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Virtual File System

Arquitetura em camadas
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Virtual File System

Sistemas de arquivos implementados

— file system type |
char *name;

struct super_block *get_sb:
void (*kill_sk);
struct madule *owner;
struct 3
struct

1 . .

@ sistemas de arquivos
L podem ser adicionados e

struct file_system_type | removidos dinamicamente
Lol har *name;
S @ supported # mounted
void
struct
struct
struct

1

M. Tim Jones

cat /proc/filesystems



Virtual File System

Objetos do VFS e interacGes com os processos

disk file Superblock inote
object object

[
. . dentry cache i
| Process 1 |—>( File object } - gy

| Process 2 |>—b( File object )— -- dentry deniry
X object object
I
| Process 2 |>—b( File object }— o —
___________ 1
— fd
-+ f_dentry
oo d_inode

— i_sb

Understanding the Linux Kernel: Figura 12-2



Virtual File System

Superblock

@ Metadados sobre os sistemas de arquivos

@ Estrutura existente em disco e em memdria

superblock superblock superhlock
s_list s_list s_list
-
super_blocks > NexXt ——|—* next ——|—* next ~«—
next —J prev prev prev

prev

Understanding the Linux Kernel: Figura 12-2



Virtual File System

Estruturas do superblock

struct super_block {
struct list_head
unsigned long
unsigned char
struct file_system_type
const struct super_operations

s_list;

s_blocksize;
s_blocksize_bits;

*s_type;

*S_Op’,\-»struct super_operations {

unsigned long s_flags;
struct dentry *s_root;
struct rw_semaphore s_umount;
struct list_head s_inodes;
struct list_head s_dirty;
struct list_head s_io;

struct list_head s_more_io;
struct list_head s_files;
char s_id[32];
void *s_fs_info;
fmode_t s_mode;
struct mutex s_vfs_rename_mutex;

struct inode*(*alloc_inode)(struct super_block *sb);
void (*destroy_inode)(struct inode *);

int (**write_inode) (struct inode *, int);

void (*delete_inode) (struct inode *);

void (*write_super) (struct super_block *);

int (*sync_fs)(struct super_block *sb, int wait);

int (*statfs) (struct dentry *, struct kstatfs *);

int (*remount_fs)(struct super_block *, int *, char *);
void (*umount_begin) (struct super_block *);
int(*show_options)(struct seq_file *,struct vfsmount *)




Virtual File System

I-node

mode
owners (2)
timestamps (3) @l
size block count
— | | —ldatl
@ metadados de um
: arquivo ou diretdrio

direct blocks

; @ uma estrutura em
disco e outra em
memoria

single indirect —

double indirect _|

triple indirect

Silberschatz: Figura 12.09



Virtual File System

Estruturas do

struct inode {
struct hlist_node
struct list_head
struct list_head
struct list_head
unsigned long
unsigned int
uid_t
gid_t
loff_t
struct timespec
struct timespec
umode_t
struct mutex
struct rw_semaphore
const struct file_operations
const struct inode_operations
struct super_block
unsigned int

i_hash;
i_list;
i_sb_list;
i_dentry;
i_ino;
i_nlink;
i_uid;
i_gid;
i_size;
i_atime;
i_mtime;
i_mode;
i_mutex;
i_alloc_sem;
*i_fop;
*i_op;

*i_sb; 1»

i_flags;

struct file_operations {
ssize_t (*read) (struct file *, char __user *, size_t, loff_t *);
ssize_t (*write) (struct file *, const char __user *, size_t, loff_t *);
int (*open) (struct inode *, struct file *);
int (*flush) (struct file *, fl_owner_t id);

struct inode_operations {

int (*create) (struct inode *,struct dentry *,int, struct nameidata *);
struct dentry *(*lookup) (struct inode *,struct dentry *, struct nameidata*);
int (*link) (struct dentry * struct inode *,struct dentry *);
int (*unlink) (struct inode *,struct dentry *);
int (*symlink) (struct inode *,struct dentry *,const char *);
int (*mkdir) (struct inode *,struct dentry *,int);
int (*rmdir) (struct inode *,struct dentry *);
int (*rename) (struct inode *, struct dentry *,
struct inode *, struct dentry *);




Virtual File System

Inode cache

inode_hashtable (fs/inode.c)

[
Used but unchaged

inode_in_use (fs/inode.c)

inode_1 |I—I;St)| inode_2 |—).| inode_3 |

i_sb_list i_hash
dirty
superblock | - 3 —— — — ; -
— |i7|\st | - > = | |Dlrty inodes
s inodes

s_io i_list
inode_7 |_—)| inode_8 |—)| inode_9 | 10 Queue inudes

inode_unused (fs/inode.c)

Valid but no longer acuvelﬁ

i_lis
inode_10 = inode_11 |—)| inode_12




Virtual File System

Dentry

@ Estrutura em memodria

@ Mapeamento de nomes e i-nodes

@ Estados de um dentry no cache
o Free: sem uso e sem informacdes vilidas.
e Unused: contém informagdes vélidas.
@ In use: em uso e com informacdes validas.
o Negative: corresponde a um caminho invélido.



Virtual File System

Estrutura do file object

@ Estrutura em memdria
@ Arquivo aberto

struct file {
const struct file_operations ~ *f_op; ——
spinlock_t f_lock;
atomic_long_t f_count;
unsigned int f_flags;
fmode_t f_mode;
loff_t f_pos;
struct fown_struct f_owner;
const struct cred *f_cred; struct file_operations {
struct file_ra_state f_ra; struct module *owner;
u64 f_version; loff_t (*1lseek) (struct file *, loff_t, int);
struct address_space  *f_mapping; ssize_t (*read) (struct file *, char __user *, size_t, loff_t *);
ssize_t (*write) (struct file *, const char __user *, size_t, loff_t *);
1 ssize_t (*aio_read) (struct kiocb *, const struct iovec *, unsigned long, loff_t);
ssize_t (*aio_write) (struct kiocb *, const struct iovec *, unsigned long, loff_t);
int (*readdir) (struct file *, void *, filldir_t);

int (*mmap) (struct file *, struct vm_area_struct *);
int (*open) (struct inode *, struct file *);

int (*flush) (struct file *, fl_owner_t id);

int (*release) (struct inode *, struct file *);

int (*fsync) (struct file *, struct dentry *, int datasync);
int (*lock) (struct file *, int, struct file_lock *);




Virtual File System

File descriptor table

Process 1 fd=open("/homefakaedu/a”, O_RDONLY);

files_struct file_operations
o[] file liseek
1 f flags: O RDONLY read
2 pos: 0 wnte
3 f_count: 1 ioctl
— f o - open
f dentry release
inode
inode_operations Modon ]
Process 2 fd=open(*fhomefakaedu/ad\0_WRbNLY); link T
files_struct Iseek(fd, 10, SEEK_SET); unlink e rodeoTo0eaT ]
ol ] file E}‘:;ILk =  iop
1 g O WO Trndir L —
2 | ’_P°5? 10 [rename |
3 > “—“““ft 1 K readlink ?
— 0 Truncate
f_dentry ~ - I
— dentry cache, :
Process 3 fd=open("/home/akaedu/b®, §_RDONLY); a |
files_struct |
0 s akaedu I
1 T flags: O_RDONDY| |
2 I pos: 0 ome
3 T count: 1 ! «—
Top B |
 dentry 1 1
\ load
\
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Estrutura do Ext2

Boot e -
Rlock Block Group 0 . Block Group N
e Data ; :
Super Group Block inode inode Data Blocks

Block | Descriptors Bitmap Table

Bitmap

1 block  Nblocks 1 block 1 block Nblocks N blocks

@ Super block: nimero de blocos no disco, tamanho dos blocos,

@ Group descriptors: localizagdo dos bitmaps inodes/blocos e da
tabela de i-nodes, ..



Diretdrios no Ext2

[ 15 55
|i1|15|5 |ﬁ1:-, i2|4a|14|w:yjnngm
inodo table
@ inode
@ name length
— @ name




Ext2 e crashes

@ Operacbes como criacdo e remocdo envolvem vdrias escritas
em disco

@ Um crash pode ocorrer durante o processo e

um bloco foi incluido no inode, mas n3o estd marcado como
em uso no bitmap

um bloco foi removido do inode, mas n3o estd marcado como
livre no bitmap

um bloco foi reutilizado, mas o inode original ainda aponta
para ele.

um inode foi marcado como em uso, mas n3o ha entrada em
diretério apontando para ele.



fsck e recuperacao
Testando com debugfs

@ Crie um sistema de arquivos ext2 com mkfs.ext2
o Utilize o debugfs para corromper este sistema

@ Verifique se o fsck encontra os erros



Criando e fazendo verificacao inicial

$ dd if=/dev/zero of=ext2.dmp bs=1k count=256
$ mkfs.ext2 ext2.dmp

$ fsck ext2.dmp

e2fsck 1.42.13 (17-May-2015)

ext2.dmp: clean, 11/32 files, 23/256 blocks

$ fsck -f ext2.dmp

e2fsck 1.42.13 (17-May-2015)

1:

Pass
Pass
Pass
Pass
Pass
ext2

o W N

Checking inodes, blocks, and sizes
Checking directory structure
Checking directory connectivity
Checking reference counts

Checking group summary information

.dmp: 11/32 files (0.0% non-contiguous), 23/256 blocks



Alterando bitmap dos inodes

$ debugfs -w ext2.dmp
debugfs: write a.txt a.txt
debugfs: 1s
2 (12) . 2 (12) .. 11 (20) lost+found 12 (980) a.
debugfs: freei <12>

Como o fsck consegue corrigir o erro?



lost-+found

debugfs: write a.txt a.txt
debugfs: modify_inode <12>

Link count [1] 2
debugfs: 1s
2 (12) . 2 (@12) .. 11 (20) lost+found 12 (980) a.txt

debugfs: rm a.txt
debugfs: quit
$ fsck.ext2 -f ext2.dmp

@ Por que o inode <12> seria colocado no diretério de
“achados e perdidos”?



Journaling

Anlncio das a¢des seguido de commit record

redo log vs undo log
ext3 adota redo log (delete?)

teste mkfs.ext3 e veja o espaco reservado para o journal

Veja o tamanho do log no debugfs com logdump



Modos de journaling

@ Journal: Dados + metadados no log
@ Ordered

e Apenas metadados
e Metadados sé podem ser gravados no log apds os dados
estarem atualizados

o Possibilidade de falha em caso de sobrescrita de blocos de
dados

@ Writeback: Sem restricdo para ordem de gravacdo dos dados
e metadados



Checkpointing

@ Coleta de lixo das entradas no log
@ Operacgdes que ji estdo no disco podem ser descartadas
@ Espaco pode ser reutilizado

o fsck poderia procurar inconsisténcias somente onde é
necessario



leaf nodes

extd_inode - disk blocks
— . _’IOCE header 1
index node
extent
nods header | =
1_block | T3
extent indey1
‘eh_header it —
I —
oot [
extent index
extent
-
\* —
extent
—

e journal
@ arquivos maiores
@ extents

@ estrutura para
diretérios: (HTree)



client server

system-calls interface

VFS interface

! | l

VFS interface

other types of UNIX file NFS NFS UNIX file
file systems system client server system
‘ RPC/XDR ‘ ‘ RPC/XDR ‘
— [ —
disk l I disk
‘ network ‘

Silberschatz: Figura 12.15



FUSE File System

Userspace

............................

Kernel

VFS

https://en.wikipedia.org/wiki/Filesystem_in_Userspace
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