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o util, AEE—NE.NES BlockIiter , ALUR[E— BlockRange FF%lo

o file, HKLITF xv6 XHERFTEN File LMK, RTHBREMITHANXGNER, BRELRER
EEIHEMMNAY INode BIHEST, A INode BYHEO

e fs, AFHUTAA
BT INode ¥, FATSTMEIATEO !

/// Read bytes at “offset’ into "buf”, return the number of bytes read.

fn read_at(&self, offset: usize, buf: &mut [u8]) -> Result<usize>;

/// Write bytes at “offset”™ from “buf’, return the number of bytes written.
fn write_at(&self, offset: usize, buf: &[u8]) -> Result<usize>;

/// Poll the events, return a bitmap of events.

fn poll(&self) -> Result<PollStatus>;

#[derive(Debug, Default)]
pub struct PollStatus {
pub read: bool,
pub write: bool,
pub error: bool,

AEE| INode HAE&T core::any::Any [, T2 INode IEH AL as &dyn Any , HEI&
AL A EHMFER IS, AR as_any_ref EH#

BEEEMT create, create2 WML, FEIBEFIBE LEBLERR.

#ETE, 59 INode trait object LT FHIAE :

/// Downcast the INode to specific struct
pub fn downcast_ref<T: INode>(&self) -> Option<&T>;

/// Get all directory entries as a Vec


af://n0
af://n2
af://n9

pub fn list(&self) -> Result<Vec<String>>;

/// EE, ZRHART INode BY get_entry A&

/// Get the name of directory entry

/// fn get_entry(&self, _id: usize) -> Result<String>;
/77 XBH _id EMNERXBRME/LD dirent

/// RZEKR INode RIS

/// Lookup path from current INode, and do not follow symlinks

/// MEHgET INode FH4a traverse , LTS8, REIRLEHIHN INode trait object 15
£t (Arc)

pub fn lookup(&self, path: &str) -> Result<Arc<dyn INode>>;

/// ERERTENEMEIN

/// Lookup path from current INode, and follow symlinks at most
“follow_times™ times

pub fn lookup_follow(&self, path: &str, mut follow_times: usize) ->
Result<Arc<dyn INode>>;

/) XEFEIEMZE !

/// TEMERLEITERIRAY, BN 139 17, result = self.fs().root_inode();
/// INode AL fs , MEBHEFITHN
/// Get the file system of the INode
/// fn fs(&self) -> Arc<dyn FileSystem> { unimplemented!(); }

/// M 156 1THERRIISTF RIS 5EERIAIE
/// B0, WFRHESHEEMS, ABRE 256 1, RACHEEIINUE

EEZFRLEHET INode HITTEIRBIEIRLEMIEK Metadata , BF—RNEEFIE nlinks HFZ N
MR FileType , BHRANZBRZZAIME T .

#[derive(Copy, Clone, Debug, Eq, PartialEq)]
pub enum FileType {

File,

Dir,

SymLink,

CharbDevice,

BlockDevice,

NamedPipe,

Socket,

SNRERIBEIR Socket WAZEHERMART -
XAERFR BRI RSN FsInfo o

N AHRIERVEEIRZER FsError o
BEE—IRNE, XBEEXTHEE

pub type Result<T> = result::Result<T, FsError>;

RALLHTXHRGRE, ME—LRIFIEERINGE



///
pub

e dirty,

Abstract file system

trait FileSystem: Sync + Send {

/// Sync all data to the storage

fn sync(&self) -> Result<()>;

/// Get the root INode of the file system
fn root_inode(&self) -> Arc<dyn INode>;
/// Get the file system information

fn info(&self) -> FsInfo;

SKIY — wrapper , $3E 7 AEER, EHEOKRNBRERNANTEREE,

o dev, BREMTETEDO:

/77

/77
/77
pub

///
///
pub

///
///
pub

mod. fs

A current time provider

iR [B] 2 Fi AYAY 8]

trait TimeProvider: Send + Sync {
fn current_time(&self) -> Timespec;

Interface for FS to read & write

BT offset #1T 1/0 HIRERE

trait Device: Send + Sync {

fn read_at(&self, offset: usize, buf: &mut [u8]) -> Result<usize>;
fn write_at(&self, offset: usize, buf: &[u8]) -> Result<usize>;

fn sync(&self) -> Result<()>;

Device which can only R/W in blocks

LURARALH#IT 1/0 Hig&ERE

trait BlockDevice: Send + Sync {

const BLOCK_SIZE_LOG2: u8;

fn read_at(&self, block_id: BlockId, buf: &mut [u8]) -> Result<()>;
fn write_at(&self, block_id: BlockId, buf: &[u8]) -> Result<()>;

fn sync(&self) -> Result<()>;

JEM, {5 BlockDevice IREMIEOSSINT Device FRERMEEN, TII4ELL BlockDevice
, Device BENBAN—MIRE, FEET offset #171/0,

7£ block_cache.rs H1, ARG BlockDevice LI T —MREEZE,

ROBHREHINT

///
pub

}

H4E7F BlockCache

struct BlockCache<T: BlockDevice> {
device: T, /// Ri&&E

bufs: Vec<Mutex<Buf>>, /// Buf #4
lru: Mutex<LRU>, /// E1FEIEE LRU

struct Buf {

}

status: BufStatus,
data: Vec<u8>,

enum BufStatus {

/// buffer is unused
Unused,



/// buffer has been read from disk
Valid(BlockId),

/// buffer needs to be written to disk
Dirty(BlockId),

BlockCache XYMEMHHZEOZ :

/// BERIZE, REEFFRNZ DR, Tmlt
pub fn new(device: T, capacity: usize) -> Self;

/// Get a buffer for “block_id® with any status

/// XEBEB MutexGuard ETF RAII , BNECIER £, FIZEMWBMET TR, #HITHRIP
/77 ALk, BXA, AEBXS, RE—TEE® ETHHN Buf , EESEMNRIGEFIRIIMEIE,
MURAEBURTS

fn get_buf(&self, block_id: BlockId) -> MutexGuard<Buf>;

/// LEHEE]T _get_buf, get_unused M NEE

/// FTEERZRREEBETREFD, MRFEEHRED ; ZNER LRU H— MR, HMENED
FHITEIR

/// M, REN Buf EEMHIERNERIGERT

/// Write back data if buffer is dirty
/77 =1 Buf RHEIEEEIRIENFER write_back B
fn write_back(&self, buf: &mut Buf) -> Result<()> {
if let BufStatus::Dirty(block_id) = buf.status {
self.device.write_at(block_id, &buf.data)?;
buf.status = BufStatus::valid(block_id);
}
ok(())

Y4 BlockCache #W[EIUAY, HEHFHITEE :

impl<T: BlockDevice> Drop for BlockCache<T> {
fn drop(&mut self) {
// RRIGERBAEH#ITED
BlockDevice: :sync(self).expect("failed to sync");

[FIBY, 79 BlockCache SEI T BREEMIFEOIXENEEN—PHIREFER.
L read_at ABSHTEZEONARER :

fn read_at(&self, block_id: BlockId, buffer: &mut [u8]) -> Result<()> {
// 3REX MutexGuard<Buf> ZEEY
let mut buf = self.get_buf(block_id);
match buf.status {
// MNRERMNRIGE LFEGT, BENRBHESRE
// FEE] buf o
BufStatus: :Unused => {
// read from device
self.device.read_at(block_id, &mut buf.data)?;
buf.status = BufStatus::Valid(block_id);
}
-={}



}
let len = 1 << Self::BLOCK_SIZE_LOG2 as usize;

buffer[..len].copy_from_slice(&buf.data);

0k(())
// FE buf HEMET AR

LRU Z A RERSEIAY,
ARRABRNTRRAE

prev: (size - 1..size).chain(0..size - 1).collect(),

7£ std_impl.rs B9 Mutex<File> LY Device #EM, ALIT StdTimeProvider o
IR std crate KM, BHAERRLERRK Simple File System £if%.

rcore-fs-sfs crate

EET rcore-fs RRBOAMEMRTL, TERHBKERBHURINMESE,
XM sfs SLIEAE ucore B, ELLATAMNAR B RIXSEERD,
B A2 RS FRBUIREMBRIR SuperBlock MZE5|T5 4 DiskINode :

/// On-disk superblock
#[repr(C)]
#[derive(Debug)]
pub struct SuperBlock {
/// magic number, should be SFS_MAGIC
pub magic: u32,
/// number of blocks in fs
pub blocks: u32,
/// number of unused blocks in fs
pub unused_blocks: u32,
/// information for sfs
pub info: Str32,
/// number of freemap blocks
pub freemap_blocks: u32,

/// inode (on disk)

#[repr(C)]

#[derive(Debug)]

pub struct DiskINode {
/// size of the file (in bytes)
/// undefined in dir (256 * #entries ?)
/17 XHEFTE

pub size: u32,

/// one of SYS_TYPE_* above
/17 XHHER
pub type_: FileType,

/// number of hard links to this file
/// Note: "." and ".." is counted in this nlinks
/// FR¥E nlink BIEZXHHIREREENK


af://n56

pub nlinks: ul6,

/17 ATHRBRENHHIR

/// number of blocks

pub blocks: u32,

/// direct blocks

pub direct: [u32; NDIRECT],
/// indirect blocks

pub indirect: u32,

/// double indirect blocks
pub db_indirect: u32,

/// device inode id for char/block device (major, minor)
///?
pub device_inode_id: usize,

XER} INode trait object E#n$ DeviceINode o

pub type DeviceINode = dyn vfs::INode;

ItE5t,

/// file entry (on disk)
/// HBHT dirent HYEIR
#[repr(C)]
#[derive(Debug)]
pub struct DiskEntry {
/// inode number
pub id: u32,
/// file name
pub name: Str256,
}
/// FRME KRBT
#[repr(C)]
pub struct Str256(pub [u8; 256]);
#[repr(C)]
pub struct Str32(pub [u8; 32]);
/// EERMT &Str256, &Str32 5 &str HARHLAIEEK

ZIS, 7 DiskINode SEIRT EHTENEN :

pub const fn new_file() -> Self;

// FHE—NXMHE on-disk INode

pub const fn new_symlink() -> Self;

// FE—IRASEEE on-disk INode

pub const fn new_dir() -> Self;

// FE—TBRE on-disk INode

pub const fn new_chardevice(device_inode_id: usize) -> Self;
// FHE—NFRIEEE on-disk INode

B AsBuf 3O, AILUS EEEIAY SuperBlock, DiskINode, DiskEntry, u32 34 &[u8] o
EXT—RINEBE5ES !

BlockId, INodeId ¥/ usize o



/// SFS ER

pub const MAGIC: u32 = 0x2f8dbe2b; /// magic number for sfs

pub const DEFAULT_INFO: &str = "simple file system"; /// default sfs infomation
string

/77 RKRIN

pub const BLKSIZE: usize = lusize << BLKSIZE_L0G2; /// size of block, &R 4KiB
pub const BLKSIZE_LO0G2: u8 = 12; /// log2( size of block )

pub const BLKBITS: usize = BLKSIZE * 8; /// number of bits in a block

pub const ENTRY_SIZE: usize = 4; /// size of one entry, {EBEPMBEXSANA 4 F1
pub const BLK_NENTRY: usize = BLKSIZE / ENTRY_SIZE; /// number of entries in a
block

pub const DIRENT_SIZE: usize = MAX_FNAME_LEN + 1 + ENTRY_SIZE; /// size of a
dirent used in the size field

/// BF Indirect Block BIXHEA/N

pub const NDIRECT: usize = 12; /// number of direct blocks in inode

pub const MAX_NBLOCK_DIRECT: usize = NDIRECT; /// max number of blocks with
direct blocks

pub const MAX_NBLOCK_INDIRECT: usize = NDIRECT + BLK_NENTRY; /// max number of
blocks with indirect blocks

pub const MAX_NBLOCK_DOUBLE_INDIRECT: usize = NDIRECT + BLK_NENTRY + BLK_NENTRY
* BLK_NENTRY; /// max number of blocks with double indirect blocks

/717 XHR

pub const MAX_INFO_LEN: usize = 31; /// max length of infomation

pub const MAX_FNAME_LEN: usize = 255; /// max length of filename

pub const MAX_FILE_SIZE: usize = Oxffffffff; /// max file size in theory (48KB +
4MB + 4GB)

/// however, the file size is stored in u32

/// WEBB, AIABEER 0 HBKIR ;R 1 AR INode 3R ;R 2 FRA freemap Xig

pub const BLKN_SUPER: BlockId = 0; /// block the superblock lives in

pub const BLKN_ROOT: BlockId = 1; /// location of the root dir inode

pub const BLKN_FREEMAP: BlockId = 2; /// 1st block of the freemap

JREIX R T — XX R ?

/// file types
#[repr(ul6)]
#[derive(Debug, Eq, PartialEq, Copy, Clone)]
pub enum FileType {
Invalid = 0O,
File = 1,
Dir = 2,
SymLink = 3,
CharDevice = 4,
BlockDevice = 5,

[

AER rcore-fs crate FHE— FileType , EFERANEEERHNEEREE Mo

4t
¥

SE R FileType 5 vfs::FileType ZIEIFIX %!,
HEFLIBAKE 1ib.fs BT, BARBEE,

He, LT —NEO peviceExt , LAET offset #1T 1/0 BY pevice BT ETFIR 170 B98ES 1.

il

ERMT TEILDEE :



fn read_block(&self, id: BlockId, offset: usize, buf: &mut [u8]) ->
vfs::Result<()>;

fn write_block(&self, id: BlockId, offset: usize, buf: &[u8]) ->
vfs::Result<()>;

fn load_struct<T: AsBuf>(&self, id: BlockId) -> vfs::Result<T>;

// XEBH offset IBHERANFER

impl DeviceExt for dyn Device {}

// A Device trait object 32¥ DeviceExt

TR, & INode FUEMFLIN INodeImpl o

/// INode for SFS
pub struct INodeImpl {
id: INodeId, /// INode number
disk_inode: RwLock<Dirty<DiskINode>>, /// On-disk INode
fs: Arc<SimpleFileSystem>, /// Reference to SFS, used by almost all
operations
/// Char/block device id (major, minor)
/// e.g. crw-rw-rw- 1 root wheel 3, 2 May 13 16:40 /dev/null
device_inode_id: usize,

79 INodeImpl SEILT LATEREN :

/// Map file block id to disk block id

/// AR file block_id 3R/~ data block FEEZXHHFHES

/// EABEEZ data block fERIEEDHRES

/// EEZET DiskINode EMEM direct[], indirect, db_indirect FE&

fn get_disk_block_id(&self, file_block_id: BlockId) -> vfs::Result<BlockId>;
/// 5 get IR, SSIRIEML

fn set_disk_block_id(&self, file_block_id: BlockId, disk_block_id: BlockId) ->
vfs::Result<()>;

/// Only for Dir
/// TERMBEN, RIELFE dirent , REIE INode number MUKE dirent[] HHIMIE
fn get_file_inode_and_entry_id(&self, name: &str) -> Option<(INodeId, usize)> {
(0..self.disk_inode.read().size as usize / DIRENT_SIZE)
.map(|i| (self.read_direntry(i as usize).unwrap(), 1))
.find( | (entry, _)| entry.name.as_ref() == name)
.map( | (entry, id)| (entry.id as INodeId, id as usize))
}
/// H3R[E] INode number
fn get_file inode_id(&self, name: &str) -> Option<INodeId> {
self.get_file_inode_and_entry_id(name)
.map( | (inode_id, _)| inode_id)
}
/// A . .. WD dirent
fn init_direntry(&self, parent: INodeId) -> vfs::Result<()>;
/// AE dirent id , EEIXMNA dirent
fn read_direntry(&self, id: usize) -> vfs::Result<DiskEntry>;
/// ERMMAIER dirent
fn write_direntry(&self, id: usize, direntry: &DiskEntry) -> vfs::Result<()>;
/// Bl dirent
fn append_direntry(&self, direntry: &DiskEntry) -> vfs::Result<()>;
///7 MIBR dirent
/// KRB ERMMIERSERGN dirent BERMERNAIE, H resize



fn remove_direntry(&self, id: usize) -> vfs::Result<()>;

/// —LEEANTEREHK
/// 18X INode HYK/N, BALAFT
/// XBIHEAREFHEFRLI
fn _resize(&self, len: usize) -> vfs::Result<()>;
/77 BBHERER f 2, NEENESIEMHAE
/// B f(&self.fs.device, &range, buf_offset)?;
/// XEBM [begin, end) ¥ INode AZMFTHXIE]
/// BARIATAE THRIEE, BIGEPH BlockRange (BXS, BXAKXIE), MEH &[u8] RE=
/// EWHEF [begin, end) HFHFABEIR, BARHERK F
fn _io_at<F>(&self, begin: usize, end: usize, mut f: F) -> vfs::Result<usize>
where
F: FnMut(&Arc<dyn Device>, &BlockRange, usize) -> vfs::Result<()>;
/// Read content, no matter what type it is
fn _read_at(&self, offset: usize, buf: &mut [u8]) -> vfs::Result<usize> {
self._io_at(offset, offset + buf.len(), |device, range, offset| {
device.read_block(range.block, range.begin, &mut buf[offset..offset +
range.len()])
1)
}

/// Write content, no matter what type it is
fn _write_at(&self, offset: usize, buf: &[u8]) -> vfs::Result<usize> {
self._io_at(offset, offset + buf.len(), |device, range, offset| {
device.write_block(range.block, range.begin, &buf[offset..offset +
range.len()])
1)
}

/// Clean content, no matter what type it is
fn _clean_at(&self, begin: usize, end: usize) -> vfs::Result<usize> {
static ZEROS: [u8; BLKSIZE] = [0; BLKSIZE];
self._io_at(begin, end, |device, range, _| {
device.write_block(range.block, range.begin, &ZEROS[..range.len()])
1)

/77 SEEERE X B
fn nlinks_inc(&self) {
self.disk_inode.write().nlinks += 1;
}
fn nlinks_dec(&self);
/// % HEiER/name 5 other MMM FERERE
/// AEEHEEN dirent , §F other BY INode HSIEMEITE, HEH other B nlinks
pub fn link_inodeimpl(&self, name: &str, other: &Arc<INodeImpl>) ->
vfs::Result<()>;

&5 INodeImpl SEILT INode 3O :

/// BEF offset #{TX 1/0
/// ARIMRBFISERE, EHITIHHRLIE
/// BMRFREA _read_at
fn read_at(&self, offset: usize, buf: &mut [u8]) -> vfs::Result<usize>;
fn write_at(&self, offset: usize, buf: &[u8]) -> vfs::Result<usize>
/// BRIELEFRER?
fn poll(&self) -> vfs::Result<vfs::PollStatus> {
Ok(vfs::PollStatus {



read: true,
write: true,
error: false,

1)

/// ZXEREMTHIBERH size FEHAEELMRFRHH?

fn metadata(&self) -> vfs::Result<vfs::Metadata>;
/// BTF DiskINode # Dirty ®@F, HA4TBEHAILUEITERE
/// sync_data 5 sync_all #HE

fn sync_all(&self) -> vfs::Result<()>;

/// R _resize ZBEIFRIEXHZEEN FileType::File 3¢ FileType::SymLink
///? BBAXEM SymLink EREEEEARRIEEE (TTSHEE)RE?

///? FIEEIEERE, (B SymLink emmm

fn resize(&self, len: usize) -> vfs::Result<()>;

/// EHEBERTHE— INode
/77 BEisFU TR
/// vfs::FileType::File => self.fs.new_inode_file()?,
/// vfs::FileType::SymLink => self.fs.new_inode_symlink()?,
/// vfs:iFileType::Dir => self.fs.new_inode_dir(self.id)?,
/// vfs:iFileType::CharDevice => self.fs.new_inode_chardevice(data)?
/// REEWTF dirent F nlinks BIEF
fn create2(

&self,

name: &str,

type_: vfs::FileType,

_mode: u32,

data: usize,

) -> vfs::Result<Arc<dyn vfs::INode>>;

/// WEEERE, RMESZHR link_inodeimpl EAIERE
fn link(&self, name: &str, other: &Arc<dyn INode>) -> vfs::Result<()>;
/77 MIbREERE
/// FIMBR  BHHE dirent FJLURRIRXMAH INode
/// BEIREH nlinks , MIBR dirent BDEJ
/// GEEXBERXERET let inode = self.fs.get_inode(inode_id);
/// ED@id inode_id RIREX fs HHJ INode
fn unlink(&self, name: &str) -> vfs::Result<()>;
/// BIFEBXZE mv ./old_name target.path/new_name ?
/// ZEFERB move
/// FMBERIZMEE—D dirent , BFIE— dirent , ELLIREHERER nlinks
/77 B&BEXA nlinks RIMMEENA | BZOMARREMNEITEZ AT ZE]Z INode
fn move_(&self, old_name: &str, target: &Arc<dyn INode>, new_name: &str) ->
vfs::Result<()>;
/// BB dirent & : MBFIKEL INode
fn find(&self, name: &str) -> vfs::Result<Arc<dyn vfs::INode>>;
/// M dirent id KEV&F
/// XEBEIUFE DiskINode HH size FEEFMNEFTA/N
fn get_entry(&self, id: usize) -> vfs::Result<String>;
/// BRI io_control HEMFEFFILE
/// BOIEERIEA device_inode.io_control(_cmd, _data)
/77 BTBEDFINK RERIEEE S KR
fn io_control(&self, _cmd: u32, _data: usize) -> vfs::Result<()>;
/// FRXEBREMERA Arc clone MR
fn fs(&self) -> Arc<dyn vfs::FileSystem> {
self.fs.clone()



}
fn as_any_ref(&self) -> &dyn Any {
self

EEMEANGERSRISSI SimpleFileSystem , Bt BEMAEENX !

pub struct SimpleFileSystem {
super_block: RwLock<Dirty<SuperBlock>>, /// Hif ERIEBRIR
free_map: RwLock<Dirty<BitVec>>, /// Bitmap , #&AENIA 0
inodes: RwLock<BTreeMap<INodeId, Weak<INodeImpl>>>, /// INodeImpl £J BTreeMap
/// XBER Weak UNEATEAF|IBEIFAHARF ? RLZEERNEFE.
device: Arc<dyn Device>, /// XHZRFEER Device
self_ptr: Weak<SimpleFileSystem>, /// {8EEHERIEE, 7 INodes fFH
device_inodes: RwLock<BTreeMap<usize, Arc<DeviceINode>>>, /// FfFi&&EEAH
BTreeMap

}

|m

LRSS

\!

/77 MGEITAXHRS, REZE Arc<SimpleFileSystem>

/// MEE EFHABRIREE freemap

pub fn open(device: Arc<dyn Device>) -> vfs::Result<Arc<Self>>;

/// MZEREBIE sfs

pub fn create(device: Arc<dyn Device>, space: usize) -> vfs::Result<Arc<Self>>;
/// FELERTHERER, HER wrap EHBCRTER Arc @&

fn wrap(self) -> Arc<Self>;

/// ROEC

/// REEHR freemap BIXRAL, FEFH superblock THUE
fn alloc_block(&self) -> Option<usize>;

/// BREUKR

fn free_block(&self, block_id: usize);
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