rd® is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------
————————————————————— executin mount LR E LT
device name = /dev/rd@

mount point = mnt/

FUSE_USE_VERSION = 30

%})%‘T‘@os—lecture:fhomefos—1ecturefDKu_OS_LABflab3_fuse# 1s -al mnt/
4

root@os-lecture: fhomefos-lecture/DKU_0S_LAB/lab3_fuse# ./lab3_mount -s /dev/rd® mnt/

drwxr-xr-x 3 root root 4096 33 10 06:59
druxr-xr-x 5 os-lecture os-lecture 4096 3% 10 13:02
drwxr-xr-x 2 root root 4096 38 10 12:14
root@os-lecture: fhome/os-lecture/DKU_OS LABfl_abS fuse# rmdir mnt/test/
rmdir: failed to remove 'mnt/test/': HIE HOTH £X| At
%})%‘T@os lecture: fhomefos- Iecture,’DKU_OS_LAB[labS_fuse# 1s -al mnt/
4
drwxr-xr-x 3 root root 4096 38 10 06:59
druxr-xr-x 5 os-lecture os-lecture 4096 3E 18 13:02
drwxr-xr-x 2 root root 4096 3% 10 12:14
e 25 N2 FolstA E|E otgfet 22 ZE =l & + ULL

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# ./lab3_mount -s
device /dev/sdc is selected
check if it is formatted to lab or fat ...

fffffffffffffffffffff format inspection --------------------
read super block for checking ...

inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c¢
- 05 Lab student id T 60181132

current /dev/rd® is formated to lab
you can mount this device to mount point

fffffffffffffffffffff inspection successed --------------------
————————————————————— executin mount R R L LT L
device name = /dev/rde

mount point = mnt/

FUSE_USE_VERSION = 30

%})%t@os—lecture:}home}os—lecture,fDKu_OS_LAB}labB_fuse# 1s -al mnt/

| 4
drwxr-xr-x 3 root root 4096 38 10 06:59
drwxr-xr-x 5 os-lecture os-lecture 4096 32 10 13:06
drwxr-xr-x 2 root root 4096 3 10 12:14

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# rmdir mnt/test/
%?%:@os—lecture:}home}os—lecture,fDKU_OS_LAB}labB_fuse# 1s -al mnt/
4
drwxr-xr-x 2 root root 4096 3% 10 06:59
drwxr-xr-x 5 os-lecture os-lecture 4096 33 10 13:06

Jdev/rde mnt/

Qo] AItE Ed| test2t= directory 7t YAXOZ ALY = A
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static struct fuse operations 1lab3 oper = {
.init = Tabi—ihidy
.getattr = lobd—gepastr,
.readdir = TEbr—readdir,
.mkdir = Tabsmikdtr,
.unlink = lab3_unlink,
.rmdir = ==,
.rename = lab3_rename,
.open = lab3_open,
.read = lab3 read,
.write = lab3 write,
.release = lab3_release,
.create = lab3_create,
.utimens = lab3 utimens

1;

Step2 & Sl T lof St 4 T FA 22 LSS HESIRUL.

oo

W P

C
MO Z create, open, release

N omu on

= @3s d-8e 0 23 inode € inode table O

o
MM g o 23 directory entry & 2 directory O F7tsts g4:0|

Ch &2
MM E lab3 _create &S S 78 & 5= QUCL EESH open & At
ool CHsH file descriptor € open St0f, $Xf O{C|7tX| L0 write & read £

= StUE=XE #2[5t= &40|Ct open & lab3_open ¥+E o 7o &
A O

=
+ UCh release &= AHEE 2tmoh MU0 CH3H file descriptor & = BH=0|H

t:
i
n

lab3_relacase T+E S T+ 2 QICL. create & open & release &7t
HYHo2 FH0| o UX| =CtH =AJ(7F o o ZtEkst mbAg Mddst=

>
iQ
J%Tr ot

YOO ofeet 22 ZatE ZHoHA L

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# ./lab3_mount -s /dev/rd® mnt/
device /fdev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection IR
read super block for checking ...
inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 0S Lab student id : 60181132

current /dev/rd® is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------

————————————————————— executin mount IR
device name = /dev/rd@
mount point = mnt/
FUSE_USE_VERSION = 30

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# 1ls mnt/
root@os-lecture: fhomeégs 1ecturefDKU OS LABflab3 fuse# touch mnt/test.txt
touch: 'mnt/test.txt’ touch®™ £ ST HAES B0 £X Zot
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lab3_create 22 lab3_open ©rE HHHMo=z ZEGHA LH ofziet 2
ZatE =gol g = rt,

root@os-lecture: fhomefos-lecture/DKU_OS5_LAB/Llab3_fuse# ./lab3_mount -s fdev/rd® mnt/
device fdev/sdc is selected

check if it is formatted to lab or fat ...
————————————————————— format inspection
read super block for checking ...
linspecting if signature value is match
signature inspection is computed.

- file system signature :
- 05 Lab student id

current /dev/rd® is formated
you can mount this device to

inspection

executin mount

3442414c
60181132

to lab
mount point

successed

device name = fdev/rde
mount point = mnt/
FUSE_USE_VERSION

30

root@os-lecture: /home/os-lecture/DKU OS LABflabB_fuse# touch mnt/test.txt

touch: 'mnt/test.txt'S A|ZtE MH . HIYE HOT X He

O[F &3l ot F7F =] 70| =X ULt AS & + UCL TS
44, read, wite S IO Lot HZ0| LOLtA EH, OX[H2z iy =2
ool H Azt &5 788 FO{OF BHLf Ol= & A2l lab3_utimens &5
s 7o & 5 UCE lab3_utmesns F+=5 FSHA Z[H oot 20| gl mo
WYEls 22 "ol g 4 Ut

root@os-lecture: /homefos-lecture/DKU_0S_LAB/lab3_fuse# ./lab3_mount -s /dev/rd® mnt/
device [dev/sdc is selected

check if it is formatted to lab or fat ...

format inspection

read super block for checking ...

inspecting if signature value is match ...
signature inspection is computed.

- file system signature :
- 0S Lab student id

3442414c
60181132

current /dev/rd® is formated to lab
you can mount this device to mount point

inspection successed

device name = /dev/rd@
mount point mnt/
FUSE_USE_VERSION

executin mount

30
root@os-lecture: fhome/os-lecture/DKU_05_LAB/lab3_fuse# touch mnt/test.txt

%?gﬁ@os—lecture:/homefos—lecturejDKufOSfLAB/labBifuse# 1s -al mnt
4

drwxr-xr-x 2 root root 4096 38 10 13:19
druxr-xr-x 5 os-lecture os-lecture 4096 38 10 13:30
-rwW-r--r-- 1 root root <] 3% 10 13:26 test.txt
O|H| gl mo| otL|zt mUo| Chal wirte & SIS S{ELCt wiite &+

2 4
2 I

[

A9 lab3_write &0M FEE = Ao, siY HAZ29| inode

=

no
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MOl ofzior e AIME Ol B 4 YLk,

root@os- lecture: fhomefos-lecture/DKU_0S_LAB/lab3_fuse#
root@os-lecture: /home/os-lecture/DKU 05 LAB/lab3 fuse# ./lab3 mount -s /dev/rd® mnt/

device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection --------------------
read super block for checking

inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 0S Lab student id H 60181132

current /dev/rd® is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------

————————————————————— executin mount R EE LT
device name = /dev/rd@

mount point mnt/

FUSE_USE_WVERSION = 30

%?gﬁ@os—lecture:fhome}os—lecture/DKU_OS_LAB}lab3_fuse# 1s -al mnt/
4

drwxr-xr-x 2 root root 4096 3H 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 3% 18 13:37
-fW-r--r-- 1 root root @ 3% 10 13:26 test.txt

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# echo aaa >> mnt/test.txt
bash: echo: 7| 2F: glﬂqﬂgﬂq (=33

FO|

—

FEH2Z wiite g+E T ot Z|E ofaiet 22 Z2NE

ot
Tuot

b2 QICt.

root@os-lecture: /home/os-lecture/DKU 0S LAB/lab3 fuse# ./lab3 mount -s fdev/rdé& mnt/
device /dev/sdc is selected

check if it is formatted to lab or fat ...

————————————————————— format inspection B LR LR LR

read super block for checking

inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 05 Lab student id : 60181132

current /dev/rde is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------
————————————————————— executin mount R L AL L
device name = /dev/rd@

mount point = mnt/

FUSE_USE_VERSION = 30

%?gﬁ@os—1ecture:jhomefos—1ecturefDKu_DS_LABflab3_fuse# 1s -al mnt/
4

drwxr-xr-x 2 root root 4096 38 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 3% 10 13:44
-rw-r--r-- 1 root root o 3% 10 13:26 test.txt

root@os-lecture: /homefos-lecture/DKU_0S_LAB/lab3_fuse# echo aaa >> mnt/test.txt

OL% read T+E FHSIX| AU7| MEO xxd BHAHE SOl testixt LtAO|
7122 QX|Z testtxt 2| inode £ & OI5L0] BT QX9 hex ZtS ol

OaH HA =2 = L 6H
2 ofgf 2 20| aaa 7t 7|FE 2

oy ot

o & S A
= 2o & £ ULk
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root@os-lecture: /homefos-lecture/DKU_OS_LAB/lab3_fuse# xxd -g 4 -1 128 -s+0x5000 /dev/rde@
00005000: 6161610a 00000000 00000000 0O000OO0 A&4d.....civwevus

00005010: 00000000 00000000 0OOOOOOO 00000000
00005020: 00000000 00000000 OOOOOOOO OOOOOOOO
00005030: 00000000 00000000 OOOOOOOO 00000000
00005040: 00000000 00000000 OOOOOOOO 0OOOOOOO
00005050: 00000000 00000000 OOOOOOOO 00000000
00005060: 00000000 00000000 OOOOOOOO 0OOOOOOO
00005070: 00000000 00000000 00000000 00000000

O[X 7|Zgt Atof Cisf & =€

SOl mQ

XteH[OICt. read &

r
inode MEE block 9IX|E LOLHI, block {XZEE, mtYol

data & 90f SQIC} & MHOIA lab3_read E+E Sl HE = UCH ST
g+E PG| W= read SHOH| CHof Of2fet 22 ZntE =l & 5+ ACE

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# ./lab3_mount -s fdev/rd® mnt/
device [dev/sdc is selected

check if it is formatted to lab or fat ...

format inspection

read super block for checking ...

inspecting if signature value is match ...
signature inspection is computed.

3442414c
60181132

- file system signature
- 0S Lab student id

current fdev/rde is formated to lab
you can mount this device to mount point

inspection successed

————————————————————— executin mount
device name = /dev/rdo
mount point = mnt/

FUSE_USE_VERSION =

30

%?gﬁ@os—1ecture:fhomefos—1ecturefDKU_OS_LAB;lab3_fuse# 1s -al mnt/
4

drwxr-xr-x 2 root root 4096
drwxr-xr-x 5 os-lecture os-lecture 4096
-rw-r--r-- 1 root root 4
root@os-lecture: /home/os-lecture/DKU_0S
cat: mnt/test.txt: YH/EH 2

aT

38 10 13:19

38 10 14:09

38 10 13:26 test.txt
_LAB/lab3_fuse# cat mnt/test.txt

HAMXMOZ |ab3 read &4E TSI
40
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root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# ./lab3_mount -s /dev/rd® mnt/

device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection  --------------------
read super block for checking

inspecting if signature value is match

signature inspection is computed.

- file system signature : 3442414c
- 05 Lab student 1id : 60181132

current /dev/rde is formated to lab
you can mount this device to mount point

————————————————————— inspection successed -------------ooono-

————————————————————— executin mount R R R Ll
device name = /dev/rdo
mount point = mnt/
FUSE_USE_VERSION = 30

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# 1s -al mnt/

4
drwxr-xr-x 2 root root 4096 33 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 33 10 14:11
-fW-r--r-- 1 root root 4 38 10 13:26 test.txt

root@os-lecture: fhome/os-lecture/DKU_0S_LAB/lab3_fuse# cat mnt/test.txt

Ox|atoz Mgt oo oisi Atxste AisS AHSI=E SiE2LCh delete
AL unlink G4t Of2td ohHH, AbAlg mto| X directory O[A ALK

=
otAol directory entry £ 210] inode H§EE LOtLHD IOl data 7t XNZE =
nl

T
=2
X
rir
o)
o
IOJ
c
=3
=
S
0o
+
mjn
o
o
1
rer
e
P
s0
o

block 2| &S AfA|ettt. =
2

unlink &=~& Feiot7| @ Zat= okl Jgip 2t

root@os-lecture: /home/os-lecture/DKU_OS_LAB/lab3_fuse# ./lab3_mount -s /dev/rd0® mnt/

device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection R R
read super block for checking ...

inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 05 Lab student id : 60181132

current fdev/rde is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------

————————————————————— executin mount mereresesseseseeeean
device name = /dev/rde

mount point = mnt/

FUSE_USE_VERSION = 30

Logﬁ@os—lecture:jhome/os—1ecture/DKU_OS_LAB/lab3_fuse# 1s -al mnt/f

4

drwxr-xr-x 2 root root 4096 33 10 13:19

drwxr-xr-x 5 os-lecture os-lecture 4096 33 10 14:41

-rw-r--r-- 1 root root 4 38 10 13:26 test.txt

root@os—lecture:}homefos—1ecturE!DKU 0s LAz{labS_fuse# rm -rf mnt/test.txt
+ QS: HAS Mot

rm: 'mnt/test.txt'S K= 5 YUS: © =X At

lab3_unlink & SN2 71 ofA =B ofgfjet 22 Z2uE = + UCLL

==
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root@os-lecture: /home/os-lecture/DKU_OS_LAB/lab3_fuse# ./lab3_mount -s /dev/rd® mnt/
device [dev/sdc is selected

check if it is formatted to lab or fat ...
————————————————————— format inspection
read super block for checking ...
inspecting if signature value is match ...
signature inspection is computed.

- file system signature :
- 0S Lab student id

current /dev/rde is formated
you can mount this device to

3442414c
60181132

to lab
mount point

inspection successed

device name = /dev/rde
mount point = mnt/
FUSE_USE_VERSION =

executin mount

30
%?gﬁ@os—lecture:fhome}os—1ecture}DKUiosiLAB/Iab37fuse# 1s -al mnt/
4

drwxr-xr-x 2 root root 4096 3H 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 3 18 14:43
-fTW-r--r-- 1 root root 4 3% 10 13:26 test.txt
root@os-lecture:/home/os-lecture/DKU_OS_LAB/lab3_fuse# rm -rf mnt/test.txt
%?gﬁ@os—lecture:fhome}os—1ecture}DKUiosiLAB/Iab37fuse# 1s -al mnt/
4
drwxr-xr-x 2 root root 4096 3H 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 3% 10 14:43

static struct fuse operations 1lab3 oper = {
.init = ebadedy
.getattr = lobd—gepastr,
.readdir = TEbr—readdir,
.mkdir = Tars=meotr,
.unlink = Tars=—omrtmk,
.rmdir = ==,
.rename = lab3_rename,
.open = Eme—er
.read = oSy
.write = ebdpEisa ,
.release = Fabrs—retease,
.create = lebi—emeate ,
.utimens = | abdilman s
1;
Step3 & &l 73 Gli0f ot= S+ T Y €2 =S SHASHULCL
Step 4. rename 2t g 6
rename Y= 7|E 22 JEO0|M Il O[F= HESHALE Mol fIXE
=7 &2 20| siTSt= directory entry 2| file name 2 =357 L, directory
dEE F7|e &=0|Ct. & H0M lab3_rename E+E Sl

ALt lab3_rename &5 77| & Albes ofefeb &Lt
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root@os-lecture: /home/os-lecture/DKU_O5_LAB/Llab3_fuse# ./lab3_mount -s /dev/rd@ mnt/
device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection --------------------
read super block for checking ...

finspecting if signature walue is match ...

signature inspection is computed.

- file system signature : 3442414c
- 0S5 Lab student 1id H 60181132

current /dev/rd® is formated to lab
you can mount this device to mount point

————————————————————— inspection successed ----------------oo--

————————————————————— executin mount e
device name = [dev/rd®

mount point = mnt/

FUSE_USE_VERSION = 30

root@os-lecture: fhomefos-lecture/DKU 0S5 LAB/lab3 fuse# touch aaa > mnt/test.txt
axj)ﬁ@os—1ecture:fhomefos—1ecturejDKUfosiLAB/lab37fuse# 1s -al mnt

4

drwxr-xr-x 2 root root 4096 3H 10 13:19
Hruxr-xr-x 5 os-lecture os-lecture 4096 38 10 14:55
-rw-r--r-- 1 root root @ 38 10 14:56 test.txt

root@os lecture: fhomefos lecture/DKU_OS_LAB lab3 fuset mv mnt,’test txt mn%rename Xt
v: ‘mnt/test.txt'S 'mnt/rename.txt' = =4 3 LS: HIS H
root@os lecture:/home/os-lecture/DKU_0S_LAB/lab3_fuse# 1s -al mnt

rwxr Xr-x 2 root root 4096 3H 10 13:19
rWXr-xr-x 5 os-lecture os-lecture 4096 33 10 14:55
-rw-r--r-- 1 root root @ 38 10 14:56 test.txt
d30 20| testtxt 2h= LS| O|F0| YHHo=z HFO| X @2
Ol gt £ Qo MAMXHOZ |ab3 rename &S FHSIA ZH Or2iet
nE =ol g 5 Uk

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# ./lab3_mount -s /dev/rd@ mnt/
device /dev/sdc is selected
check if it is formatted to lab or fat ...

————————————————————— format inspection  --------------------
read super block for checking ...
inspecting if signature value is match ...

signature inspection is computed.

- file system signature : 3442414c
- 0S Lab student id 60181132

current /dev/rd® is formated to lab
you can mount this device to mount point

————————————————————— inspection successed --------------------

————————————————————— executin mount R e EE R
device name = /dev/rde
mount point = mnt/
FUSE_USE_VERSION = 30

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# touch aaa > mnt/test.txt
root@os-lecture: fhome/fos-lecture/DKU_05_LAB/lab3_fuse# 1ls -al mnt
A 4

drwxr-xr-x 2 root root 4096 33 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 38 10 14:54
-rw-r--r-- 1 root root o 32 10 14:54 test.txt

root@os-lecture: fhome/os-lecture/DKU_0S_LAB/lab3_fuse# mv mnt/test.txt mnt/rename.txt
%?(51":@05—1ecture:fhome/os—1ecture,’DKufoSfLAB,’lab3ffuse# 1s -al mnt

4

drwxr-xr-x 2 root root 4096 33 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 3% 10 14:54

-rw-r--r-- 1 root root <] 3% 10 14:54 rename. txt
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7.

atH|

Step4 & Sof 7+ 3HOF St=

static
.init
.getattr
.readdir
.mkdir
.unlink
.rmdir
.rename
.open
.read
.wWrite
.release
.create
.utimens

};

struct fuse operations 1lab3 oper = {

e
TrrS=getpntr ,
Tabra=—rewddir,
TSR,
Ttttk
eem=aer,
lab3_rename,

oo
+
i

ot A

HES SOl getattr, readdir,

HSIRACE Stepl~ 4 THA|

writre, read

ez k=17
o

2N Foiet Ards

o

Otefiet ZO|

=3
==
IL

gt

OHUA AR O| metadata BEE M= stat BHO| GLHLE &

mount directory 2| LH&= & = UO{OF BtCt

OF

b=
o

=x

ZsioF ot

root@os lecture: /home/fos-lecture/DKU_0S_LAB/lab3_fuse# stat mnt/

Device:
ACCess:
ACCess:
|Modify:
Change:

Birth:

T 4096

'mnt/’

10 Block: 4896
27h/39d Inode: 1 Links: 2
(0755/drwxr-xr-x) Uid: ( a/
2017-03-10 13:19:47.000000000 +0900
2017-03-10 13:19:47.000000000 +0900
2017-03-10 13:19:47.000000000 +0900

Blocks: @

root) Gid: (

o/

Cla e

root)

Step

Is BHO{E E3| mountdirectory 2| LIS &0l

dgst=

7tg|71=

0|2l directory & d-gsta] & W, 0215 HAIXIE

directory
HIO{ K] &

ol HAIXIE

2 :read directory (Is ), directory create ( mkdir ), & directory
delete ( rmdir)

mkdir BEO7I AMoZ FEtglof

“7 oF A% directory E 7t2|7|& .

StO, directory 24

7t Y-S E00F

2 o
= -—-Ei

0

—

=

S AMAHSHE mdir YO ooz SEBHOL
directory £ A Stz & M, directory A K& ==

e )

FO
_.__
LS —

=
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%})gﬁ@os—1ecture:fhomefos—1ecturefDKU_OS_LAB;lab3_fuse# 1s -al mnt/
4

rWXr-xr-x 2 root root 4096 33 10 13:19

rwxr-xr-x 5 os-lecture os-lecture 4096 33 10 15:06

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# mkdir mnt/test1
root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# mkdir mnt/test2

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse# mkdir mnt/testl/test3

%})gﬁ@os—1ecture:fhomefos—1ecturefDKU_OS_LAB;lab3_fuse# 1s -al mnt/
4

FWXr-xr-x 4 root root 4096 33 10 13:19
rWXr-xr-x 5 os-lecture os-lecture 4096 3% 10 15:06
FWXr-xr-x 3 root root 4996 3H 18 15:06
FWXr-xr-x 2 root root 4096 33 10 15:07

%})gﬁ@os—1ecture:fhomefos—1ecturefDKU_OS_LAB;lab3_fuse# 1s -al mnt/testl/
0]

rwxr-xr-x 3 root root 4096 3% 10 15:06

rwxr-xr-x 4 root root 4096 3% 10 13:19

rWXr-xr-x 2 root root 4096 3% 10 15:08

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse#

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse#

root@os-lecture: /home/os-lecture/DKU_0S LABflab3 fuse# mkdir mntftest%ftest3f

kdir: ‘mnt/testl/test3/' Cle &S otE 4 GIFLICH: M0 USHLC

_rg})ot@os—lecture:jhome}os—lecturefDKU_DS_LABﬂabB_fuse# 1s -al mnt/

Al 4
drwxr-xr-x 4 root root 4096 3E 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 3% 10 15:06
drwxr-xr-x 3 root root 4096 33 10 15:06
drwxr-xr-x 2 root root 4096 3% 10 15:09

root@os-lecture:/home/os-lecture/DKU_OS_LAB/lab3_fuse# 1ls -al mnt/

A 4
drwxr-xr-x 3 root root 4096 33 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 32 10 15:06
drwxr-xr-x 3 root root 4096 3% 10 15:06

rmdir: failed to remove 'mnt/test1/': CIE|E{ 2|2} B UK P =

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3 fuse# rmdir mnt/test2/

root@os-lecture: /home/os-lecture/DKU_0S LAB{labS fuse# rmdlr mntftestl}

Step 3: file create ( touch mnt/test.txt) , file write ( echo >>
mnt/test.txt ), file read (cat)

ordof CHSt dd o readiwrite & =Wt BHE0| HYHLE SHG 0}

=
touch mnt/itestixt £ E3l testtxt 2= LY MAMA| ™Aooz O

o
Z|O{OF 3t1, echo aaa >> mntitest.txt & E38f aaa 2t= ZAHE test.txt Of

7155t cat BES Sl read & = UO{OF
Sff oo append A&t =&l A| test.itxt O aaa bbb 2t= HES cat §
Sl read & 5= QUO{OF BICh EESH mpY AMH| 7} THs{OF SHCH
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iv.

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse#
A 4
drwxr-xr-x 3 root root 4096 33 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 38 10 15:06
drwxr-xr-x 3 root root 4096 33 10 15:06
root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse#
%?gﬁ@os—1ecture:fhomefos—1ecturefDKU_OS_LAB;lab3_fuse#
4

drwxr-xr-x 3 root root 4096 33 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 3% 10 15:06
-rW-r--r-- 1 root root o 33

drwxr-xr-x 3 root root 4096 33 10 15:06

/homefos-lecture/DKU_05_LAB/lab3_fuse#
/homefos-lecture/DKU_05_LAB/lab3_fuse#
/homefos-lecture/DKU_05_LAB/lab3_fuse#

root@os-lecture:
root@os-lecture:
root@os-lecture:
aaa
root@os-lecture
root@os-lecture:
aaa

bbb
root@os-lecture:
root@os-lecture:
root@os-lecture:

A e

:/homefos-lecture/DKU_0S_LAB/lab3_fuse#
/homefos-lecture/DKU_05_LAB/lab3_fuse#

/homefos-lecture/DKU_05_LAB/lab3_fuse#
/homefos-lecture/DKU_05_LAB/lab3_fuse#
/home jos-lecture/DKU_0S_LAB/lab3_fuse#

drwxr-xr-x 3 root root 4096 3% 10 15:06
drwxr-xr-x 3 root root 4096 3% 10 13:19
-fTW-r--r-- 1 root root 4 33 10 15:16 test2.txt
drwxr-xr-x 2 root root 4096 3% 10 15:08

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse#

1s -al mnt/

touch mnt/test.txt
1s -al mnt/

10 15:14 test.txt

cat mnt/test.txt
echo aaa >> mnt/test.txt
cat mnt/test.txt

echo bbb => mnt/test.txt
cat mnt/test.txt

echo ccc > mnt/testl/test2.txt
1s -al mnt/testl/

rm -rf mnt/test.txt

%?gﬁ@os—1ecture:fhomefos—1ecturefDKU_OS_LAB;lab3_fuse# 1s -al mnt/
4
drwxr-xr-x 3 root root 4096 33 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 38 10 15:06
drwxr-xr-x 3 root root 4096 33 10 15:06
Step 4 :fiille rename (mv)
ool o|EHE 8 YX|E HZSl=rename YULO| HHOZE FZESI0{0F
orC}

root@os-lecture: fhome/os-lecture/DKU_0S_LAB/lab3_fuse#
rogﬁ@os—lecture:jhomefos—1ecture}DKU_pS_LAB;lab3_fuse#
4

drwxr-xr-x 3 root root 4096 3H 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 33 10 15:06
[drwxr-xr-x 3 root root 4096 3H 10 15:06
root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab3_fuse#
rogﬁ@os—lecture:jhomefos—1ecture}DKU_pS_LAB;lab3_fuse#
4
drwxr-xr-x 3 root root 4096 3H 10 13:19
drwxr-xr-x 5 os-lecture os-lecture 4096 3% 10 15:06
drwxr-xr-x 3 root root 4096 33 10 15:06
root@os-lecture: fhome/os-lecture/DKU_0S_LAB/lab3_fuse#
rooT@os-lecture:jhome;os-1ecture}DKU_DS_LAB;lab3_fuse#

2 A 4

FWXr-xr-x 3 root root 4096 3H 10 13:19
rWXr-xr-x 5 os-lecture os-lecture 4096 32 10 15:06
rWXr-xr-x 3 root root 4096 3H 10 15:06
-rw-r--r-- 1 root root 4 3%

1s -al mnt/

mv mnt/testl/ mnt/renamel
1s -al mnt/

mv mnt/renamel/test2.txt mnt/
1s -al mnt/

10 15:16 test2.txt
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Hi{A apH|,

= 1Al lab3_fuse = ramdisk Off CH$t format It mount 1FJ0| XMESEOf RUALCE,
O 2&MX| #¥1 U super block, inode, directory entry & XtA0| EE ZHd35H0

IHE st 20| sl bonus M5 OISt}
N HE.

i HE A

o T3t |ab3 fuse 9 &= I,
o T lab3 fuse 2| T Ato| CHst HF U ofFT Fo| CH
HEE
ii HE 2

Otzflet &2 directory 0| A tar 3EZ &3l T2t lab3_fuse directory
of sl YHS 8ot = &= 21t M7|= lab3_fuse ot tar IS

tooson9010@gmail.com @ 2 H|=3tC},

e #tar cvflab3 fuse &' tar lab3_fuse

root@os-lecture: fhome/os-lecture/DKU_OS_LAB# tar cvf lab3_fuse 321118606.tar lab3_fuse
ab3_fuse/

ab3_fuse/file.c
ab3_fuse/fuse_format_main.c
ab3_fuse/Makefile

ab3_fuse/aaa

ab3_fuse/dir.c

ab3_fuse/tags

ab3_fuse/mount.c
ab3_fuse/include/
ab3_fuse/include/lab3_fs_types.h
ab3_fuse/fuse_main.c
ab3_fuse/bmap.c

ab3_fuse/mnt/

ab3_fuse/example/
ab3_fuse/example/Makefile
ab3_fuse/example/lab3_example.c
ab3_fuse/example/mnt/
ab3_fuse/fsformat.c
ab3_fuse/inode.c
root@os-lecture: fhome/os-lecture/DKU_0S_LAB# 1s -al

& Al 160

rwxrwxr-x 5 os-lecture os-lecture 4096 38 10 15:25

rWXr-xr-x 22 os-lecture os-lecture 4096 3¥H 10 13:16

rWXr-xr-x 3 os-lecture os-lecture 4096 3H 10 04:49

rwxr-xr-x 3 os-lecture os-lecture 4096 3% 10 04:31

rWxr-xr-x 5 os-lecture os-lecture 4096 3H 10 15:24

-rw-r--r-- 1 root root 143360 3% 10 15:25 lab3_fuse_32111860.tar

v HEZE =
ojC|o] ME 506 22 N Z=.
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D.Reference
i. file, directory, 3 7|2 AL

http://pages.cs.wisc.edu/~remzi/OSTEP/file-intro.pdf

ii.  UNIXfile system 2o @4t =

http://pages.cs.wisc.edu/~remzi/OSTEP/file-implementation. pdf

iii. file mode 23 A}gt

http://www.gnu.org/software/libc/manual/html node/Testing-File-
Type.html#Testing-File-Type

iv.  linux file permission =& A}gt.

https://www.linux.com/learn/understanding-linux-file-permissions

v. file, directory 2| link count(directory “4A| link count 7} 2 Q! 0|])

vi. 2| EA0 A2 C Error

http://www.virtsync.com/c-error-codes-include-errno

Vii. FUSE API

https://github.com/libfuse/libfuse/blob/579c3b03f57856e369fd6db2226b77a
ba63b59ff/include/fuse.n#L.102-L577
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