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05 Outline

¢ The Architecture of ucore File System

¢ The Simple File System

¢ Virtual File System

¢ [/O Device Interfaces

¢+ Work Flow



(OJ The Architecture of ucore File System

FS X FH 491z :usr/*.c

write::usr/libs/file.c
sys_write::usr/libs/syscall.c
syscall::usr/libs/syscall.c
sys_write::/kern/syscall/syscall.c

sysfile_write::/kern/fs/sysfile.c
file_write::/kern/fs/file.c
vop_write::/kern/fs/vfs/inode.h

How to select concrete FS?

sfs_write::/kern/fs/sfs/sfs_inode.c
—> sfs_io() —> sfs_io_nolock()

sfs_wbuf::/kern/fs/sfs/sfs_io.c
—> sfs_rwblock_nolock()

dop_io::/kern/fs/devs/dev.h

diskO _io::/kern/fs/devs/dev_diskO.c

ide_write_secs::/kern/driver/ide.c
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05 The Key Data Structures

process

struct inode *pwd

struct proc_struct

opened file array

struct file *file

struct files_struct *filesp

system

union in_info

struct inode *1node

enum in_type

struct 1node *1node

int ref count

int open_count

struct fs *1n_fs

const struct inode_ops *in_ops
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05 The Simple FS

¢ File Types
11 Regular file; Directory; Link file; Device; Pipe.

¢ SFS Layout in Disk

superblock

root—dir
1node

freemap

Inode/File Data/Dir Data blocks

struct sfs_super {

uint32_t magic; /* magic number, should be SFS_MAGIC */
uint32_t blocks; 7# # of blocks in fs */

uint32_t unused_blocks; /* # of unused blocks in fs */

char info[SFS_MAX_INFO_LEN + 1]; /* infomation for sfs */
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05 The Simple FS

¢ File Types
11 Regular file; Directory; Link file; Device; Pipe.

¢ SFS Layout in Disk

sts_do_mount()

Memory

superblock

root—dir
1node

freemap

Inode/File Data/Dir Data blocks

struct sfs_super {

uint32_t magic; /* magic number, should be SFS_MAGIC */
uint32_t blocks; 7# # of blocks in fs */

uint32_t unused_blocks; /* # of unused blocks in fs */

char info[SFS_MAX_INFO_LEN + 1]; /* infomation for sfs */
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05 The Simple FS

¢ File Types
11 Regular file; Directory; Link file; Device; Pipe.

¢ SFS Layout in Disk

sts_do_mount() Memory

root—dir

ile Data/Dir Data blocks

superblock freemap | (node)

struct sfs_disk_inode {

uint32_t size; WK inode &7 & LA, Wisize 2 AR/
uint16_t type; inode i) AR AY

uint16_t nlinks; It inode F RS 4 422 4

uint32_t blocks; Ieinode {208 LTI~

uint32_t direct[SFS_NDIRECT]; ItinodeR) ELEEHHR LR 51{H (B SFS_NDIRECTAS)
uint32_t indirect; Hinode ) — 2k [a) 3250 E e R 5 {H
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05 The Simple FS

¢ File Types
11 Regular file; Directory; Link file; Device; Pipe.

¢ SFS Layout in Disk

root—dir

ile Data/Dir Data blocks

superblock freemap | (node}

uint32_t|di
uint32_t ind1

55

[SFS_NDIRECT]; Iinode) HEE#ERZR 51MH (4 SFS_NDIRECT/M)
- Itinode ) — 2k Al EE L Z 511

struct sfs_disk_entry {

uint32_t ino; RO ST R IR R S HME
char name[SFS_ MAX_FNAME_LEN +1]; X444

}
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05 The Simple FS

¢ Inode in Memory (\kern\fs\sfs\sfs.h)

struct sfs_inode {

struct sfs_disk_inode *din;
uint3Z_t ino;

uint32_t flags;

bool dirty;

int reclaim_count;
semaphore_t sem;
list_entry_t inode_link;
list_entry_t hash_link;

/* on—disk 1node */

/* 1node number */

/* 1node flags */

/* true 1f inode modified */

/* kill inode if it hits zero */

/* semaphore for din */

/* entry for linked—1list in sfs_fs */
/* entry for hash linked—Ilist in sfs_fs */

10
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05 The Simple FS

¢ Inode in Memory (\kern\fs\sfs\sfs.h, sfs inode.c)

struct sfs_inode {

struct sfs_disk_inode *din; /* on—disk inode */

uint3Z_t ino; /* 1node number */

uint32_t flags; /* 1node flags */

bool dirty; /* true 1f inode modified */

int reclaim_count; /* kill inode if it hits zero */
semaphore_t sem; /* semaphore for din */
list_entry_t inode_link; /* entry for linked—1list in sfs_fs */
list_entry_t hash_link; /* entry for hash linked—Ilist in sfs_fs */

I3

sfs_bmap_load_nolock(--+); sfs_bmap_truncate_nolock(:--);
sfs_dirent_read_nolock(:-*); sfs_dirent_write_nolock(:-*);
sfs_dirent_search_nolock(--+);

11
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05 The Simple FS

¢ Inode Operation (\kern\fs\sfs\sfs inode.c)

static const struct inode_ops sfs_node_ {
.VOp_magic = VOP_MAGIC,

.Vop_open = sfs_openfile,

.vop_close = sfs_close,

.vop_read = sfs_read,

.vop_ write = sfs_write,

|5

static const struct inode_ops sfs_node_ {
.VOop_magic = VOP_MAGIC,
.vop_open = sfs_opendir,
.vop_close = sfs_close,
.vop_getdirentry = sfs_getdirentry,

.vop_lookup = sfs_lookup,

12
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L Virtual File System

¢ file (\kern\fs\file.h)

struct file {

enum {
FD_NONE, FD_INIT, FD_OPENED, FD_CLOSED,
} status; 1195 18] ST T PAT RS
bool readable; 113 15 Al e
bool writable; 11X EEE
int fd; 113 filemapH &R 5] {E.
off_t pos; /195 18 ST 24 BT B
struct inode *node; 113% AR N B N A inode B &1

atomic_t open_count; 15T S A R B

13
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L Virtual File System

¢ file interface (\kern\fs\file.h)

struct file

~=

§;

¥

enum {
FD_NONE, FD_INIT, FD_OPENED, FD_CLOSED,
} status; 1195 18] ST T PAT RS
bool readable; 113 15 Al e
bool writable; 11X EEE
int fd; 113 filemapH &R 5] {E.
off_t pos; /195 18 ST 24 BT B
struct inode *node; 113% AR N B N A inode B &1

atomic_t open_count; 15T S A R B

struct files_struct {

struct inode *pwd;  // inode of present working directory
struct file *fd_array; |// opened files array

int files_count; // the number of opened files
semaphore_t files_sem; // lock protect sem

14
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L Virtual File System

¢ 1node interface(\kern\fs\vis\inode.h)

struct inode {
union { 118555 AN [F] SO 22 G5 € inode s 2. Hunion il 1 A7 &
struct device _ device_info; /1% %% XA R B N AFinode (B 1B
struct sfs_inode  sfs inode info; //SFSX & 4t N ffinodefs 5
} in_info;
enum {
inode type device info = 0x1234,
inode type sfs inode info,
}in_type; //Hinode It J& S AF R G KAY
int ref count; //Iinode ' 5| A vH2%
int open_count; /4T thinodeXf N SN2
struct fs *in_fs; IR R, A5V R SCH RGN R E R 5
const struct inode_ops *in_ops; | /A% Kinodet#E, & 1 nlinodel] i FF5 %t

55

15
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L Virtual File System

¢ 1node interface(\kern\fs\vis\inode.h)

struct inode {

struct fs *in_fs; IR RS, A5V A S RS ek e &
const struct inode_ops *in_ops; | /% Hinode®ffE, L& V5 Hinode ] pR £ i £
3

struct inode_ops {

unsigned long vop_magic;

int (*vop_open)(struct inode *node, uint32_t open_flags);

int (*vop_close)(struct inode *node);

int (*vop_read)(struct inode *node, struct 1obuf *10b);

int (*vop_write)(struct inode *node, struct iobuf *iob);

int (*vop_getdirentry)(struct inode *node, struct iobuf *10b);

int (*vop_create)(struct inode *node, const char *name, bool excl, struct inode
**node_store);
int (*vop_lookup)(struct inode *node, char *path, struct inode **node_store);

16
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L Virtual File System

¢ 1node interface(\kern\fs\vis\inode.h)

struct inode {

struct fs *in_fs; IR RS, A5V A S RS ek e &
const struct inode_ops *in_ops; | /% Finode®®fE, & V5 Hinode ] pR £ i £

¥
struct fs {
union {
struct sfs_fs __sfs_info;
} fs_info; // filesystem—specific data
enum {
fs_type_sfs_info,
} fs_type; // filesystem type
int (*fs_sync)(struct fs *fs); // Flush all dirty buffers to disk
struct inode *(*fs_get_root)(struct fs *fs); // Return root inode of filesystem.
int (*fs_unmount)(struct fs *fs); /I Attempt unmount of filesystem.
void (*fs_cleanup)(struct fs *fs); // Cleanup of filesystem.???

17
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> I/0 Device Interface

¢ device mterface(\kern\fs\devs\dev.h)

struct device {
size_t d_blocks; /1% £ 5 F R 2 B~ 48
size_t d_blocksize; /Z3E LA/
int (*d_open)(struct device *dev, uint32_t open_flags); /] 1% 2% 1 R E 8 41
int (*d_close)(struct device *dev); /7% 1% £ 1 R 8 41
int (*d_io)(struct device *dev, struct iobuf *iob, bool write); //i:£5 ¥ 4% I & 38 5+
int (*d_ioctl)(struct device *dev, int op, void *data); //FHioctl J7 234 1 15 25 B 2R 20 FE &1

18
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05 I/0 Device Interface

¢ device interface(\kern\fs\devs\dev.h \vis\visdev.c)

struct device {
size_t d_blocks; /1% £ 5 F R 2 B~ 48
size_t d_blocksize; /Z3E LA/
int (*d_open)(struct device *dev, uint32_t open_flags); /] 1% 2% 1 R E 8 41
int (*d_close)(struct device *dev); /7% 1% £ 1 R 8 41
int (*d_io)(struct device *dev, struct iobuf *iob, bool write); //i:£5 ¥ 4% I & 38 5+
int (*d_ioctl)(struct device *dev, int op, void *data); //FHioctl J7 234 1 15 25 B 2R 20 FE &1

typedef struct {
const char *devname;
struct inode *devnode;
struct fs *fs;
bool mountable;
list_entry_t vdev_link;
} vis_dev_t;

19
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> I/0 Device Interface

+ stdout device

11 Initialization

kern_init—>fs_init——>dev_init——>dev_init_stdout —> dev_create_ino@

Q) @ 3 ¢ ——> stdout_device_init @
—> vis_add_dev @

kern\init\init.c
kern\fs\fs.c

kern\fs\devs\dev.c

kern\fs\devs\dev_stdout.c

kern\fs\vfs\vfsdev.c

20
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05 I/0 Device Interface

+ stdout device

11 Initialization

kern_init—>fs_init——>dev_init——>dev_init_stdout —> dev_create_ino@

—>» stdout_device in
® ® ® ® —> vis_add_dev @

static void

stdout_device_init(struct device *dev) {
dev—>d_blocks = 0;
dev—>d_blocksize = 1;

kern\fs\devs\dev_stdout.c dev—>d_open = stdout_open;

dev—>d_close = stdout_close;

dev—>d_1io0 = stdout_io;

dev—>d_1octl = stdout_ioctl;

kern\init\init.c
kern\fs\fs.c

kern\fs\devs\dev.c

kern\fs\vfs\vfsdev.c

21
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05 I/0 Device Interface

¢+ stdin device

11 Initialization

kern_init—>fs_init——>dev_init——>dev_init_stdin—> dev_create_inode@®

—>» stdin_device 1nit
® ® ® ® —> vis_add_dev @

static void
stdin_device_init(struct device *dev) {

kern\init\init.c dev—>d_blocks = 0;
kern\fs\fs.c dev—>d_blocksize = 1;
kern\fs\devs\dev.c dev—>d_open = stdin_open;

dev—>d_close = stdin_close;
dev—>d_io = stdin_1o;
kern\fs\vfs\vfsdev.c dev—>d_ioctl = stdin_ioctl;
p_rpos = p_wpos = 0;
wait_queue_1nit(wait_queue);

kern\fs\devs\dev_stdin.c

;
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05 Work Flow & Key Functions and Data Structures

+ Work Flow (Initializatign)

vis_init()

vfs_devlist_init()

@
fs_init()

kern_init

@ kern\init\init.c
@ kern\fs\fs.c

@ kern\fs\vfs\vfs.c
@ kern\fs\devs\dev.c

@ kern\fs\sfs\sfs.c
@ kern\fs\vfs\vfsdev.c

@ kern\fs\devs\dev_diskO.c sfs_init()
@ kern\fs\devs\dev_stdin.c ___>
@ kern\fs\devs\dev_stdout.c

@ kern\fs\sfs\sfs_fs.c

dev_1nit()

sfs_mount()
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o

®  Work Flow & Key Functions and Data Structures

+ Work Flow (Open File)

int D » sys_open( “/test/testfile” , -- @
fdl=open( "/test/testfile—,---)
syscall(SYS_open, “/test/testfile” , -+ @ e
L 4
sys_open(arg[]) @ = sysfile_open( “/test/testfil @— file_open( “/test/testfil q—
e” ...) e” , ...)
l—vfs_lookup( “Itest/testfile” ,&nod @ fd_array_alloc() @ e
Q)
vop_lookup() @ vop_open(node,--*) ‘}::l—f vfs_open( “/test/testfil @ «—
e,, 5 oc-)
0 v @ kern\fs\sfs\sfs_inode.c
@ user\l%bs\flle.c sfs_lookup(*node, *path, **node_store) q
@ user\libs\syscall.c l
@ kern\syscall\syscall.c
@ kern\fs\sysfile.c _{ sfs_lookup_once() @
@ kemn\fs\file.c

@ kern\fs\vis\visfile.c
@ kern\fs\vfs\vfslookup.c
@ kern\fs\vfs\inode.h

» sfs_dirent_search_nolock() @

» sfs_load_inode() @

24
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That’s all. Thanks!
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