- i =N g %

F X B TSR Tl et

SUN YAT-SEN UNIVERSITY SCHOOL OF SOFTWARE ENGINEERING

-

SSE202/204: ##1E R R IE

suyx35@mail.sysu.edu.cn

B REFT BinE BRS LS AUl i




- ”~ — 19

A - 24-2024
— E "_! " F ok % g
n q D‘ e SUN YAT-SEN UNIVERSITY

> B ANBERE LEXBAFFITESDOAREMRIARIERZTIRM

* https://ipads.se.sjtu.edu.cn/courses/os/

> HeoZ 7R

 TBERFBRERG AR
» https://open.163.com/newview/movie/courseintro?newurl=ME1NSA351
* NBIRERAD, EEEH

* MRAFITEAN AT
» http://jyywiki.cn/OS/2025/
» https://space.bilibili.com/202224425/channel/collectiondetail ?sid=192498
° [EERA



https://ipads.se.sjtu.edu.cn/courses/os/
https://open.163.com/newview/movie/courseintro?newurl=ME1NSA351
http://jyywiki.cn/OS/2025/
https://space.bilibili.com/202224425/channel/collectiondetail?sid=192498

K

> IR &

> BETFinodefy XA 5

> BT RIXHRS
« FAT
- NTFS

> ERAXHFR S
* Pl TR I E A
+ ERALEER
- BAR
.+ 7RG
* XHERGRISRINRE

> X RS

> HPSXGRS




- T LYY FL b

(EHEE S TS hEiE Tl fee eees
> incde RS 2R RERREN, MXHERZELANED

> XA FEEREN
yxsu@Dell-T6401:~/0s$ Is -i process/
21105362 a.out 21105368 fork_demo 21105367 fork_readfile.c
21105366 myecho 21105365 test.txt 21105373 vfork_demo.c
21105364 execve _demo 21105363 fork_demo.c 21105355 hello-name
21105369 myecho.c 21105380 ucontext demo.c 21105371 waitpid_demo.c
21105370 execve _demo.c 21105372 fork_readfile 21105361 hello-name.c

21105378 pthread yield demo.c 21105377 vfork_demo
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fEsEz(hard link)

> BBz
* inodeZg=5—1%F,
* BFA—TE

> “text.txt”F“text2.txt’Hofir
%*H E/, ABFtHE—F

> BAMERY:

yxsu@Dell-T6401:~/os/process$ In test.ixt test2.ixt

Hx=AYinode
A TTEURE

=E:35ista
[ERIEET
[EEIEET
[ERIEET
| ZERIEEIE

AKZEIR

Bt —

21105365
BHRIKE
MHEKE

test.txt

21105365
BRIKE
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test2.txt
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FS5EE(symbolic link)
> —MRESC, RRTEFBRRXERERE

yxsu@Dell-T6401 :~/os/process$ In -s test.txt test3.txt

> BIRXHEBEE T, XPMEENmERT

> B4
. R Eﬁﬂ%xﬁ’]ﬂ#uﬁbﬁ‘t

yxsu@Dell-T6401:/usr/lib/gcc/x86 _64-linux-gnu/9$ file libstdc++.so
libstdc++.s0: symbolic link to ../../../x86 _64-linux-gnu/libstdc++.s0.6

yxsu@Dell-T6401:/usr/lib/x86_64-linux-gnu$ Is libstdc++.so*
libstdc++.50.6 libstdc++.50.6.0.28

- N

|7zl

libstdc++.s0

\

libstdc++.50.6

\ 74

libstdc++.50.6.0.28
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fork()BY1

#include
#include
#include
#include
#include

sfecnet. h>
<stdio.h>
<sys/stat.h>
<sys/types.h>
<unistd.h>

char str[11] = {9};

int main(int argc, char* argv[]) {
int fd = open("test.txt", O RDWR);
it (foelk() == 0) %

ssize-t cnt = read(fd,.str;” 10);
printf("Child process: %s\n", str);

} else {

}

ssize t cnt = read(fd, str, 10);
prantf(’Parentaprocess: %ssn’, str);

close(fd);
return 9;
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> test.txXtX{HEFHNRNE:
abcdefghijklmnopqrst

> BE—BEFRETHER:

Child process: abcdefghijkimnopqgrst
Parent process: abcdefghijklmnopqrst

Parent process: abcdefghijklmnopqrst
Child process: abcdefghijklmnopqgrst

Child process: abcdefghij Parent process: abcdefghij
Parent process: kimnopqrst Child process: kimnopqrst
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int fd = open("file path", mode)
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#include <fcntl.h>
#tinclude <stdio.h>
#include <unistd.h>

#define DATA_SIZE 20

int main() {
inteids
char data[DATA SIZE + 1];
e
fd = open("/home/yxsu/os/demo.cpp", O RDWR | O CREAT, S _IRUSR | S_IWUSR);
/7 BEHSCRE R R 2005 \
read(fd, data, DATA SIZE); X HEERT X AFRIANFR
// FTENCAE R HUHT 20D 4
data[DATA SIZE] = '\0';
printf("file data: %s\n", data);
// RS E N6 T R
write(fd, "hello\n", 6);
/] R
close(fd);
return 0;

10



#include
#include
#include
#include
#tdefine
#define
int main
int
char
if(a
T
1f(3

QTS

if(o

whil

)

clos
exit
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<sys/types.h>
<fcntl.h>
<stdlib.h>
<unistd.h>
BUF_SIZE 4096
OUTPUT_MODE 0700

(int argc, char* argv[]) { 3 : :

in_fd, out_fd, rd_count, wt_count; » ./copyfile copyfile.c copyfile2.c
buffer[BUF _SIZE]; ; \I,:V fil = | R file2

regc. 1= 3) exit(l); <+COPYTI e-CE%JﬁECOpy llez.C

d = open(argv[1l], O RDONLY);

n fd < 0) exit(2);

fd = creat(argv[2], OUTPUT_MODE);
ut_fd < 0) exit(3);

e(1)-{ 7/ copy

rd_count = read(in_fd, buffer, BUF _SIZE);
if(rd_count <0) break;

wt_count = write(out fd, buffer, rd count);
if(wt_count <= 0) exit(4);

e(in_fd); close(out _fd);
(9); 11
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QLT TR

int open(const char* path, int oflag, ...);
int openat(int fd, const char *path, int offlag, ...);

/] BEEXAF

ssize t read(int fildes, void* buf, size);

ssize t write(int fildes, const void* buf, size t nbyte);
/] ARG E

off _t lseek(int fildes, off_t offset, int whence);

/] IREOCH R

int fstat(int fildes; struct stat *biif);

int fstatat(int fd, const char* restrict path, struct stat* restrict buf, int flag);
int lstat(const char* restrict path, struct stat* restrict buf);

int stat(const char* restrict path, struct stat* );

[ R

int close(int flides);

12



> 7‘7'1F 17’— 1= —ﬁ ?7&'“5%\ 1N

SREXHER RIFRRER
Z_FH d’tread/wnte%lli\':u = write(fd, "hello\n", 6);
R
- BUEXBENSAREET, ( IEREF R FAEE 1
MESERTHET
<« TFR fETR
> [BRABTE . (HE ALY, TEES oy
A ﬁéﬁﬁ/b\zm\? t RRIE RS IR & J

int fsync(int fildes);
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> BANGTET SIS, TAESH— KM S B AR S

> mmap T AR R B 7 25 1)

fd = open("/home/yxsu/os_file", O_RDWR);
: addr = mmap(NULL, length, PROT_WRITE, MAP_SHARED, fd, 0);
P R ] memset(addr, 0, length);

void* nmap(void* addr, sizeit lem, ink prokt;. intidlags,<intifildes;off tioff);
int msync(void* addr, size t len, int flags);
int munmap(void* addr, size t len);

15
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> BT NFIREY A XA

yxsu@Dell-T6401:~/os$ cp AB

=
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> 2. REVARI R/ AX

> 3. BIEFFTHX4B

> 4. EBRYR/NAX

> 5. RKFATIB > Blmmap £ (A 172 8]
» 6. memcpy
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#include <stdio.h>
#include <fcntl.h>
#include <unistd.h>
#include <sys/mman.h>
int main(int argc, char *argv[]) {
int input, output; size t filesize;
void *source, *target;
input = open(argv[1], O_RDONLY);
output = open(argv[2], O RDWR | O CREAT | O_TRUNC, ©666)

(void *)-1) 3KI/ROXFFFF...FFFF

filesize = lseek(input, @, SEEK END);
lseek(output, filesize - 1, SEEK_SET);

write(output, "\e', 1); fE Flseek ERRIE, FERE—IBAND

if ((source = mmap(@, filesize, PROT_READ, MAP_SHARED, input, ©)) == (void *)-1)
fprintf(stderr, "Error mapping input file: %s\n", argv[1l]), exit(1);

if ((target = mmap(@, filesize, PROT_WRITE, MAP_SHARED, output, ©0)) == (void *)-1)
fprintf(stderr, "Error mapping ouput file: %s\n", argv[2]), exit(1);

R 7RG DR 1E

memcpy (target, source, filesize);

EHlNF= e EE
munmap (source, filesize); munmap(target, filesize);
close(input); close(output); return 0; 24
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> MM HRGESE
+ BRR(TTEIE)
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+ FEIREEA

/home /mnt

/home/yxsu /home/suyx35 /mnt/c /mnt/d

/home/yxsu/os /home/yxsu/Su'sUSB /mnt/c/Windows | |/mnt/c/Program Files

K

/home/yxsu/Su'sUSB/data structure

Ext4 FAT32

NTFS exFAT
33




Linux VFS(Virtual File System): EBIS{4ZRg =l oo
> LinuxR Gt BYVFST] U —1E 2

* Linux@YVFSEX 7 —ERF#E O RIFRTEF
« BN XHERGEEIIXEERE O . %,
> 4N7E B — Ninode 3T 1 R 1*H'W1T(_§_Y_S_’_—f.‘??.d.).---.l ..................... T By
» VFS4#:FiZinode & X &R 45 \
» PR PZ M R G O AR
/ ! [
g R RS
/mnt
¢ \ SEENSZ4tE (ext4.read) l T 12BN BRI
/mnt/c /mnt/d

¢ \ Ext4

/mnt/c/Windows | [/mnt/c/Program Files
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Linux VFSHIRESZSH il EPRETTT

struct vfsmount { $ N N
struct dentry *mnt_root; // FEEHEIR H & > :IF::E%Z E/‘JX#F%\ZJEL
struct super block *mnt_sb; // fElAEBEIHITEET
int mnt_flags;
struct user_namespace *mnt_userns;

} _ _randomize layout;

struct mountpoint {

struct hlist node m_hash;

= e % : ANt SR
struct dentry *m dentry; // HEAPFTER HFM > /E\-TZIS% l -TI-:I:_-Z_-LFI&/'\I:\'—\
struct hlist head m_list;
int m ceunt;

8

https://elixir.bootlin.com/linux/v5.16.14/source/include/linux/mount.h#L7 1
https://elixir.bootlin.com/linux/v5.16.14/source/fs/mount.h#l 32 35



https://elixir.bootlin.com/linux/v5.16.14/source/include/linux/mount.h
https://elixir.bootlin.com/linux/v5.16.14/source/fs/mount.h

@ Linux VFSHgiEakss fil

struct mount {

struct hlist _node mnt_hash;

struct mount *mnt_parent;

struct dentry *mnt_mountpoint;

struct vfsmount mnt; AR Z %

Lo

struct list head mnt_mounts; /* list of children, anchored here */
struct list head mnt_child; /* and going through their mnt_child */
struct list head mnt_instance; /* mount instance on sb->s mounts */
const char *mnt_devname; /* Name of device e.g. /dev/dsk/hdal */
struct list head mnt_list;

struct list head mnt_expire; /* link in fs-specific expiry list */
struct list head mnt_share; /* circular list of shared mounts */
struct list head mnt_slave list;/* list of slave mounts */

struct list head mnt_slave; /* slave list entry */

struct mount *mnt_master; /* slave is on master->mnt_slave list */
struct mnt_namespace *mnt_ns; /* containing namespace */

struct mountpoint *mnt_mp; /* where is it mounted */ EH SR E N
union {

struct hlist node mnt mp list;| /* list mounts with the same mountpoint */

struct hlist node mnt_umount;

};

HEEH A ENEEXGRS

e

_randomize_ layout;

https://elixir.bootlin.com/linux/v5.16.14/source/fs/mount.h#L 39

1924-2024
LR BV ER:

100th ANNIVERSARY
SUN YAT-SEN UNIVERSITY
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https://elixir.bootlin.com/linux/v5.16.14/source/fs/mount.h
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Linux VFS ¥ ES =L Il 08 xezs

> LinuxfgVFSE X f—Linode F 93210

struct inode operations {

L

int (*create) (struct user_namespace *, struct inode *,struct dentry *, umode t, bool);

int (*1link) (struct dentry *,struct inode *,struct dentry *);

int (*unlink) (struct inode *,struct dentry *);

int (*symlink) (struct user _namespace *, struct inode *,struct dentry *, const char *);

int (*mkdir) (struct user_namespace *, struct inode *,struct dentry *, umode t);

int (*rmdir) (struct inode *,struct dentry *);

int (*rename) (struct user_namespace *, struct inode *, struct dentry *, struct inode *, struct
dentry *, unsigned int);

int (*setattr) (struct user_namespace *, struct dentry *, struct iattr *);

int (*getattr) (struct user_namespace *, const struct path *, struct kstat *, u32, unsigned int);

i eSE

} __ cacheline_aligned;

https://elixir.bootlin.com/linux/v5.16.14/sourcel/include/linux/fs.h#L2112 37



https://elixir.bootlin.com/linux/v5.16.14/source/include/linux/fs.h
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Linux VFS R E S %L Il 08 xezs

> ExtA X R g Xt ixX Lo A RYSEI

const struct inode operations ext4 _dir inode operations = {

ext4d create,

ext4 lookup, createfySCIR:

ext4_link, https://elixir.bootlin.com/linux/v5.16.14/source/fs/ext4/namei.c#L. 2732
ext4_unlink,

extd symlink,

ext4_mkdir, mkdirfySEEL

ext4 rmdir, https://elixir.bootlin.com/linux/v5.16.14/source/fs/ext4/namei.c#L. 2912
ext4 mknod,

ext4 tmpfile,

ext4 rename2,

ext4d setattr,

ext4 getattr,

extd4 listxattr,

extd get acl,

extd set acl,

.Create
. lookup
.link
.unlink
.symlink
.mkdir
.rmdir
.mknod
.tmpfile
. rename
.setattr
.getattr
.listxattr
.get acl
.set_acl
.fiemap

.fileattr get
.fileattr_set

i

ext4 fiemap,
ext4 fileattr get,
ext4 fileattr_set,

https://elixir.bootlin.com/linux/v5.16.14/source/fs/ext4/namei.c#1L 4106 38
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FUSE |EEAPI Il g8 22

int main(int argc, char *argv[]) {

struct fuse args args = FUSE_ARGS_INIT(argc, argv);

struct fuse _session *se;

L 5%

se = fuse _session_new(&args, &hello 11 oper,
sizeof(hello 11 oper), NULL);

L B
if (fuse_session_mount(se, opts.mountpoint) != @) D £
goto err_out3;

/* Block until ctrl+c or fusermount -u */
if (opts.singlethread) {

ret = fuse_session_loop(se); «— ZEiEnEck
}
else {

config.clone_fd = opts.clone_fd;

config.max_idle threads = opts.max _idle threads;

ret = fuse session _loop mt(se, &config);
}

Lo B— P EBREF—MHEEXHRES

PetlURnsreta taT s 05

STEACELDL:  http://libfuse.github.io/doxygen/example_2hello_ Il 8c.html 43
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- [+ 1924-2024 ———

FUSE SEAPI [ e
= —  SUN YAT-SEN UNIVERSITY

static int hello _read(const char *path, char *buf, size t size, off t offset, struct fuse file info *fi) {

size t 1len;
(void)fi;
if (strcmp(path + 1, options.filename) != 0)

return -ENOENT;
len = strlen(options.contents);
if (offset < len) {

if (offset + size > len)

size = len - offset;

memcpy (buf, options.contents + offset, size); // RZfEbufHIHEHE
} else {

Siza = &
}

return size;

int main(int argc, char *argv[])

il
ret = fuse main(args.argc, args.argv, &hello oper, NULL); // &, 1EM IFEEAF1ER
L s

return ret;

} STEARRD I : http://libfuse.github.io/doxygen/example_2hello_8c.html 44
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FILE1.DAT | 0002 > £0E > #HIE | £UE FFFF
FILE1.DAT | 0002 HW1.TXT | 0003
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o i v
FAT | 0000 | 0000 | 0004 | FFFF | 0005 | FFFF | 0000 | 0000 | 0000 | 0000

46



WfE: suyuxin

il 1% v 1927-2027
SUN YAT-SEN UNIVERSITY
el e TR K=

5

BT A TR X
5 44 3

BHE®H® W@EEH®



https://space.bilibili.com/502854403
https://ssemarket.cn/new/course
https://suask.me/ask-teacher/106/苏玉鑫

	默认节
	Slide 1: 文件系统II
	Slide 2: 版权信息

	使用文件系统
	Slide 3: 大纲
	Slide 4: 硬链接与符号链接
	Slide 5: 硬链接(hard link)
	Slide 6: 符号链接(symbolic link)
	Slide 7: 大纲
	Slide 8: fork()的示例
	Slide 9: 文件描述符
	Slide 10: 使用文件接口读写文件
	Slide 11: 复制文件
	Slide 12: 文件操作的相关接口
	Slide 13: 页缓存与脏页
	Slide 14: 大纲
	Slide 15: 内存映射接口
	Slide 16: 实现内存映射
	Slide 17: 实现内存映射
	Slide 18: 实现内存映射
	Slide 19: 实现内存映射
	Slide 20: 实现内存映射
	Slide 21: 文件内存映射的优势

	文件系统的高级功能
	Slide 22: 大纲
	Slide 23: 文件复制
	Slide 24: 基于内存映射的文件复制
	Slide 25: 文件克隆
	Slide 26: 文件克隆
	Slide 27: 文件克隆
	Slide 28: 文件克隆
	Slide 29: 文件克隆
	Slide 30: 快照(snapshot)
	Slide 31: 文件系统的一些其他高级功能

	虚拟文件系统
	Slide 32: 大纲
	Slide 33: 多种文件系统的挂载
	Slide 34: Linux VFS(Virtual File System)：虚拟文件系统
	Slide 35: Linux VFS中的挂载结构
	Slide 36: Linux VFS中的挂载结构
	Slide 37: Linux VFS 虚拟文件系统接口
	Slide 38: Linux VFS 虚拟文件系统接口
	Slide 39: 文件系统在内存中

	用户态文件系统
	Slide 40: 大纲
	Slide 41: FUSE用户态文件系统框架
	Slide 42: FUSE用户态文件系统框架
	Slide 43: FUSE 底层API
	Slide 44: FUSE 高层API
	Slide 45: 现实中，FUSE能用来做什么？
	Slide 46

	ending
	Slide 47


