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| build.rs // ¥H P AW shell #n initproc A2 Jp4kEEik W%
|  Makefile /] HERAR
\---src
| console.rs [/ EH G NH
|  entry.S // Titanix N\ H &
| lang_items.rs /1 IR B B AL
| linker64.ld /] A REHBERAR
|  main.rs // Titanix LA
| sbi.rs // SBI # %A
|  timer.rs /7 TR AR K E B
+-—-boards !/ FFEHAx
| mod.rs
| gemu.rs // Qemu F&FE
+-——config /] BERIEESH
+--—-driver // BEEhAE K
+-—-executor [/ EREERATE
| mod.rs
+-——fg /] XERGHER (EWN X R % F FAT32 X %)
| | dirent.rs /o ABRFPEXHEZXE, ER AR dirent —3
| | fd_table.rs
| | file.rs /] WA FR G Hy S A
| | file_system.rs /[ B HRE P ME X R A LR
| | hash_name.rs // % inode M 4% FF1 KR ¥ inode % F#4T hash
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| | inode.rs /W XA SE inode
| | stat.rs
| | mod.rs
| | pipe.rs !/ EE
| | stdio.rs [/ FRER N
| | uio.rs
| | utsname.rs
| +---devfs // FEXHER S
| +--—-fat32 // FAT32 XHZ%
+=——mm !/ ABREEHR
| | address.rs [/ R/ I HhE AR <
| | frame_allocator.rs [/ B IR WA
| |  heap_allocator.rs !/ LS
| | mod.rs
| | page.rs !/l XHER
| | page_cache.rs !/l WERF
| | page_table.rs /1l Tk
| |  radix_tree.rs /] EHER, RNARTER
| |  recycle_allocator.rs // HEAFFEK ID
|  +--—-memory_set //  HiiE =
| | mod.rs
| | page_fault_handler.rs // W4 A EH
| | vm_area.rs /] W HHE B
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—---process
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| mod.rs

| pid.rs

\-—--thread
exit.rs
mod.rs
schedule.rs
threadloop.rs

thread_state.rs
tid.rs
—-processor
context.rs
env.rs
hart.rs
mod.rs
--signal
mod.rs
signal_context.rs
signal_handler.rs
—---sync
| cond_var.rs
| mod.rs
I
\---mutex
mod.rs
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---syscall
dev.rs

|
+
|
|
|
|
|
|
|
|
|
|
|
+
|
|
|
|
+
|
|
|
+
|
|
|
|
|
|
+
|
| fs.rs
| mm.rs
| mod.rs
| process.rs
| signal.rs
| sync.rs
+--—trap
| context.rs
| mod.rs
| trap.S
\---utils

| error.rs

| hash_table.rs

| logging.rs

| mem.rs

| mod.rs

| path.rs

| string.rs

\---debug

mod.rs

stack_tracker.rs

thread_resource.rs

//
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//

//

//
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WARGEZ P F % b

5 H AR
// WBETX
/l TEEHK

//  #i POSIX FFA4EiREEE
/] FR
// HEHE

/1 X B A K E R
I FRAE R K
// debug T H

/] RIS
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HER R BRAE R G0 P ST U A A B A B, T 2R 2 AR AR 0 R R R B A B
1E linux AU L, BEREMIAARERGE— A task_struct Z5H R FIR . AT linux A%,
Titanix HR5BEREFIZR LS 5] Process 1 Thread 5K 1A Fern , T0AE RE B 1175 WA 1 Ak 34 [+)
— RN AR R A8 5 B S AR . R IERR AN [ 2R AR bk 25 ) (G08E A%
), JE3CARF], Titanix SRA TR, radefs (AR R LRE)
AR, EEEARTTFE HLEDN.

2.1.2 Rl

os/src/process/mod.rs

/// Process control block
pub struct Process {
/// immutable
pid: PidHandle,
/// mutable
inner: SpinNoIrqLock<ProcessInner>,

}

FEA TG BERE S5 ) He o3 Sy Al AR RIS W] AR ARy, e S 8, dERESA il By By
AR AR AL S W BT A AR AT, 1 Rust 1, XX ACH 2B iU is o
FATFZ ] —A4~ Arc(Atomic reference count) ¥ HAZL | 1 Arc £F Rust R ERIA 2 A R[4R
1, TR AEER )y, BATHREN BB s, Tt — e oo il — it
#2 ID HAEH Ay I N AN TAL A EA PG HI A A AR oy, Xl 28 fR sy, HAR
BCAANTE

os/src/process/mod.rs

/// Process control block inner

pub struct ProcessInner {
/// Whether this process %is a zombie process
pub is_zombie: bool,
/// The process's address space
pub memory_set: MemorySet,
/// Parent process
pub parent: Option<Weak<Process>>,
/// Children processes
pub children: Vec<Arc<Process>>,
/// File descriptor table
pub fd_table: FdTable,
/// Allocate tid
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pub tid_allocator: RecycleAllocator,

/// TODO: use BTreeMap to query and delete more quickly
pub threads: Vec<Weak<Thread>>,

/// Signal handlers for every signal

pub sig_handler: Arc<SpinNoIlrqLock<SigHandlerManager>>,
/// Pending sigs that wait for the prcoess to handle
pub pending_sigs: SigQueue,

/// UStack base of all threads(the lowest bound)

pub ustack_base: usize,

/// Addr -> Condvar map

pub addr_to_condvar_map: BTreeMap<usize, CondVar>,

/// Ezit code of the current process

/// Note that we may need to put this member in every thread
pub exit_code: i8,

/// Current Work Directory

/// Maybe change to Dentry later.

pub cwd: String,

BABOARMAEHARERETE , (AAERERR, MR TG &2t a s (B
PraAL) , WX SRR 55 0 (A BrAAL) , XARMURERT ILIEFRS S 20A 77t
Wis 9 SNIERERT LT A I AR 2R 55 1, RO RS ZAR ] DATEHERE A AR AR H FSEIR
HITFRERNAT -

2.1.3 el

os/src/process/thread/mod.rs

/// Thread control block
pub struct Thread {
/// immutable
pub tid: TidHandle,
/// the process this thread belongs to
pub process: Arc<Process>,
// /// whether the user specify the stack
// pub user_specified_stack: bool,
/// mutable
pub inner: UnsafeCell<ThreadInner>,

B (VR vi e o1 KO (R %2 8 B2 W S 7 T 1 S T 57 M R 2
& ID FZ LA T R AR Are 841, X083, AR T UnsafeCell A 218
PERESEE i) e —FE R ] SpinNolrqLock, J5[Aj& UnsafeCell ] PAASF5 2 AV M 2 2k Y 78
O, AR, X AT NIRRT R RA LN, NEAR IR LB AT
PRAUEA [R] AR R A AR B R D7 ), (BT IRATHR R, XA AT mii%
OHATUIN, BORATREHE BIAERE — AR BT 55— AR X AN 5L, WX, H
WA R RAR T A :
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os/src/process/thread/mod.rs

/// Thread inner,
/// This struct can only be visited by the local hart except the “terminated” field
/// which ts the reason why it s an atomic variable
pub struct ThreadInner {
// TODO: add more members
/// Trap contexzt that saves both kernel and user msg
pub trap_context: TrapContext,
/// Used for signal handle
pub signal_context: Option<SignalContext>,
/// When invoking “exzec , we need to get the ustack base.
/// Note that ustack_base ts the base of all ustacks
pub ustack_base: usize,
/// Thread state.
/// Note that this may be modified by another thread, which
/// need to be sync
pub state: ThreadStateAtomic,
/// Tid address, which may be modified by set_tid_address ™ syscall
pub tid_addr: Option<TidAddress>,

BEAS A I B AR AR A, (EEE R, FATA RES H BIAE 4R LR
HASER TR, XA ] BE 75 25 2 AL ) ThreadInner G544 (418 2
state Ji¢ 51, PIULFRATRFEHBONIEFAS R, B kI &

2.1.4 kR0

ARG AR EERCROR T B2 ok e P R A, WA B WM E AT 55 10 131
R, PMETER R IMERTARE (R EGzTT) 2 dtMEAR S g A28t Hr; 4
2 U AR FER AL PR 2 M WE Y AT PR AR AR S HME B S (R
BN HRE) . EANEESKRE, WEIALREMPAARL, ATA A T IUETERA
AR B AR H R B (AN i b W 2R 4 ), IRIRTDABE OS H i AR N
BARVMERZ MR AR 2 TR PMERTA R PR DX 551 -

2.1.4.1 A7 f bt

AR (IR R G S 1 DO Sr R, , YT MR B 5
PRl , TR RAARTA LR SR 5 A 25 A U b PR 08 2 408
7 BV I B o 1 AT T B A R R, 5 0% B AT
E LRI 25775

2.1.4.2 JoEeUp R
A AEIESE ] — %, A M RRLE S EZE— RS, MR 2 i 1 5 1
HHTHPIRE, R RIS I e R AT 2O, NI fay ER

10
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Taskl Toask
Stock Stack

Task3
Stack

Round Robin

Pl 2 Akebhp e i)

coroutine example

Tﬁmehme

enum PollResult {
Ready,
Pending,

}

enum State {
Statel,
StateB,
StateC,
}

struct Coroutine {
state: State,
}

impl Coroutine {
pub fn poll(&mut self) -> PollResult {
match self.state {

State::StateA => {
/* Do something */
self.state = State::StateB;
return PollResult::Pending;

}

State::StateB => {
/* Do something */
self.state = State::StateC;
return PollResult::Pending;

}

State::StateC => {
/* Do something */
return PollResult: :Ready;

11
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AR ) poll eRECEN A PR RIS TR, AHER I HE — RS,
EZEERIA A poll IS I BERCAE HORAS . AMTHHEVEHGZ AT ERIRUL, Tor AR i
s 1 PRI LIRSS R T 25— A eR RSB AN B B R IR B4 b s ik i
B, W E 3FTR.

suE‘tasH 3

subtaskl.2 subtaskl.l

Outermost
't asld

subtaskl.

=3

SR

subtask!.2

S

"R

SR

subtaskl.d subtaskl.d
Outermost Outermost Outerwost Outermost
Time Line

P13 Joheblfe i

2.1.4.3 Rust H1[{) async/await

1E Rust H1, RF—pRECE 8 asyne B {# ] async move tZ A AL He R/ —A>
T, FRA—A future, XFF—A future, Rust 25 Hoghi SR ERREHLIRYE
A, RJE M P await fEHIF R4 (BT poll %), PRIMIRATAT DA HE—A kit
BB future, KEMEZLATE

os/src/process/thread/schedule.rs

impl<F: Future + Send + 'static> Future for UserTaskFuture<F> {
type Output = F::0utput;
fn poll(self: Pin<&mut Self>, cx: &mut Context<'_>) -> Poll<Self::Qutput> {
let this = unsafe { self.get_unchecked_mut() };
let hart = processor::local_hart();
hart.push_task(&mut this.task_ctx);
// run the “threadloop’
let ret = unsafe { Pin::new_unchecked(&mut this.task_future).poll(cx) };
hart.pop_task(&mut this.task_ctx);

ret

12
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E ]

IRAAS H Y UserTaskFuture B A4F N ARXT W 1 TG ERIZ A T8 5, 7E poll R4
W IR L L (2SI ERIN ), s T R R TAE
(TP T 55 ), ARG EN] AT IR 3 1) ELAR R R B pR 8, TR FER 1T BR B b
FR—IIEER, —HfTHEELAEY, HAKRZE AT :

os/src/process/thread/threaloop.rs

pub async fn threadloop(thread: Arc<Thread>) {
loop {
let trap_context = unsafe {
let p = &mut #*thread.inner.get();
4mut p.trap_context

};

trap: :trap_return(trap_context) ;

trap: :trap_handler() .await;

if thread.is_zombie() {

break;

}
}
// When the process becomes zombie, all of its threads should ezit too
handle_exit (&thread) ;

WA, — SRR A i I A S s AW A <[l 2 ST
PSS -> d T e R B A N AZ I T AR B XA AR

2.1.4.4 PR

A58 L KT FoA RN Rust Y async/await, FATETE— M IITEA X
SEPAE (future), SXHLIATRM 75 =J7F async-task, X4~ A DARYSE —4 future 04T
AR NI TS . BB AT 24— 2RSS B, SRS P T a4
SR RIBAE S5 40 AT, HEERATTIY OS i A LARAEHY (/D initproc JKATHTZ), HRAE
55 AT R AR 55, HRZ T

os/src/executor/mod.rs

/// Return the number of the tasks ezecuted
pub fn run_until_idle() -> usize {
let mut n = O;
loop {
if let Some(task) = TASK_QUEUE.fetch_task() {
// info!("fetch a task");
task.run();
n += 1;
} else {
break;

13
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2.1.4.5 SR
Rust H1[1) future ZE4R )Y FE 2242 A~ waker 44, 7] DA HORMLEE B 2T
%5, FAT LA T DOE AR A e e, 5 HLE R IAAT 55 BAA;
MR, LARE 2 — Round-Robin i #e, WAZ4E—ANE & e F, 4
IR —2, 27— AN Wy, H PR A NAZ, 7E trap_handler pRE4L await
2, RE FEPATEREMATSS BB B T~ — M55, AW EE A e R B AT S84 B
ZAT55 .

2.1.5 5 Sivp b

OS DA% il MITREE I PR 7 DA S A S (7 20l 57 3 T B 36T RISC-
V SR, stvee TAFEAF AL IR, BUCH R EUPIT RN, pe AR A
BCEN stvee HAFAER HHIRT ) BEROE.. R IR R5 S 02 SE 3 — > Sl o b Ak 2
PRAL, ARJSRFHHIEAEA stvee FF A7

2.1.5.1 &

B ] PSR ERVESAEPI AT R 24— R NS
HKIE B B A ISR 0 H PSRBT elf SCOF P RACRS, B2 izad i 24
—ARERE R S B R ITRE AN G, BRI A, W iz AR
T Titanix pARAI I 02, FATTR B PSRRIt U R B Bk, w]
PAMER [ PSR E MR R B, AT 2 T30 0R AT caller-saved 7F
FrasRIA] CHAR R R A IR B ShERAF B AR ), AU AR B -

os/src/trap/mod.rs

#[no_mangle]
/// Back to user mode.
/// Note that we don't need to flush TLB since user and
/// kernel use the same pagetable.
pub fn trap_return(trap_context: &mut TrapContext) {
set_user_trap_entry();
extern "C" {
// fn __alltraps();
fn __return_to_user(cx: *mut TrapContext);

}

14
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check_signal_for_current_process();
unsafe {
__return_to_user(trap_context) ;
}
¥

__return_to_user ;&—ML4 K%L, I 1 ae F 3 IRAF T A 1Y caller-saved 7
frde, SRIGREMPSMPrE R A (E T BANESIE) —HFIKE, &5
TrapContext FJHIIEPRFFAE sscratch ZFfEas . Fioh, (HRERERRE, Y— IR RI Kb
PRI, FAT TR BAE RS A A Sl AR (e, BRI 0, {HAR

T T EARE A T B0E B P SRR A T IR

2.1.52 FAA VI

M HERG A WP, St sh s 5 R A A e i AT I, S BkEE stvec
e Ry R, FNTFERAN PSR BT, BRa3E 32 438 1 S 74l sepe
FATA, AR E] T S I ORAT 8 AR T ARSI I, sepe AT i) ALE ] FASTE
KA WA BE T — R A8 AR SE AT . FRATTEARAE b Wy 1) i TP R A X BE A A
ar, HTHNCZLETNEEST, RITETFE NG ERRAE, HITER AN
I T A % N AZ G5 R AR p ik . RISC-V Ffg —ANEA 277745 sscratch 7 DA JT SEAEk
RO AH K1) BT SCRy bk, FERSCr AR A, FRATHRR E ] &SI 2K TrapContext [
HihEFEA sscratch Hr PR XA P8 AT DA R ORAE T P2 B S0

2.1.5.3 PR A ek

HFRAT N R R/, 456 T Rust [ async/await HLHT, PRI E ARG OEAL
PReR % (BD trap handler) 5& SCh 520 R, Sbs b, WAZRYZERE U1 s L2 7E trap handler
Ha

FLAKYE, FAAE trap handler o XA ] i v Wy sl e o R ZUIEA AR I 0y AL PR, 3T
BEAEIL, RTRERYEANA |
LB AEEIF R ] PSS
2. REMPSTERY, FEOMEERGRL, A FHREN P,
3. WY, YRTIEAR MRS T — R RORUOR AR, Izt & —H A5

T UREER A O S AR B S
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2.1.6 Z .M

XFF RISC-V B4kl B MZOH H ML — B34y, WA ER EER, R
T R ORI G AR, SERT AT IR HEA T HAT IR ST, SN B T —3
Tig. XRFENEARESAZISTT, BmEAEHE RS, BRIBGEEmES i, &
TR EER LRI, TIRATREE DRI DR BT tp S A7 ae
BERT DA S tp FF A7 R ARG B A%, A Do Rl R ) i SCRITR

os/src/processor/hart.rs

pub struct Hart {
hart_id: usize,
/// Spare env ctz when in need(e.g. kernel thread or idle thread)
spare_env_ctx: EnvContext,
local_ctx: LocalContext,
/// Every hart has its own kernel stack
kstack_bottom: usize,

Bl ey 5 B HLRAE T local_ctx ALR , A5 AT DATERE 144 F% B0 per-CPU
BB, ERTE OB TRICRTR) . TR b, SR bl
BoLIF LSBT AR, U BF A0 45 75 BB satp (EDARUR BRI TR, IR
TLB,

2.2 Titanix (% P {ESS PR
2.2.1 fik

1 Titanix H, AR L smhibas(a], PEAERE A AR [B] ] PSR EZ B
rCore-tutorial ARFETEATEBIAYALFE, ANFEE trampoline TiTH, HFEEIEH LRI . X
TAZR LIRS E], SR A BB, X P Ry Hbhk s R, AR A B it RE AL
WSS o

2.2.2 Hihk 23 [\]

1t QEMU -5 |, WAZI A L iz £ 0x8020_0000, 5K 0x8000_0000 PAF #B 21
S P HhEZS E], AR RS A 2G bl ZS[E], 22 AE U740 FF &M BN JETEsE 4
A AFE, R RISC-V SV39 BRI , N AFHLhE =S 18] H BE /- 11i7E 0x0 2 0x3f_ffff ffff
1 OXfEf ffc0_0000 0000 % Oxffff fff fiff FF, PR bFRAT160 H Frbhk 23 i) it 5] 0x0 %
0x3f ffff ffff, PyAZHihl2S [a] s 5] Oxff fic0 0000 0000 % Oxffff ffff ffff fff,

16



Titanix - ZH%.0 N ZAE S5 HAERSE 2.2 Titanix {77 R

2.2.2.1 WREHBEZE ]

PAZHHEZS 8] LT B 47, BT RAE B AR I HichE(2 T Ox S ffc0_8020_0000,
FATE S B A R s R BB 0x8020_0000,  Hy AR ) INAX elf STHFAS 2 Ar
EICRACRD (B AT DA i i 15 A PIC? ), T QEMU BRIABKES B WAL S — 4%
544 0x8020 0000, [P AT 75 BEAE A A% 5 3 P sl i gl L PRtk 2 () W 550 381 1 6
75 IR B8 2 PR Shy A 446 % btk S B30 A 1 15

memory end [ \ O PRRR_PRe0_g200_0000

pht/sica[ memory

- =
kernel bss Fwx
kstack t ( \)
Stad op
hart! stack
hart2 stock
_______________________________________________ fwx
hart3 stack
hart4 stock
kstack bottom k \
kernel data rwx
N
kerel rodata rx
- .
kernel text rx
L te— OxPRRR_PRO_8020_0000
OxPRRR_PRcO_1000_.2000
MMIO
OxPRRE_PR0_1000_1000

Pl 4 PRzihkas )

2.2.22 AW

B2 AR S Bl i I g PR S B = 208 7 FeA TMETE 2 % 75—~ SV39 =4¢
7 HSLE AT, FE RISC-V SV39 B, MMU Wy #1848 25 &rfk, — HilH| o
RIEET VAL, EFIEER, HAFTEEWN=SZE, XEWERNT AR —1
Bl (HEM—%0ER), FEMRIGEHAR - FEEEE 3y, 0T FH2ER
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0x8000 0000 F1 Oxffff ffc0 8000 0000 X J§™ B 1 s i & o8 W B af, EAKB 80T ir

I

os/src/entry.S

boot_pagetable:
# we need 2 pte here
# 0x0000_0000_8000_0000 -> 0z0000_0000_8000_0000
# Ozffff_ fc00_8000_0000 -> 0z0000_0000_8000_0000
.quad 0
.quad 0
.quad (0x80000 k4 10) [I] Oxcf # VRWXAD
.zero 8 * 255
.quad (0x80000 k4 10) [I] Oxcf # VRWXAD
.zero 8 * 253

FON, BATRF NI B 73 0 22 BA B A% DR R FERE A AL AR
Y& sbi 2 AR id T1E ORI Do N AZAR T R, R HAEIRES sp $84FRIAT

2.2.2.3 fly bk )
Ptk s ) DR B SFS BRSSO IR % e 43 WS P A A b i e 21 T
W= R e A, REEBORCE IR B b, HA ) BRI RR T elf SCPFI BRI .

7 \4 0>3R_PRRR_PPpp
nogy oeoy (Q%€%)
\_ \i/ )
g I )\
— e
\ 7
@ p\
ustack size = €K { stack s
N W,
I
L 3uomd page j
7 )
doata i
N_ W,
7 7
te)(t rx
N %’—‘ 0x0

& I VR R R

18
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2.2.3 WAFIL S

2.2.3.1 WA N AL

X NAZ SR, A Bl e ELREMST, ok BL R B R B moh b —
M (R OxFE_ffe0), GLFEYELGIMT, R ICAERF Py BE BT FE4 I I R i ik
5y 5= e X | NS MR U 7/BE 52 Rt

2.2.32 Jilpr i N A7 et

X SRR, A i BEal 2 B ORI L S, FATHE AR 2 — 4 2
BT BC e DAE BT A B B D, e B G, FRATRA T Rust AT
SN R Are R4S, YWy BLUOWIRY S | TVHECH 0 I H SR, FA T 7 2 1 BE 0 it
AR ALY BR IR 512 B 2 PR B o [ S 2 P B O oy i, X2 —Fh RATT AR, )™
Zia FHERATRI NS, TRl Are KSR 1 )5 THIFRATT 52 L5 I A2 il B 2 3R

2.2.4 WA BRI BB EE 1

VmArea(Text )j

N

o
Memory Set

_ )

v

Vmdrea(Dat ox)j

VmdrealM Map)]

Pel 6 REFEHBIEZE I BRES

IR NAZ TN AR B S A B R A A

2.2.4.1 MemorySet
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os/src/entry.S

/// memory set structure, controls virtual-memory space
pub struct MemorySet {
/// we should ensure modifying page table exclusively(e.g. through process_inner's lock)
/// TODO: optimization: decrease the lock granularity when handling page fault
pub page_table: Arc<SyncUnsafeCell<PageTable>>,
/// start uvpn -> um_area
areas: BTreeMap<VirtPageNum, VmArea>,
/// heap range
pub heap_range: Option<HeapRange>,

LR, AR S 4> MemorySet 1 F /R H b 25 [8], AR —
AIEE, PASGESS B BAEPA A NAEBI RG], T ARYE S E Y RE U b bR s A 4
O I A A 72 ) AL

2.2.4.2 VmArea

os/src/entry.S

/// map area structure, controls a contiguous piece of wvirtual memory
pub struct VmArea {

/// Vpn range

pub vpn_range: VPNRange,

/// We don't need to use lock because we've locked the process

/// inner every time we handle page fault

pub data_frames: UnsafeCell<FrameManager>,

/// Map type

pub map_type: MapType,

/// Map permission

pub map_perm: MapPermission,

/// Mmap flags

pub mmap_flags: Option<MmapFlags>,

/// Page fault handler that is invoked when page fault

pub handler: Option<Box<dyn PageFaultHandler>>,

/// Backup file(only used for mmap)

pub backup_file: Option<BackupFile>,

W ERrR, VmArea RIMUEIEA B, AR PR IgEREfTid , (EREER

&, VmArea fi—> handler Ji{ 51, 4% GUERERIT, AT DARRSE A A2 OB DR Mtk
AR VmArea, #2805 PR handler b SN BURR R, AIMTLE DTS R 4ES

TG — HEA A .

2.2.5 figisy e B 5 I AL

N THREYERE, FRATR ST eI P8 VUM 3 N AP R KL, H A Titanix HUR
T W3 BEAN 55 A2 A A B AR A T4 o
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2.2.5.1 sy md
H i Titanix B IC 24 AT =D T -

L PR AESERE A SR py ki, FRAT128 F PR ) o — A i U ik A =
(AN S A B B, 24 P 0 e 2 () B P 5 ke ot e 20 e B

2. AP HERBAEC . 205 PRI, 240 PR brk FR 40 TE A AR 2 )
I, FAT G AU 25 [ T SE B 2 BC T BN A7, 24 T P EAE B2 5 1 M 2 ] )
THAE 2o e 5 T A T B BT A3

3. mmap WAFBRIMIEERC: 24 ] AT mmap REEPH I, FRAITICSR R 3048
B DA S WS RS R B S AT S PR e I, 24 F P B I 3525 )3 N A B B P et
M52 DT P DRI S EURH R ST AR 57 L P 25

2.2.5.2 k&Ll

AT fork RGUIR A IS BT UEREIT, FRATTAFE BERFSCHEREHIIE 2 8] (1) 423 Y
P DLy, ML TR 5 A AR L S BN A L, IR TR gl A B el 3%
T WREEF RISC-V R ARE AL B T — MR AL, FATH AR BCE ) COW
i, 7 fork AR 2R BA BRI NP B ShRE A 23, RN E COW fif. {H
FHEERZ, TE copy-on-write I RFATI4 5 B RRAS W A7 BUR A2 it 3 I Y N A7
B, #vi, FAVEATEIZYH0, EHOHE— R e A B

F38h, RISCHREIFRATX P B GG Are (TSR dE74Er, 7aX Bk L
THY, FIERTE COW (e AL B 2 [ I A0 [F] — M B DU i B A AL, X T —A
Py, FAIFRESEREG RO 0 BYmHMeA AT DARS HE RSt 2 PR A B ot 3
HEBAM T Arc AR

2.2.5.3 GURERARBE R 2

B3 B 5 I A SR S A R ZEUEA T, A elf SCPFROn gk as , i i i AR o o
e i P WA T L A 2 BC e E N, PR AT 2 — A nl i A S — Ay
BRI AT R 4edr 59 . @l 2% Linux, FATHRWAFE (VmArea)
BE DI R R, A Rust BAYZHAS D KL, TR AR e — A4
HRAF il TR DRAL PRPR R, 1% trait 217 F7
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os/src¢/mm/memory_set/page fault_handler.rs

/// General page fault handler
pub trait PageFaultHandler: Send + Sync {
/// Handle the specific virtual page fault
fn handle_page_fault(
&self,
va: VirtAddr,
vma: &VmArea,
page_table: &mut PageTable,
) -> GeneralRet<()>;

V4

fn is_legal(&self, _scause: Scause) -> bool {
todo! ()
}

/// Used for cloning in “fork"
fn box_clone(&self) -> Box<dyn PageFaultHandler>;

2.2.6 I ibhb KA

f Titanix H, I PRINAZSESZ AL 25 18], DRI ) A 0 A7 IS AN 2] Xve
At AR A S, R AERS I DT . (R EE S &k — A, i
M PSEARBIEE— DA AR, I NS BRI S SN S, N
BEXF T S AR, BA T AR . FRATRXE TR, Bl —1
WAZS R PR &Y, YRS S Pk By, SR ot ) SR E A AT
{12 BR R L

os/src/mm/user_check/check.S

// if pagefault occurs, return: (a0, al) <- (1, scause).
.align 6

__try_access_user_error_trap:
CSIW sepc, ra # ra -> __try_ x _user_u8's return addr
1i a0, 1
csrr al, scause
sret

BCESEH WG, FADT RS (5) Hrshl, a2RAA O R, W2 Hbk
FER|hrm &, @A EeRE e B AR R, U a0 ARAERRIECN 1, R
JERRIE (R sepe FOME) , XAEFATMBEBARNETE () FAH Ak a0 FFAFE 2T
N L SRFIWR T R 2L T U, A A T R R, RN P R SR TR Y VmArea
A D DR AL P R A EA T A B
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os/src/mm/user_check/mod.rs

impl UserCheck {
/// Create a new UserCheck
pub fn new() -> Self {
unsafe {
stvec: :write(__try_access_user_error_trap as usize, TrapMode: :Direct);
}
let ret = Self {
_sum_guard: SumGuard::new(),
};
ret
}
}
impl Drop for UserCheck {
fn drop(&mut self) {
unsafe {
stvec: :write(trap_from_kernel as usize, TrapMode: :Direct);

}

HAN, A ERTR, XHEIRATRA RATL FEAR, 7 UserCheck #4)5 ek Kb B ek
[ & HTAI(E, £ UserCheck A4y R %I St o W 1) 8 DA TH B9 4L

2.2.7 WEAT
WEAF LR SR G ST , X EINTRA R GAT I B E B A E

2.2.7.1 XfFw
SCPEBCR AR BEBOC I A AFERAL, BLRESHIANTT -

]

os/src¢/mm/page.rs

/// Note that the process will vistit one page through “Arc’
/// which maintains the ref cnt, so we can decide whether
/// one page can be evicted by “Arc::strong_count ()"
pub struct Page {

/// Mutable page inner

pub inner: Mutex<Pagelnner>,

pub struct PagelInner {
/// Start offset of this page at its related file
pub file_offset: Option<usize>,
/// Data
pub data: [u8; FILE_PAGE_SIZE],
/// Data block state
data_states: [DataState; FILE_PAGE_SIZE / BLOCK_SIZE],
/// Inode that this page related to
inode: Option<Weak<dyn Inode>>,

W_EFR, BRSSO T AR GATRN 3 LAY BRI LS Y IR 1 i 7
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X W R BRI AT B W], A e/ MR E_EI/D 1 10 IR%L, AT
HEP BN R EAFIURZ WA B RAIRT IR K R, R Zad RO B A7 A 5 B 21 Beix
5 EAREERZE, T mmap BUZPASCOFTUN B0, FITPAS LS mmap X 5T 7
B RN T SR A7 A it ok

2.2.7.2 WAt

os/src/mm/page_cache.rs

pub struct PageCache {
inode: Option<Weak<dyn Inode>>,
pages: RadixTree<Arc<Page>>,

}

LR, B4 inode (TEJGSOCFRGET T XNE) KYEF—DEAT, AT
Z7% 1 Linux, XPrA SUNEER CEUT =R0ERMERE) 2748, XA AR
WA T TR MR B,

2.3 Titanix WX ERSE

2.3.1 figik

XTI RGERTE, FNTH 322 H e (iR gl b G BT I, SEBLfT e, THREFT
ARFFEOR, s EERIA RAFR T M. H AT Titanix B3O RGBRE) SR E £
SERGEA — B4R BUG 5 20583%

2.3. 1.1 )BTRS
Titanix (Y SCPF RGBEHAELE T Linux H VES (RIS R SE) BT, {15 Titanix 1]
PASCR Z2 R SUIE R GEFATTR ST R GRS 43 3l 5 LT 38 —RY$ 1, open, write, read,
mkdir 2 28 8 F 0 AL 2 bR FR0RT DAIE 53X S04z 11 R X AR ) SO R GE R SO EA TR
M ANTGZE2 B SRR SNy . R FFEAL Titanix SCREFTHY U RSE, HFE
BRI S R GE VA POX A SR R GER SO S B g — 2 T E AT
SRR GEA S 2 DA trait 197 20 SO — G PSR # 10 -
L S RGEIR LN - FileSystem trait, &— > 3CF R GEARTR ZL I trait %45 1 AR
fai e, FER G KA root_inode, Ik AT DAIRAS S R BEIR RS
2. M0 s AN ESL ] File trait, 2004 SC P HAK 1Y AL trait: Inode trait, fij
Inode trait 2 iy oK 52 PY InodeDevice, InodeDevice S E SR YY1 85 75 S50 L B ik
FHH TSR, TRIA 7RISR R .
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2.3.1.2 FAT32 &%

Titanix 575 T 5 P8 2ok 1Y FAT32 U ASL, FE4F FAT32 &% 4 A VFS H1, Titanix
(¥) FAT32 SUPERGESE L 1 S SCPE A BER AT, A Al — S SOOI 2840 1) S
JrEERE, SR A S R — /N, R LG A n] AN SCPF A D) 5 GBSk
Y SCHRRY FAT RIGAT, FF— U5 i SCPFRY FAT 23045 —E 2 KA R R AY
Wb, BESCPERT ARELTS I, 1A TG 24 UCRRl Py FAT 2.

2.3.2 B RS

VFS [Iifig e o LRI SO RS2 [ B8 D HE, LR AT7ESS B FAT32
ARG ZHIHATT VES Wit 55 . WA RERATY VES BA —Er i ek,
] DAMEASA R SO R GEAE S T VES HUE 4 1 2 Ja BIPT 53R ATHY Titanix #4754}
B, RS AMA . 1o, IRATEENEAEEG G A BRIl g, T2
FATAE Linux [¥) VFS iz b, XTHBTHFIA N 5 T T itk MR AT T
TPAF &t

2.3.2.1 Inode & Dentry

T FAT32 SR RG24 A inode, T — L83 2R 48 24 vh XU — LEAFIRIM 45 1 14
N AT, VES 2 T inode 1255 H RSB SR G RICHIGEH A, HHAE
inode JEfifi 2 _EAIGR I SO (file), PARSCHF RS (filesystem); 7E file JEfifi EAlSR
BRASCMT: (default file) . FRifEfm Ak th (stdio) . 418 (pipe) FISCHHATTHR (fd_table),

WHE 7,
Default [ Pipe J [ Stelio )
File

(Fﬁle_sys‘te_w\ [ Fle H‘P&__‘table J

f

[ Inode J

K7 VFS fE4e

X§F Inode, Myt Titanix HALFAE dentry BUMEE, JRASH dentry B 95T A BEARFESC
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br inode {1 7% (lookup) , BAAENi%AZH inode 1157, TN T JGEE4 inode NZFHYHE
A BERE , FATBET T PATT InodeMeta S5#4 {4 :

os/src/fs/inode.rs

pub struct InodeMeta {
/// inode number
pub ino: usize,
/// data address
pub data: usize,
/// type of inode
pub mode: InodeMode,
/// device id (only for block device and char device)
pub rdev: Option<usize>,
/// inode's device
pub device: Option<InodeDevice>,
/// path to this inode
pub path: String,
/// name which doesn't have slash
pub name: String,
/// a inode's unique id
pub uid: usize,
pub inner: Mutex<InodeMetaInner>,

HB ] RE T T AR 2 IE T IndoeMetalnner HLJA], X B 45 H InodeMetalnner %%
PRI

os/src/fs/inode.rs

pub struct InodeMetalnner {
// pub offset: usize,
/// inode' file's size
pub size: usize,
/// last access time, need to flush to disk.
pub st_atim: TimeSpec,
/// last modification time, need to flush to disk
pub st_mtim: TimeSpec,
/// last status change time, need to flush to disk
pub st_ctim: TimeSpec,
/// hash name(Note that this doesn't consider the parent utd)
pub hash_name: HashName,
/// parent
pub parent: Option<Weak<dyn Inode>>,
/// brother list
pub brothers: BTreeMap<String, Weak<dyn Inode>>,
/// children list
pub children: BTreeMap<String, Arc<dyn Inode>>,
/// page cache of the related file
pub page_cache: Option<PageCache>,
/// data len

pub data_len: usize,

AT A EGXFEIR? X2 REE) rust X[ TR 5 RYFFIE. rust XX QR al v
BRI EOR, XTI R A AT, AR AR SR UL RAE T AT AR Z [ A U7 I ) 22
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Ak, TEMEN R AR ROGE (FATE Arc SRR AT RERF L WX ), Hi
Bt (Arc) ZORXTGONATA, AT, AR EOT R, FA1H fEE
1 unsafe BORUBEAREAZEN Y, HH O FIRUELARZ BI04, FATHRIT
e AR, ()T A XA & P EUSXE AL, HF ALSEdRE 2 (a1 K R IR
Hhdro SEbs b, XAEERET rust (PRFERT . rust X116 A AR ZEE RN Arc
FHIRRIATHE S, WPR—E TR, W B0 WA AINE R DA R — R RAE R
Arc [5G [R] sfd T DA B RCHE P g 28— 7 25 SR X 2 W] BT 2 B U X R
G, AFR—> Inner X5, HAEFORAIXF R H A% Inner X5, (HI2 75 okt
ERUEE SN AR 2o 4x, XFERA 1 IRATI I

EMOEA 73 Sh—AUFAL , R AT RAAN AR G0 IF, fAGRAT A ATEDS
R AERF GRS, % Inner B4, LEAMSEA RTAERR AT ) wl DAFFAT AT, Bk
e 1 U R HATIE

2.3.2.2 Name Hash

W TSR GRS AR A R RACR R L, AR SATAE S H SN H SR
KA, FrPAfE Linux 24rf XF3C0FES, BN ISR R A SORABMPRIC R4 2R Y
inode AT F%.

Titanix %(fjj Linux, [I#£XF inode FISEER SO, (FAFHRAL) Z IR —RIAy
WSS, PASE Pt AT SRR I FAT 1T T HashName Z5H914, i Z5H (452 1l
T34 (str22Y) B ued KRB, MFAVEITE SR 25, wmT LAY 4540 4
SCBLE hash_name J5IRUEA TG A (RO VTS, T AT 42 JR e 72624 3R EILZ inode (1)
Are G LI PR

os/src/fs/hash_name.rs

#[derive(Clone, PartialEq)]
pub struct HashName {
pub name_hash: u64,
pub parent: usize,
pub name: Arc<str>,

}

PRATREYERS] T, FAT) HashName 544 (& P AEAE parent 5B, A2 ZEAE X
ANFEWE? 3% B SCIE R GE 02 U LEFRATT AT RATE SO 10 A e i — 28 /N1
WHERAF, BAVER R AERFERARR ISR, R 1Y inode, A2 5% A5
FERT DA AR inode FFIRHATEZ A, FroA—fokdl, A28 A H R4 T~ —
FH R, RIFBRELRISAY S (inode), ARAFATHEAT LAGE AL H A1 H %
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(W2 Tk — S Ay, R P DB R AT MG 7 BRASAIAS ST, AT AE A R i i
WEAE S I /INGSE R N ARSI DTG, A5 R Pl B e

AT IR AR I —LE hash pR%L, FRA1ZS% T Github FFJE /% rust-hash-table H
XA ARAEH . %0777 hash_name FYSEELANT

os/src/fs/hash_name.rs

pub fn hash_name(parent: Option<usize>, name: &str) -> HashName {
let parent_ptr = match parent {
Some(p) => p as u64,
None => 0 as u64,
};
HashName {
name_hash: Self::myhash(parent_ptr, Self::str2num(name)),
parent: parent_ptr as usize,
name: Arc::from(name),
}
}

2.3.2.3 Inode Cache

i1 Name Hash SRANEE A A AR = & R py 2, (H@ 0 B Vs M i Bk A 2
—AMFR P E , T2 Titanix SR T — B0 TP P S 1) 38 E AN DL JE ) A gk e
It IF R

A 3 1 35 B 42 R %$ 4 INODE_CACHE, S i A (1) inode HEFF2RAF, T
T EPRUELR R Z [ FHAT U ) 224, FRATFFEXFZAT 4 4. %1 INODE_CACHE, fi
AR SE AN SCPFRY inode R SCHFE 2 WA (ES inode § BMUGTHEBE, T2 3N TFER
11 Titanix B}, $f INODE_CACHE & SCHPA B :

os/src/fs/inode.rs

lazy_static! {
pub static ref INODE_CACHE: Mutex<HashTable<usize, Arc<dyn Inode>>> =
< Mutex::new(HashTable: :new());

}

APAR I, FATER & R 4nt, SR T lazy allocation f)77 20 AT B AT
UL E B, XA T rust 1) lazy_static Fi5R

2.3.2.4 PAEIR MY

KT AL AT, Titanix %45 Linux SZPH inode [ lookup 253k, Fl I 301444 M A (B
ImE#A L, HF]H INODE_CACHE R/ R £ cE, FRA145 1 T PAE lookup 7
¥
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os/src/fs/inode.rs

fn lookup(&self, this: Arc<dyn Inode>, name: &str) -> Option<Arc<dyn Inode>> {
let key = HashName::hash_name(Some(self.metadata() .uid), name).name_hash as usize;
let value = INODE_CACHE.lock() .get (&key) .cloned();
match value {
Some (value) => Some(value.clone()),
None => {
debug! (
"cannot find child dentry, name: {}, try to find in inode",
name

)3
let target_inode = self.try_find_and_insert_inode(this, name);
match target_inode {

Some (target_inode) => Some(target_inode.clone()),

None => None,

MIZTTERI SR AR, X — A R, AT %5 IAE? 52—~ inode
Xl . I AOR VIR R T . X BT DA H AT lookup Y24, SLkxn
R4 inode PE ] lookup pRECE RISV A %1 inode Y AR . M BRI AMER
5oz fE INDOE_CAHCE Y sp & @ M AFAERXT BLHY) inode, SRIGUIRAAAE, 4
FHiRVE A try_find and_insert _inode pR%L, LEIFESC PR SCIF R GE Y H A4k % inode, (HZ
WARE RN, IR 2R WE None, <21 B2 FIWTALE] . Zead EHIAY AT, KATZAH
lookup pRAXMIETT/R AR 1A 8.,

Xt try_find_and_insert_inode PR, FATRFIHAEN VFS 55 Fr3CF RGARMT L
oy, XTI ASTA N VES SR AL SCBR SO R ST — L84 1 R SE A S8 f S E R 4
HAE XML inode, | R 2O AL REREAE W A7) INODE_CACHE 4 /% 4%
1% inode, Fr AT IRIAHKF 4R 2 (Y inode #5N%] INODE_CACHE 47, PAR4HH %
JIER A

os/src/fs/inode.rs

fn try_find_and_insert_inode(
&self,
this: Arc<dyn Inode>,
child_name: &str,
) —> Option<Arc<dyn Inode>> {
let key = HashName::hash_name(Some(self.metadata().uid), child_name) .name_hash as
<« usize;
self.load_children(this);
debug! (
"children size {}",
self.metadata() .inner.lock().children.len()
)3
let target_inode = self
.metadata()
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/ OSCOW\P/ test/testltxt

PO["‘ OSC‘,OMP

® Rind, continue to test
else Pailed and return

[IMODE_pAcHE _

1. ‘tn/ 5o Find

2. cannot Find |in INODE__C AHCE
nsert into INODE_SACHE

[‘t r‘L/,_:Pi nd__.and,__jnsef“t,_.'mode;]

2. call interfbee

V

q. return inode in dick or None

FAT32

Pl 8 lookup PEELTERE

.inner

.lock()

.children

.get(child_name)

.cloned();

match target_inode {

Some (target_inode) => {
// find the inode which related to this subdentry
INODE_CACHE.lock() .insert(key, target_inode.clone());
Some (target_inode.clone())

}

None => {
debug! ("Cannot find {} in children", child_name);
None

}

X BLIT Y load_children i ¥E5L @R ML LB U ARG RIE O, HTFHNALHEA
25 5€ inode HY9% T inode.
e LR 2 AR b, AT T MR inode FFHIGA AT AHD :
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os/src/fs/inode.rs

/// Look up from root(e.g. "/home/oscomp/workspace™)
pub fn lookup_from_root(
// file_system: Arc<dyn FileSystem>,
path: &str,
) -> Option<Arc<dyn Inode>> {
let path_names = Path::path2vec(path);
let root_fs = FILE_SYSTEM_MANAGER
.fs_mgr
.lock()
.get("/")
.cloned ()
.expect ("No root fs is mounted");
let mut parent = root_fs.metadata().root_inode.clone() .unwrap();
for name in path_names {
match parent.lookup(parent.clone(), name) {
Some (p) => parent = p,
None => return None,

3
}

Some (parent)

BITEHAR A RIPITIE, 12— STk MRMIZIEN A RN T HE
PWAZ R GER A N RERE RO 248, IR KRB AU TR A .

2.3.2.5 M RGM%

Titanix Sy i A 89 S R GERA. — 204, S8R SE s S0 R G L B % FileSystem
trait HFf H S A Titanix. 5 77 mount [FIRHMERERS X0 A R SCFRGERA, Titanix
1 B O SRS RS R B E AR B TN, AT T FileSystemType iX 4>
(et

os/src/fs/file_system.rs

#[derive(Clone)]
pub enum FileSystemType {
VFAT,
EXT2,
NFS,
}
impl FileSystemType {
pub fn fs_type(ftype: String) -> Option<Self> {
match ftype {
vfat => Some(Self::VFAT),
ext2 => Some(Self::EXT2),
nfs => Some(Self::NFS),
_ => None,
}
}
pub fn new_fs(&self) -> impl FileSystem {
match self {
Self::VFAT => {
// let fs = FAT32FileSystem: :new();
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let fs = TestFs::new();
fs
}
_=>{
todo! ()
}
}

H #i Titanix HBESCRE FAT32 U RS, JE2h 2 SR 2 KRR S RS

JRA 1) S R G id e S P Titanix Wy FileSystem 5k, W RASEELS NAZ T
Bz, AT LR S R G T BAA IR 3, (B2 XA RN FAT32 U RS, J5
Gh TR EIATBE . LR R Gl R write_inode. sync_fs S5 77 VASE K S8 Titanix
B S A BB

2.3.3 FAT32 &%

Titanix SZP T 3w 28 0K A FAT32 U R %L

FAT32 S 248 & AR FAT12. FAT16 SUF RGN JEARRAS , Ff FAT T3
ZHIH 12 0, 16 iy &k 32 4, [EINHNMA T FSInfo HREETNEE, FHREMA mIEL T
DAl o FORFRER: P A B i X3 43 % (Cluster ), I SCfF43 it (File Allocation
Table, FAT) 4E4— A SCUFRIFREEGG S, RFSCIF44 2545 A7 H %3 (Directory Entry)
Hr, A FMY Inode, FAT32 PRNAEHA] 32 7RI U Bl R M A544 , BAREEAD
eI T 28 NiAEEE R . FAT32 (it A T H BRI mEis s, 4T
MS-DOS #A/ERGEH I “8DOT3” (8 MRS + — AR5 +3 NP
PIes) WSCH A AEERs R, I e L K E SR AR R4 . ARTE
unix R GIRIERIRERAY “iE. H. PUT BRE L, FAT32 B4R HEss s AR
EE, HA R BEbsIC; At FAT32 SRR IL N BT S sE e fi i s ohag ,
2 PSR PR B U R G E . SXX ek, Titanix [ FAT32 R T
—SEHL I DASEZS FAT32 ARifEFIZE unix 548 1Y) VFS,

TS T4 FAT32 [P RE R BRTHFIAA E Z it

2.3.3.1 #¥ikixit

I &l 94 Titanix FAT32 (3R L5
—A~ FAT32 1RG5 %4 2 —A> FAT32FileSystem Z5MJ{& , 3 NE5 4 LU -
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FAT32FleSystem |

/A \

[ BlockDevice J FATS?«QI gsystemMeta }
e

(FA’TSQIV\PO (FﬂeA“oc’To\Ble_ RooctInod
g

K19 FAT32 #ik&ity

os/src/fs/fat32/mod.rs

pub struct FAT32FileSystem {
meta: FileSystemMeta,
}

FAT32FileSystem 54 {4& 015 T E W IC(E K., FileSystemMeta J&7F VFS 158 L.
TR, RO, — SRS R S AR Eay RN R, B2
L ) new DAZRFF T FAT32FileSystem Jf H Zh#E20. =4 drop & HzZh 5 RIFra N
R HE . FHEN, RGN ERESEXE R, Q08— i Rr 2
FEAIR H 51y Inode PAIMESCAERSE. H A Inode H 0] DAGLE A ZEY) Inode 5]
P RO R SR H K1 Inode, MNECHFTA T30 H %, PABIHHbARIBCC
ARGFTA ST
FAT32 1, $ifss. SCHERGEEARZ A Are (IEGE LT FAT RIS RIS/,
43~ FAT32Inode X 7#4i#% T H: FAT f4 Arc. FAT & T :

os/src/fs/fat32/fat.rs

pub struct FileAllocTable {
pub block_device: Arc<dyn BlockDevice>,
pub info: Arc<FAT32Info>,
fatcache: Mutex<FATBufferCache>,
fatmeta: Arc<Mutex<FATMeta>>,

}

Jif fatcache f& FAT HAEWAFH ST, 1T CFRADERAMRA, H THIED I,
FRANTE WA 2847 T #84> FAT 3. fatmeta j2& FAT32 EF'%EL%EE]‘J FSInfo, & 5%00H
KBYELE, T FAT32 Info ;& FAT32 B RGHAME L, g Boot Sector HZHLA A
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\

U N A E N
FAT32 SC{F 2S5 HEA 8 4 Mot FAT32Info iz SRR

os/src/fs/fat32/fat32info.rs

#[derive(Copy, Clone, Default)]
pub struct FAT32Info {
pub bk_bootsector_id: usize,
pub fsinfo_sector_id: usize,
pub fat_start_sector: usize,
pub fat_sector_count: usize,
pub fat_count: usize,
pub data_start_sector: usize,
pub sector_per_cluster: usize,
pub tot_sector_count: usize,
pub tot_cluster_count: usize,
pub root_cluster_id: usize,

XU 5153l -
1. bk_bootsector id: £517 5| Fh X5, FAT32 Fil® M RS HAE BT S XA
T ORI, FHHRTIUAR, RHIFGRRE T B RS0 5 —fE.
2. fsinfo_sector id: FSInfo FF[X'5-. FAT32 #HLt FAT12 F1 FAT16, ¥4/ 7 FSInfo X,
M TAFEFNFE S A K5 B
3. fat_start_sector: FAT RAJIARLE., XAET T DXAC T R £ B i X B0 . FAT32
WhE A= PREHIK, FAT 3£, BRI,
. fat_sector_count: BA4~ FAT 3 /5 X%k
. fat_count: FAT Z2fi0-4C, FAT32 i FAT 704 f b, 2510 FAT F857e
FAT X
6. data_start_sector: BIEXEIAFIE . XN TFESHEHI R TR LRI, FNGLAE
£ 0 SR RS S L I
7. sector_per_cluster: —/MEP XA X402 2 3. FAT32 RRE2en) JLA R IXAE
N, AT FRAL A3 BRSO 7 25 18]

[ TSN

8. tot_sector count: %11 5 B XK
9. tot_cluster_count: f{#LAE R X NFEAMRBITESBN, HNESAEABTES

ZERE . WEBIER N E XA, BRA— MRS
10. root_cluster_id: R H RS . A[ET FAT12 F1 FAT16 A B 1Y) DI AFAEHR H %)
HSRW, TR H S H I A 21 5 dR X, 5HE H R SRR,
BT X S B SO R GG B B AXUUER, h A EHE M (FAT 3£,
Im@#)ﬁ%,ﬁﬁ&muﬁﬁ%?%%ﬁ@%%ﬁ,%t%ﬁ%%%%gﬁ¢%ﬁ
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i o

2.3.32 MRS A R A

Titanix (] FAT32 76 B0V AR, % IEIHeA FATS2 4, (051 T AL 17 K 5
RIS, SRR S | SR EP S AR, B FileAL-
locTable, {4 AN PRI E AL EIHIG N2, hiX— R
Al FAT BB MR HIE . SCHRA RS o S T

os/src/fs/fat32/fat.rs

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

Unassigned, // £4

Assigned, // BE4E, KK

Dirty, // B4, EHBHASE
}

struct FATSectorBuffer {
sector_no: usize,
data: [u32; FATENTRY_PER_SECTOR],
state: FATSectorBufferState,

¥

pub struct FATMeta {
free_count: usize,
nxt_free: usize,

}

struct FATBufferCache {
data: Vec<FATSectorBuffer>,
block_device: Arc<dyn BlockDevice>,
info: Arc<FAT32Info>,

¥

S BEROAE T YR U RGEEARGF B, S5 MBI E X,
[F] IS & T SO e R A5 B B R B 84T SUM 0 lic 2215 B, FATMeta £5 44 {4 Hr i)
free_count Fl nxt_free fUR AR FE AL _E— B BLiEM a5, 5 FAT32 1 FSInfo [7)
P FBAIR ., U RGN 2 22l B P B
FATBufferCache ‘&) it 1 2% f£45 14 . FATBufferCache [%: T B 55 F1 S0 R Ge A
HEIREAN, BRA DR A .. REFEE T DU LR R X g
(LA R T SO BE 2 B R X ) B b 22 ) - N ASFIRAS, 0 ok 43
iR Bk, SBUeRS R,
FATRE ST 73 B F AR SE I G270 S RN
L S5 e 22 B 17 TR0 A3 LU B5H i IX B D7 AR g o D7 TR — S SO R 256 15 7 SR T
FFUTEIRD, TS5 B 2RAH Mo BCs DO U o5 T 2 [ARVDS - RS B SO R4 i
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AT AT DA — 2 P2

2. FAT32 S Fr A . FAT32 BSCIF el WA RE EA I & 1 (f 0
o E B X NumFAT FBHEE , lH XN 2). MG Ecs Ll—4
BAERE B EAPIAD IO, IR R s Bl 024, PASET SO ok
BRAE e IR BT 25 AR [ 5

3. ETYIRIIAE. FESCIF P BCREAT T, BNV T FEZS A 20 e -5 i g . 3C
PFARGE A SCPFRTH 534 Be 25 1) ik U S8 1 23 IO U e M AN R 2 B AL BB

2.3.3.3 Hakuifithr 5 Sk # L i

hT A 8DOT3 SCFHE U by S ot B 1), FAT32 B 1 H SR, — N SCHHAE
HACH s By H R I 1 32 595 i H A, Hoh g — AR H R0, f7fifSC
PRIESIE S AT T K H SR, & AR SO . SO 2 A 2 7Y
OEM # FRAFAifHY, W SCPA GBK Jifl 2 T4 f7fif, MiAE Titanix A& €1 THY
G P ATEE, TN TR R GE , AR SCPR#4 b R 8 29 Z s, X /T 128 1Y
Ziih R ASCIIL R4 it FAT32 By AL PRI, 65K 127 gt i =) ASCII
Vi

RV HSR RG], FAT32 — Mt — 4~ H sk P H R I, FAT32 —
I A 8DOT3 JEA M — MBI K4, ARG H R0, K4
FAARTER B i . FAT32 A RiF—A B PEE—NMEA KA (g e ot
0 AW 2 S = B S L AU I Ny & S I ME N o N R PN N PP G i i € B B
A, FAT32 [A]fVEECHRE A AN A, X RS R DA 484 B 44 4R 8 — N SCfF . X
TR SRR, MRS AT £ 8DOT3 FLN, N FAT32 $R BUHEEA SCIE44 0
NP IR BN B B A 484

BAR, B RS R S, M2 RN T HR AL KREZ
Pk, N7 BT, Titanix fUHANRICEAER— A H PSSR . BARG0ER—
MHEFIAXS (SRS 84) AR, FEUEHANTEEA P EHRZ
MR AR ZAMET FAT32 BSCFA AR KNG, H BT g i 4
HWIREZ A log, HILH C SIS AES P2 S n] e EAF . BRI
Tk

A=K QBN WA RIA I, TR R KRS (8DOT3, B 11 4K,
PR RT PAZR g 2 FUAE R P AT S 8 (PR TFEAE ) . HEIHREIA R BT, A
LM Z N RUNE, B2 o BB WA S LIMMEE, XA ERE
RAK.
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2.3.3.4 Inode

FAT32 HifAT R 5195 5 (Inode) WOMRE, AT J7 B EERX SCAFRI I, SIS
7" Inode AR . FAT32 HitsCfiali Hak, i HAESC H S i — &5 H . H b
FR BT AT SR BB W ) FAT A it Py Inode, 77A# 1 HACH &b H SR I 7
B Hob NFREER S — M. TERIEG 1K Inode B JU7EAEHSE — AR (WA ), HEE
TEZEYT IR AN S T2 a4 A e o

AR —ASSCPFRTT R E] . SCPE2 S5 R, X AME B AR S H SRy H S0
o T 5 B S A AL H SRR B AP YRS, FAT32 Gl InoteMeta ZRAGRS
FACA 55 . A8 FAT32 i H S, H STt 8 SO — A 14 MR S -
FIE, DR FAT32 H Srp H SR IR 35 Al AR FIR SO S R .

Inode ZEFALIT -

os/src/fs/fat32/inode.rs

pub struct FAT32Inode {

meta: Option<InodeMeta>,

fat: Arc<FileAllocTable>,

file: SyncUnsafeCell<FAT32File>,
}

meta ;& Inode JTf5 H., XLEIOfFEAE VFS HiE L, WEATAZEE (Inode 45
SCPFRAL, #FREE) MIATAS(EE (B . AL Inode. ¥ Inode %13 . Page Cache 45).

FAT32File & FAT32 W35 SCPFIBEER, i 17 SCIFgl o il TR ee ik, HA S Ha
i S 2p s BengiE, Rl T UnsafeCell f12.

TERIE—A> Inode I}, BT 7 HRZ MY NB IR BRI . X T — A3 38 S
FATTRF FAT32File " Be 545 1 AR gg ok, MW ASERUES T XM THFE, RIMERE
AT SCOFRF, M FAT32File H# )it fp 32, A FTE 1 3CfF. T H 3% Inode F45
A BTreeMap 5|3

R 42 FAT32File ()52 X :

os/src/fs/fat32/file.rs

pub struct FAT32File {
pub fat: Arc<FileAllocTable>,
clusters: Vec<usize>,
size: Option<usize>,

}

FAEE S R R HR SR, S — P4 (Vector) FEAEFEFTA I HIAIFE. I
TS, RAE TSR/ sizeo MTFHR, [H4 FAT32 By H &P 3cA Lz —4H
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SAERBEAEIER, HAEmETA s a2 33t B 5 A= ER .

FAT32File #E AL TRBE SO AU/IN, BEE SCHHE 11 TSSO R /I, LSBT 2
WERGEZ /NS, RIGTHE RS BRI D, M S Rt 0, h
FileAllocTable 254 {A A% Bl SCA Y L 2% o 25 SCAAHof 38 aak SC A4 T 9 A 11 1 1% 152 755 W
B, MTIHESE % B g B B 5, 94 ] BlockDevice SR N 1325 .

2.4 Titanix 55 &5

{5 (Signal) Jg Unix ZKgH— Al B ELH], 200 okl MR R e 2
kA, B R bR AT AR E AL R . B, 2 ETES—M Unix
PN o SR o N e R [ DR s TR N

2.4.1 HISG B4

os/src/signal/mod.rs

pub struct SigHandlerManager {
sigactions: [SigActionKernel; SIG_NUM],
}
#[derive(Clone, Copy)]
pub struct SigActionKermel {
pub sig_action: SigAction,
pub is_user_defined: bool,
}
#[derive(Clone, Copy)]
#[repr(C)]
pub struct SigAction {
pub sa_handler: fn(usize),
pub sa_flags: usize,
pub sa_restorer: usize,
pub sa_mask: [SigSet; 1],
}

PAEJUA RSS2 (5 S AL BRI AZ L, FRATTTE WA X POSIX 5 L) T F (55
HRSEBUAH I 155 A0 37720 X T+ SigAction 25414, F 177 2E1EMAF A Linux 75 RISC-V
BAK R X, sa_handler B F7 [ 5& LACFE R, sa flags BJAH R IFRE (7, sa restorer
4 E E AP R B T o e IR B L, sa_mask SHIa TR S AL PR AL ]L
PHZERES . X T SigActionKernel Z5#{4&, FRATHIN—H F B @& ARG R X
AL B RBOA 2 H i A PER %K

2.4.2 55400

TER P BANZSIHF R ZGREH PSZ 8T, RATEE iz R0 A frefE s,
I HaZ—Ab PR
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os/src/signal/mod.rs

fn handle_signal(signo: usize, sig_action: SigActionKernel) {
debug! ("handle signal {}", signo);
if sig_action.is_user_defined {
current_trap_cx().sepc = sig_action.sig_action.sa_handler as *const usize as usize;

// a0
current_trap_cx() .user_x[10] = signo;
if sig_action.sig_action.sa_restorer != 0 {
// ra
current_trap_cx() .user_x[1] = sig_action.sig_action.sa_restorer;
}
} else {

// Just in kernel mode
(sig_action.sig_action.sa_handler) (signo);

}

W EFTR, BAHER G S ST AR B, ECHIBTE R(E-5 AL PR AR 2R
WG A B R RGATE T 8 SO BERR A, A mia, AT T B IR R ek B0 i
7 3 A A4 A B R SRR (24 983X ML A% SR S A0 R B R B B, (ELH TR oR
KI5 EREE, AN ERAFIEORA TrapContext (M SRR B LR 30
SRJEHF sepe BCH P B s SCRHR R B0 L, SRR PAS, 205 H P A H R 4
SRR VA sigreturn RGP A EHR EINRES, XASRHEHATAT A Z B H S
R SCEH AR 0] 2 R [

2.4.3 JREWIG it

kernel/src/sync/mailbox.rs

A% B M S EH A — Moailbox ik 7AW WA| By B X kW F 4, B FHAANTILF: |
pub struct Event: ul6 {
/// Children exit
const CHILD_EXIT = 1 << 0;
/// Self exit (thread)
const THREAD_EXIT = 1 << 1;
/// Self exit (process)
const PROCESS_EXIT = 1 << 2;
/// Other kinds of signal
const OTHER_SIGNAL = 1 << 3;

BRI kill 85 R GER ] ) BRI KA (R 5 B IR AR I I, S0
B PE AT R A ZERR ) mailbox w16k M AN SARREFT L F R P KA, ATPA
WA ER T, R FE S W E R M, AR [ Pending, “FfFi%E
E S LR ] waker AR EEZAAE, BARRSERrF B AR AR -
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kernel/src/sync/mailbox.rs

impl<'a> Future for WaitForEventFuture<'a> {
type Output = Event;

fn poll(self: Pin<&mut Self>, cx: &mut core::task::Context<'_>) -> Poll<Self::0Output> {
stack_trace! ();
let mut inner = self.mailbox.inner.lock();
let happend_events = inner.events.intersection(self.events);
if !'happend_events.is_empty() {
inner.events.remove (happend_events) ;
log::info! (
"[WaitForEventFuture: :poll] find events {:7}",
happend_events
)3
return Poll::Ready(happend_events) ;
}
let this = unsafe { Pin::get_unchecked_mut(self) };
if !this.has_added_cb {
this.has_added_cb = true;
let self_events = this.events;
let waker = cx.waker().clone();
// Remove those that will wake the same task as us.
inner
.callbacks
.retain(|(_, w)| if w.will_wake(&waker) { false } else { true });
inner.callbacks.push((self_events, waker));

3
Poll: :Pending
}
}
2.5 Titanix [FJ4%

Titanix 1 SCBUR M 2%, I HAERSRETT A, R T HZ LAY, (] smoltep
IR 2 R, RFHAEY Titanix [ RZCEAT, IRAZINS

2.5.1 M4

{1} smoltep T EWEAT device RYNCE, M H AT LRI ARG R, Titanix H R4
H I PR 28 e o AT TAEDR TR ZBr B B 2n] R T IE 3 W 28 B A5 1Y Wéﬁﬁi}%, i
Titanix 7£ {44505 S I 2 W1 config Kb, FFig s iwIan b TARFE MR UEA T, (T
JE B —IRIT K

config R F L TT AT WAL SR RIMEEE, B smoltep PEAT R 2518 7 Air L0 1)
Interface, “NILFETSLAHE device, config AT AN R 28422 11 4544 -
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os/src/net/config.rs

pub static NET_INTERFACE: TitanixNetInterface = TitanixNetInterface::new();

pub struct TitanixNetInterface<'a> {
inner: Mutex<Option<TitanixNetInterfaceInner<'a>>>,

}

pub struct TitanixNetInterfaceInner<'a> {
pub device: Loopback,
pub iface: Interface,
pub sockets: SocketSet<'a>,

Hi %t TitanixNetInterface 5B [R] B9 77 YA K LM IE H PASE I socket A FREL
H Hi Titanix [#] NetInterface i1 DA 5 =04 2 -

os/src/net/config.rs

fn new() -> Self {
let mut device = Loopback: :new(Medium: :Ethernet) ;
let iface = {
let config = match device.capabilities() .medium {
Medium: :Ethernet => {
Config: :new(EthernetAddress([0x02, 0x00, 0x00, 0x00, 0x00, 0x01]).into())
}
Medium: :Ip => Config::new(smoltcp: :wire: :HardwareAddress: :Ip),

g

let mut iface = Interface: :new(
config,
gmut device,
Instant::from_millis(current_time_duration().as_millis() as i64),

)3
iface.update_ip_addrs(|ip_addrs| {
ip_addrs
.push(IpCidr: :new(IpAddress::v4(127, 0, 0, 1), 8))
.unwrap() ;
ip_addrs
.push(IpCidr: :new(IpAddress::v6(0, 0, 0, 0, 0, 0, 0, 1), 128))
.unwrap() ;
1IN
iface
Ig
Self {
device,
iface,
sockets: SocketSet::new(vec![]),
}

1 B8 42 R Y Interface SLHY L Opback AT T, (HR XSS
ﬁ%&%@i‘ﬁjﬁ%ﬁi, A, FAVGLER BESR A T
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2.5.2 Ip Huhk

XFT Ip Hiudik, Titanix SZ4F Ipv4 Fil Ipve PFhHbAL, @i 7E address A5H 24 ot P i
HohkSZEE From trait PAfEHERYAE smoltep $241LfY IpEndpoint 1 IpListenEndpoint 27 [A] #E47
XUl edse, 514

os/src/net/address.rs

impl From<IpEndpoint> for SocketAddrv4 {
fn from(value: IpEndpoint) -> Self {
Self {
sin_port: value.port.to_be_bytes(),
sin_addr: value
.addr
.as_bytes()
.try_into()
.expect("ipv4 addr len error"),

}

impl From<SocketAddrv4> for IpEndpoint {
fn from(value: SocketAddrv4) -> Self {
// big end
let port = ul6::from_be_bytes(value.sin_port);
Self::new(IpAddress: :Ipv4(Ipv4Address(value.sin_addr)), port)
}

2.5.3 Socket

Titanix 4 T 85— 4SBT 258417 Socket, FEXFAMAFFHEME 11, @) enum 523
Socket 1 :

os/src/net/mod.rs

pub enum Socket {
TcpSocket (TcpSocket),
UdpSocket (UdpSocket) ,
UnixSocket (UnixSocket),

X} Socket SZ P File trait T F A1 Socket B $2224 i, File ffi A 2| fd table 24+,
[ I A TR HEAR A 1) 24 o 2 A —1 socket_table Sk 4Ed sockfd 3| smoltep $2 i1 socket
ME—FE/RAF socket handler (LS, ([ TFRANIMGE— Interface 24 H$HL socket.

XS Socket 52 45 B4 T A K OT R, I AR)Z A EA socket SEHLAYX
WITIER, SEIRT R T RE -
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os/src/net/mod.rs

pub async fn connect(&self, addr_buf: &[u8]) -> SyscallRet {
stack_trace! ();
let _sum_guard = SumGuard::new();
let family = ul6::from_ne_bytes(addr_buf[0..2].try_into().expect("family size
— wrong"));
log::info! (" [Socket::connect] addr family {}", family);
let endpoint = match family {
AF_INET => {
let ipv4 = SocketAddrv4::new(addr_buf);
IpEndpoint: :from(ipv4)

}
AF_INET6 => {
let ipv6 = SocketAddrv6::new(addr_buf);
IpEndpoint: :from(ipv6)
}
AF_UNIX => todo!(),
_ => return Err(SyscallErr::EINVAL),
i
log::info! (" [Socket: :connect] remote: {:7}", endpoint);
match *self {
Socket: :TcpSocket (ref socket) => socket.connect(endpoint).await,
Socket: :UdpSocket (ref socket) => socket.connect(endpoint).await,
Socket: :UnixSocket(_) => todo!(),

2.5.3.1 Tep

Titanix 7F B .18 TepSocket Z5 #4443 4E T 18 smoltep H 1 tep Hf & [A] Y handler,
VM 1r) Interface $i2 Hy i SRARBUR KA, I BARFE T socket B —LLJ@ M, (AN Hui)
WUl R EAR TN, B IRESE.

Titanix FF % A BALESZ I Tep (A KENREIHE & L, T2 smoltep 1 connect J7
EARVTER, S EBRN], TR AT tep APARESTCE N SynSent, ZRILA accept
Tike TREATXT B O TepSocket SEHL [ 1] PASFELF accept I connect J5¥A, fRUEME
REZ B (5 BRI i 2, SR R5 240/ B smoltep o 5% -4 1 tep By E—4>
RAS, PAETIRATAEFIWT 241 Socket i 7547 ] BEg 4y I o AT ) W -

os/src/net/mod.rs

fn pollin(&self, waker: Option<core::task::Waker>) ->
— crate::utils::error::GeneralRet<bool> {
debug! (" [Tcp: :pollin] {} enter", self.socket_handler);
NET_INTERFACE.poll();
NET_INTERFACE.tcp_socket(self.socket_handler, |socket| {
if socket.can_recv() {
log::info! (" [Tcp: :pollin] {} recv buf have item", self.socket_handler);

Ok (true)

} else if socket.state() == tcp::State::CloseWait
|| socket.state() == tcp::State::FinWait2
|| socket.state() == tcp::State::TimeWait

|| (self.inner.lock().last_state == tcp::State::Listen
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&& socket.state() == tcp::State::Established)
|| socket.state() == tcp::State::SynReceived
{
log::info! (" [Tcp::pollin] state become {:7}", socket.state());
Ok (true)
} else {
log::info! (" [Tcp::pollin] nothing to read, state {:7}", socket.state());
if let Some(waker) = waker {
socket.register_recv_waker (&waker) ;
T
Ok (false)
}
1))
¥
2.5.3.2 Udp

Udp AN[FT Tep, ANFFAE connect B FE, FrPAWIZRIE ] connect 2451 H] i %
A sockfd $511) Udp, HRAFATTHELRHAE AT S5 i b IR A8k, PATEFE sendto 11
WM A, FBSXT%A bind 4 udp, FFEH 3 Bl— i 1 I bind.

2.5.3.3 Unix
UnixSocket AN TRIFI# , fEHHFRRAEEITB, Shr EAS T2 M 4 bR i 52
Fr, A% UnixSocket {40 :

os/src/net/mod.rs

pub struct UnixSocket {
file_meta: FileMeta,
read_end: Arc<Pipe>,
write_end: Arc<Pipe>,

FATINH UnixSocket gid— M & WAX ) BLE 1 pipe U4, Ff158ks
A XA o WX Tk, FATHTLASZ ] pipe HY read FlI write SZHY:

os/src/net/mod.rs

fn read<'a>(&'a self, buf: &'a mut [u8]) -> AsyscallRet {
log::info! (" [UnixSocket::read] start to read {} bytes...", buf.len());
self.read_end.read (buf)

}

fn write<'a>(&'a self, buf: &'a [u8]) -> AsyscallRet {
log::info! (" [UnixSocket: :write] start to write {} bytes...", buf.len());
self.write_end.write (buf)

}
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2.6 Titanix Byt 5 5264155
2.6.1 A

Hi T+ Titanix BTG 155 1R 2 PA Rust 1) 520 async/await S EERHE, A
HIERS . I SR 55 AT DALASR 2 7 Sk B

2.6.2 b E A

2.6. 2.1 BRI ] DA RISC-V 1 B IR TRIR 5 14 7 A7 R 1 i 8] 1 CPU
IFEh A, SRS ARYE CPU B it = 58 ] DATT S0 Hh 224 1 14 P [ 28K

2.6.22 gtk R AZ O E BLA Duration 254444 F DATE A Hb 2R /R B[R], POSIX
¥ O R R B R AH < B9 45 TimeSpec Al TimeVal, FRATHL A H LS Duration A H 444t
From Trait, #&J518 0] PAJs A ] Duration [ B A 15 VAKE

kernel/src/timer/ffi.rs

#[repr(C)]
#[derive (Debug, Clone, Copy, Default)]
pub struct TimeVal {
pub sec: usize,
pub usec: usize,
}
impl From<TimeVal> for Duration {
fn from(time_val: TimeVal) -> Self {
Duration: :new(time_val.sec as u64, (time_val.usec * 1000) as u32)
}
}
#[derive(Clone, Copy, Debug)]
#[repr(C)]
pub struct TimeSpec {
pub sec: usize,
pub nsec: usize,
}
impl From<Duration> for TimeSpec {
fn from(duration: Duration) -> Self {
Self {
sec: duration.as_secs() as usize,
nsec: duration.subsec_nanos() as usize,

}

2.6.3 53 19 LR

2.6.3.1 puizAsb
Titanix SZFFPAZS W, (5 H 5P H BT AL B o8 H50 P A0 158 U R 5 G 78
It 2 T
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TEWNAZAS 45 sstatus AFFEAR TS sie FRal A7 B AT $THF b, EAE 2 Wb 5
stvec FFA7AR L E N AL R IBT AL B R A ikl . A P IR ARG, 24 KA A R T
WAz H RS E R BT G /Y caller-saved 274725, 2X)J5 18 H kerenl trap handler #F474bF .

SAMERTEEIE, U ERU stvee O (WTEFUT4s. HEAT P it
Kidr), FREafRXANZ T

2.6.3.2 W3PS

WAZ RGeS — A e BB, I/ NSRS, o R B TR, e
Wi 2kt Py € e BAS R MHETOUCH — g by, PN HOR I, 2 i 378 D3R T
H waker AN HES TR .

2.6.4 TS5

WF IR, LSS 2 T timeout iX-A A BIIFE], R EFRAT AT PATE B IE AT
RS — B AR &

Kkernel/src/timer/timeout;ask.rs

pub struct TimeoutTaskFuture<F: Future + Send + 'static> {
expired_time: Duration,
task_future: F,
has_added_to_timer: bool,

R poll If, FIWHR AT NS, AW E R, 50 ER AT N RIS -

kernel/src/timer/timeout;ask.rs

impl<F: Future + Send + 'static> Future for TimeoutTaskFuture<F> {
type Output = TimeoutTaskOutput<F::Output>;
fn poll(self: Pin<&mut Self>, cx: &mut Context<'_>) -> Poll<Self::Qutput> {
log: :trace! (" [TimeoutTaskFuture: :poll] enter");
let this = unsafe { self.get_unchecked_mut() };
let ret = unsafe { Pin::new_unchecked(&mut this.task_future).poll(cx) };
if ret.is_pending() {
if current_time_duration() >= this.expired_time {
Poll: :Ready(TimeoutTaskOutput: : Timeout)
} else {
if !this.has_added_to_timer {
let timer = Timer {
expired_time: this.expired_time,
waker: Some(cx.waker().clone()),
ig;
TIMER_QUEUE.add_timer (timer) ;
this.has_added_to_timer = true;
log: :trace! (" [TimeoutTaskFuture: :poll] add timer");
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trace! (" [TimeoutTaskFuture: :poll] still not ready");
// If single core

#[cfg(not (feature = "kernel_interrupt"))]
cx.waker () .wake_by_ref();

Poll: :Pending

}
} else {
Poll: :Ready(TimeoutTaskOutput: :0k(ret.ready()?))
}
}
}
2.6.510 25N

H Bl NAZ 5P T sys_pselect £l sys_ppoll X FH4~5 10 Z#8&E A X RS ,
FATAI DA FLSZ I —> Future;;

2.6.5.1 pollin/pollout

TEZ BRSO R GEFEAT /42 1) File Trait o, JATHIHAIN pollin PA K pollout
PR, 230 T AR RIS R A AT e A m] 5 I_JHJ‘ AL A waker BAR, 7
AN waker, WIZSCHFAEAT Al 3 Al 5 HF R XA~ waker M EERT I AL 55 -

kernel/src/fs/file.rs

pub trait File: Send + Sync {
fn pollin(&self, _waker: Option<Waker>) -> GeneralRet<bool> {
debug! (" [File::pollin] enter default");
Ok (true)
}

fn pollout(&self, _waker: Option<Waker>) -> GeneralRet<bool> {
debug! (" [File::pollout] enter default");
Ok (true)

DA Pipe Rl BTG B4 B4k A5 R T 5 SR S R AT BRI AR 1Y) waker A4,
INIGTEA 535 A BRI i 2 1 ] SRS (R . FEAA L BB I B S 1 ] 5
FLARE. 734 H | Titanix 1 Socket t S8 T BLAILH], FEAR K ILIN sdeard i H by
Je W2 A S S AL

2.6.5210 %58 H
BRI AT B/ ] B I I %%iﬁlﬂfﬁﬁ@ fd, ﬁﬁﬂkﬁﬂ’ﬂ fd IMALLEH,
PP fd IO RS 2L, R [B] Pending; 2 Ji5 M RE & - AT 52/ H] 'ﬁ%ﬁﬁ@@&
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2.7 Titanix [J9xzh

BT T 5N E., B RGN IR P i ) Sse 42 11

RIS FEFATE P8 T Sifive Hifive Unmatched 7ENH % M, HA#i ] Sifive Freedom
U740-C000 (DA fiiFR fu740) /ER SoC, PR T SEBURFEER AT IIGE, FAT 2L
T fu740 FiY) UART. SPT 3Kz DASE iU A% i PA K SD K325 . [F]INh T 3% QEMU
virt, FATHFEHE T VirtlO block 4Kz

2.7.1 OpenSBI

Titanix 78701} 7 OpenSBI S {1, LHAECLIRE D Ak . MR E RO
(FFEZAZL) . KA E I B 7

2.7.2fu740

Titanix S2EL T fu740 |-/ UART 4K) Al SPI 3Rl

Titanix i ff] T fu740-pac FE{j] MMIO (AfFBUti At ) Ffreas, %5 HROE
H B TR AR AL S . (H2 fu740-pac RIEARE svd AR EEH B 34 TR
svd2rust [ 204, BXTREA T AR LA A B TR RN SO, AR A
ARG A SoC -G ;s HeAh, XA A AEBLS HIAIE B 30 i MMIO ZR174%
MR, RN S AAAELN B T Azl B AT E R fu740-pac HrHY
HEWCH B BT B HE AL . B ANX AN PE R PLIC ZRfFas Y ER -5 SoC 0k EAlE
FINAFIS A A, A X5 UT4 R M SH S 381 context, [ IR A1 2 J57%5 F& A H
TE A EEVE NS Z DI MR8, PASEIARE . Bt . B 7 eR s vA 8 HR 5l .

HRIC A T UART K51 SD RIKZ, FFRFFMA M RIS, FH22iX 068 1
Platform-DMA #5#%, 456 PLIC IIAHEZIRE, PASEEL S0 10,

2.7.2.1 UART Titanix L3 T UART 3K3f. FEIA TR TR ZHT, UiR 028
1 OpenSBI SEELRY . JT /5 BRI HAI AR AL KN AR ¥ ) RV B 455 UART %28,

2.7.2.2SD §-SPI  Titanix #2485 T SD <15 SPI §Kzl. fu740 1Y) SoC &k SPT 54+
1 SD REHIZR KA, SoC it SPI Hhill[a] SD Rixi#F &%k SD R4S %
TR GIR

HIRAEIS, BIha4k SPT ARt RE . FERFEEH] . IR E(E R, RIS csmode oy
hold #ixX, 2 fmt FFA7ARAIMER, S5 spi WIATLIE . #R)510 SD K A&k CMDO #
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¥, K%k CMDS8 Kt il K, &% CMDS55 fl ACMD41 BEEHIIR LS B -

BRI, A CMD17 S —A gk (512B) 1 SD REdE. AREA D, SD
FRF LR ] 0 SR JEHRIR ] 512B 1%, foEaR M 2 “EA5 ) CRC 1. H— 34
PEitE CMD24, K555 F5 M J5 553 CRC 5%

2.7.3 qemu

& qemu-virt _F3sfTHf, 2 qemu 1) UART F1 fu740 (1) UART fEPFSCHLAIR, A RE
521 UART 83, IS E R T OpenSBI $2 (K AKE] o 1M qemu-virt 5 VirtIO-block
Virifga,, HIFAT5IA T VirtlO-block 4Kz
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=, GRS R

Titanix [ PAFET AR =4 B 2 A2 1) bug, I HH ARG Z A T2 M
B, B B BT bug WA NS Emte, FAHEX B il ek KA TS E]
HER AN debug 1Y RE, SKOAJE A TR ASH 115 .

3. 1iperf JliA

e iperf MY v, T 2[R B )5 2 4 server 5 client [f) socket FH4TH A%, X H
TEFFAERY )82, smoltep A SCRF ] bind F [/ — >3 P> socket & A % it (% 5%
[k, H oA B socket set 1 28—l AT A%, ARG EHER AT, 3% ] 3k
iperf ) parallel udp [ i%— & R TEAR 55 It i) pselect tHANZ:, PRI A AR 55 Si BV B2 1Y) read _fd
A2 —4H socket Wil 55 i) socketfd, x5 —2HIY; 15 4Lk 55 i socket A5
— 41 bind 7£ 5001 3 1, FHEEICIR SR 456 — 4R server socket.

1K — [A) @A) PAIE 33 BE 2l smoltep BYRASSE L, W] DA 1 K5 IG )2 somltep [ socket
TENZZ AT 52 SR g o

3.2 Imbench Jljis

o L Z a7 Imbench ) bR SCUM I By — B IR R
o Mok el HERA R B N PR R A A, AN R RT Ak

3.3 W&

o W ZHTE/R S B PN RYELE buddy system_allocator [{AH I pRER R 55 100 .

o R ZdHEE, RARATAENAZ PR E R A, s T B ) A, Bt
WE BB AS AR O P 0 2 Js N A3 a9 B B 150 %
Wb, PGS T PR E T O RO AR, R EE D Il de LS Ik
H st R m] o
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DU, gk
4.1 TAERES

L SCH R BN AF A B, DATCRR M 0 75 2 RO AT 555
FIREASCE RS, FFRA SRS S W&

SR REIEAT

AW FE LR A K R GER AT 5

FIUA LA H S

SR IB BRdy , 8T R I SR IO Ak

AN O

4.2 U5 RAGE

L AR SR DR Z G 1.2 SRl TLB, 25 W) i B FhfE 7 1 N 77 Bug;;

2. 1E exec T HRRAT G, X FERR R ERBI LA AL N 21 75 F POSIX Anifl, FFA 4Bl
AR, PR R N A AT SRR T LB A BERE R UL 5

3. 1& Debug BT 2480, LR NAZ AT I B T AR B SE 2 0 AR S

4. FHILGg AT EAT ARG A KA A0 sp S5 A IERIME, 75 00 & A XE DARR AR
i) Bug;

5. MPSWFIEREATARGA, Bk A SR I SN T

4.3 AKX

L. Bl RS8R BB, AR TREI ARSI LS8, JTHRE R
GRS O EE (MEAR B ASEEE) ;

&2k async-task [WHEEZHE, kT 10 MR LR ETREE (B

WL busybox il libe, S X RGVHHMTIGEE (C5EH);

FEITAR, KA IR % — ez b Bug (458 0) 5

£ Hifive U740 -5 b JoyA{# H rust-sbi, PH I F52EE L opensbi (2L 5EAL) ;

fm R, KMo R 2 a2 T k1) Bug (547 Bug);

B R -RBR S DA K R 25 Sk, SEERM R IfE (AL 28 52 R R4S ) 5

A o B
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