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1 #5R

1.1 Phoenix 7748

Phoenix /& Rust 4w 5 HIET RISC-V M2 7 R NS E RS, @ T B Fu-
ture ME AR TARME R A5 — SRR RR, IR ERN SR IREZ DN
Bk AE R, A ET Linux BIHHI5EE R BRSO R 5 DAL E S AL,

Phoenix i ALY 7T AR NI, KR PZE D BRI A R AR, i
RIS Z [ AYRE 1, g SR IR AR ELARHAN T80, MR NS B RO T RE, B R
NS SR G TR FIZER AR 5 MERE I & AUBIER,

Phoenix B TSI &N, HAIHREEERNRER @A 1ERE, TRET
[, Phoenix @i THIZEATH RGVERMIXA G, HERETTTHE, {58 Mo B S N & HIALHIT
ft. execve BUTHREE, {ERTIRAIEHET, B/ 10 VilRE,

Phoenix /1% &7 System Calls Manual FA#ITHE, BRCIIBIFTE KA &
Linux raw syscall #i7ti, i2{T1E Phoenix (PSP T2 & ] SRS E X #,

1.2 Phoenix E{&Z2{g

— arch/ # FEMKIEER RS E 8N
— config/ # HERE
— crates/ # HOwEHIYIRER—HIE
': async_utils/ #t P TH
recycle_allocator/ # ID sy
— docs/ # SR
— driver/ # IRBEER
— kernel/ # N
— src/
— ipc/ # HEEEEEE LI
— mm/ # NFEM
— processor/ # ZROEM
— syscall/ #t RS
— task/ # HEEM
— trap/ # FHGH
— utils/ # TH
— boot.rs # NAZE 38 H KL
— impls.rs # BRI
— link_app.asm
— loader.rs
— main.rs #t TR
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panic.rs
trampoline.asm # {55BHRICE
— build.rs
— Cargo.toml
— linker.ld # TEREA
— Makefile
—— modules/ # AR
— executor/ #t HAEERR
— fat32/ # FAT32 XMFRGHF
— futex/ # futex MLl
— logging/ # HERS
— memory/ # BRI
— signal/ # EhiE SRR
— sync/ # ARG
— systype/ # ARG
— time/ # IS TE BT
— timer/ #t ERANER
— vfs/ #t BRI RS
L— vfs-core/ # BRI RGO
— testcase/ # M B
— third-party/ #t BT
L— vendor/ # Rust FEZfF
— user/ #t HPERF
— Cargo.lock
— Cargo.toml
— Dockerfile
— LICENSE
— Makefile
—— README . md
— rustfmt.toml

— rust-toolchain.toml

2.1 FZREE
2.1.1 AHAEETEIHE

PR — A LSRR IS BRI & B, VP TR IR ITRE, IS
BANSAE A LUEEEZ MESS . TOARPMENTEARMERT EZ XA T e L R CEH T,

Htelpf2 (Stackful Coroutine) : & MMEAA B CHIEL, IXFER] DAE MR HRRE

I REAT BRI SR AN B RS, AR A I S SRR AT, £ RISC-V

ZUHIRIRIER ST, ARIMETREERPRT s0-s11. ra. sp X 14 PDEHFH.
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- JekkFE (Stackless Coroutine) : VMERAMIZAUEL, TEMAHTIRSVRERE
RS, BRI N TR TRRRSHALE, FRIKE N WAL E ARSI T,
TAMEIFE R R, EERMBTT L, HENESRERENREIEH, &aHER
AR BA IR B 5,

EER AT, B—NEREEEE E N OME, YRAESFEERN, E5UESsE -
oY, (1552 HNESREHATEER), 5V IUR AR NS,

f£ Linux &4tH1, — MR LRSI A AR =485

L. AP ERS: B4E T HRRE A P S TGS S IR, AP ik, 2R

2. Fifedk LR Q@A AR, HRIER

3. RGN LT QIERRERI, Ak, TR

Y Linux ZAEHREEER, S00 FHEEREE BTV, 1@ U8 AR 77k
(Linux WA switch_to PRER) 47 _E R,

B2, Phoenix i FHTCHRIMESRM, FTEEFSHEZER DAL, E5EENTTEY]
WL, R F8Y LR /T Linux, Phoenix M{ESS IR ELE await &b, 4
poll #iiR[A] pending BFAWHE AR async BEOREIR| E—Z/Y async i, HZ|
[FIFJAREES, EEREERAEER T —MESS, FFREE EAE B A R 55 R R E0R H
t, K2 EZT55 await [UHIA4kSE poll 52,

PANEEZTCARAR, BR T HARSSYIBIF /NS, IRR—E2 R AES Rust IS A5
SRR X,

Rust WA R GBI G e ERIENFZ 2, PiibBdE=S. SHattia RS
A, Rust FFTERRIMEFARE, GBS E P RIEMEEH R PUTI I Z 2, MRRIRE
G S BOERRER, NSRRI,

54, Rust NERSHImEHALEI async Ml await SEEFRTOARMME, IXRIETE
FEE1S90 5 FOE F JCAR M5 S NS R B B> async BRIETEGR RN S EAONIRES
M, BINEBEPGSHREFRIKE, TORMERF & Rust ATIERAY” |RATSR”, RSP
R BN SCUHRAE R IR IIE, IS8T RS ISR, IXMIETENEREIR AR &
HBER R RRCER,
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A, Rust iR XMEENESRKRGHEHR T KERA TR S HEWNERM T
H., Phoenix TETCFREE no-std BUIRE NFA, [RILAT AR async-task FEFR LR
F Future MR SZI A 2 BTS YIS,

2.1.2 Rust THIMEERE

2.1.2.1 BRPEBmFRRE

2019 4EJi€ Rust #fitH 7 XRS5 wAEN async M1 await Xy, SRk 755
BRI E AR, FHETCARPMR A R i % T B SR,
async XKEFHTEXRV R, FPREFELZHAE, Y async FRic—1
By, xRN EFEPIREIZER, MZIRE—PSEMT Future trait BN R, TE4W
BN, WA async KEFAIE B — MRS RISV EFD
await MARFHATRE, FEARRIENNZIRE HIT,
await XEFHATES DL T Future trait NRER, FHIREGLEERE, 4
PATHE| await W, WIER Future MIARZERR, URMESSHIE, HARVFHBEESYE
BT, Y4 Future Sk, [ await MRS MEERSREHIT, RSN
2N Z TR HIRASRERIZTT,
NEIX M TR IR SR A -
async fn async_function() {
println!("First part of the function");
async_operation().await;

println!("Second part of the function");

}

async fn async_operation() {
/] TR
println!("Performing async operation");

Rust s 2R EHNIX B SRER — L8 Future trait BPIRESHL XMMRESHLIER T
BRI BT T = Rz BN 7R 2R RIS :

enum AsyncState {
FirstPart,
AwaitingOperation,
SecondPart,
Done,
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}

struct AsyncFunction {
state: AsyncState,

}

impl AsyncFunction {
fn new() — Self {
AsyncFunction {
state: AsyncState::FirstPart,

}
}

impl Future for AsyncFunction {
type Output = ();

fn poll(mut self: Pin<&mut Self>, _cx: &mut Context<'_>) —
Poll<Self ::Output> {
loop {
match self.state {

AsyncState:: FirstPart = {
println!("First part of the function");
self.state = AsyncState::AwaitingOperation;

}

AsyncState:: AwaitingOperation = {
println!("Performing async operation");
self.state = AsyncState::SecondPart;
return Poll::Pending;

}

AsyncState::SecondPart = {
println!("Second part of the function");
self.state = AsyncState::Done;

}

AsyncState::Done = {
return Poll::Ready(());

}

DX B A BN LA SR BRI
Future Trait: FATAJDUK Future BN — NP IHEHSR, B0 poll 7
ERZEHEATTE, Future trait BT —MESHIHIR, SIRIRIXMESRIER
ke, FFHATPAE IR,
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Poll #%: KR Future MERTRES (EE Poll KZ¥AZ poll 751k, WMEE
PMEER) :

» Poll::Pending : FHHERIARTEK, FTFEFR.

» Poll::Ready(T) : BAEECLEMN, AJLURMAILEE,
Pin: poll 7 #ZEH self ZEWHEELE Pin<gdmut Self> Hr, FfifR
AsyncFunction NN EEE, ~2WF5sh, MMRIEZ 2,
Context :f& TH#U1T Future PIFHFM L TIXEE, #lal waker, ERIF
Future fEMERIFARSHITIIERNIAITES. Context {15 Future AJLASAMERLH
B H, HIETI TR B ST,

2.1.2.2 Executor ¥l Reactor

Executor (BUTHY) B—MafTRAM, EIEEHMAERPT5%, Executor FIEE
PASTFUAE
1. 817 Futures: Executor 18 Futures 1Y poll J7 iR 1R9HIT,
2. f£5500\51: Executor 4P —MESSINS, FIATA R T HATIIES .
3. AR E . Executor fETE R IIESBNYI, BDMHRATES., HEFIRE
Poll :: Ready I, RREFSCETER; HIRE] Poll :: Pending I, oSSR
e, TR,
Reactor (Jefids) &% —MiafTiNaArf, MSTERMLIHRD 1/0 el KR 255
[, Reactor M E T 45:
1. FR5$F: Reactor FF P RIERISER, HIanm4s I/0. X 1/0. N2,
2. MEMTSS: MBS IRIESER, Reactor MMM TS, HKEMTEHBA Ex-
ecutor HIEFEBAA, DAUHEFHRAIT,

2.1.3 ESSAEMTISHITESE

57T async_task X Future #RMEMEFREIIMS, Phoenix HOLH T 2RITE%E
BAHIIE 25

N TAEERFATRYIME(ESS, Phoenix & X T —1M2JmHIESS S TASK_QUEUE , &1
CPU A AMIZAESS SR SRBUE S5 $00 T, TaskQueue 2—M#ff SpinNoIrqLock {4
— XS] (VecDeque ), Runnable NEJJEEMMES:




Phoenix &2

struct TaskQueue {
queue: SpinNoIrgLock<VecDeque<Runnable>>,
}

spawn BT AR B — MR ES, BEREIR—1EI T Future BYXNZR, HH¥&
LA — 0] DU BRI T R S5 IR s B E S5 BAFI R,

pub fn spawn<F>(future: F) — (Runnable, Task<F::Output>)
where

F: Future + Send + 'static,

F::OQutput: Send + 'static,

{
let schedule = move |runnable: Runnable, info: ScheduleInfo| {
if info.woken_while_running {
// i.e “yield now()"
TASK_QUEUE.push(runnable);
} else {
// 1.e. woken up by some signal
TASK_QUEUE.push_preempt(runnable);
}
b
async_task:: spawn(future, WithInfo(schedule))
}
55 T & SR mE N T~ -

- USRS TN WEE (woken_while_running ), ¥ESSREINYIEEE, 1%
RENFEEHIIF HUT, XS GBS ZEEESSEH yield_now() FE3hikHAL
BRI

- WS REIR PR, R SSTIEIRASSLER, DARRERILE AT, IXFE I A &
AAEAESS CERIR IEAESF AL NS, N SRR AV S & AR P ROZ A 55 M, ] e
RAESIELT Interruptable KA, NIRRT —MRIAZEMESITAMA
T sighandler K%L, FHESSMREE,

run_until_idle HREATMESASIFEHIFFHITES, EFIBAFINZE, Phoenix

XFEITR, B CPU BLETE— D KAME (LAY loop MBI FEL A FIZ R 2L
pub fn run_until_idle() {

while let Some(task) = TASK _QUEUE.fetch() {
task.run();
}
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2.1.4 FHES LT

F—MESEAMH ERS, BT BN SCU, Phoenix FRZ2 Y55 #HIlEk,
sum_cnt HEEE (SR NN F P NERITTRIRED .. T13R,

£ RISC-V 1, SUM FRAEMAIIEHZEHRITENS Rk S0 T, B2ERFNZ
PRAPES (UEER) BN, Phoenix fEZASAE B AR GTE FH VIR P ASTE N 75 2248
sum_cnt ¥EES, HHHEESRT 0, SUM FRiENN 1, B AAZ AT A2z e thisi B e 5 A
FASZRMIX, WIZSEBOS PSRN IX RS, sum_cnt THEERE—, ZE] 0 NFRE
TKE SUM i 0 DAsEES 2SN IR FH P ST

PR b, ERSCYIERAT BLS Rust R TCHRIMESE R &, EB—THP S 1SR
HMNE#BE T —)2 UserTaskFuture :

pub struct UserTaskFuture<F: Future + Send + 'static> {
task: Arc<Task>,
env: EnvContext,
future: F,

}

impl<F: Future + Send + 'static> Future for UserTaskFuture<F> {
type Output = F::Output;

fn poll(self: Pin<&mut Self>, cx: &mut Context<'_>) — Poll<Self::Output>

{
let this = unsafe { self.get_unchecked_mut() };
let hart = hart::local_hart();
hart.enter_user_ task _switch(&mut this.task, &mut this.env);
let ret = unsafe { Pin::new_unchecked(&mut this.future).poll(cx) };
hart.leave_user_task_switch(&mut this.env);
ret
}
}

UserTaskFuture HY EnvContext FE 7K T sum_cnt , task FE A7 TIESE
e TURAREEAESIEHIPLNES, enter_user_task_switch HECK YT CPU I E R
P EEHATRY task , UT525 )5, leave _user _task_switch NPE DT R )HeE NA%
TR, TS5 HE G2 R —4 UserTaskFuture , EREVIIT SRR AN, &
TIATRE ™A AL,
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UserTaskFuture H i future FBEXN FTEH —TMMES M 5 &2 F — 7 2 K
task_loop, L 21E task WA EIINARHHTIREIH A, BANES., E50HE%E
I, B task 45, RAZN Zombie 5IBHEIR, 35H do_exit PREUHITANFE,

2.2 fESEEHIR

AR R AR E RGP U IR S BCH B AR B, B D HARERE B O B3tk == RN SRR, a0
7. XA, LARZRIERST CPU WEREA AL, Sff L2 e AR At 23 ]
s, (HAMSZHRIT BT

TEVAR AR AT TN FRAT TR BN, 1R 2 AR AR ANZRAR 0 FF I, 23 Al A Process #1
Thread &5MAF R, HHESEAE Linux WM, FFRET X 0 HAERLAE, Mm@l —4a
Gi—) API RRME(LSS, BN sys_clone RGBT AFN flags HEAIELZERMH
TR S, KRR SAR I QR A T 2RI, i—fH Task S5M9(K, AT UED bR
SAREES R RKENE, MATREX S HESAMSARE AR, b, X8 CLONE_VM
PRGNS, FrESSHEAESHINE=S A, XA PUE Task Z5HKHHT memory_space
FEORHIILE, FFE, WE CLONE_THREAD FRA&NIE, #HESIMARIESHLEH, X
A PUE Task &5#91AFRY ThreadGroup FECKIINET,
2.2.1 Task &aiFigit

BT Lo, BATSHERMESRES M Task SRR, HAEMRBRIHNTR:

pub struct Task {
// Immutable
/// Task identifier handle.
tid: TidHandle,
/// Weak reference to the leader task. "None  if this task is the leader.
leader: Option<Weak<Task>>,
/// Indicates if the task is the leader of its thread group.
is_leader: bool,

// Mutable

/// Indicates if the task is a zombie. Protected by a spin lock due to
potential access by other tasks.

state: SpinNoIrglLock<TaskState>,

/// The address space of the process.

memory_space: Shared<MemorySpace>,

/// Map of start address of shared memory areas to their keys in the
shared memory manager.

shm_ids: Shared<BTreeMap<VirtAddr, usize>>,

/// Parent task.
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parent: Shared<Option<Weak<Task>>>,

/// Child tasks.

children: Shared<BTreeMap<Tid, Arc<Task>>>,

/// Exit code of the task.

exit_code: AtomicI32,

/// Trap context for the task.

trap_context: SyncUnsafeCell<TrapContext>,

/// Waker to add the task back to the scheduler.

waker: SyncUnsafeCell<Option<Waker>>,

/// Thread group containing this task.

thread_group: Shared<ThreadGroup>,

/// File descriptor table.

fd_table: Shared<FdTable>,

/// Current working directory.

cwd: Shared<Arc<dyn Dentry>>,

/// Pending signals for the task.

sig_pending: SpinNoIrqLock<SigPending>,

/// Signal handlers. Shared if “CLONE_SIGHAND flag is set or among

threads in the same group.

sig_handlers: Shared<SigHandlers>,

/// Signal mask indicating which signals are blocked.

sig_mask: SyncUnsafeCell<SigSet>,

/// Optional signal stack for the task, settable via “sys_signalstack’.

sig_stack: SyncUnsafeCell<Option<SignalStack>>,

/// Pointer to the user context for signal handling.

sig_ucontext_ptr: AtomicUsize,

/// Statistics for task execution times.

time_stat: SyncUnsafeCell<TaskTimeStat>,

/// Interval timers for the task.

itimers: Shared<[ITimer; 3]>,

/// Futexes used by the task.

futexes: Shared<Futexes>,

/// Address to store the task identifier.

tid_address: SyncUnsafeCell<TidAddress>,

/// Allowed CPUs for the task.

cpus_allowed: SyncUnsafeCell<CpuMask>,

NHEAS T Task ZEHESNFERATE X
Bt Task ZMREEREN 7 A2 (Immutable) MIAJZE (Mutable) W#EE7):
A ARGy . AR RFREFOREARKE, Fitn] ORIESHRH—2t, X8
FRIAE IS ESHEARRIREE, W tid ((E5ID) 1 is_leader (B HZk
BARN TR, HTREFERARIUE, SEREINE T I BN AR Z A0,
AT AR s PR M 2 e,

TBA “X

10
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tid ESSHIME—FRIRTE ((£55 ID)

leader

X FEAEEFRIGST I H. MRS ZREREAHNTLA, WA None

is_leader FRIRESS B 5 R AR H A E 4k AE

- AP AIAFERWNESHIRESMEEREM, W1 state ((EFIRD).
memory_space (NEZEH) M children (F£%5). XEFERAESHEME

HIWATRER A, FHEEHBHIFRIRESREZ 2,

TR

"X

state

ESSHSEPIRES (BN, 217, Ffed, BIRES), H
HHEBIRT AR REAR 22 4

memory_space E55aHnE =SR]
shm_ids N X G ik 2 He == N B A BE A LS
parent RS
children TS
exit_code ESSHIIR SRS
trap_context EEHIFERE R
waker F TR 25 BTN 0 2 Ji2 2 A ML
thread_group B EZEFHILIEA
fd_table X IRTF R
cwd SR CAEE
sig pending ESHHEES

sig_handlers

FEEMHETR, RI%E T CLONE_SIGHAND tR&EEHE(TE
SAEA —EARH P, NIXLA R P R L =N

sig_mask

BEShrll, M s SiHzE

sig_stack

E5AEES, BT sys_signalstack ®E

11
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sig_ucontext_ptr (EREE OVl ol V& r=E 2
time_stat ESPITH RIS THE B
itimers 155 1Y AT R E B 2
futexes F55 15 FH A2 B2
tid_address TR SS AR IR AT A i
cpus_allowed £ B 7 CPU &4

T Task RIATARERSy, FATWHEAT 7O BRI, WEHFH MR AL, |20
#H T Inner SR fEE A7 B, JHEAMmIN B Fesiry 773X, A7 BIRRETEH &N
CRIESIR R Z 2, HE2H - RICRIUE AT EFEIHF A& Hit, FATRIETE
FEOBELAEAN TR IR B AELAE 2 A=, 735 SyncUnsafeCell #1 Shared<T> (Bl
Arc<SpinNoIrqLock<T>> ) N A/ THEE, HimIIEEMH, RIE T IHRL2M:
SyncUnsafeCell<T>: X T4&EMA W FZERMAH SyncUnsafeCell
E, SyncUnsafeCell 2 —#MraAfELEE L =K UnsafeCell., AR
UnsafeCell AEASZH Sync, SyncUnsafeCell AJPATE T 3Z¥L Sync MY
TEHL RS Sync . XS ER DIE 2 LA IF AR VB AT 28,
Arc<SpinNoIrqLock<T>>: XA —#HEN&E X =W FEMEH.
SpinNoIrqlLock 2—frElew, &M TN ENBUERIE, BT T,
& H TR ERFR N A T g B 5857 (4 SpinNoIrgLock HEEAIFEL
A ATEFF R VT RN AT IR, i EdE e f A~ —2. Arc (RF5IHHED i
M E LR DR, FNgEP =8R8T H T8, DA REdE R E — 5l
PR EFEN A ORI
£ Task Z5H1RF{E Shared<T> 1 SyncUnsafeCell<T> fER[ZEFE:, AJLA
6 R S B PRI T AR RN B XA T R 2 M55 2 IRl 2 i R E O,
R T RS R R TERE, RINCRIE AR L R0, WXL, FRIERSTREDS B INE N
B BTSSR TR
2.2.2 ThreadGroup 5#iZEIENXF

12
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f£ Linux H, KEMHPEENXR L - EERBERAEMES, Linux {#H
task_struct FABRGHRFREAEMBAE, LARMHRRAE N IIFRRERR L2 —HE,
—PNERIEEHIREE R — 1 task_struct LM, HARERR RSN T AR, K= hsk
P A FERARRA TE T, LRARAE i [ — DR QR T A A2 A, BN EARE A —1
FLAR (EE ZORERHD), B TID (SAEFRET) BLIRAMN TGID (LZHRNRT),
MRGAERE, LBHNFEERRENER, ME MR TID & HAAHEEFRIRR,
Phoenix /i Linux, XHEMLREH Task AT —3R R, ThreadGroup %
MR T E S TR —HENSEE, Sl g2 MEEHET— ThreadGroup, Ao/
(S M PR B[R] — R I T 2 f8, Task Z591&K] ThreadGroup Z5MARIEE S, 2
W T Gt — R AR E
pub struct ThreadGroup {

members: BTreeMap<Tid, Weak<Task>>,

}

ThreadGroup MK E—1 BTreeMap, ZHREPHFLARMIME—FRIRAT (Tid) METE
X Task (59514 (Weak<Task> ), M#FOIE—NERER, ThreadGroup {XEHEA L
XA, Task B9 is_leader FEX& N True, ¥ sys_clone i%# CLONE_THREAD
PRAENIIN, B elE R Task IR ThreadGroup, #7 Task ) is_leader F#KI&HN

False,
2.2.3 ESHRE

FEART AR ER SN, BT EEEMSLN Titanix HUZ2R#X 72 T Running
1 Zombie KA, FHASHFH SIGSTOP 55 2RI E (=T, A, (LS5 AEHZERTRE
HREGHUE BHT IS RSIF A RIREF, Linux XTESNFMHEIRR, 9 RaEME
PHZEFAFHIIE AR AT DS ST L AT, JRI[E] EINTR #5E%, AT RSUAMRIESHY
flag i &H SA_RESTART AJDIEERGUAM, TP EFE, TR Task AR
53R BAN ik

IRES 7X
Running [EEBTEERIBITRIESS . ISR, £55 5 M CPU, #UT
HAH,

13
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Zombie F5 &L, HEREH (PCB) hARFAE, PAEAERER]
DA BOHIR AR,

Stopped £ EEIEBIT, BH 2B THREREHRIES (1 SIGSTOP ),

AILUEERFERS (W SIGCONT ) 1kEisfT,

Interruptable LS5 T Al RRIRES, FFRENFE (A 1/O #RIESERL

BRBSIRREIEO o MRESR, 55 7] DARIE S R I e,

UnInterruptable | EFATARTHMRIERINGS, FHENFHARLE, IS

N, S A 2BUE S, DRI LS B R R SR A
8

HERR TR AR AT D

1. Running < Interruptable: ZEFFHERHILNDEMR, M Running %k
F| Interruptable RAS. #Hlan, 7ECIL sys_waits RGEAHK, Task &M
suspend_now( ) ¥ B AMESEENFIHFFEER, #EA Interruptable IKZ, Bl
A DABUE 5, AR SRR R Y, IR AR pid , WSS i,
IRE] EINTR 812, ZJGM Interruptable JRAPKE N Running

2. Running <> UnInterruptable: {15577 ZE RN SR FEA BARERUS 5 ik
if, M Running ##t%| UnInterruptable IRZE., MUEHFNEMHLLERN, KE
#| Running IRF

3. Running — Zombie: SJEFHUTERIFIRIN, M Running ##t%] Zombie
RS

4. Running — Stopped: H{EF5#EWENEILES (W SIGSTOP ) I, M Running
3| Stopped IRE,

5. Stopped — Running: 4{EF5EEIREIMUSES (W SIGCONT ) B, M Stopped
HHAE] Running IR7S.

2.3 REF5RE

£ Linux #/E&4tH, Linux PEfER T Page Table Isolation (PTI) #lil, PIESH
P SWTURE BN, YRGS/ TER S, [UERHP TR, X TIRRESH D &0

14
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IR PRI, WA T HEARTIR H AR HT RSO h i1 3% (IDT) . S RGUEANZS (8
HRGVEH. hlreRE) N, UHEIEERARIER, XM 3 2R
L #m et MR TGER T VAR IEMMEIER S, (15 M P SRR TCiE ) R Uy

PIRZEL
2. BRI RIE B BEWS R P ASHIPG 2k, Tk Bz i A1 sloR A PAZ Ak
22 [H],

SRTM, IXRRE AR T RSN -

L AR : S ERFREAEPWEIUR, BT NFEHE,

2. TEREJTHY: BXMAPSYIRBINES (BiUkz) I, #FEZETIHIIR, X K2R
1 TLB (Translation Lookaside Buffer), &7 Z& St AT H WAL IR Al A

Phoenix RH THP S AZASHH — N TUERAVREE, HH— D0k 71 P 25H
WS Z AR RIHT TLB A5, MM T RStMERE, I Bk T oS HE A SEE A 2
1,

£ Phoenix H, Task M4 an)EIARLZFERIT N HEIX R

pub async fn task_loop(task: Arc<Task>) {
*task.waker() = Some(take_waker().await);
loop {
trap::user_trap:: trap_return(&task);
match task.state() {
Zombie = break,
Stopped = suspend_now().await,
_= {1
}
trap::user_trap:: trap_handler(&task).await;
match task.state() {
Zombie = break,
Stopped = suspend_now().await,
_ = {}
}
task.update_itimers();
do_signal().expect("do signal error");
}
task.do _exit();

Bl Task JG6&, REH4T trap_return BREHFZ, BBANEAH trap_handler 2
WA SE. do_signal PUTEELPEREL, 2 Task #UXE N Zombie IRZSHT, [EIKER
IR, 1EWaits RGVARHRNMEEIR Task P,

15



Phoenix &2

£ Phoenix FINEASH P AV, TrapContext 22—/ REERVEHES, HATLR
£ MW FSUHRBINZA, AR ARZS YIRS R Z ORI E Y _E R SE R X
SERRBIBEHERIE T PSS Z IR UTHGERS IEFHETT, ARBREMEZEAIGS

(E)=W

pub struct TrapContext {
// User to kernel should save:
pub user_x: [usize; 32],
pub sstatus: Sstatus, // 32

pub sepc: usize, // 33
// Kernel to user should save:
pub kernel_sp: usize, // 34
pub kernel_ra: usize, // 35
pub kernel_s: [usize; 121, // 36 - 47
pub kernel_fp: usize, // 48
pub kernel_tp: usize, // 49
pub user_fx: UserFloatContext,
}
)EH )j 1AM :bJ W*?(#&%IJ
FERAMR iR NEZSR | PSR
t t
RIEAPSHERZ ey, 87T RISCV
user_x yss e
BRI 32 D 7 asdVE,
RIFIRAF 7R (Status Register) [{H,
sstatus RN FERES THP SIS &R/ yiss %
REIRAE,
RERHEEFIH#4 (Exception Pro-
sepc gram Counter), Rl& 4 55 84 Wi B9 H piss =
FEFH) PC {H,
RIE NS HIRRFEE, HTAEIREIH SR
kernel_sp % s
TR E AR ATIRAS

16
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RAF NSRBI HES 788 (Return
kernel_ra | Address Register), FT7EiR[EFH A
Tk NAZ VIR Ak
RIEFNESHIRFEFF4 (Saved Regis-
kernel_s ters), IXLETFAFEERAE LN SCUIHRIN 75 2R
IR .

RIF NSRS (Frame Pointer), H
TAEIR B FH P SIS AR e £

RIEENESHBE 212165 (Hardware
kernel_tp | Thread Pointer), HF7EiR[EIF 2K
AN ANEET Rt
REFH PSR e BT, EERE
[RT7 s B f e AR R AR SR

iy
(i

iy
Pl

iy
D

kernel_fp

iy
Pl

fim
iy

user_fx

2.3.1 RS- BARE

£ Phoenix H1, MPAZZSYIHLEH P A8 & A AE LS RSO :

1. Task M ELF SZfHA a5t RS

2. INWNESRIRGTA . Fheds 5 A PR 52 s iR (3] F 7SI

WEET, R EH P S ZATHREPRITE SRS, NIESE —MEH, Task NI
AR A WKENES, Kt Lloop JEAE —1T2EH trap_return, ¥ do_signal
JAE Loop HIEEE,

pub fn trap_return(task: &Arc<Task>) {
unsafe {
disable_interrupt();
set_user_trap()

8

task.time_stat().record_trap_return();

unsafe {
__return_to_user(task.trap_context_mut());

}

task.time_stat().record_trap();

17
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TEIR BT S Z /i, 87 RIE_ B NSO S 1%, S5EH A DARY 1R AE g # A A8
ik, P set_user_trap() HEGRERFIACIIEEL, PABICR T —RMH S A NS
IRERS IERIRLEE, I/ _ return_to_user {L4mR%L, i ENHNF RS,

EIREI P ASE, ¥ TrapContext FUHIETZAETE sscratch FfFEesH, a0 FFEasE
] TrapContext . FBRTENSHI T e, VHEARHIFIREIREST 78, A% A
PsteEr, BEMHA sret f52IREIF A,

2.3.2 APE - RS

£ Phoenix H1, MM ST AAZAS & AL LS = RS0

L. Rt HPEFIERNZRS

2. Rl BEOFS TR,

3. Sl AP ERHUTIRRRE,

UMW SBAPEZESK, SN _ trap_from_user F&E RS, IXEICR
MEHIVE R R P SIS, HMES I NSHIIAE, #2681 trap_handler REUR
TEA R BE R S AT AL B,

trap_handler FRESIRBUESSHURARE R, 3 stval . scause. sepc Ff#
ARAUE, 15205 [EERERFAY R UL 5 ESRERF RO AL, 5 EERERIFAY TS < bk, 40 52 ZRGeiE FH
HARTCARMEZM S HITR G, R 2 iUmEEEIRNMEAR handle_page_fault K%L,
PR AREIRE ML, SR E N 2R R AR 88 1 NI,

2.3.3 RS - RS

£ MIT 1 xv6 #ERGSHEEKFM rCore-Tutorial HIERGH, HASIFAZS
FIFRT, X2 SERZER S R WIS, S K, #F rCore-Tutorial #1ERSGIHEESHEE
Panic,

Phoenix RVFEREHNWr, B0 AZSIEREIN PR, s03E EHT RS &2
FREN, MRARS WA TA .

WA KR AW, Phoenix fRIRFTAN F#E(E:

- RAAAHB RS A ERabPR AR, REAAZERFNZF4 (ra, to-t6,

a0-a7 ),
- VAHEBMEPERAEL: A kernel _trap_handler A-EERARTE,
- WEHABERGAEAR: ERBHCE NG, RE ZRTRER A 785,

18
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- BMES: A sret fEIREIFIREREL A RTRIHRIT R,

AN, TEHRITRGHHN S REIH P STE5 RS, Phoenix REUIE EiZM5 [ FHH
FASHRE BT AR = R G BT IR E , (B2 P 2L AR T REFR A T ARANAE, B
X AREANAZ BT & PRSI, Jyitk, Phoenix RS FH P ASfEFHN, Rerhirit
HRBCEAMIZE N user_rw_trap_vector XN ATFIEE F= AR R WA T A SRALFE,

3 AFER

3.1 MEREFERE

3.1.1 AEEIEREFSECE

Phoenix #f HHtkHE IS EHNZMFW N SAFLEH, kKH crate
buddy_system_allocator,

ke icds (Buddy Allocator) 2 —FINEECRIE, W H THRERGAZM S TERERN
MR, i o B E B AR SR R AR ANAEER, AT &SR0 & AR 70 Hl5%
TF. HITAERBERRNESIZR 2 FRRTT RN NZ D ER, BFEIRE R/ NN F
I, ME/NEEIZIE RN BRI EER, B INFEREA —D A7 B SRR NE 2k,
WA CRIKFESRZ 28 BERE T, B AEMTHEHEIAE, 7] PURE AT 17 7
H5 &I, ATREMECHINFFINT L AT H B/ NRI, R RiR— 8 =, BEHREIGER
NI IR SR D NFEERIN, 25 B RS IR, WERE DS H N — D RAYER, 3%
IHHFAT BRI RER S I 1k AR B AL AR T BCFTRE T A A SR AR R TR BRI, HLd
TR/ NIRRT G IR, A RO T MR A
3.1.2 Y53 fcEs

WAZIE T B2 EH 2N N NT, Phoenix NI H TR E rCore MGEN

bitmap-allocator ., Phoenix fE WAL, S AA B S -HPIEANEIAY
IR LI

Bitmap allocator i3 2Bl — M7 BERE I —BOES NS |, XMz EH

5 —ARGR—IRNAE, QNESRIZAN 0, TERAXS B A NAZ RS IR GnSRIZA N 1, BBAR R AT A

FHREEW L X, SFRED—MeEE R/DRINTER, bitmap allocator & et &N El

WA B SRS S RN A HRT DA R 7P BRI K. GNSRA, BN B ASALEARIC N B4,
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HIRENZ NS GaHIE; REA, FUREIZHEE, RRPERK, YFRERRCE AL
HERNAER, bitmap allocator R AR AZEFRICARTEL, XFE, CELRREINFZELA]
AR R — IR BEiE RAEH T
4, Phoenix ¥¥# vififh % i FrameTracker Z5#AR, FH&454 RAIL B, 1
SERRMTAT B2 A dealloc_frame BRECH TR,
/// Manage a frame which has the same lifecycle as the tracker.
pub struct FrameTracker {
/// PPN of the frame.

pub ppn: PhysPageNum,
}

impl Drop for FrameTracker {
fn drop(&mut self) {
dealloc_frame(self.ppn);
}

3.2 ihik=sia)

3.2.1 hht=E%R /e

Phoenix Hisik == RIFYEETHA0 R B R

Pk EsE] AiZHEZSE]
< Ox3f_ffff_ffff < oxffff_ffff_ffff_ffff
< 0x6_0000_0000 < oxffff_ffco_8800_0000
MMAP
< Ox4_0000_0000 .
=RYIERTE
< 0x2_0000_0000
=)=k
< 0x1_0000_0000
< 0Xx8000_0000
Py A E
il < oxffff_ffco_8020_0000
< 0x4000_0000 < oxffff_ffco_2000_0000
BEFRZFME& MMIO
< 0x1_0000 < oxffff_ffco_0200_0000
< ox0 < oxffff_ffco_0000_0000

3-1: #h3k =]
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Phonix PEZSTIRFEE 2R AL R KERNEL_SPACE A, H /P itk=sRHLsE
Wz K T15R,

XTIk |, Oy T U7 EE A Bk, R A RS i Y 77 0K P B
H1k AN L B 8 9 7 3R B R R Bl ik, B — A R f0L kb Bk R Sk X 7 A BE Mk
VIRT_RAM_OFFSET,

X F Pk ZS R, 2T R 5> TN LRI RIEYE, TEBRIMERE T, SR BTG Y 77 =k
e B2 D R LA St 2812 PRI P B PN A2 FP REAT L — SR o
3.2.2 Boot FE&S{ipRsT

£ QEMU E& E, WA O T 0x8020_0000, £ xv6 5 rCore-Tutorial H,
0x8020_0000 PA_F- #8777 PAE #2175 AN PR R =SR], 0x8000_0000 BA MR BABEHL
Gt 77 SAE A PR ik s B, NP RFERZ RE 2G Wik zsE, mi#E
£ MMIO tiBUR e, PR ik zs R &b, i, Phoenix 5873 R TR I R i
M, K PR3 1R DA A s 6 75 2R 21 RISC-V SV 39 RLUE v for itk 23 6], Bl OXFFE-
F_FFC0_0000_0000 % OxFFFF_FFFF_FFFF_FFFF, &N Hbalxt T stbaton -
—MHFIRwS &R, TR P k2 A 2] 0x0 2 0x3F_FFFE_FFFF, 1X#%, AP #ikss
] J2 F (DR AR 1

EZ A EHRE > 12k, OpenSBI XIRFIAZ ELF SC A ik in#stist (LMA), &
JETERSTE G 2Bk R AL, IXE RISC-V TURNIHIEARIFE, WA BRIt
TP S TR N T BT 1 B S TR AR Y B ES:, X T BRI, Phoenix 7
FE R R B E A b iE 2 ], IXAEE IR BEAS R K RS S bk 4 1, (At Phoenix
E RN R R R S Atk = ], RnES i REE RN, RS E RISC-V BT
B, ENEE 8RB, 78 Boot TURAWYIE T =BT, Hisiksr5109 0x8000_0000. OXFFF-
F_FFC0_0000_0000 1 OxFFFF_FFCO0_8000_0000, HH1, 0x8000_0000 FifEE TifE Bk
WRUT, PRIEFEFTFFDURRAIG pe P17 afaaESL YL ; OXFFFF_FFCO0_0000_0000 Fft
FEETURTE T MMIO HImEABLSt, DAEFE Boot DURM BT IBFTENVEIAIRE; OXFFF-
F_FFC0_8000_0000 i {£ E T BT % ELF SCAEH Rt @A, 7€ _start B
G 2P A HITIRAD, 1 entry. rs RIGHUTREG, PIRERIHITIE S A
ez T, B, Boot TIERSTE main BRECHAT I AR A 4 58 i 4 1k 1Y) 42 JR) PN AZ DR
KERNEL_SPACE FrHEft,
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// arch/src/riscv64/entry.rs

#[link_section = ".bss.stack"]
static mut BOOT_STACK: [u8; KERNEL STACK SIZE % HART_NUM] = [0u8;
KERNEL_STACK _SIZE * HART_NUM];

#lrepr(C, align(4096))]
struct BootPageTable([u64; PTE_NUM_IN_ONE_PAGE]);

static mut BOOT_PAGE_TABLE: BootPageTable = {
let mut arr: [u64; 512] = [0; 512];
arr[2] = (0x80000 << 10) | Oxcf;
arr[256] = (0x00000 << 10) | Oxcf;
arr[258] (0x80000 << 10) | 0xcf;
BootPageTable(arr)

b

#[naked]
#[no_mangle]
#[link_section = ".text.entry"]
unsafe extern "C" fn _start(hart_id: usize) — ! {
core::arch::asm!(
// 1. set boot stack
// sp = boot_stack + (hartid + 1) * 64KB

addi t0, a0, 1

slli t0, to, 16 // t0 = (hart_id + 1) * 64KB
la sp, {boot_stack}
add sp, sp, to0 // set boot stack

// 2. enable sv39 page table
// satp = (8 << 60) | PPN(page_table)

la t0, {page_table}
srli t0, to, 12

11 tl, 8 << 60

or to, to, t1

csrw satp, to

sfence.vma

// 3. jump to rust_main
// add virtual address offset to sp and pc

11 t2, {virt _ram offset}

or sp, sp, t2

la a2, rust_main

or a2, a2, t2

jalr a2 // call rust_main

boot_stack
page_table

sym BOOT_STACK,
sym BOOT_PAGE_TABLE,
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virt ram_offset = const VIRT_RAM_OFFSET,
options(noreturn),

3.2.3 it ER

Phonix i RAII #LHl%&E Mtk =/, FZ{FHF MemorySpace 1 VmArea DAK
RangeMap £IE&5H4,

/// Virtual memory space for kernel and user.
pub struct MemorySpace {
/// Page table of this memory space.
page_table: PageTable,
/// Map of “VmArea's in this memory space.
areas: RangeMap<VirtAddr, VmArea>,

}

/// A contiguous virtual memory area.
#[derive(Clone)]
pub struct VmArea {
/// Aligned "VirtAddr  range for the "VmArea .
range_va: Range<VirtAddr>,
/// Hold pages with RAII.
pub pages: BTreeMap<VirtPageNum, Arc<Page>>,
/// Map permission of this area.
pub map_perm: MapPerm,
/// Type of this area.
pub vma_type: VmAreaType,

// For mmap.

/// Mmap flags.

pub mmap_flags: MmapFlags,

/// The underlying file being mapped.
pub backed_file: Option<Arc<dyn File>>,
/// Start offset in the file.

pub offset: usize,

}

/// A range map that stores range as key.
/17
/// # Panic

/17
/// Range is clipped or range is empty.

#[derive(Clone)]
pub struct RangeMap<U: Ord + Copy + Add<usize>, V>(BTreeMap<U, Node<U, V>>);

3.3 ROIFHLIE

23



Phoenix &1t 3244

Phoenix H AigEMHI G FH AR LIE N E ] (Copy on write). Mi7rfc (Lazy
page allocation) PUSHH - HiuikAG 2 AL,
4 H PR G 0T R E IR NN, WS AP SEEB M stval FEdeE
RAERMNE, FH7354 VmArea :: handle_page_fault BREUHITACHE,

pub fn handle_page_fault(
gmut self,
page_table: &mut PageTable,
vpn: VirtPageNum,
) — SysResult<()> {
let page: Page;

let pte

= page_table.find_pte(vpn);

if let Some(pte) = pte {
// if PTE is valid, then it must be COW
let old_page = self.get_page(vpn);
let mut _cnt: usize;
let cnt = Arc::strong_count(old_page);
if cnt > 1 {

// shared now

// copy the data

page = Page::new();
page.copy_data_from_another(&old_page);

// unmap old page and map new page
pte_flags.remove(PTEFlags :: COW);
pte_flags.insert(PTEFlags::W);
page_table.map_force(vpn, page.ppn(), pte_flags);
// NOTE: track "Page ™ with great care
self.pages.insert(vpn, Arc::new(page));

unsafe { sfence_vma_vaddr(vpn.to_va().into()) };

} else {

}

} else {

// not shared

// set the pte to writable
pte_flags.remove(PTEFlags :: COW);
pte_flags.insert(PTEFlags::W);

pte.set _flags(pte_flags);

unsafe { sfence_vma_vaddr(vpn.to_va().into()) };

match self.vma_type {

VmAreaType :: Heap = {
// lazy allcation for heap
page = Page::new();

B

page_table.map(vpn, page.ppn(), self.map_perm.into());

self.pages.insert(vpn, Arc::new(page));
unsafe { sfence_vma_vaddr(vpn.to_va().into()) };

= {}
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}
ok(())
}

3.3.1 AFthutEE

TERGVARIS R, PR EME S P S teEHE R EERE##1T72 B, 1£ Phonix H, A
F RIS = ik 23 [, BRI IR PSR I AR 2R xve AR R A& 1 DU, M
2 A] AR A R DR ML R | R P S Hadt

SR, FFASTRHIF AR AN, ArTREFEMARENTE, WTLRMRIE, N ZRE
RN R, TERPAT, eRdatt gy H, S6E m A B E AR ST,
BN PIAZIE BT R GR OT S A BRI Y, R, BROUR R b RS e &% SIGSEGV
EEEEZILHE, 1M Phoenix WRGASH TS| A PSS, Kttt FHEMPIF
AEFRIX AT IR,

BA12% T1E/E MankorOS BMARIMEE, EBIREAE MMU SRE-RIFEBISCEL T &8 F
FHEERE, ZITENEARRZE, SRR R Bty “H P REs" K
e, Na BRI BARHEREE T A — D, e Bl 24 TEURR, WIAZRE
RIS ME AP EF AT — RS — M, AR P U AR e b T A B, 2 A B )
B B ARtk Vi A1y, AT 2 A T B 2 SR P ik 2SR, S0 P e
EREHE R EEY TEERA T4 MMU ki EH a2 S rlisen s, /M
FHEEHIE R I, RN ICRESE 25 A P o1 58 A B AR SR AL R A P HE RN 28/
CoW HJIE ML,

4 XHF&RGE

4.1 EPXXHFRS

BIUERS (Virtual File System, f&i#E VES) BN ST S S MFRFR (A0W4E
S, 10 WSS W, FIMBERIEREON T RS, ©HPEFRE T N1
XA RGO, Bl T AR RS2 B E SRR, XEWE, AP EF
A AS FARIERI RSV, 40 open() . read(). write() SRiRfEcf:, MO
RS BRAF i E R B S R R A IR L

25



Phoenix &2

Phoenix OS IR S LA Linux AW, HFwo85E Rust &S RS, MEEX
R RN IR R ST TR,
4.1.1 BIAXHFRGLEN

HuEL 24605 SuperBlock, Inode, Dentry, File O EdELs,
B& FdTable, Pipe S TSRStV H AV BEIRS 1
4.1.2 ZOEIRSE

4.1.2.1 SuperBlock

TN G TR IERE X RANE R, BE NN TERERRRE R XS R
GrEEgIL, BRIENHRANER, HAaNEE, — NEGHN B — NS RG], A
TETHE ERSUFRSE, S RGSEERNEN, WA RO R i TR ERE
Pk, FENFINEERIN R ; UXHRGHEN, FERFBERINZRIR, HENFES
ARSI BEE S R BIRAEL, X TIFARR T AR BRI S RS (T NARRI SRR SR, tean
sysfs), RUAREEAENFH G BRI,

fEg R H SuperBlock trait @ X, WR:

pub trait SuperBlock: Send + Sync {

/// Get metadata of this super block.
fn meta(&self) — &SuperBlockMeta;

/// Get filesystem statistics.
fn stat_fs(&self) — SysResult<StatFs>;

/// Called when VFS is writing out all dirty data associated with a
/// superblock.
fn sync_fs(&self, wait: isize) — SysResult<()>;

}

SESGMEANREHEES (W0 Java 8 C++) A[E, Rust &H NEREMAENIH], miEs
i FZH G trait RSEICHEE AR, WERERIAARE, SRR Meta £
RFTRMN RIS, AT ERAARE LT, WO TURMRS, BRGNS H
SuperBlockMeta SRR,

pub struct SuperBlockMeta {

/// Block device that hold this file system.
pub device: Option<Arc<dyn BlockDevice>>,
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/// File system type.

pub fs_type: Weak<dyn FileSystemType>,

/// Root dentry points to the mount point.
pub root_dentry: Once<Arc<dyn Dentry>>,
/// All inodes.

pub inodes: Mutex<Vec<Arc<dyn Inode>>>,
/// All dirty inodes.

pub dirty: Mutex<Vec<Arc<dyn Inode>>>,

NFEANXHRSG, AEELHE BRI S, HPfE SuperBlockMeta 1Y
TFB, WLRETERAR AN PR ER AR K, LIRS FAT32 SUHFRSE, Bl T TR ERE XA —
A~ FatSuperBlock XZukGEFERN VEFS SuperBlockMeta Mdk&, [FR;, HFEEN
FatSuperBlock Sl SuperBlock trait FREESZEIN#2 /5 IANZ AT, IXFERLRELE
Rust 155 A HE AN R R AR B BRI RS S VIS B ONERRIE R,

pub struct FatSuperBlock {

meta: SuperBlockMeta,
fs: Arc<FatFs>,

4.1.2.2 Inode

K5 BN SRS S RIS . N T SR G ISR, 44T DARERY
B, HERIIT RN XH—ERME—R, HH SRR mFET,
K5l Inode trait £/, WR:

pub trait Inode: Send + Sync + DowncastSync {
/// Get metadata of this Inode
fn meta(&self) — &InodeMeta;

/// Get attributes of this file
fn get_attr(&self) — SysResult<Stat>;

KT RMRH InodeMeta &5MARIR, N4 HERIZEHIFIHIL:

pub struct InodeMeta {
/// Inode number.
pub ino: usize,
/// Mode of inode.
pub mode: InodeMode,
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/// Super block this inode belongs to
pub super_block: Weak<dyn SuperBlock>,
/// Protect mutable data with mutex.
pub inner: Mutex<InodeMetaInner>,

}

pub struct InodeMetaInner {
/// Size of a file in bytes.
pub size: usize,
/// Last access time.
pub atime: TimeSpec,
/// Last modification time.
pub mtime: TimeSpec,
/// Last status change time.
pub ctime: TimeSpec,
/// State of a file
pub state: InodeState,

4.1.2.3 Dentry

HSRIUR BB SAHAE H SR RIS B VSR, 22X SRR, EXFRGH, P
HHUN, BIARGIIIIR A FOURT A, SRS PR XA T RRBHKIA N, FER—

N E SRR HISERE o B SEAREOREAN 19 RO N — N H SRR, 83— B SRR E A — DN SRR G T
i

Dentry FAERAZEMTRT Unix KRGS 5 ARSI, XTSRRI E R
AT DAFSIAMH R 2R 517 /3 (RIREERD) . BAATEEFEM AR FAT32 X RGER I LER
RS AR GREER, XU SBOLASREHEROR, WM EIRZ/EMmI%A Dentry 1X
ANGER, TR R RITIRELR T E Inode Z5HIRH, IXAERIIIE B ET AT 228 fIE, 2R
M, XHFAFFE Unix BT, XA VES &I HAREY REIHMS RS £, M Phoenix IAH

HESF Unix S 2REE B Y, FIt, Phoenix JEEESF Unix BITHHITE, KR
5XHAGHEE, T Dentry fl Inode IXMERIHZR,

HRIGRIT RN —HBe R, RIS RGH TEE T H I RER A7 AN B
ARG R T H SRIAAPRZS 2 i, — M2 g Y, BIEE SR Inode B9 HRIT, —Ff
BTURE, RIAR N Inode Y H IR, 1 HRITAIFEAER BN SR GUA BT A EER)
B2, BB SCIFBMIER T, WERA L H I, X RAXBIEE LiR H RE AR
M ABIFAZLE, IR RIE AR IR PR E, 0 7 REE AR 10 7718, Phoenix
XX RGE 2R AFIX T H I, DA PRI AT IX L B8 12,
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HRI#EIER Dentry trait fiif, & X4R:

pub trait Dentry: Send + Sync {
/// Get metadata of this Dentry
fn meta(&self) — &DentryMeta;

/// Open a file associated with the inode that this dentry points to.
fn base_open(self: Arc<Self>) — SysResult<Arc<dyn File>>;

/// Look up in a directory inode and find file with “name’.

/17

/// If the named inode does not exist, a negative dentry will be created
as

/// a child and returned. Returning an error code from this routine must

/// only be done on a real error.

fn base_lookup(self: Arc<Self>, name: &str) — SysResult<Arc<dyn Dentry>>;

/// Called by the open(2) and creat(2) system calls. Create an inode for

/// dentry in the directory inode.
/1!
/// If the dentry itself has a negative child with “name’, it will create
an
/// inode for the negative child and return the child.
fn base create(self: Arc<Self>, name: &str, mode: InodeMode) —
SysResult<Arc<dyn Dentry>>;

/// Called by the unlink(2) system call. Delete a file inode in a
directory
/// inode.
fn base_unlink(self: Arc<Self>, name: &str) — SyscallResult;

/// Called by the rmdir(2) system call. Delete a dir inode in a directory
/// inode.

fn base_rmdir(self: Arc<Self>, name: &str) — SyscallResult;

HRIOSRHE DentryMeta SZ5HIKFERR:

pub struct DentryMeta {
/// Name of this file or directory.
pub name: String,
/// Super block this dentry belongs to
pub super_block: Weak<dyn SuperBlock>,
/// Parent dentry. “None  if root dentry.
pub parent: Option<Weak<dyn Dentry>>,
/// Inode it points to. May be "None , which is called negative dentry.
pub inode: Mutex<Option<Arc<dyn Inode>>>,
/// Children dentries. Key value pair is <name, dentry>.
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pub children: Mutex<BTreeMap<String, Arc<dyn Dentry>>>,

4.1.2.4 File

AN R EFTTHISFEN I RN, XN RB RS open() €I,
KRG close() U, FTA SCHAHRII ARG F LR HAE KRN SR8 SRR, S
MNEEGXHFRFHHI S FFH AR —— X WMHIRER, B2 DRI RER RN TR — S,
WS A Z NN R, HRXE AN RIGARIRS T RE R R — DR, BIFE— S
o

SHNRERER File A, HEXWF:

pub trait File: Send + Sync {
/// Get metadata of this file
fn meta(&self) — 6&FileMeta;

/// Called by read(2) and related system calls.

/1

/// On success, the number of bytes read is returned (zero indicates end
of

/// file), and the file position is advanced by this number.

async fn read(&self, offset: usize, buf: &mut [u8]) — SyscallResult;

/// Called by write(2) and related system calls.

/17

/// On success, the number of bytes written is returned, and the file
offset

/// is incremented by the number of bytes actually written.

async fn write(&self, offset: usize, buf: &§[u8]) — SyscallResult;

/// Read directory entries. This is called by the getdents(2) system
call.
/1
/// For every call, this function will return an valid entry, or an
error.
/// If it read to the end of directory, it will return an empty entry.
fn base_read_dir(&self) — SysResult<Option<DirEntry>>;

/// Called by the close(2) system call to flush a file
fn flush(&self) — SysResult<usize>;

/// called by the ioctl1(2) system call.
fn ioctl(&self, cmd: usize, arg: usize) — SyscallResult;

/// called when a process wants to check if there is activity on this
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file and (optionally)
/// go to sleep until there is activity.
/// Called by the select(2) and poll(2) system calls
async fn poll(&self, events: PollEvents) — SysResult<PollEvents>;

/// Called when the VFS needs to move the file position index.
/17

/// Return the result offset.

fn seek(&self, pos: SeekFrom) — SysResult<usize>;

XHENRHIITHE FileMeta &iMAFOR, N ERIGHRITRHIL:

pub struct FileMeta {
/// Dentry which points to this file.
pub dentry: Arc<dyn Dentry>,
/// Inode which points to this file
pub inode: Arc<dyn Inode>,
/// Offset position of this file.
pub pos: AtomicUsize,
/// File mode
pub flags: Mutex<OpenFlags>,

4.1.2.5 FileSystemType

FileSystemType HIRIAKMEIE XHRGARMUDIRERIT N, HAREH SR

RS SRR SRS SE 1 LSO B RE SR,
FileSystemType trait FJE X0 R:

pub trait FileSystemType: Send + Sync {
fn meta(&self) — &FileSystemTypeMeta;

/// Call when a new instance of this filesystem should be mounted.
fn base_mount(

self: Arc<Self>,

name: &str,

parent: Option<Arc<dyn Dentry>>,

flags: MountFlags,

dev: Option<Arc<dyn BlockDevice>>,
) — SysResult<Arc<dyn Dentry>>;

/// Call when an instance of this filesystem should be shut down.
fn kill_sb(&self, sb: Arc<dyn SuperBlock>) — SysResult<()>;
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FileSystemType HJ¥%itH FileSystemTypeMeta 5K R, FHE%AH EHISEHIF
iR -

pub struct FileSystemTypeMeta {
/// Name of this file system type.
name: String,
/// Super blocks.

supers: Mutex<BTreeMap<String, Arc<dyn SuperBlock>>>,

4.1.2.6 Path

Path 25/ KK £ EHRELHEKZMEN, BT AIE DentryMeta H {HH
BTreeMap HXI&AF— SR NRIFTA 7 HSRIA, [KICBATRENS 1 NAF Fh PO IEA TS 128
#r, TJCHREE U AR TFER AT 10 #1F,

pub struct Path {
/// The root of the file system
root: Arc<dyn Dentry>,
/// The directory to start searching from
start: Arc<dyn Dentry>,
/// The path to search for
path: String,

BT HAMELEN Dentry SEI 1A HSRIMHIMR, FEMATHISCEEAER f 8, HFRZHME
NBRFE AR FEAR B B8 A2, SRJE BRSO H SRIEAT AR AT,

impl Path {
/// Walk until path has been resolved.
pub fn walk(&self) — SysResult<Arc<dyn Dentry>> {
let path = self.path.as_str();

let mut dentry = if is_absolute_path(path) {
self.root.clone()
} else {
self.start.clone()
};
for p in split_path(path) {
match p {
o =

dentry = dentry.parent().ok_or(SysError:: ENOENT)?;
}

name = match dentry.lookup(name) {
Ok(sub_dentry) = {
dentry = sub_dentry
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}
Err(e) = {
return Err(e);
}
b,
}
}
Ok(dentry)

4.1.3 Hfth#uREEW
4.1.3.1 FdTable

Unix B2 AR S TR L Inode, HARTE T SCHERITTEUE; KNZST IR Sl
ZX File, HARTF T SRS AR A8 DU T P RIRRAE ; R RER WS IR,
SCPEEIATY F AR S A AR Y SRR AT R T A B,

LR open() REUAM, PR AR — DX GORET PR T BT
HIER, ERNEFHF AN RIRE S ER, M2 — MR E0RE], BT open()
AZGUA A RNRENE R — D AR, IXDNBEFRIESFIRTT o SRS R —— %
P, TZAES 2% B OQ R HURIRESAL , W2 S RRIT R, ESKBIA T, SCAHIRTT RA R

M, BATE NI RMR PR, MITER MRBUE SN GO B SR T

4.1.3.2 Pipe

EIE Pipe B —MEARHIZRIEEHIHL B RVF— DR AR T 2 5 — R,
NHRGCRLINEEEE, LT FIFO KA EE XM, XHNEHE—
ANERIX, [R]IN BIEEN STHRT GRS B ST REIRFRF o PR ST RAER R DX ME TE L
F, — IS AEBNEMX P HANE, —MSINEENZEMX RN,

BB EdESSME PipeInode i

=18

pub struct PipeInode {
meta: InodeMeta,
is_closed: Mutex<bool>,
buf: Mutex<AllocRingBuffer<u8>>,
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PipeInode &Xf VFSH' Inode #IEEMAT— LM, WETEIE. ZPXMEERS K
EiliDIESSE

X EE TS RS R, PipeReadFile #1 PipeWriteFile , MJZEXf VFS
H File MYSEER:

pub struct PipeWriteFile {
meta: FileMeta,

}

pub struct PipeReadFile {
meta: FileMeta,

}

PipeReadFile fAsi NEIEXIFHRHEGRE, KILESLEN File BIRHE, HSZIE read
Jiik:

impl File for PipeReadFile {
async fn read(&self, offset: wusize, buf: &mut [u8]) —
systype::SysResult<usize> {
let pipe = self
.inode()
.downcast_arc::<PipeInode>()
.map_err(|_| SysError::EIO)?;
let mut pipe_len = pipe.buf.lock().len();
while pipe_len = 0 {
yield_now().await;
pipe_len = pipe.buf.lock().len();
if xpipe.is_closed.lock() {
break;
}

}
let mut pipe_buf = pipe.buf.lock();
let len = core::cmp::min(pipe_buf.len(), buf.len());
for i in 0..len {
buf[i] = pipe_buf
.dequeue()
.expect("Just checked for len, should not fail");

}
Ok(len)

VA read 757k, HEMXEELRIERN, BHEZESNEH CPU BiE, FRRPHEARH
ERIAHEN R EERMX R EE. BV RS —HEE, MIETHREREES A%
X, ZJa iR s MR X B,
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PipeWriteFile fARMIEIEXHE NEHE, LI File AYBHzE, R write
Fiik:

impl File for PipeWriteFile {

async fn write(&self, offset: usize, buf: &[u8]) -
systype::SysResult<usize> {
let pipe = self
.inode()
.downcast_arc::<PipeInode>()
.map_err(|_| SysError::EIOQ)?;
let mut pipe_buf = pipe.buf.lock();
let space_left = pipe_buf.capacity() - pipe_buf.len();

let len = core::cmp::min(space_left, buf.len());
for i in 0..len {

pipe_buf.push(buf[il);
}

log:: trace!("[Pipe::write] already write buf {buf:?} with data len
{len:?}");

Ok(len)
}

BIEXMFEEHEN PipeWriteFile Zdn/EHAZ RN OCH], KIAE PipeWriteFile
] Drop HRHAEE S
impl Drop for PipeWriteFile {
fn drop(&mut self) {
let pipe = self
.inode()
.downcast_arc::<PipeInode>()
.map_err(|_| SysError::EIO)

.unwrap();
*xpipe.is_closed.lock() = true;

4.2 FAT32 X &%

FAT32, ©#5h File Allocation Table 32, B2—MXH RS, HTESMHEEILS
ARSI E 3, B2 FAT SRR —PMhiRKR, BPIHEMERTE 1996 F5I N, T
RN TR FAT16 fEAMRR A BAFEIL SN IR, FAT32 XfF&RSiE Windows #
TERGE AN VF 2 HA R s A BUA PR 2 T T2 M A,

FAT32 )3 24 i A -

35




Phoenix &2

- R TEMFRANE: FAT32 24t 17 RAFRUREMERIFRANE, RERSHRE Win 9X K LARThR

A Windows #1E &St
- ER/IN: HHEE FAT16 B/ (BdEAMERTT), Mmiem 7 KRR F=3E
FIHZ,

C XA R: XFNEN XA RRARNIAES 128TB, KT FAT16 HIFRH,

© SRR AN SRS RS 4GB, XA IR B SRR 2 — AN BR

FAT32 IR GEEEE T RS =800

- BIBX: BEXHARGMERGE, W FAT #ML E4 FAT RIUKDN, FEXHA

NSRS

© ORI EHERA SRR, RAFEEAEEE X SRR ERE R,

- BB TERH P EE, DA S ERAR A

£ Windows I IHRYSIAF R St FAT32 FH% A REU UNIX RIS ARG HTER,
LT UNIX RYIFSCHERSE, FAT32 /) UNIX MUER rwx APREH, AR EiE
RO REE AT DLSC IR REE DT REAUIBEEL, BRSNS FAT32, HFRSEIIN AT VFS £
1, {E2EARSTIM FR R B — LE R R AL,

Phoenix f/ THIRM rust-fatfs FE, IHAEHEM BN T 220035, @il s
FAT32 1) VFS EH: 58K T FAT32 BIAH%,

5 HIEELE(E
5.1 {ESHH)

BESBRBERG AR LB F @I —FHLH, TZEHTEMHELE T RPEMS,
Phoenix 5 Titanix FESHLHIHEEL, FSHIHIEMEE, Titanix FESAYH
HEESYS, Phoenix 2% 7 Linux BYSEI, {HH SigInfo AU, BRTRERTME
SISHN, IEREETTEZHIER:

pub struct SigInfo {
pub sig: Sig,

pub code: 132,
pub details: SigDetails,
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XA S POSIX AR siginfo_t SitARHE{, ¥58 T Phoenix R4t 5HrifE POSIX
REORFRAE, I HAES Phoenix FESHLHI B T EBAVRISGEE N RIS, NG
BER]DURE SRR, P RRFHERE LT SCEEE, flil, code BRI DA T X593 [H
RERESEEM, details FERNATDIEE HEIFHR L P UER:
pub enum SigDetails {
None,
Kill {
/// sender's pid
pid: usize,
e
CHLD {
/// which child
pid: usize,
/// exit code
status: 132,

utime: Duration,
stime: Duration,

}

fan, 4 IR Zombie INFRZE AR K IR SIGCHLD 155 & A HARIRASAE,
N SigInfo Hiy SigDetails FE IR CHLD , J A& IRACHIEH CHY pid | IRASHS
status . AFPRIBITINE utime MIANESIBITINE stime , XEFE A DAA BT RiERE
1E Wait4 REVEH N S22 TR EdE.
5.1.1 {FSRIREK

TEAESS SR RIENH P S Z R, TEREHTE SO, RENCHEEENE
5, VA& S HE SR S TERMT Y, ORERERES (ERNa S AL S 5, X — /L]
AR ERFNB D HE, AR HIFI AR @ E R B2 E 57

IX PR B — N, SRR N E S EE A 2 T2 A B E S RN 2R,
AR AT 25 3 AR B, R o (3 Jea A A R 42 FRUAS 5 BRI RO AE FRAY , 31X FIFO (S
AN Tk BARTE R ER:, BRI SM Z 2 F N AT R~ flan, H—1 5
2237 RI0a B A B BUE S — N EAE 5 AN EAN, 2R BNAIF A AT g G RR 2E 51
Wi R EIR . Phoenix 1R IHESAEBALHIN, 2% T Linux WERISEIR, 5IA TESIERK
MRS, AR AL E R 255 A DIZAMS 20, /D TR IER, 1871 7 RGN KA
IMANRE ST, BN, HRAIRENFTIMEN, 2fif&Z SIGSEGV (Segmentation Fault) {5
5, frERBTH M ERE, XMES1E Phoenix ELIEabEL,
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M RILAER] sigaction RGUHMNFLEES BE ESAHEE, RIERGAZR
AR N BRTA A P B E XIS S A B 2L
L RFE X WERRESRIHEIIT IS, EREFAAIGS, HEdEE. &P
THERE, DMEER S UE R RERITAIT,

2. VHEIH P WS, FOTEITH A B2 XAE SRR

3. IRE L™ fR] sigreturn HMEOREIZINZSF BIKRE ZATERFHIERE | R,
WFFARAS, ket B THERSE.

XEFIRAAE R, BIYJa P SR 2R T LI, IB2MIZR BN R IFAE
WRER? FRop PR ShUN AR —FRME A Titanix #_E P ODRENZLS, XEARMATE, HEZX
T POSIX M7 — RS ALstE PASCHE, BIUNIE 7 SA_SIGINFO triS AL AIE SRR
HIRRESE A 2 RN e

void handler(int sig, siginfo_t *info, void *ucontext);

IXH ucontext /Z2f5M ucontext_t M ARTEE, TRt E SRR LR UER, W
SRR B N SURTFAE TS, IR PR ANLRVIRIZINAZRRIE R, R ARE AL
i, BAREFFFRAMIAEFFHEHFZIREA, HE2 Phoenix Y HFRESKBIFFE POSIX
MTEHIRIERSE, RIARIRSEIL 7RG AL,

Phoenix 2% 7 Linux WYX, K5 SAPRN T2 RERIER LR SUREFAE T AR
, IXFE ucontext FEMAH P ARELIER 7 4,

6 BE5RE

6.1 TIERLE

LB BRI (R, DATERRDRRA 77 SR BT 55.
SIUEIAFRSE, AR IRS SRR A

KRERHIDEST.

SBLPIAE K I RS .

. SIS FE, 991 backtrace U, 7RI AETSHTEVBR SR TR,

ok Wb

6.2 KRWEL
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1. RGAHSEIZ 2% System Calls Manual Fift, Z#f Linux raw syscall #17t,
2. ZAZARIRAME, REMKEZENHE, BITNEEHAEE.

6.3 xFKitkl

BRRIALSAERS, BRRAGTHRTEIS ML, HIGIISRI I EHLH],
IEAL busybox # libe, FEEHHX RS HEIIRE,
TEACEYE AR, sEE RIS,

SCINTE BRI MR T)RE, T8I RFETUH,

= Lo
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