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Figure 1. Linux kernel components have strong inter-dependencies
making it difficult to remove or replace them.
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use handler_table::HandlerTable;
static TABLE: HandlerTable<8> = HandlerTable::new();

TABLE register_handler(0, || {
println!("Hello, event 0!");

1
TABLE register_handler(1, || {

println!("Hello, event 1!");

s

assert!(TABLE.handle(0)); // print "Hello, event 0!"
assert!(TABLE.handle(2)); // unregistered
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/1] The low-level **OS-dependent** helpers that must be provided for
/1] ['PageTable64].
pub trait Paginglf: Sized {

/// Request to allocate a 4K-sized physical frame.

fn alloc_frame() -> Option<PhysAddr>;

/// Request to free a allocated physical frame.
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fn dealloc_frame(paddr: PhysAddr);

/// Returns a virtual address that maps to the given physical address.

V4

/// Used to access the physical memory directly in page table implementation.

fn phys_to_virt(paddr: PhysAddr) -> VirtAddr;

/// Implementation of [ Paginglf"], to provide physical memory manipulation to
/// the [page_table] crate.
pub struct PagingIfImpl;

impl Paginglf for PagingIflmpl {
fn alloc_frame() -> Option<PhysAddr> {
global allocator()
.alloc_pages(1, PAGE_SIZE 4K)
.map(|vaddr| virt_to_phys(vaddr.into()))
.ok()

fn dealloc_frame(paddr: PhysAddr) {
global allocator().dealloc_pages(phys_to_virt(paddr).as_usize(), 1)
§

#[inline]

fn phys _to virt(paddr: PhysAddr) -> VirtAddr {
phys_to_virt(paddr)

}
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/1] A wrapper of [ Arc<dyn VfsNodeOps>"].
pub type VfsNodeRef = Arc<dyn VfsNodeOps>;

/1] Alias of ["AxError’].
pub type VfsError = AxError;

/// Alias of [ 'AxResult’].
pub type VfsResult<T = ()> = AxResult<T>;

/// Filesystem operations.
pub trait VfsOps: Send + Sync {
/// Do something when the filesystem is mounted.
fn mount(&self, path: &str, mount point: VfsNodeRef) -> VfsResult {
Ok(()

/// Do something when the filesystem is unmounted.
fn umount(&self) -> VfsResult {
Ok(()

/// Format the filesystem.
fn format(&self) -> V{sResult {
ax_err!(Unsupported)

/// Get the attributes of the filesystem.
fn statfs(&self) -> VisResult<FileSystemInfo> {
ax_err!(Unsupported)

/// Get the root directory of the filesystem.
fn root_dir(&self) -> VfsNodeRef;

/// Node (file/directory) operations.
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pub trait VfsNodeOps: Send + Sync {
/// Do something when the node is opened.

fn open(&self) -> VfsResult {
Ok(0))

/// Do something when the node is closed.
fn release(&self) -> V{sResult {
Ok(()

/// Get the attributes of the node.
fn get_attr(&self) -> VfsResult<VfsNodeAttr> {
ax_err!(Unsupported)

// file operations:

/// Read data from the file at the given offset.
fnread at(&self, offset: u64, buf: &mut [u8]) -> V{sResult<usize> {

ax_err!(InvalidInput)

/// Write data to the file at the given offset.
fn write_at(&self, offset: u64, buf: &[u8]) -> VfsResult<usize> {

ax_err!(InvalidInput)

/// Flush the file, synchronize the data to disk.
fn fsync(&self) -> VsResult {

ax_err!(Invalidlnput)

/// Truncate the file to the given size.
fn truncate(&self, _size: u64) -> VfsResult {

ax_err!(InvalidInput)

// directory operations:

/// Get the parent directory of this directory.
V4

/// Return "None' if the node is a file.

fn parent(&self) -> Option<VfsNodeRef> {

None

/// Lookup the node with given “path’ in the directory.

/4

/// Return the node if found.

fn lookup(self: Arc<Self>, path: &str) -> VfsResult<VfsNodeRef> {
ax_err!(Unsupported)

/// Create a new node with the given ‘path’ in the directory

Za



/// Return [*Ok(()) ](Ok) if it already exists.
fn create(&self, path: &str, _ty: VfsNodeType) -> VfsResult {
ax_err!(Unsupported)

/// Remove the node with the given ‘path’ in the directory.
fn remove(&self, _path: &str) -> VfsResult {
ax_err!(Unsupported)

}

/// Read directory entries into dirents’, starting from ‘start idx".
fn read_dir(&self, _start_idx: usize, _dirents: &mut [V{sDirEntry]) -> VfsResult<usize> {
ax_err!(Unsupported)

}

/// Renames or moves existing file or directory.
fn rename(&self, src_path: &str, dst path: &str) -> VfsResult {
ax_err!(Unsupported)

§

/// Convert “&self" to [ &dyn Any'][1] that can use

/] [ Any::downcast ref ][2].

/4

/] [1]: core::any::Any

/1 [2]: core::any::Any#method.downcast ref

fn as_any(&self) -> &dyn core::any::Any {
unimplemented!()

}
h
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trait SchedTask {

fn current task() -> Self’;

/// get the task context for task switch

fn get_ctx(&self) -> TaskContext;
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#[cfg(feature = "preempt")]
fn need preempt(&self) -> bool ;

#[cfg(feature = "monolithic")]
/// get the page table token of the process which the task belongs to

fn get page table token(&self) -> usize ;

#[cfg(feature = "monolithic")]
/// force to set the page table token of the process UNSAFELY
fn set page table token(&self, token: usize);

/// update the time information when the task is switched out

fn time_stat when_switch_from(&self, current_tick: usize);

/// get the policy of the scheduler
#[cfg(feature = "monolithic")]
fn get sched policy(&self) -> SchedStatus;

/// get the cpu set for the task

—_n

#[cfg(feature = "monolithic")]

fn get cpu_set(&self) -> usize;
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/// Initializes the task scheduler (for the primary CPU).
pub fn init_scheduler();

/// Initializes the task scheduler for secondary CPUs.

pub fn init_scheduler secondary();

/// Spawns a new task with the given parameters.

V4

/// Returns the task reference.

pub fn spawn_raw<F>(f: F, name: String, stack_size: usize) -> AxTaskRef

where
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F: FnOnce() + Send + 'static;

/// Spawns a new task with the default parameters.

V4

/1] The default task name is an empty string. The default task stack size is
/[ axconfig::TASK_STACK_SIZE'].

V4

/// Returns the task reference.

pub fn spawn<F>(f: F) -> AxTaskRef

where

F: FnOnce() + Send + 'static;

/// Set the priority for current task.

V4

/// The range of the priority is dependent on the underlying scheduler. For

/// example, in the [CFS] scheduler, the priority is the nice value, ranging from
/1/-20 to 19.

V4

/// Returns “true’ if the priority is set successfully.

V4

/1] [CES]: https://en.wikipedia.org/wiki/Completely Fair Scheduler

pub fn set_priority(prio: isize) -> bool;

/// Current task gives up the CPU time voluntarily, and switches to another
/// ready task.
pub fn yield now();

/// Current task is going to sleep for the given duration.
V4
/1] If the feature ‘irq " is not enabled, it uses busy-wait instead.

pub fn sleep(dur: core::time::Duration);

/// Current task is going to sleep, it will be woken up at the given deadline.
V4
/// If the feature ‘irq " is not enabled, it uses busy-wait instead.

pub fn sleep until(deadline: axhal::time::TimeValue);

/1] wake up task
pub fn wakeup_task(task: AxTaskRef);

/// Current task is going to sleep, it will be woken up when the given task exits.
V4

/// If the given task is already exited, it will return immediately.

pub fn join(task: &AxTaskRef) -> Option<i32>;

/// Exits the current task.

pub fn exit(exit_code: i32) -> !;

MNTFEANERRESEFEN, ATH—ER, HIMEKRANTRRIRIR, @ EREZIRRIAIE
Mg TG E. ERNTHMARALERR, MIITEAIUSET Starry WARESEX, BEE
MEERKNESLEHN, HERBRHRNEXVEOMELAMZATIEX, M E BRIRHE
o



| HERThEE) R R

H—MERIZITHHRBEHR, AT RIEATURSMERNARER, ENIFAITIZSHNERK
ZRM. FERIRADAE X BURAIRME, B—MRIR AAE ERENINREU R FERPBEY BNTH
8 -

ZENEIF, Starry RETF ArceOS HTIZITHY, M ArceOS fEAA— Unikernel, HIRHR—FF181&IT
B{SU#E Unikernel WAEFRR, MM FLRARNXGRSG0ME WFIHBRPEEEIL. meminfo
EXHEENTEL) BEEERE. S ArceOS I BALAKBY, Starry EEHFHITRAKII 4
Rgta{t. XEHEXEBMERRIIZAINTE axfs B, TR HRITE Unix RAKEDIE axstarry
FEXHRFEEITNE mod Fo HRBIFXED TIEBTNE] axfs FH#H1T, BLBETLEAKRHEZRSA
TRt NRMEFESE AR, #HEERE—RIINE, MEERPUHEZES. titZoEEIE
FIEIR, MXERRENXHEFRARNZEKIN, MaIEE | ARTHENKTHEESHIEIFKI
ByielEl, RIXBEAI T EEREBINEN, axstarry BRESLIMAZFEENLER Unix Bohtew
EEIhEE, RREXRMNHFRASESFIRRPFER Unix TR BRITHEE,

| mErwmmn

ENFELEE—TEIFABIIBER | 7F Rust A, TEIFKHE (circular dependency) IERIEM T
ZER (F crate) ZBIEARKF, SBURESRTEAEBMERRIZERF. XMERR5IA
PRIFEEIR, EN Rust WmIFSRREMREH X RZEFH, LUERER EMERTMgRIEE,

BRIRERMRR A M B, ARKR A KHTRR B , ENRR B WEAMTRR
A, BARTERAR—TEFKH

// mod_a.rs

mod mod_b;
pub struct A;

impl A {
pub fn new() -> Self {
B::use b(); / 1&/H B FHHIEHEL
A
}
h

// mod_b.rs

mod mod_a;
pub struct B;

impl B {
pub fnuse b() {
Aznew(); // 1 A FOEIEEL
}
b

EXMHFH, mod a AKHI mod b , M mod b WEKF mod a , XFELH T EIFEKH . Rust
IIFBRRENTERE W MERNIZ T RIFMIRE.

FERTEIMRIET S RO T
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1. B  HEEZERENE— N EZAERA, BRERKH. F50, & A M B W
HEIMEREI—1NRER ¢ P, A5 A 1 B #&H C -

2. fEARIEO (trait) @ 5K X RZHRM trait, AREEEAIHAE LI trait, XEERTLUFT
IR B R AR X R

3. FBEERL | BRMETLUBREHEREIAIER, A58 (&) « #BH ( Bx =
Re ) FFEREBIBIFMER,

4. DEBFEBASEKH | CFHEMBARRE— M, EANEIKRES A, WRDRIR
R B E K

RS, SERYSIREZRTH, RREEBRFIR L. Starry BRIBZIFIHRT 61
TRIR, REER BRI E LA SEERN X R0E—T E2~Mt, BTFASEYDIIREMmEIL
BRI AR SRS, FX L, mEHTT SENIEND, BNASEEIFKNAYI
o Starry PR—PMIRAHBREIFMKRIDBINT ¢ axhal EHHHRBEERIT percpy EEE—
N CPUBIER, M percpu EINFEZAILS, HAFEEBRESERREYE, ESHFBMEENX
7 axtask HEIRT, 5B axtask FAEBERB X, axtask FAEERNEKBT axhal BESEO,
M BB K o

axtask
axhal J
(2R d)
percpu }
| )

kernel _guard J

NT BRTEIR ARG, AR T 0T imfhf R B R ¢
o EEFRRENFTSHEELSTE Ml C)  EEEM ArceOS RERT XMAE, BAREA

D zavl =]

https://github.com/arceos-org/crate interface 18R, BIEFRFTIZZFI AR S SR RHI T
HIEA, FTHET Cargo M EIRVAKHI X RAVPRE], MMARR T BIFERHIRYIA),


http://crate_interface/

E EERBIFF, ArceOS BUHT percpu £ Cargo EFT axtask BYKHES, £ percpu ZRHIEH
XBEFERATRHSHE, BINSHEERAR axtask NZRIE S, MMITHE T B«
o

axtask
axhal J
v (iR )
RS EE
(RZ2)
percpu
| )

kernel_guard J

XA AR AR R, H B RFERZ MR, FHEENERABTMA
Ko ERRZBIEE T Rust WEREMIEUMEREH X R, ARLHM C IESELETREH
THEEN A ARELD, FERBNLZEEE, PRUAFERATRRMER.

o BREXMKLMAF | BREXHERDARVZHANNREHN—FHAFRIEIR. REER
EHNF A E. TERERDFET, BNIRRHRRE XX CHRERE—MEIR
T, Fit ERRRRe S8 RERRNESASHNAREEREX LHREXE—IERN,
BIUERAE—MERA#ITRIE, WTF Linux F C IBERENNZ, BTIAKRE— AR
R, AUARSAEXNEE. BN THTEFENER, RO MURNABENERE, &
NHELFHEE. ERHMNESHRFEEX D, BIOESEMEXHBRNEN, MEFH
SIERIEE. REERAERENESLENH SREEXNFRNERIE, AIE Stary #,
tasketx  HRIREFATHIESLEMINEN, M kernel guard , axtask DRI LS. HEER
BIEIRIE N e XA MERRFIA taskerx IRUNZIRH B#H1T1R1E,
ERXNEXMEMAANART, HITZAREIARHBERRINI A R MERREHRITE
[SEMAE, IUNAZERXNESENEXFERE. S5 LERD M BT REiREth®
W7o  axhal KT percpu , M percpu KENTF tasketx , EFESESHBR T, axtask
FTIRERBHMEIRE tasketx AURIRFHEBITIRME, AMRRZEH#ITHE,



axtask

axhal EE
Allsz
percpu
v v
kernel guard taskolx
g mEng | ESEREX

e

B RRTF AR MUIERIE Rust 15 S R EMAVRTE TRUREIFMEHIRE, EREEH—HEK
RILARIR[BBY BERH X R, HRRIRREE LM FRIKRH X R, BRENTEZAET
FEH—TFDNERAT, BNBRAFCEFFAENERZRFEDIHECEN, IZMFIRS
BRI TAEmMET B,

M ERBIBRA R BRI S AS BB RNEN R EZL, £ ArceOS RESRAE—MITE
FRR, 7E Starry REZMRABYRE — M5 ARBREMMEHIAE, MM/ P EESLIER RIKRAY
54, KRR LURIERRIAREIE RS Bk

| ArHErE T R

RTFEMOREBEEEE N, FE, BUNECE, Hit, EBITARNALRIRER, F
ERNN SN ECEHITRIE, AT, FRKNKGRALIRES, NAHTSICEZENRERY,
SNMATARIRZ AT review [BJRR, ANfENEITENEY CLIMHERRAEHITSME A LIRS
R ERRYR),

ATETZOFA, URHNERNIEFENAERENE, RITAEERT JLFHEFR T EfH
TEE, HMNORRMEEENALRANBR—ERE LETRNNEANZ CHATEMMBAE FHK
B TESRFRR, KIEHNNEMEENFEIURESARERNEE, FIHRE TN THFRE
I, BFEH P EEHZT AL,

| e gic ReEthE

=R, BITERERERN git, EERABRNEF T —1IKREE, EXTAREEP, XAET
BTN H  (common/cspace/vspace/ipc/task/kernel) FAFFRIFAIBIIEIR,

ERMIBERTHIME, BFFRESMBINEE— 9%, SIABEFEENISZNENE
I

ERXREREIMTAD, BEFRE, BRATEAEBHNZAMME, SHETHOIZIZEEHE merge, R
EHEEDT EE, HIAENmergeZE, HEBEHMITAImergeCIZRE £ B merge, [F
BY, EXMIERT, M FELIEIFERFHE—RE,

AT RRZANEE, FANAERSE L RATRMDE. MENTLIE
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o git AXABUBNALIFECHABHNAR, MEEBEN issue WA NEHR
o BIFIFFHFZZIBIAY merge

o WTEMOXMEDXZEANGH, BRAFERIZAMBFZANMEDRANER, AlF
GG, BEHEEDR

o BPABUEERRNZR, HTE github B cie
EXMIMEANT, BLETFERFWNER, IMEERET —ENRER.

BN TFERMEPBEFRR, XMERE git €F, HAERFRAANILEMADELE B3]
BICES, WEAAMIITRRILAIB R,

FHLRIR, HEMTEFEREBNER, FEMMBFSR TSN FEeEFRE.
' repo TETRIIME

AEXMANT, HNHEEESNMNEE, RAFRRENEN. B, ATEESNVNEEDN
B, BITFRIRINTEREAEREMcRHTRENARERE, RAXEESRI TS
BET,

RAEINTEEHERIR github BY submodule IIEE. 1B submodule ZZIEUA THIBRM @ FATHIHET
AERERREHYFR, FENSMEBRHABEHFHITAIMIENAZE, FH submodule 25, FHK
MNHNERD LEZNNEEMARE, HRAXNIFES N FIERRE T RZEREIF—LE,

RN VAR —BZ G, EMER repo TEHITEENMGE

repo AREE google T F& Android MAEAN—1TIE, KBHEKIET git, ELttHFAEX Lk
B git CEN— D EERS .

MNFRINNECE, RFE

repo init -u You_git_addr

repo sync

BRI BRERIES

ARECET defaultxml XEHREFENVNCERNRUE, FOX, BIRXHk, RELIBE
HU/ VB EEHITHIEY, TR (RTFRIERIILERD) -

<?xml version="1.0" encoding="UTF-8"?>

<manifest>
<project name="seL4 libs.git" remote="sel.4" path="projects/seL.4 libs"
revision="2ca525429¢e7b4f5abbc1fc694d3acatf5eb6e7db" upstream="master" dest-branch="master"/>

</manifest>

MR, B NNEEREMLAR— T TRIIAY git XK,

B, EEKERNME, HAMDALMTIEZEE, sHIXERE, HIBSSuRR T IEN
Ao

AR BB TR ESRGNABNERENZ NN EHITED .
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BT ENHOZS MRRDAREREEH SR, FAUASREMEREETBHIRME, BARITEME
SRRFERN, Ft—XABEEERZSTNECE. MIRBZAOENDEINE, BEFNIZ
EERED AT commit, TR—IZALIERIRE, push BIEMNSSZCE, #ITEHBRER
FEDZ,

XEFET N, NRFLEERS MER, TRSTEAMFRIABHBIDES /S, 1€
HthZ MNCESFE— DX, #ITRR, AREHINENECENENZERE. X—F,
BREZPECENZSTAZURMINNEHIRER, FRORFRELS, SBAXREZER
ES IR N IFES BB S,

m—BhE, FEEEXENER, XBEEFINIIEFLEUNRFRERTEE. XBEELE
PRY —FhIR 3o

SR, WREMPAMT —EER, BAMOSIULES RIS PN ECENFREARFH. B
MEWR, MRENA A BLRERT S0 FEENEH, ER5LEN, 5—MAA B idEZ5]
BEERR, BoXR, A FHERZEBLECEREHIRNTA, HALZRRNED
MERFIRXEELEH T ANRR, BE B REGHHER, MR35 EIEERE-.

EE—TMEXT Cl, BTFRXTZE, IUMEARNCEN Cl, ARRNREMERNEE, B
BXEME, HARFARNEIRERE, HEK5T T EH, Flt, BMEFE ClBikE, XMREE
FRIXNED SFHH. FUHRRELERN CI WHEIR, LK, HMNFEFoRIL C1 EXFET.

FEBAHR T EZ IR IELIE HlE X N a) o

s FEERENMAATEMER, MEFEATARKBNEMERHITAR, BROEAAN—TAN
ESEISEL GRS

o HTRNMDMEHNABZEED, RAlt, WF—REXIFEELFFER—F, BIRLEMA
FEREARBERR, XMEEMAZERFELRS. FEXDNAEEEAME TS
Ao

o TEARMHEF NI,
' git-subrepo TE T K EEMZS I/ NEERE
EX—4%, BENHAERTLERT repo WIE, MEELEM E#HITTHIT

SNZ/IFRR, ZMMRROEBEET SN EENRERERFE E . MEXENERENE—
BRENACENNR, FLIEHIIEXIFHE git-subrepo TE

N T T AREEMHERTHZSNVNEENAR, BT REFEAMRRICZEIRNE,

EAXINIE, AILUBEIE SR
git subrepo push sub-module-dir

B push FEMEIR
WA LIEEERERRE MR EE—FER git HIER.

EE, FMNEFXMIEMET Cl, SEACERRTZE, AUEHNRNEERITES,
MRTNEERIRHATTENR, BIETERECEFE.
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' Issue I EE

BAMER github B9 issue ZHTBTIEWEIE © AR github FIZA— project, TEEHIF
FESHERIB DDA, HFEAENAY issue, WIRFER, RILUTE issue F#HITIHIE, BRprAvE
BHRRITIENIZ issue, HESHE XA issueo BNDZEHUIME— issue, MAEBREBTA
X173, BTAZUNAREL, —DMFIF=E  https:/github.com/Starry-OS/Starry/issues/13

| Mg
B2 AR NRAMRIRIZ I A SE PR & LR 7 #SRE Mo
TEAZIERIZIT £, FIHRE ¢
1. ERERNEREEF AR LURII, EARFEZEMAZRBNZEORIT, AR
REIARENE,
2. IREEAES OS MBS RMRIRAILIRIL, H&E Rust-trait MEFEZRZLSEIMBVE O,

3. MREE Z, 1B5 0S X ARIRAILURIT, WRZRIRFEEZSMENERR, ATUEX—
EBOME, ERIRGESRIXLEE O EFRIMUIIEEARNKER. —MIF2 Linux B9 vfs
EOME,

4. OS BXBIRIR : HMNFBEEZEA L@ TRIHED. ML, HNFEHRHERFEZRNZLE
HMEgEO, MU trait WEREW. WTF, FMMERKFEERRRLIAEO. MNREIRLI
TXERED, MAINERRARNKER, XBANTHERNXE BRRMHENRR, NSHE
ERERR,

5. HERIIERIAREN | S—PER ASHE B RENIREUR FRRPB/EY BHIRE, T
Rz 797 SEELERSMEITORETD 5 | AR BIK R

6. TEIFMRHIARR | SR HIE KBV PR AR, HITAIEIFSHEE (Fee)
E FHIRE XML T 8975 LERRBIF KR

AR L L, FHIEL :
1. ERERM git TMEFA
2. fHER Android {8 repo TE#HITRIFRZ CEENRER
3. fEM git-subrepo TE BB A CEN/NEEZENNERB
4. @ github BY project A issue REREFIRAZ, AEEBR—HIER, #ITRZHEIR,

D ERMZHENNEALIERRBESINNE, XEFNELZRARECERENALIE, §
LERMNANT EENRRIR RN EEERER. SNBAIRET Stary, QuadOos FERL
At E, ERERFETE, RIEESNEAN. RIPANXERNBT BB TEREFMHEITAN
LBV &

| AFHERXBVERSRAR

ELRBABEST, HNEAH R EHRTTRRNELE, 5287 KRNI ERR.
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https://github.com/Starry-OS/Starry/issues/13
af://n239
https://github.com/Starry-OS/Starry/
https://github.com/yfblock/QuadOS
af://n266

| SCEHNE

BEIEFBRIETE ArceOS FIER L BT Starry, EIBYZIFRARLH Unikernel FFPZEH),
HETITEELEF AR L, &AL T tokio, dora FEFNE, BFAFRELE seL4 AKHIER £
FB Rust #H1TEMEE, 1557 Rust IR reL4e LT Starry F relL4 XD AIZAIERR
AT,

' Starry 1148

ArceOS AHR— Unikernel, BRALUBIASHAMFERERNZIEN, EXNBENES
T, BEEFBRESHMEIFE 2023 EFAKT StarryOS  Starry @it £ A ArceOS HUIEIR, F
BMAZAKFAEENSS HEEE. SHIZTEE) , MR TETF ArceOS ERHNEN
o

' ArceOS M8

ArceOS UBUAHE BILARE, A Rust IESFHAB— Unikernel Z2MBIERIERZ. EM
2022 FHA LR, BRIEEEEXHRA. MBFEIR, I tokio, rust-std FLHMW A,
ArceOS 1ENIEIR(EAR%, HESIREEXIFIRR (MITi%k. HEcRS) AN AEME ARIHE
AZH, HEHELEHE cratesio EHEMAER.

ArceOS RABHICAM IR, BEFER ARER + HAHENOSIER REEIFRASH
OS kernel °
o RIET —EAMHCRNRIERSIESR
o RESTHARAGHTIN, STHAKAGHTERBOS kemelYIER FIRMILETT
o 4 filesystem, network stack ZFPIIZLA 4 BI AT NS P SLUENAZ ST
o BIMGEIRChERILA M AT UTEEH LB1T
o IEARIER TRILUBEE EERA I Unikernel / AR / A%
e Unikernel %80T
o HEBEIT—1AFPER
o AFREFSAKIEHERNRE—HR
o RXHHEZEE SRR
o R2MHIERE hypervisor fRIE
o EEATHRAXRS
ArceOS FIZRHIEINTF :
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https://github.com/arceos-org/arceos
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https://github.com/arceos-org/arceos

User Apps

Rust std
Rust A CA CA
pp App [ pp ] [ pp ]
\ \ / /
N\ \ | /
\ lArceOS ulib /
axstd rust std axlibc musl libc
\ \ /
\ \ |
~{ Y \ 4 | 4

[ arceos_rust_api

ArceOS API

arceos_posix_api

>

4

feature selection

A

)

4 ArceOS modules N
4 Y 4 Y 'd
axruntime axconfig axhal ] [ axfs J axasync
(& A A
'd Y 4 Y 4 ™\
axalloc axtask axdriver [ axnet ]
Q J J \ ” \‘ J ,, l‘ /
) 2 L4 . \ 4 v \ 4 v
allocator scheduler smoltcp Iwip_rust
driver_blk driver_net
buddy] [slab FIFO ’ [CFS N J page_table
A J Ve N
linked_list driver_virtio ] [ixgbe ‘ page_table_entry]
. J /
\ ArceOS crates /
Hypervisor

ArceOS KB BIZIFHIR AT EMRE Unikernel 54, BRTEIZITHME, B LEHRITATLLE
TEENE BEAGAESHERN. MR, hypervisor EAREZN, MTMRFZRMX 5T A
T RAY I PR ARERIFRE,

' Starry A% NA

ERET ArceOS FIZERRL, Starry RIFT ArceOS AEHMITNRE, FERMET — N SHEMNAMHL
A%, HEBRAKEEMERRE T RMEAERRINAEAN, NMEITAGNE Ak,

o Unikernel : 32— axlibc &, ERENF syscall 9 Unikernel 1RO, BFEIHERE
axlibc FERIIAERSF Unikernel AP EFITE8EEA— DI HITXHHITIRIT

o BRI NARFMESRN Linux AP EFERE—TERITXG, MAZIXEREPEER

RIEEAT
HmITHINOT
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# A A BB

$ make A=apps/c/helloworld STRUCT=Monolithic run
# L{ Unikernel S5j

$ make A=apps/c/helloworld STRUCT=Monolithic run

BITERIIRRGE, TUEFSERERFTIEFERBHERT, FEFRSTEFRRENAN
#L, MNMRFAREVEITHERM R 5.

Starry HIZRMEGN T ERR -

Application

User lib layer [ axstarry } [ axlibc ] { axstd J
T

arch_boot

Kernel Architecture API linux_syscall_api {arceos_posix_api} {arceos_apiJ

monolithic unikernel

Runtime

axruntime

fdtable

axprocess —
)
z <
OS Primitives Layer R
Py
fileops

axnet
—
mount

o

axmem axfs

Coome ]| ([ |

Module Layer ¥

[amse ]| oo )

Scheduler FileSystem

. page
[splnlock} [percpu} [ table ]

Crate Layer [blk_device] @isplay_device] [neﬁ_device]

axalloc axdriver

Platform Layer Hyperivisor cv1811H
pci } [ clock J {mem_region} [ pci } { clock } [mem_regionJ
= e —

axconfig dtb

BMERIABAINT ¢
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arry _ 7~
OS/Starry TRAHE IR
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axstd e v Unikernel rust-std 32§ Unikernel
OS/axstd
https://github.com/Starry-

axlibe pse v Unikernel libc 2§ Unikernel
OS/axlibc
https://github.com/Starry- . _ -

axstarry e Y LR ES LR E RA
OS/axstarry
https://github.com/Starry-

arch_boot e ’ F A boot B5h H=H
OS/arch_boot
https://github.com/Starry-

axtrap e Y M#% trap SEHMEA O H=H
OS/axtrap

https://github.com/Starry-
linux_syscall_api ! _ ¢ ) Y 2% posix syscall IR A
OS/linux_syscall api

https://github.com/Starry-
arceos_posix_api e ] } v Unikernel posix syscall 202 Unikernel
OS/arceos_posix_api

https://github.com/Starry- R
arceos_api pee , v Unikernel {eAVBA#EO Unikernel
OS/arceos_api

https://github.com/Starry-

axruntime ; RTITHY H*H
OS/axruntime
https://github.com/Starry- . .
axprocess e g HIZEE RAZ
OS/axprocess
https://github.com/Starry-
v pe T msie $£F
OS/axnet
https://github.com/Starry- R .
axmem pee v ik Zea) S e LR
OS/axmem
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axfs e Y XU RAEIE 133
OS/axfs
https://github.com/Starry-
hedul AERS it
seneduier OS/scheduler AR i
hal https://github.com/Starry- BHHRE, RETFErE A
axna 7~
OS/axhal H#EO
https://github.com/Starry-
axdriver e Y IXEhETE HH

OS/axdriver
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Starry fEASFRE@ENNT 2023 FLERFLEHTENRAENAZEAKITE, BI T AKTFEDN
PREMAI, E3E musl-libe-test, lua, busybox, Imbench, iperf/inetperf, UnixBench, libc-bench,
cyclictest F, REBTH T RENE %, REREE2ETERIMS. EHLTELERCG, Stary K
RIERUHAEIR. B, HEAAHCARNEREM T NEAFENINETRE,

| T el

Starry ZEFF R LEIFINIIER, RIMEBFRATF BRE EAETELIPA, BAEEEMBILIE.
THREMUNMEENF @ CERIE PR, hEITTE Starry BIRININEE, Starry FIFABRIRZNE
https://github.com/Starry-OS £HZRFA, EARZMNEENTA commit (BNEBAIEAVIERS) FHE
commit (EMHEER commit) ABTUTF :

™A i

commit commit

BEERM URL TheE

Starry £ €, BCEZA
https://github.com/ Y o

Starry BETRRARRK 16 2
Starry-OS/Starry/

RN
https://github.com/ ) )
. il o y o~ linux posix syscall F& . "
inux_syscall api tarry- inux_s e
Sy R ==
scall_api/
https://github.com/
axprocess Starry-OS/axproce HIZEIE 13 5

ss/

https://github.com/
axnet e LSRR 4 2
Starry-OS/axnet/

https://github.com/

s

s Starry-0S/axfs/ XIRAIRA ’ )
Hth &R E,

other AT S RHBERZA 58 5
——FI%

Bat 124 37

LFESRITHIZE 6-7 B StarryOS B9 commit i85, HMA contributors FRESZFRFAEIELE 5 fiI
hEE. NMLERINEY, BAEFAIEFEMIMEELINEITER T —LINEE, B2 Starry B9
FHRALEIFABREREFBREN R,

| EEZRER

T 2024 FF OS LEFAKSEIERDY RISC-V ISR

o musl-libc-test, lua, busybox, Imbench, iperf/netperf, UnixBench, libc-bench, cyclictest : 33
AIIEEEIT

o LTP UF : EZFMR 7 & WAY syscall, 30 execve, clone, close M, FHMIXT 30 4N
B, @ 24 4, BIEREE.

HithE M ¢
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https://github.com/Starry-OS/axprocess/
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Tokio : examples BEATEANM T
Redis : /BIEMANIL redis S

Dora : examples #1 benchmark MiH&@T, BTLOEE qemu E B FERE EAE H BT
e

' reL4 M8
' seL4 SR EI/T

seL4 A% (Home | selL4) BTE L4 AZAVEG EIBINT Z2MMA LS, HEFUTHRS

&1t

RENMERHMARRKAEEN—MER, seLd4 MARRIIRANRIENEER7001T,. BE{t
TROMB—FEEZTIRE, EFTALEES, B—FHEHED TETRBFHE.

ZeM

seL4 AN Z 2 M 2B R LIIER A VIR, EEAEH 2MARTRETHR
5B, MEBRATRTINE, BEENTHRITISEE N ¢ 58, ¢ RIBEEE A _#HIE,
EXEBMIIER, #seL4ERIET HIEMMYE, MMHRIET RELERB Z#HE AT RITXHENT
bug %,

[EIBY, seL4 MPIRZSEEL T — MROBESIZEIE] (CSpace) Y capability-based BYREY, EFX
BE, KT RHETARSRVARERES], FREEEIIRE, UKENGEREZES,
RIS TR RIZENR 24,

= 4EHE

ERENMRZIFE IPC MR K, MMAKRENERE S MIRSIER B8RRI
IPC 23R, KAV IPC BAASEMZ B IPC VR KIBERE], SBMARGFERREETRS
HYiR) R,

m L4 RIINMARNRAEERGHE, RET —RIEALSHMRZEFENILITEE,
QRE 7THLEZEE], #i2, HREBEEFEARNBEAZY, HFXIMTETHERNHIZE
BfE. NMMARERLD T ARSLHE IPC BIFH.

seL4 TARZIER L4 RIIMARNYSEE, REHET L4 RIMARNS 4N R, B
B, $HXFUMA CPUMAR, RBATEZSWIN CPU BIE. NI T ESH IPC 4
Ao

=ERESGIE

FRT AR ARONIIEEZ 7, EMHRAZIRERLEL T A EHIBY root server HIZR 7
fc. MR RAARRAERNTIEE, Eit, ARHNEMIEIRES A IRER AP RE R
TERHEAPSET.

ot

| S5 Rust 7 seL4 BPIAZHTEOE

BETFULNNGE, GE8ERIBENTEMERE, FITRER seL4 BY aarch64 F riscved BR73HY
EBBUER Rust hRAS. FHTELLEA EXF seL4 HITIRIYEIIRI Do reld B G EEHIALTE ©
https:/github.com/reL4team/reL4 kernel/ o ATIIMEAXT seL4 #H1T Rust BHEHIAR,


https://github.com/tokio-rs/tokio/
https://github.com/redis/redis
https://github.com/dora-rs/dora
af://n477
af://n478
https://sel4.systems/
af://n496
https://github.com/reL4team/reL4_kernel/

| RustRICHIEAEi&it
1. BRARustftEd

FRETER, FATMUER, HF—E89RY Rust FSIBER AR seL4 XD, #HITZTER, M
MR MNEN, EXNEEFR—T —TWIERITERA BN ERY, REASHREEN
seL4 BIPIRLALED,.

Alt, BRBIMERT B seL4 BY CMake MIERFIA,
£ cmakelists.txt XA, FNBGRT 0T

if(KernelArchRiscV)
message(STATUS "ARCH ${KernelArchRiscV}")
link_directories(../reL4_kernel/target/riscv64imac-unknown-none-elf/release)
endif()
if(Kernel ArchARM)
message(STATUS "ARCH ${KernelArchARM}")
link_directories(../reL4_kernel/target/aarch64-unknown-none-softfloat/release)

endif()

arget link libraries(kernel.elf PRIVATE kernel Config kernel autoconf rustlib)

XFERABIIER, —TRBMXANERE, 5—HME, FHRY Rust iRABREARSETERY
Cargo.toml XEhFtERR T

[lib]

name = "rustlib"

path = "src/lib.rs"
crate-type = ["staticlib"]

MMEZ, XRFESERN—DEN rustlib AERSTHERE,
WS, BATZFHHER Rust RESEHRRCHRYESBEENE,
2. fER fhi
A CEAMBYEEORH#ITCHIRust TR FFI 2—M4Ri2iE0, IMIL C R3] Rust (XASEEDSHE
HifAA. T Rust —twmiAA C K5, IREERNEH

extern 'C' {
fn function(args:type)

H

FH BN,
M7E Rust BntEfit C IRPRRENAI, MFETE Rust IHEXEHEIEN L

#[no mangle]

BT RIERFSR N RS Ean

&E, ATETEANXERANNBIER, RIS FREXE fi REERE T S TMERHA
BY ffirs XXHFH, FELLELF, FREGER ffi BRBIT#HITR /IS
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| CHIRusttI FEIE S BN ARIER

C FRust EERRERNEE XA, FHITFREBIEBIFER unsafe IRXT seL4 FICEDARIERL Ruste AT
LI ER AR AN AR BV IR,

1. ERERMNRVIZT

CEEASERHBIREN—MAE, BARTUEEHEPIMARBIETEAERELNE R R
®’it, BEAENESRITANFEERNRAEERN, ERDRust5 | ALEHER. PRSI
BMBEZE. Rust WARR, ATR2UEFFER, H5IAT H5CATE—HEAEHIN, XER
BMNAMUZ AT REMHNE, R UXEIRMENXS, E2—ERRE LRMEIFSRNT
Ao

A capability FRIRERETT cte t HF :
£ C REEHR, EXUT

/* Capability table entry (CTE) */
struct cte {

cap_t cap;

mdb_node t cteMDBNode;
35

typedef struct cte cte_t;

SAM, EA8 Rust AR RV AXEME X B, MR cte_t IBXNAEGM—ENHE,

pub struct cte_t {

pub cap: cap t,

pub cteMDBNode: mdb_node t,
h

impl cte_t {
/*functions*/

H

MEEAE X R, WABEARBNE 1B, MEERZMNRIENT %o

MERZR—MERNAF, MTEMBCHIEE, HMEMTIFEEE, REFMUIMERTERY
KNG EETS,

2. ffi FEFHR

FSCERMCARFRRNIRETR, FEUTE-, H7 C ABPHNEHKELER Rust IRARIR
it, BEETHTEDIHRNENTE GFHEEA #no_mangle] NEE) , M7 C ABEH, XiXE
RGNS, IMEZSEURERVTSEN, XEAKZHTRETEEM Rust IBHE, XL
AUESF C M Rust IEFRA FERIIE,

MFRXNEE, HFINNE T XEATRRPRIRATSRREIROEE. B, N7 RKEG
B, Bl ErrAXEAIgemT iR,

3. RustZRTENXITAF unsafe B EE I

7 Rust B C KBAYIEIEF, AT FFl HEEURMN FIRERANRAREZHATIIEHIER, 5]
A unsafe (I3 @AFABIIT R, BRTES|IA unsafe XEBAYBH R, M FEEILARIEEITALIINULT
B, XHEFREBFE AT unsafe BI5| AF&E bug°

UTFR—10F:


af://n520

EEARustERCHIBINEIETR, EABET *mu T M *const T BIFEERNITH. B, &7
A7 Rust FR—TREXBITH. AIUEE

Warn that *const T as *mut T is Undefined Behavior - Issue #66136 - rust-lang/rust (github.com)
ENEMARENSRAZ2TANA (RERRERE) 0T :

EMREEERETFHTFENNTES A, HENZSIBEAREE. FRLFEFHEER const B9
BRigtt, B¥A mut AUREETT.

MARAFNOMTER T BRENE s FHREETR, HEEAXME, BTFHRIANIZRAIES]
A, FIUmERSARMHRBEM R L, RKXBEESFRFNR LENRABTEAT, EE
Bi%, RERHT .

7E rust FORSEAR, ME—RFXMIERAIZMER UnsafeCell, EREREEENEBSNSARANERR]
T, (FAMXTAER, M7 —ENRIFRSETE)

EXNEABRN, —HEEREFENFEMMER FRRIETTEA const B A mut 268, FINE
FEREMAERRE— M ENEMER—UETRESIEZEM OB TREREE R L.

M ERRBEA— Rust REXITHUK unsafe NBBHRIVOEIIRIEFRS | ABRE, FEEHER C
0 Rust X85, BEEREREAEAAREDN unsafe K53, selLd4 PR FERA T KEM64MIAusize FERY#H#
1T, XBERIURTAEMNIES, WaARTATTRPIE - enry FFEHMAER, EXNE
B RZRBIE ERIRust VBB X ENEA S, EERITEMAERustFHARR 21T,

' aarch64Mriscve4 B ZEHIE 15

BN TSCEN BAR, RINBERNZFFHE aarch64 F riscved, TEFEEH seL4 LETH, HIFIR
ZRATHE X BUACEEIRETE T —itg,

BT HA R HSREVERIZE arch 1RIR, MEMERPEH KERIIE X B9, FEFHADE
BRESMERIIXAR TEIEM T —1 arch RUEIR, EXEESEHRKERarch 18 X A,

— T ERBERWOT

arch

p— aarch64

| L some files under aarch64

— mod.rs

L— riscv64

L some files under riscv64

MEmod.rsFRERINI T HI T

#[cfg(target arch = "aarch64")]
mod aarch64;
#[cfg(target arch = "aarch64")]

pub use aarch64::*;

#[cfg(target_arch = "riscv64")]
mod riscv64;
#[cfg(target_arch = "riscv64")]

pub use riscvod::*;

[ ERMERMIA TRIRED, HEMRRERBRER MR TR,


https://github.com/rust-lang/rust/issues/66136
af://n551

Ef, REXAMT, ERHTETEBEERMEONAEP I ZachiB XN, Hik, £H
b3t 75 Tl b kR A

#[cfg(target_arch = "aarch64")]
#[cfg(target arch = "riscv64")]

KEX TR TEINRMBINED,
B XBE RN BETULEEIT (XL aarche4 7))

« Lipc 0DQmoe
‘ @ FREEE riscv_test.log aarch64_test.log X v O @ -
v Ipc aarch64_test.log
> W .cargo 96 >>>>>>>>>>>> Entering transfer_set_fault_mrs_UnknownSyscall_test...
> B% wvscode 97  Test transfer_set_fault_mrs_UnknownSyscall_test passed!<<<<<<<<<<<<
> WG script 98
© 99 >>>>>>>>>>>> Entering transfer_set_fault_mrs_UserException_test...
N 7 W sic 100  Test transfer_set_fault_mrs_UserException_test passed!<<<<<<<<<<<<
> 18 target 101
© .gitignore 102 >>>>>>>>>>>> Entering transfer_set_fault_mrs_VMFault_test...
aarch64_test.log 103 Test transfer_set_fault_mrs_VMFault_test passed!<<<<<<<<<<<<
" 104
@ build.py 2
- 105  >>>>>>>>>>>> Entering transfer_set_transfer_caps_with_buf_should__test...
Cargo.lock 106  Test transfer_set_transfer_caps_with_buf_should_ test passed!<<<<<<<<<<<<
@ Cargo.toml 107
s doc.md 108  >>>>>>>>>>>> Entering transfer_set_transfer_caps_with_buf_should_immediately_return_when_ipc_buffer_is_none
Jinker.Id 109  Test transfer_set_transfer_caps_with_buf_should_immediately_return_when_ipc_buffer_is_none_test passed!<<<<
y 110
03 Makefile 111 >>>>>>>>>>>> Entering unimock_sample_test...
gemu.log 112 Test unimock_sample_test passed!<<<<<<<<<<<<
© README.md 113
riscy_test.log 114 ALl Test Cases(count: 35) passed!
unit_test o8
Bl S EERRE K IR + v (goash (D @ - ~ X
® (p3) jackhu@lackHudeMacBook-Pro:~/src_code/rust/ipc$ ./unit_test "
rm —rf .cargo src/entry.asm *.log linker.ld 1
® (p3) jackhu@lackHudeMacBook-Pro:~/src_code/rust/ipc$ ./unit_test
rm -rf .cargo src/entry.asm *.log linker.ld
(p3) jackhu@lackHudeMacBook—-Pro:~/src_code/rust/ipc$ [
> K

> RUST DEPENDENCIES
o > SONARLINT ISSUE LOCATIONS
o mi_dev 7" Launchpad ® 0/ 0 GitGraph rust-analyzer SonarLint focus: overall code =4%:3 UTF-8 Log & &

|1ﬂAﬁ#ﬁﬁ

£ b Eh EXHMARGEITIEIRILENE, UK X BIIRRICIRIT IR 2/, FHiaXfreL4A%
BATIEIRATR 53

IREEARseL4BVF =, FNTKIDHEI T TSI MER | common, task, cspace, vspace, ipc,
kernel, #EIR[BIRVMEKH X RU0T

ipc

.
=

cspace

kernel ~ / common
(=

vspace

-
\_

task
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LR STASIED seld_vspace - Rust (reldteam.github.io) , %Y T AT AR ELAEIRAI ST T 4B,
ENMAGNBWT ¢

1. common #&IR :
XEDHRBEETIEFRBIRREBENLIE, TEEEEZMWE, UREMERBFEFEH
BIMNAS, LLINENX selL4 WL VB A EE1RADHN T Nz 893,

2. cspace HEIR
XERD EEZR TR reL4 BcapabilityBIER 53, HHLbZ TR AE R, ESiEcompatibility -
deps “interface="™M&EIR, EHH compatibility ] deps FIRIRZ@EIT FFI SLIAY, ST rel4
BY capability ZHEE, ZERZFMBE4E Rust SEH, [ interface HIRTE T BERLAFEREY

- J

3. vspace &R
XERD B A FHtreLARY N ZEBIHEHIE X BIRE, B— 1 ILIRE WAyt ZE [E SRR

Ro

4. ipc t&RIR
XE D FEE T $EreL4MipcEl)s EE S Eendpoint, notification, transfer=7FH4J]Hl

[o]

endpoint . XE—MEXRIBEENG, BTFEEE (FHE) ENRSHNRTEHERL
B, endpoint/DIFEFZALIX (Send) U (Recv) TH[EIE (Reply) BIFZN#HITE
S0 XLEIB{ERTLLEIIIPC (Inter-Process Communication) HHISEER, FUIFLIEZI8]
B EHIRE R

fEreL4 kernel?, endpointfiFRAA—1EME (Bidplus define bitfield! IRENX)

HpgaE TBATLER. BATIEHFRESEFFER, XEFERATEEBendpoint&iX
FMIZWCE B tcbPAT, EPState®ZETE X T endpoint AT BEHVIRES, 2FE -

= Idle : FRR~endpointH FIRAEHITERE REEIR1E,

»  Send : RABEKEETESIHE I endpoint’ZXH 2o

»  Recv | RNBEEBIEEZL MendpointiZFIUTHE 2o

notification : XE—FHFAF4LIZ(El3E(E (Inter-Process Communication, IPC) FFEEHY
WHlo notificationF RAIAFIA N —MEERNETE, EAF—TEHER—THZ
PMEFNEIELXEES, NTTBHENENSHNEAEREEMEHELRHE.
BARIE, notificationIF RETUSF AT IIMREZ— ©

= Idle (ZBA) : notificationdF R HFIRA W ILIZFFHEE,

= Waiting (FfF) | EDE-PEIZETF Fnotification W RAES,

»  Active (BUE) : notificationXf REEMBUE, (B RBEMFRFLIEREL,
notificationXf RiBiT signal IR IEHREIE, HEFEMITwaitlR(ERY, @R notification
BEWEUE, NERERMUEEMIT ; WNRnotification RIFECE, MEARERHAF
FHIRE, EEnotificationt A — X IZEE

transfer | XEBERRLEHHIZZENFRER. BES] (capabilities) ZHELIEfault
(faults) RUIDFR, ELATEMRBKFEET, transfer@—rait, EX T —RVS5ERE
. BENEE. faultMIEFNESSTAE X VR, XLEERMAIFEE (Bidich t45H
ARR) ZENETEENRE,

5. task IR | XEBD TR AUE T re LANHIZEIRAENIRNES, EM T HAREE TRESHR
E X MIEERIZHEE.

6. kernel #RIR : R Y _EiMEIRFFHHDRIAIDITREELL, AEEIDZEDERFbootHIED,
FRERARED, ARIR, syscallVRITE. ATFEAR—MER, MER, FHAREIZE

o


https://rel4team.github.io/sel4_vspace/sel4_vspace/

| EBREHRNE

HANENZSWEAHEARH T KRBT ER, FMUNEFLT— demo A%, T IFS
TEERIIMTEARKNEURENFSRNANR, FTITERNNAN, BEMESHREMAR
g Mo

' I | RSB R
ERETF ArceOS FINH%, Starry RNTRET ArceOS BRI Unikernl 2249, 1R3&:dHRMNEANEY
IR, it Starry AIAABEAZEERBEERD -

EXNEAE, Starry AJLUEIE ZHRIZFFERIEE UBHIER Unikernel BB RERIA
%, HESAEEMERETRMEAERIINATAN, HEEIEM BRMTPREERYT
o

| =

T ZIHRA, BEERL ArceOS FIIER LA FHELR |

o axmem . 5| AMHEZE(E]

o axprocess . 5| ABEHIR, XIFSHEBZSAIBET, FNTEZS5LinxRAEAEXNAR

e linux_syscall_api : LinxRAFEAAFE, 2 TEALnxBRBRBHRZ IO
XEAERBIATREA T Unikernel, BREATHMMERNZE, LHER linux_syscall_api IR,
TEET I posix syscall IBEXHIOEMEINEN, XMHEMHEARBRESEE N,

Starry 3/EHE ArceOS HIERFAEIUEBE FEHNZHE, BEEXSE A Unikernel HRIFAEINEE
IR, XWAEAIMT Unikerenel ZEERILIZITRVAREFRTE, NERRIFZIERFF LR T AU
£ FRYThEE,

| s

WNFAMHMARNELE, TEAETMEDN seL4 MARATF, LU seL4 MRRIIEM, FLT
rust iRANEY reL4o FH3XF reL4 BUFHIT 7 HHLRISKEL.

M TFHARBIAN, SHETATERD

e cspace - 5| A capability HlHl, B NRLITREE BRI REHT T
o vspace - 5| AT #HIEHNEZEEAE X BTG E.
o ipc ! 5IAT M FHMAREIZEEEHEXIAZE, BIET FE-endpointfEAHIZEBSHISE
&, notification MFIFHITIRRIZELBEEEF.
o common . X FFIZRMEXH—LREN, URZBMERFIRNBNEE XA EHITHRME
5
XEBRREEENIRERANEM £, TIMTHMAZN—E5 Y, SIEEE capability HLHEIFTRZ%
FRIRP, BEMEIEH ipc AR THIZEIBESE,


af://n611
af://n613
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| BEMZTIFHEN

WE—TARRBRSHAREENE XN FEARAERZERILBERIF R, URERZAM
Unikernel 736 : RRKIEA—TRAETENRNZER, WUAE. ZR2HNEFSEHMT
WS I, SRATRAIRIERSSE ; M Unikernel AFERRAJREMIEE, WERENEEGER
#, ERTEMRANTR.

https://github.com/Azure-stars/Starry/blob/feat/module/doc/OS-Train-Repo/Week4.md X4 Starry F
ArceOS E-TFEFHIIEERMM T R LA ENIH, LBRKRA | EFRAENERERR, ERZAE
LEF Unikernel 2843, RTEBREZHIBEITENRTIR. rap L TFXHIEFMHENIRE . SHZ MR
B, FitteesE—E T, ERTEARIFNZSHBENESHRANG, thEBEESLkE
FENMEERA#THNNIE, MAETFTERERFEIARAL.

X—REG LENEERRNER, FIUEBNAEFLAIREFRASG EmHTEL, RFER
R FHIBHITER, MOHEELEARZ TAUBRAS SRR FHAENERES . HFi#
B RSEE, ARERPANEHEERE, RNREXHESRMES), FEJUTE Unikerne RAT
MUBRHMREETT. FHliTaIX

55, BTNAZRNAR, R—TNATEEFEDR TERETERRZEM L. TXEMFN
889 Dora RAB—TIF. HPIREGEHMATNAKLBIEIR, FLAILA Unikernel BIFZZUEITIZRE, M
LREATEHESNANER, MEGURAKTINEIT, LdMFHRE Dora BHIFHE
EZRDHANANRIAET IR, BMERE— AR MEAEERR—EAMHUT
EZRMERNETT, NMEE RAMNERRAEILAERTR, RETITHE,

B&E FPRAR, SEMTHEERNANERTA@E
1. BFAH% BRALRTULEELEAZLHT, BETENEIRBERGIENGIEREE G,
BIT{TTE Unikernel £, KB EHRITITHERE,
2. RIBFEEFBEITEN, UAAE—EHENRAREAFRZE RN RS 4R,

| Rt SESENNR

B ARZIEITT SR X BN ETR TEHFHRE L. X—EB7E ArceOS RILHN axhal
B, M1E Starry PEHTF BFEKBANIZITIRD A=IF  axhal, axtrap 5 arch boote = MEREE
AITHEELNTF -

o axhal : IEHTEEXIRORE, WE. AFERESE ; RHSESEMGEXIRE, 077
X, FESHEXRRT

o axtrap . Jefft trap AOFNMIBEKEL, TFE syscall “interrupt ‘exceptionF
e arch boot : IREAEEIE X L4, ZIFM multiboot ‘SBI FEEHHN %

Hrh axhal #1 arch_boot 3 FZEALAH Unikernel BB, axtrap PHEERNNERZE X 7L
2, 90 syscall, HIRESE,

EREFYEBNEIT BT, FEAER ArceOS 2#5F x86_64, riscv64, aarch64 =Fhis SIS B,
Starry FEELER EARINY B X BT (70 x86_64 X7 rflags FHFRMIRE) F, FH
AILUET 8 ARCRAVIEHHRE, TTRNAKS. APSESINANXSE, BEZRE

x86 64, riscv4, aarch64 IEHERMIMIE TN,
https://github.com/Starry-OS/Starry/actions/runs/10132474885/job/28016482503 F= job WA T
WA EHER RIS


af://n640
https://github.com/Azure-stars/Starry/blob/feat/module/doc/OS-Train-Repo/Week4.md
af://n652
https://github.com/arceos-org/arceos/tree/main/modules/axhal
https://github.com/Starry-OS/axhal
https://github.com/Starry-OS/axtrap
https://github.com/Starry-OS/arch_boot
https://github.com/Starry-OS/Starry/actions/runs/10132474885/job/28016482503

<« Test CI
@ feat Starry-OS/Starry#24: support for e1000 driver #1171

I (@ Summary
Triggered via push last week Status Total duration Artifacts

Jobs @ Azure-stars pushed -o- 173466f main Success 6m 43s -
@ prepare_for_external_test o

app-test-for-unikernel (ubuntu-...
© app { test.yml
@ app-test-for-unikernel (ubuntu-... on: push
@ app-test-for-unikernel (ubuntu-... Matrix: app-test-for-extafs
@ app-test-for-monolithic (ubunt...
@ app-test-for-monolithic (ubunt. @ prepare_for_external_test 35 ® ® @ 3jobs completed

. Show all jobs
@ app-test-for-monolithic (ubunt...
@ app-test-for-ext4fs (ubuntu-late...
Matrix: app-test-for-monolithic

@ app-test-for-ext4fs (ubuntu-late...
@ app-test-for-extfs (ubuntu-late... ® @ 3jobs completed

Show all jobs
Run details
& Usage
&Y Workflow file

Matrix: app-test-for-unikernel

® @ 3jobs completed

Show all jobs

Starry @R T 2023 FHRKLFENFAIANGIN=TMESERMRA, BRI 1ERE
https://github.com/Starry-OS/testcases i CICD M EH,

R ERI7E QEMU Ei51TMit. B4 Starry IFELPRA LR L3E1T. BA Starry B4
IHTE risev EXZHIFRIRE x86_64 T LEhE1T, HERIMMHEIEENG. S2HF x86_64
TN TRICIBERAE https:/github.com/Starry-OS/Starry/tree/support_intel 1219 ko

15 reld B, MIHEFHARISSIES%EN, BREERMEERT riscved H aarched F5SLEM,
RESi R ENGE

' Dora

E R RAINEE AR FATER Dora-rs @—DHIBIHNA, MITEIFEREZANFM Apache
Arrow SRIAFFIEDN, FEESOVEEANEZRRIEMA ROS2 RUBEFHE, EMELRIAET
BRI,
BAUF /9 Dora B9ME X =KL ©

e BIM : https://dora-rs.ai/

o XEBBEE : https:/github.com/dora-rs/dora

Dora D HA=8B845, DA coordinator, daemon, cli

o coordinator BEIZ G, BN 53290 30, ZFF daemon EA

o daemon BEIZE, M 53290 IO XFMER, SHHECFRER IP fMi%O, H coordinator
FAIAEM BTN
e coordinator A EMIT 6012 iR, HFES CLIER

o FF@E CLI [ coordinator &ix— start 2E7R, HAIETEEEHZ D node ER
M IPAER BT AT SRR R

o coordinator KR BIEREERLZE, 3R node iIZTTEW daemon £, FFFEEETIH node
S BEMPFRERREBL XA daemon, FFJ9 spawn dataflow

o daemon 3EWE| spawn BIEZ S, #HE node FREEMAIMITXH, HEBE), EEHRINN
@ coordinator EfEREINE B node ZHE

o coordinator $EUE] All finished EEZ/GM CLI Z8%0E, FTe—R3


https://github.com/Starry-OS/testcases
https://github.com/Starry-OS/Starry/tree/support_intel_i219
af://n667
af://n668
https://dora-rs.ai/
https://github.com/dora-rs/dora

BEXMNBITRIZAIAEH Dora EEE T — M HIEIHHIER. @ Dora FAISER(E S BIZAM
ESINT. S EERFEE CLI FkiERZ/E, ErRLUEE Dora (FEEHFEER node BRI N
WRRFHITIE!T, HERREFNRBESLAP.

BNV IERET Dora REFSEHMATE RN EEREEA K. BAEIHEENT ¢

RIRBIETT
Eid#s

DORA (Ubuntu)

J i j( i g

2D SLAM S API E) ﬁ;?i;gﬂlm
DORA DORA
FFFIEE 3588 Arce0S
RK3588 F 41k RISC-V FF &R
Cﬂll\N T(::P
s les UL

EUXERBH, ArceOS/Starry FIEN TEEERMMB RIRIE, SEATINEE
1 EBCRENERNS S
2. @ TCP #EEANME, UEEESEATXIRENMENES
M ERBSThRE TR Dora SERCEEFNE, FEILXTF ArceOS/Starry BISKFFE KD ARERSD -
1. Dora A&3%¥s, SHEFRETRBE
2. HUME SDK 4%, cE@EMMRXAEINEL

' ArceOS TE

Dora AF &I LN EHIBRIRERS, ERNKELIGITHN. RN EESoRRENEE
coordinator ‘daemon 1% node, B—MEMENRIRRIHIZIE R BAVMULZEE], EXTF
Unikernel SR Az #HIEM ZMAEZE[E], FILABEERZSIT Dora £ Unikernel £, FEXS Dora
B RS R EESE AL

ERINONBHET, BEPMFEARENSEIT—IIHE SDK node, EMEENAR IR ERATE
52 Dora UL ERTHAESR+, RELIFE Node BIE], HUILERIURABRARFALNEE, &
Dora BY Node SIS K, FH5E1T1E ArceOS Unikernel Lo

LUR X F ArceOS on Dora TEFHIEREZTRIEATFTR, MaEH ArceOS B IFE T HEF
K. SAMEERKTER. HATRMIIN TEEXEERERE, AT Starry B ITIEFHITAILE
MRz, MMmZEHAH LR,
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o Port nodes in dora-rs/rs-latency to dynamic Node : ¥ Dora BY node T 52 {&&0 dynamic Node
B, NMZHFESITT daemon BYIER A UBISBEAFIT =

o Dora Nodes (sink or node or both) run on ArceOS : 7E ArceOS LE5B1TE node *Unikernel A3Z
BFZHE, BRUZREHEZSEENES. ¥ TFRINNATR, —TWIHE SDK ME
— node, ArceOS REZEZRIE Node TTREIA],

e ArceOS run on QEMU/KVM : BIfF ArceOS 3E1T7E QEMU & KVM EBIN £, TIE or
Guest OS B5llo

e Dora Daemon & Coordinator run on host Linux : ¥ FFKNIMNMN AR, L2 Node io{T1E
ArceOS £, 1M Daemon ‘coordinator FESZENA P T AIEREERNETEEFENER
BER%LE, 9 Linx F

B3 &R Dora BUJRRS, D EHE Node Zf5, FMAUFEKMINILED Node 3ZITTE T ArceOS
Unikernel £,

SeaBIOS (version rel-1.16.3-0-ga6ed6b701f0a-prebuilt.gemu.org)

1PXE (http://ipxe.org) 00:03.0 CA0O PCI2.10 PnP PMM+06FDOAAO+D6F30AAD CADO

Booting from ROM..
Initialize IDT & GDT...

d8888 .d88888b. .d8888b.
d8888s d88P" "Y88b d88P Y88b
d88P888 888 888 Y88b.
d88P 888 888d888 .d8888b .d88b. 888 888 "Y888b.
d88P 888 888P" dasp" d8P Y8b 888 888 "Y88b.
d88P 888 888 888 88888888 888 888 888
d8888888888 888 Y88b. Y8b. Y88b. .dBBP YBBb dB8BP
d88P 888 888 "Y8888P "YB888  "YB88888P" "Y8888P"

arch = x86_64
platform = x86_64-gemu-q35
target = x86_64-unknown-arceos
smp = 1

build_mode = release

log_level = off

Dora sink-dynamic on Arce0S booted at time 2024-07-09 12:15:36.215625224 +00:00
DaemonChannel: try to connect to 10.0 2

DaemonChannel: try to connect to

DaemonChannel: try to connect to 10

DaemonChannel: try to connect to ]

DaemonChannel: try to connect to 10.0.2.2:

Input was closed

Input was closed

finished

+ arceos-org dora-wip) [}

181d benchhmark MK AT A& I Unikernel node FYMRERR AT, XA THRARRAESED
=R B 24,

l Starry T{E

Dora £ Starry LRSI GH—Fnt X EATIRFRAERIZIT R, FILERRFENRIGHE
171, 1B3Y Starry RITNRESTE MR TIREBVER, Dora KEEH tokio FE#{THRIE, FEME
BHRERFRESRTHE, WRARNMESERE. AFEENHEEERIEER,

Starry 3813 8§ A ArceOS RVEH, B TEANMBRE . XHERAFERNZF. ITXEF
Dora R 7901 F L :
1. syscall REBEXZHF

Dora A& FAE)T F% § Z%M syscall, 40 socketpair sigaltstack &, FEFMEZH] syscall
flags, TEXT syscall BB X HE HFHEE,

Dora benchmark &S fEAZEIHY syscall 8 60 1, EFIITF :


https://github.com/arceos-org/dora-benchmark/tree/rs-latency-dynamic/dora-rs/rs-latency-dynamic
af://n724

futex sched getaffinity brk getrandom clone

madvise write sched_yield clock gettime epoll createl
exit arch_pretl fentl rt_sigaction unlink

sendto wait4 poll setsockopt socketpair
epoll_pwait ftruncate fstat read socket

chdir pipe2 fork listen rt_sigreturn
getsockopt bind nanosleep mkdir set_tid address
recvifrom ioctl open getsockname pidfd_open
mprotect close getpeername eventfd2 stat

gettid connect epoll ctl execve rt_sigprocmask
sigaltstack munmap fsync readlink pretl

mmap accept4 getcwd exit_group dup2

B{KHY syscall flags IEIFEN @ https://github.com/Starry-OS/Dora-analysis/tree/main/dora-log

BATEIER LTP NBIE RIEBIFHIT syscall IBXAHLE,

EENSEESEIE - & u WIS

LTP MBI, FHEFTHTBEXHEE, X syscall REBIEXEERIUIERRBRN—
TERBBIEIR, HATEERZUE Ao

. PIRER

Starry fEFIHYE smoltcp WMNA%, TEERITHY Unikernel 220 FRERLAKMIES iface #H1TIN
EidfE, RERAMEIMER. £ 2023 FEMAKRFTELLERN, B7EIMEHEX BN
B, FEEMAMEIF LOOPBACK iface HETHILIIE R EIFIUAMFI LOOPBACK iface
BERIFETUHT ZIR—B5h, W@ T MMANE, BRTE Dora 21580, EIEFEZ RN
B LOOPBACK BEMMUARER. 77 XRUX—R, FEUAMEEMAMEIFEE
AL EREE, BEE—TMR.

B Starry AT —MEZ MR, BEHEHE Dora WFEK, EREMNKZAFIRSNE
SEREZRFAEIR, T TR Starry REZE Iwip MR HAFEISEI, #H—FEH smoltep,
KIS NN5E & R

. PFIRThZHF

I B W BAT R E LR 2R _E551T Starry-Dora, 3 BRESS @IS WK SHIME #H1TEE,
Lt Starry FEZFHEITHEF AR L, HABFLRNMEMAZREITERS. HRIBERT—
B x86_64 I, M-FI&&EN €1000°

Bl 1000 IREHFEHER| Starry FUNMIXER7E QEMU L5, HEHBRETEN LERRT
REBRHMAIRG], T—PRFHE Dora FHHER, MMEESLIFA LMK LS Dora 3517,

. Hfth Unix HH%%3%

77K Dora B9IIRE, EFREABIEMAISS, W devshm HEREZFF, XEOT
ERILURBEIAZE Linux B X1EX, RIXEAEAANH (0 tmpfs) , MMRIATEEMED TIE
B, XA TERRICIZIERGHINTE,


https://github.com/Starry-OS/Dora-analysis/tree/main/dora-log
https://github.com/linux-test-project/ltp/releases

| LPEIFIEH Dora BN

LTEREW Dora =T,  Dora BIERD AT !
1. FEEZHEZES | AP ESTARIER, BT Dora FAIES. BBERIREXLAKIEE,
INERIET Dora BT Dora FIES H FIXIES BB HRAY Dora
2. BHFIZEMESE | Dora HBWEHSHEET TCP o &X(EBATIE
WFZHIELES, EEFATARERRSTRIETIPHE. IMEESHENMESTAESZN
HIEES, MM TFEHEBERESE, REEST— Dora TR, HEBEIHHEFMBEANGIEA
BRI TR Dora I2FH, XAMESFESEA Unikernel 2BHIR5EMR . & XEMMILEE,

HMER—MNLSERT, AR—EAHETRTRSTT FRFEENAR, HLEFRETSE
BRAKME, IMRTBITHEER, #8748k

' Tokio

EF A Dora B2 BELE3T Tokio T EARIZIF, BREEUSTT Tokio FV—LE examples BY &I
MIAFEGNZ R, EAFEMINTEZTF !

1. AUEmARHERXZHR ¢ Starry 62/ busybox fE/&NR, HimAMME X EIAKER T
lo TEIBTT Tokio FMFIMBHRFBE L X —ERSTRBARX G EIHET, NEEFHRSGRMZ T
FFEREE, ZMER TR SEIRENIRGIER, NISBUMITEEDL. EibF(]
FEAEA R AAR T, RRIVERRRBINEITFE AR, EEURFRFE .

2. MIBITEE | ZBISZHEF Dora MR H A EIERISEH, ELRIRBHEREF
BREH. FHIFESEM Iwip FMIARBIMFLI, FUAMgEMNAMEIIFEEEIE
PAPET P

B#i Starry BERRINEITT Tokio examples BIZERXZHIUAF, KFRE Starry 3T tokio BEFT
THHSHR -

' ZLMediaKit 71§

ZLMediaKit @—TEF C++11 WSHERETERRIRARSIER, HEWETIN
https://docs.zlmediakit.com/zh/ o E4RIFFEE x86 64 IBDIMAY glibe £1F. I ZLMediaKit BIZ#F
5 Dora SZFIRKRE I & F* glibc 2 AARIZHF,

ZLMediaKit SZ3FFABINAEIEN ZLMediaKit 934 - BHI% ZLMediaKit ZIFBEETTMT server Ui
NX#F, T—5BEN ffmpeg BEITE Starry £, FEESFBIZEFESF ZLMediaKit FHITHE
o

| extd XHURGHZIE

Blfl Starry BEZIFHINHRFANT -

o fatfs . R4 rust-fatfs 25

o lwextd XHREF : U C IBEH Rust ZF

o extdfs | — 1 Rust BEM extd XHERF, ¥ extd HEFIHEE

e another ext4fs : F Rust REH extd XHRSF, AFHITXHRS model check
XEVHRFERRRBZEHTNARFR TR G, BIERCHNBEEAT Starry o U

extfs SEITHUHERAOT ¢

# Build the image in ext4fs
$ ./build_img.sh -a x86_64 -fs ext4


af://n825
af://n833
https://github.com/tokio-rs/tokio/tree/master/examples
af://n841
https://docs.zlmediakit.com/zh/
https://github.com/Arceos-monolithic/ZLMediaKit-analysis/blob/main/%E7%AC%AC%E4%BA%8C%E9%98%B6%E6%AE%B5syscall%E6%94%AF%E6%8C%81.md
af://n844

# Run in the lwext4fs with Rust interface, whose url is https://github.com/elliott10/lwext4_rust.
$ make A=apps/monolithic_userboot FEATURES=Ilwext4 rust LOG=off NET=y BLK=y ACCEL~n run

# Run in a new ext4fs written in Rust, whose url is https://github.com/yuoo655/ext4_rs.
$ make A=apps/monolithic_userboot FEATURES=ext4 rs LOG=o0ff NET=y BLK=y ACCEL=n run

# Replace virt-io with ram-disk
$ make A=apps/monolithic_userboot FEATURES=ext4_rs,img LOG=error NET=y BLK=y ARCH=x86_64 ACCEL=n

run

# Run testcases for OSCOMP
$ make A=apps/monolithic_userboot FEATURES=ext4 rs,img LOG=off NET=y BLK=y ACCEL=n run
APP_FEATURES=batch

| AHMEARMRRNEA
TERHT S BB NI RS2, BITESRERIAH RIS,

| aHEFER

AHLARHN— PN EREREZAMHNE A, AHNEAMHERNEFRBBNREBUR G
HIPTEEDNEHME. ERNOIEP, AGNEATESERIAE | RENE ANTER
ZH 8 Ao

| smumem

SN E ARIEEAS AN, REMEERERMNAR, AN AERNNAZR. %
TR & BAMFR R EREARN—EGF :

o Starry JEd & ARSHAHN, HANFARENLERZAY, JUZFHERERAZIEE
Unikernel B5fle 7£3%#F Dora BY, FEBMERIEIRAVE TR ER MM AL
L, \mEFSH T

o Hera OS BEEEN—1EEHF, BAENMIESBITVESEEINAL, ERTERK
ByteOS JRIZHRHY polyhal. KT, XHRFFEIR, NHEHROERSD, £ 1100 1TRKE
RS ESER T — TMEARBIEE, RARS T AR

| FRmkeEm

A ERUEN—TEMBERNIRENBERRAZTR. IEBRAMRS. KIMEN—TRERE
MERERAGREBZ EFRRENANZEB. & ANAKIERANAZMNEEFETERN
BHFTAZ. U T —LBBRRE E BfF

e crate_interface : XZ— ArceOS AT X REVEIR, EZHIR
B ERRZIZIT RN PRE) T HRRRBAREZ  RH X RBR S ZepVBHR, BIFRIAY
M RE M SRS, FIt ArceOS HRA T HKMTF C NRFSBRER T RITIRAKH
X RAVPRS, FFEIFRIET crate_interface HRIRA, X MERWARAET ByteOS, lk_model(
https://github.com/shilei-massclouds/lkmodel ) A% L, B— MRS EMSCIESA G LR
FARIIEIR

o elf parser : X2 Starry PSRIMAY ELF FRATIRIR, BILUR rust PIRMBHE =5 xmas-elf #
—S iR, RUEETRRIIRSMHMAEXE, WohSEHEFRHITEEMFLIE, MR
RFTAY ELF XD, X MMERWATE T FHAR% arceos-monolithic BIFFEH, BIRMFERL
7 ELF Xf4RINNE T


af://n857
af://n859
af://n861
af://n868
https://github.com/Byte-OS/ByteOS/commits/main/
https://github.com/shilei-massclouds/lkmodel
https://crates.io/crates/xmas-elf
https://github.com/arceos-org/starry-next

o polyhal REFEEW—1PEERF, ARENNIESHITHEEEIMAL, tHEM ByteOS HiH
ITHRBESIHRE, BB rCore, ByteOS, hera, qurdos EZ2 1AL, RHZH
BHHREL

LW ARKRAGEITIROWME, RMNLMBRFOZHER, BEEER— RN ERE
Bo U LEXH polyhal Affl, EBREEIEMAZT, BER2YUBINESINELRE Starry B, &I
R I%IHD Starry FRAERBHIHMRE axhal ZEERK, BEBEZSHREEMHNERRES, 1
&, BRI ERAERARAEFARARBRAFE, ATUIRAZEMBR TR AHE
73, %0 hera, arceos-monolithic NiZER ML, FIEXBRAMHLHN—MBEEEXNNAT R, B
7 FARAZAVAR IR L 1 B IRIRAER,

7E2$F Dora B, ArceOS BELEE 7T RAMANERIEIR, Starry @it & FAXLEARER, aTUBKT
8 ML, XHRAFERMIRINFAL, EMEFTF Dora A HREIBY syscall BIDHTHIE
I, MITIET syscall A EBIFTEFER

X—RIREFIEIR 7B R EIM & AR, BILOLA RS NBNAEME
DECHINEE, MNMTEERKINTLERR, HEAKBIRMIINRERNER . XEZAIMA Dora BB
LB TR, E#1T Dora HUSECHIEHR, FFEXNMLEHEITIESR . XEDBUERRNAILLE
FRELRR%, WEILUAITE Unikernel o FEIHFRAHERAIURNAERERERET, BETH
RINEPHIRLA. HARBINRHEZAAERAGE, AR bug 88 HEFRIERIS I AT LIL
FRARIZERRNEMHITERT, MNMFE5|BRRREAREIIIEE. ©HART L HFRHZF LK
ZHEE GIAGENERIEECEE—EAEMS) SHEFRANRE (RRUPENER
BILULFRA S | B RR N EER)

| REFESNTOMERETT R

A EAR—TEBRNREEEMRNT,. N T7T8A, RINFEXNRRH#ITHS, XBRERTE
MERE EHRBAERFHEE ? AT RIEX—R, 23R T BB FRZEMMFRAXER
—HEMB TROMRERIL, M ERA ML REH A S HREAEAIF .

| maatrREy

Starry ZE BETF ArceOS FFAH, EB7T ArceOS HIFZAMN, BRBEXNEM ERINTERN
BFAEBEMNY B, RISERT Unikernel MER. FHATFT MG, 3 BEAIREH Unikernel BY
Starry #1777 Mixds

BEFEMHASE
https://github.com/Azure-stars/Starry/blob/feat/module/doc/OS-Train-Repo/Week4.md , I3
HEA9 © https://github.com/Azure-stars/Starry/tree/feat/module/apps/ostrain

HRBTRPIEA Unikemel BRALZE, 2 RMEUT /IS SRS TG :
. Xt AEREENE
. 5 FRSE. TETR. ER
. NEHE  EHEENE. MRERENETRE

| ST 10 T

R EX—PXHEFITHFF. RRETRIF 50 R, HEIBHNEE, HEEZEF 10 KTEFS
(=18


af://n880
af://n882
https://github.com/Azure-stars/Starry/blob/feat/module/doc/OS-Train-Repo/Week4.md
https://github.com/Azure-stars/Starry/tree/feat/module/apps/ostrain
af://n894

Rk Unikernel Monolithic

Fileopen 0.55s 1.066s
Fileread 0.61s 1.07s
Filewrite 1.69s 2.21s

| meomu

THARIES AR -
EREENTE, H—RELIER,

B : BE—RATE, HUMEN, AESSEET—RAE, FHEL.

HT Num JRIBFE A FI $B0E B, HHEDEEMETE,
Num 10 50 100 500 1000 5000 10000
Unikernel 0.4ms 1.8ms 3.74ms 19.11ms 39.34ms 0.185s 0.377s

Monolithic 0.81ms 2.8ms 5.69ms 28.51ms 57.33ms 0.335s 0.557s

| esnx

T 50 DMEAZ, B—DEAENIT Num X yield B, IHE&EFALERRIVEIHETE !

Num Monolithic Unikernel
1 54.76ms 3.44ms
10 56.68ms 0.707ms
15 58.62ms 0.92ms
20 59.65ms 1.195ms
25 60.81ms 1.33ms
50 67.46ms 2/25ms
60 70.33ms 2.86ms
70 72.74ms 3.28ms
80 75.32ms 3.65ms
90 77.63ms 4.03ms
100 80.40ms 4.20ms

RIE BRI UE L, EERAAMMEARIIME, BEXEAG—HFIRIEM ArceOS
Unikernel 183189, BRET BRALRARZZE, HIHIEERNERDESENEER (152120
&%) , FIEFEAY Unikernel (40 Unikraft) #HLEZEARZ (Linux) BYZEERZEML, HBALAMHLIEIR
IRITTERH TSI BREHEI (L RERIR A 2455 R,


af://n913
af://n946

| FRK

X ERMHEAL 2 RABVA R E MR E RA LR D RIRRE TR LN, MTMISIE
B LB FAKBIMEEREHEERMEREFHER M, AIX MR EMEZSET @ 3
MHAZAG—FRERUAF N BERZITED, MARKN—IMBENARABFD. Hitt
HRZBVA M T ERZEM Starry B ARTTE—5, AP B RIsERMmERZRIIERENIER
Ro

Starry 257 2023 FLEXRZEHENRAENABZARTERE, HX4ENFLIT
https://github.com/oscompl/testsuits-for-oskernel/tree/final-2023 , TE4k FERZFH, MBS 98k
#5805 (MFHEET 40 ZAEBETS) , MHD—FERAKEEFK, FNEEMTL
WM, Starry ERIMERZT BNEZSEER T INENERYE, WHEMICEBEMFZHNERE, A
COW FEMLHINEREI, ERXLERZEN, BITARNAHCHRRGITHEEEERAIZEL
Al A e

T BT RRT BAERI—DEFAL © BNFATET AR B NAGITEME AR ME, X
AL TRRI AR | B T ZRIRRNE T AL, TERRENEE,

| SEEmsTHR

B D BEBE R ERE, MEAGFRIRES, BREEIERFRIETHAZRAGEERHE
BYDBAFE, S0 E3CREY StarryZR M E RRVAH X RNEE. & REIAREITAMH LA D ER T
SMRIMAEN, RILZEFEESE ETENKHXR, ERILOETEIIEERNEOR STRAR
BROER, IXERS. BEERIOER Q¥R EREREN) . XEBAMERORIERGE
RAFHRIDMBOIRITE X, TSEREN BEAKBXRE X

| zmtEna

TEfEA Rust FRAMHEARZEITIZR, Cargo RIARRIEA MG Z B R EKRITIE. FMEREEK
#i, EMEREIRVERXRREREE, RERERERTER, MRESR TEERFAR LEE
o ZAMWETELRET BRI BRI, KR EERRICEIEH, BERRIBEN KR
R E Zx, EIMEHBRE LI AT R RS,

& Rust BY Cargo BIEBERIERZBIRBIFFEERNFTAALHN, ERAILUEIFTSHEFAI
J&Fﬁ_ﬁﬂ%u, Mﬁﬁ;‘;iﬂ?)%ﬁ%ﬂ%mﬁo Rust core EEF'E"J panic_handler %Eﬂ%%ﬂ;{ﬁ’\]ﬂgﬂ,
M ArceOS Y crate_interface @@ TFSHERNFARELIX—IN8E, EX—ARAFTERTFR
SMRFSEEENS, HMETFRIT Rust NE2KRE, FJRESEETNT2R-, HAGFRR
BRAXREME %

HITALH R mEMAMXBRREM ENEX X R, TERBABXRENER, NFERAHE
BRARENFFSHEE, ENXLRENIRSEZERERATRE, RIEABMETLENE
1o

' Starry VBRI T (E

AV trap DIBX—PARELBITHEEN G, BRI B ERBISED TS TR BB R KRB SE
MAT

ArceOS [RERVREFHHRIE axhal SRIL T MEMH FEMIERIREI—RIIENE, SERBED. trap &
B EEORM, HP trap RERFFESRCREFREFES L TXFRE, EREHRSEN
TEFRNERAS, —TMERIMCEERRIE TEMHHMRE (U axhal) Ho

7E trap MIERVEHE, FERIEFBEREHATOL, BBWMTHRE !


af://n998
https://github.com/oscomp/testsuits-for-oskernel/tree/final-2023
af://n1002
af://n1004
https://github.com/arceos-org/crate_interface
af://n1008

fn trap_handler(tf: Trapframe) {
match cause {
page fault => handle page fault(tf),
syscall => handle_syscall(tf),
irq => handle_irq(tf),

EItE trap MIBFEEIRA syscall FIMEEEL, BRE syscall —lRBELTFRENER, TR TED
IEIRIINEEZ ]G, BT posix syscall BB X REIME— syscall FITHEEF Bi#1T9 %, M axhal
AERBETRARBEIIRR,

SNRTF trap MIBHIERANERAVRIR, T syscall EAKIMBELER, WRSBSIENERRERL
FEEIER, HIERRHAYR),

AT EMBEEIX—BIR, Starry NMUXE BT ArceOS BRIR, Bt T#1TTHE, BEifa
T AE ¢

1. DiFREfHHRE

AT RX—(0)E, Starry FF axhal DHFA=ER ¢ axhal,, axtrap & arch booto =&
REBRITHEEINT :

o axhal ! IRt FEMEXARORE, WiE. REFEXKEF ; BRHHSHESEEE XK
B, WXl FEHEKIERT

o axtrap : HefHt trap ACIFIRMIEEKER, TIHE syscall “interrupt ‘exceptionZF
o arch boot : IRHEAKLEIE XL, ZHFM multiboot ‘SBI FEFEEHA%

RIE_ESURBIN 22 E AT AEH, arch boot F axtrap A FIREER, BAFHITHZMNE
sh#l trap BUEEFR AL, MEREH axhal WHZAREE BRMEN EFOI0EE, axtrap EEI
FBRY syscall BEAT UM T—EBY linux_syscall api BIREY, MR T K EAEiA R,

2. DIRESER
ArceOS M THESERFS, BNEFREERFBRNEBIBER—HREFN, SLESHEFME
E. HitFERNERD, BERBURIFHIREA THER, B2 ArceOS HTE axhal BEX TR
% percpu TE, * percpu TEMHRIFEFERAEFBRETRIP (BLEEhL) . &KiE
ArceOS MWZEMERIUEY | EFPINSIMFEZ R axtask X IHEE ((ESHEE) , M
axtask AN XK TS 7 EFBIAY axhal B, NS T IR H I,

AT BRX—AE, HRAT BREXNEISAFERNEBR, FEXT tasketx 1
R, BFERESLETXER. ERFRMNESFEERSHRZERINERERE taskex

£, M axhal BIAKEERA kernel guard FEXMIE /Bl  axtask HRFIA tasketx BIA
A, RIEEFHRNES L TFXERH#ITERNESEERIE, MMmrea R m ki Birast
Mo

iR L BA8, WATEX HMAIERDRIRM T 2, RAJEEREMEFENFAHNER. B
A Starry (REBBEEBIF AT


https://github.com/Starry-OS/axhal
https://github.com/Starry-OS/axtrap
https://github.com/Starry-OS/arch_boot

BERBES EHIhEE RENEREA
XEBERREEBZAN T EFMREAENER, 2E

logBE . _ - "
axlog é; L EEITRERAIES 1D. BTSSR, B

Al N 7 L] OB 7

INHEREIME S AN, SRR,
 handl Rust core X Rust core ERATFTEINRE, B —1TEEH

R EXEY  IXHENSERES, BEIREIERSN, FtH
global allocator & . .

4 R

| sEmEaTsmENARS

1. ERE| A X RIBHIERR, @IRFHE—SRIINKNZ 2 | ERIERREHHERLT,
TREEEY5 | A X RARRH UM X RZ2NECR), MASHIUFIB exten 'C" K&K
£f55|1/A, NMmET Rust IESHHFFSRE—TRIEARNZ 2%,

2. EFECEEXEFERZAEMEE | ARMRBEVERT, AJLCBMhE HIRREI KR
B, NmBdRARESFTASEERFEEMIIRR X—_NMNAIBEERIER
Unikernel H, WAIATFERAZFFR. WU L3 Starry NERAE R, BRISERFEFLH
Bt axts RIR, BRIZB=MAI

1. 7E axfs BRAPEPEMIFEE LBTNAAG, @I cargo test FHITMiXe XM ERH
B8, BRLAETRIIME FEENRMNXHRGEMIIRZE,

2. % axfs BRFEMPAAERITIER AP TENERE, SITAENTHITX
G, SEUTFRARFERINIRS Ho XA AN ESSIFMRRXHRGRIR,
BREmE. BEIURSITEHRRENE, EXFREFRVIIEORRTERIE,
AT EBITARA— N TENEN, TFEMELUSTARKRIMEDO, Faead
BIRBIRIE, AHTHENTETEREIN.

3. BEEEXNH, EFR axfs SRFESITaTE—E, ES LB/ NZEIHA
arch_boot A, MFEMTEMRAM. XERAM—HEENSTIT axfs RIRINEE
ME&E/N\A% (BRIAZE Unikernel) o

BRI LU ARISITIE QEMU £, M5Eal SIS ARG H B /Y.

SNATF axfs FHEBEHAHFASIE (arch boot RFEE— main KA DA ,
FtEEEMELI EMEMNTEEEMAED, MmHRIEWRAEREN -

LERRINE 3 RS REBEEBRIE FEBRNIRFIRIRE. 517, BaEBiLAL
AR EIBEAR— T NARF—H#AR—TRKER -

3. EFHITREWIE | AFRXTFARNZEME e T2, SRR T BERIER
EMNER, MRFHIFAZ2AEREEE. FIVEIERRIERSE WFRIVEIRIE, La)
MIN—KBERERBIETFREXR, FRUCEIEERN FRERIENAZRABEESR
EXNNAIIEER, SARAEERANEARN, XMIETERRE Z. EtafARFEIET
ERLIFD NZMRIR, BB R AEENKIIRREER/TOEE,

A CRRERFARITHNERT, RITRLS—MRRNIGIETFRERERIIENS
SERRAREIEAR, B0 E—MEREHITEBNTRCRIE, LEERATEERN
WIERLR, MMEHELEEEIRAIOIEMERE ., E2ZR18Y ArceOS 7, HTFREKHIEFE, E
BERFBEERY EEIERAOCI, XA STAFTERHAY_ EESSIAIIERT, MNERRIRIIN
IEREA TR, MERREBIAZ TRAZEX MR, MAHLAF LIt RE
InfEF]o


af://n1046

RIR(CHISIETE S FINREFHERIS — T NotNull EEB VPRI TIE !
https://gitlab.eduxiji.net/T202410003993297/project2210132-239820/-/tree/verifyingkernel , 'EIF
ArceOS/Starry BIEAFEMEIR bitmap_allocator I memory addr, %352 MATES Aoasflithit
EEHNEER, GERMTER. MMROTEMRZIERIIRIR, ETT T XM MRERE
Witwfm, BITEDTREEMAVE, TURIESS | ANRRERTIER (BIFRRKEMERE
BIEELEMERFRERRM) , ERIANEAMEXAEZR—HH, BI5IARRELIAN LT
{ERVIERANE, MTI7EIERR L ERRIRBIBHRIBAIERRN 8 20, (EHIIET FRIF R,

B EMITE, FMPANAHCARFRERRS I ARZHTSVEEFHEEM L, AJLURHAMNF
ME R, HEETESEEBNBRIEEEMAEFA L. Wik, KIEAG, BFFH—
T B XA %

| BEET

' Starry

https://github.com/Starry-OS/Starry/actions/runs/10132474884 HIER Y Starry BY CICD &R, AL
E3 Starry BAIHY CICD ¥2EFS R Unikernel 1 ZARZERNNG, BxFE&—FRRGE
¥ EBF x86_64, riscv64, aarch64 =FIERIEM, RILZIEDIMTIFNINEE,

¢ Build CI
@ Merge pull request #20 from Starry-0S/fix_ci #102

() Summary

Triggered via push 2 days ago Status Total duration Artifacts
Jobs @ Azure-stars pushed -o- dab9c01 main Success 4m 29s -
@ prepare_for_external_test
cli nightl; A
@ clippy (nightly) build.yml
@ clippy (nightly-2024-05-02) on: push
° build-apps-for-unikernel (ubunt... Matrix: build-apps-for-monolithic
@ build-apps-for-unikernel (ubunt... @ prepare_for external test 3 ® ® @ 6jobs completed
Show all jobs
@ build-apps-for-unikernel (ubunt...
@ build-apps-for-unikernel (ubunt... Matrix: build-apps-for-other-pl...

@ build-apps-for-unikernel (ubunt...

@ 2jobs completed
Show all jobs

@ build-apps-for-unikernel (ubunt...

@ build-apps-for-other-platforms ... Matrix: build-apps-for-std

@ build-apps-for-other-platforms ... ® @ 1job completed

@ build-apps-for-std (ubuntu-late... o

@ build-apps-for-monolithic (ubu... Matrix: build-apps-for-unikernel
@ build-apps-for-monolithic (ubu... ® @ 6jobs completed
@ build-apps-for-monolithic (ubu... e

@ build-apps-for-monolithic (ubu... Matrix: clippy

@ build-apps-for-monolithic (ubu... ® @ 2jobscompleted

Show all jobs

@ build-apps-for-monolithic (ubu...

Run details
& Usage

Annotations
&Y Workflow file 8 warnings

87 APP X#FH M, F{1Z#FT Dora, tokio, redis FE 2N, T tokio, redis FZ2EM
NA, BRMERTE, 3T Dora, FAIITIERLEIT :

o Starry £ Qemu _EREINELN Dora, BIATER—E Y128 £351T daemon ‘coordinator H1Z™ node
o 5EAYT Dora BY benchmark Mz, MIRNEEIT :


https://gitlab.eduxiji.net/T202410003993297/project2210132-239820/-/tree/verifyingkernel
af://n1067
af://n1068
https://github.com/Starry-OS/Starry/actions/runs/10132474884

log level = off

Running testcase: ./dora up

started dora coordinator

started dora daemod

Testcase ./dora up finished with exit code 0

Running testcase: ./dora start dataflow.yml
00000000-12c4-71da-af3d-c380d5075317

attaching to dataflow (use " --detach® to run in background)
Latency:
size 0Ox0 2.675384ms

size 0x8 2.711931ms

size 0x40 2.61393ms

size 0x200 1 2.925648ms

size 0x800 2.832945ms

size 0x1000 3.035694ms

size 0x4000 3.539478ms

size Oxaf00 : 6.038062ms

size 0x64000 : 112.375499ms

size 0x3e8000: 1.386603547s
Throughput:

size 0x0 : 595 messages per second
size 0x8 : 550 messages per second
size Ox40 : 423 messages per second
size 0x200 : 315 messages per second
size 0x800 : 279 messages per second
size Ox100@ : 288 messages per second
size 0x4000 : 77 messages per second
size Oxal00 : 65 messages per second
size 0x64000 : 14 messages per second
Input “latency’ was closed

Input “throughput® was closed

size Ox3e8000: 1 messages per second

e QEMU _EmiThiEE EBEMRINME A, FEAILUEE Dora TAIERETN X AHME
X2 B K RS SEE
sl AE, BENEAEE :
https://github.com/Azure-stars/Starry/blob/feat/module/doc/OS-Train-Repo/Week4.md , MFIAES :
https://github.com/Azure-stars/Starry/tree/feat/module/apps/ostrain o 8 % BIXTMFIEI D ATIEN
HEEMIALER -

l relL4

reL4EFseL4FF %
WITANT ¢

mkdir reL4

cd reL4

repo init -u git@github.com:reL.4team/mi-dev-repo.git

repo sync

cd build-scripts

make ARCH=riscv64 seL4-test #1&Hriscv64 ZeHIHTTHIZE, HHimiTseL4BT5)
make ARCH=aarch64 seL4-test #1&Faarch64Z2HATTHIZE, FH51TseL4H9 B

B FreL4REFHAscL4, EULIHNTAILUSITAAERIseL4RERNG, SBITERMT


https://cloud.tsinghua.edu.cn/f/4b4bc7e845f342ad9d6e/
https://github.com/Azure-stars/Starry/blob/feat/module/doc/OS-Train-Repo/Week4.md
https://github.com/Azure-stars/Starry/tree/feat/module/apps/ostrain
af://n1081

® Ubuntu220431TS X 4 v

Test TRIVIAL0@O2 passed

Starting test 111: VSPACE0000

Running test VSPACE@0@0 (Test threads in different cspace/vspace)
test_name: VSPACE0000, Test cost: 0

Test VSPACE0000 passed

Starting test 112: VSPACE0@OL

Running test VSPACE@P@1 (Test unmapping a page after deleting the PD)
test_name: VSPACE0001, Test cost: @

Test VSPACE0001 passed

Starting test 113: VSPACE0002

Running test VSPACE@@02 (Test create ASID pool)
test_name: VSPACE0002, Test cost: @

Test VSPACE0002 passed

Starting test 114: VSPACE@0@3

Running test VSPACEQ0@3 (Test create multiple ASID pools)
test_name: VSPACE0003, Test cost: 0

Test VSPACE0003 passed

Starting test 115: VSPACE0004

Running test VSPACE0004 (Test running out of ASID pools)
test_name: VSPACE0004, Test cost: 0

Test VSPACE0004 passed

Starting test 116: VSPACE0005

Running test VSPACE@@@5 (Test overassigning ASID pool)
test_name: VSPACE0005, Test cost: @

Test VSPACE0005 passed

Starting test 117: VSPACE0006

Running test VSPACE0006 (Test touching all available ASID pools)
test_name: VSPACE0006, Test cost: @

Test VSPACE00@6 passed

Starting test 119: Test all tests ran

Test suite passed. 119 tests passed. 52 tests disabled.
ALl is well in the universe

reL4 BEISZHF riscve4 F aarch64 3EHZEM), 1B KBTI FRIEIIEEMNIE 85517, LT/ reL4
FFF aarch64 ZRARTNNIRTITEIE -

<« P ipe DO Do
’ @ FORERS =+ B riscv_testlog 9 aarch64_testlog X Oy Ot @ -
v IPC [ aarch64_test.log
/O > W .cargo 96  >>>>>>>>>>>> Entering transfer_set_fault_mrs_UnknownSyscall_test...
> B% vscode 97  Test transfer_set_fault_mrs_UnknownSyscall_test passed!<<<<<<<<<<<<
> W& script b )
@ ST 99 >>>>>>>>>>>> Entering transfer_set_fault_mrs_UserException_test...
£x= 100 Test transfer_set_fault_mrs_UserException_test passed!<<<<<<<<<<<<
M W target 101
™
& © .gitignore 102 >>>>>>>>>>>> Entering transfer_set_fault_mrs_VMFault_test...
B aarch64_test.log 103 Test transfer_set_fault_mrs_VMFault_test passed!<<<<<<<<<<<<
N b 104
&> & build.py
105  >>>>>>>>>>>> Entering transfer_set_transfer_caps_with_buf_should__test...
= Cargo.lock 106  Test transfer_set_transfer_caps_with_buf_should_test passed!<<<<<<<<<<<<
B5 @ Cargo.toml 107
w4 doc.md 108 >>>>>>>>>>>> Entering transfer_set_transfer_caps_with_buf_should_inmediately_return_when_ipc_buffer_is_none
[ 7 [ linkerld 109 Test transfer_set_transfer_caps_with_buf_should_immediately_return_when_ipc_buffer_is_none_test passed!<<<<
=® ) 110
3 Makefile 111 >»>»»>»»>>>> Entering unimock_sample_test. ..
[El & gemu.log 112 Test unimock_sample_test passed!<<<<<<<<<<<<
© README.md 113
H ® riscv_testlog 114 ALl Test Cases(count: 35) passed!
= [ unit_test s
~)
@
A WE WEEmE W R +v (gbash @M @ - ~ X

® (p3) jackhu@lackHudeMacBook-Pro:~/src_code/rust/ipc$ ./unit_test
rm -rf .cargo src/entry.asm .log linker.ld 1
® (p3) jackhu@lackHudeMacBook-Pro:~/src_code/rust/ipc$ ./unit_test
rm -rf .cargo src/entry.asm .log linker.ld
@ (p3) jackhu@JackHudeMacBook-Pro:~/src_code/rust/ipcs []

> KR
> RUST DEPENDENCIES
l{% > SONARLINT ISSUE LOCATIONS
§° mi_dev ¢ Launchpad ® 0 A O GitGraph rust-analyzer SonarLint focus: overall code THE:3 UTF-8 Log &8 2
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P ERZBNIZITAIARZRN o FETRFNEXLERNBIES THE T RRICIFERS Starry
reL4o XELENRAS WA FRIREIFICRS, BEE Y (S5R0%E) | 2Bt (35S
RMEs) URSERME (IFEMEREERMNA) . ETREIMBEXLELEAZIRIL,
DT A LAREY E BIEFEEE, IANMRERYDFY, FNTTLULAHFRESHAKE
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), BMERRERARRHARA L E.

BRIEIERINEI DI NARE —ENRRA, EALARA LhEREEN G, £
¥, BIMESBSAESHBEAHERRITR LHRR, SEENEABRENILITRN, HREREN
BROFALERN, #—FRBRAFERRBINE,
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RGTFERFHRAEN. MEEM. FREEM. HBFEM. RASLEENEZEEM,. CICV BY
BHEREMWENINES REPFHINFK. AESHFK. IFEK. BIXFK. RETT
2. BRRIREM. FHIRM. PEXFERK. FERAKFERITNARIZRL FRIEBMX
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https://github.com/yfblock/ByteOS-MicroKernel
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