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1 FC®IC

/N OS 1F, FHERES X7 LA DFRICE W TEHERIAR - BAENRTH 5, A OS IZEKT
BHETH D, WIEECIHED OS ORKRB RS 2 13E S 2 WIHEDZ WV, Xinu 13 Z O
BIZH LT, NERI-FR=RATTBELR, AT T a—F, Avk—I TR AT A
a—NEFRRTAHEM OS & LTkt i,

LU, A/ OS 13 C FEBIC K 2 UKBEFLEZFiEE LTWVWd, CITX2EELEIN—
R = 7HIfENCIE LT 325, OS WED component [ interface, message D&, capability.
WATHE OS2 IR 212135850, Fiic, Fatk R, 734 2, j#@i{E. kernel service D5 IZ,
BRI L e G 7 — 2 S oIl s g u,

ATPL X actor-first SiETH %, actor IZNFIREEZ A LAD. A & 1E message 12 & > Tl
B35, ZOMHEIZ. OS DWKER% service & L THBEL. interface ZRTEM T 285
MM RV, AR TE. Xinu AO/NMY OS % AIPL Tl 32 28T, HEMICHBLD &L,
WFFEANTIEEST = OS service orchestration % 55T X 2 RIR A MR T 2 WEEZRT,

BN EAOI=T08

Xinu BN OS O EZR % AIPL actor IZRHIGD1) %,

AIPL 12 X % process, scheduler, mailbox, device, syscall DFtibfil % RF,

OS kernel \ZBIDSAER % | service interface & capability DBl 5L %,
AIPL 523 OS D577 —F 7 7 F % & BFEH bootstrapping T1EZIRRET %,
HER OS. %A OS. AIOS kernel NDFEERREM: 2 BT 5,

2 Xinu E/NE! OS OEH

ARTWVWS Xinu B/ OS 1. Xinu OFEREFEEETIIR L. Xinu OB EIHE & i
ALY OS 2163, Thbb, ROBHEEHTZT,

. /W& W kernel core ZHFD,
. process FE7z21& task DERK - KT - U E RO,
. priority % 721& round-robin scheduler %2,

. device ZHRILT %,

1
2
3
4. process [#] message passing #f0,
)
6. syscall interface ZfD,

7

. console, timer. memory, network 7% ¥'&&/)N service Z#0,

Xinu OEZELZFHIZ. OS OBRERNKIIART, AT 22K EHAUNE L TH S,
AIPL fRCH ZOMEEHFE T2, Lz -> T, RO HEIXEMERE OS T3, @2 OS,
EHETZ2% 0S, MATES 0S TH 3,



3 AIPL IZ2& % OS s EERF

ATPL TlZ. OS NERD service & actor £ L TERT %,

Kernel = Scheduler Actor+ ProcessTable Actor+ Device Actor™+M emory Actor+1PC Actor

% actor I¥ method interface Z+%%. message IZ & D##E T 2, 72 213 scheduler (ZXD
X 572 method #Z0,
scheduler.ready : Pid — Unit

scheduler.next : Unit — Pid
ATPL 12Xk % OS ididOEARAEHIIUTTH %,

e kernel service 1% actor & L TERT 5,

e process & actor 721X actor IZ X > TEH XN 3 lightweight task &3 %,
e syscall IX user actor 2*5 kernel actor D typed message & 5 %,

e device driver & device actor & L TRHT %,

e interrupt & event message & LT kernel actor IZELET %,

e capability 12X D, actor 2SFFUHE % kernel service ZilR3 %,

4 2RT7—-*TI0F v
AIPL-Xinu O£ %%2 % 1 1217,

# 1. AIPL-Xinu @ kernel actor

Actor &

BootActor HIHALIERS 2 HilfH# L. kernel service ZEH5 5
Scheduler Actor ready queue, priority. time slice ZEH 3 %
ProcessTableActor pid. IKHEE, context. mailbox, resource ZEH T %
IPCActor send, receive, select, reply ZEMH T 3
MemoryActor heap. page. allocation., ownership Z%EH 3 3
TimerActor tick, sleep. timeout., preemption event %43 %
ConsoleActor console A 22 ft5 %

DeviceManagerActor device registration & driver lookup ZEH 3 %
NetworkActor packet A /1% protocol stack ~ND AR T 2
Capability Actor actor/process DFFOMERZEE T 5




DMK TIE. kernel IZHE—DBERZHIHAREE TR <. typed actor DERETH %, 7272 L.
FTARTETH actor & LTHEET 2 & overhead 29K E WV, L7zh - THEEE EIX, [F— address
space N T lightweight actor runtime % f#i\y, message delivery % &iE{t 3 %,

5 7OEXETFIL
ATPL-Xinu Tl. process & @D ICRHTE 3,

1. process HiK% actor &3 573,
2. process & kernel 2VEH 3 2% execution context & L. user program % actor-like task
LTS

F—0FNIBEANCHIMTH 5, & process & mailbox ZFFD actor TH D, message I
J: D VCE%?‘%O

class UserProcess {
method main() {

print("hello from process");

}

method signal(msg) {
print("signal: " + msg);
}
}

FH AT OS FE2EITE W, ProcessTableActor 2% context % {##F L. SchedulerActor %3
EITHEERYIDE X %5, AIPL Gtibld control plane %R L. /K% context switch 1& C F 721
assembly @ small trusted runtime 12%&4%,

BEM WAL LTE, mOISE—D actor process /TR THEEE L, RITH D native context
FRANIERT 2 DHBENTH %,

6 RT7Ta—7

Xinu E OS OHuME scheduler TH %, AIPL Tl scheduler % actor ¥ L CatiRd %,

class Scheduler {

var ready = array_empty();

method ready(pid) {
ready = array_push(ready, pid);
}

method next() {
var pid = array_get(ready, 0);
reply(pid) ;

}




FFKIZIX priority. sleep queue, blocked state, time slice 2% 5 HEHH %,

ProcState ::= Ready | Running | Blocked | Sleeping | Dead

SchedulerActor @ interface 1¥RD &k S5 ICE&KFTE 3,

spawn : Program * Priority — Pid
ready : Pid — Unit
block : Pid * Reason — Unit
sleep : Pid x Time — Unit
next : Unit — Pid

AIPL BNz Xk b, Pid ¥ Bz 2%, Time ¥ priority. blocking reason #XB|ITZ 3%, Z
UL OS WERD/NE D EZ 25 A THETH %,

7 IPC & mailbox

Xinu 1% message passing Z#FD, AIPL X actor S8 TH %729, IPC 1ZHARIZ message
passing £ L TRHTZ 3,

send : Pid x Message — Unit
receive : Unit — Message
select : Pattern™ — Message

ATIPL @ select & mailbox 2* & pattern 128 95 message Z3ZITI X TH D, OS © IPC
primitive & U T X 5,

select {
case timer_tick(t) -> {
send scheduler.tick(t);
}
case io_ready(dev) -> {
send device_manager.ready(dev);
}
timeout 10 -> {
send scheduler.idle();
}

IPC 128 %ZE A F % &, message payload DF—E 2T 5, 7z& 21X timer tick & device
ready event IX[F] UBEZ G0 b LKW, BERIZELR S, BIIZOEKDE W% interface
RIS %,




8§ YXTLIO-II
ATPL-Xinu TiX syscall % user actor 75 kernel actor ~® typed message & LTS,

Syscall = UserActor — KernelActor : Request

il L. console write \ZXKTH %,
console.write : String — Unit

process spawn (XX TH %,

kernel.spawn : Program x Priority — Pid

syscall % i@ OBIEIEH L Tld7% < message & LTS A&, kernel boundary H3HAR
INBZeTHb, EHIT capability check % syscall DRNCHATE 5,

class Kernel {
method spawn(program, priority) {

var ok = capability_check(sender, "Process.Spawn");

if (ok) {
var pid = process_create(program, priority);
reply(pid);

} else {
reply("permission denied");

}

HWAED AIPL 523 Tlid sender R D HAENCHIFGE A 2K 2 53, ISt HEE L Tl Result
Pid Error D X 5 AT = syscall result ZEA T 3,

9 TNARARSAN

/N OS Tl device abstraction BAEETH 5, AIPL-Xinu TlE device driver % actor & L
Tidih3 %,

DeviceActor = open/read/write/close [ioctl

class ConsoleDriver {
method write(s) {
lowlevel_console_write(s);
reply("ok");
}




method read() {
var ¢ = lowlevel_console_read();
reply(c);

}

DeviceManagerActor (& device %2> & driver actor 5/ <,
device.open : DeviceName — DeviceHandle
device.write : DeviceHandle x Bytes — Result

device capability IXEHETH 5, TXTD process A% network X raw disk 127 7€ AT =
TWE 50, AIPL @ capability layer 12 & D, device access % actor interface & L THilfR
T 5,

10 XEVEHE

AIPL-Xinu O#HAEPRE TIEX. memory management % HiffiZz heap allocator actor & LT
®TED,

memory.alloc : Size — Ptr
memory.free : Ptr — Unit

X D EASEPETIX, ownership, region, page. capability %A1 K3 3,

Ptr(Region, Permission)

7272 L. AIPL BHR%ZZ 27 E/KE kernel FehE7E L LT 5 &, raw pointer % EHE user
actor IZE X RWAED KWV, MemoryActor 23 buffer handle Z BB L, process (& handle % i
LT read/write %3R3 %,

Buf ferHandle # RawPointer

ZOFFEHTE D, /AN OS TH D 72H 5 memory safety DIFFENTRICTHR 5,

11 EIDAHE event

&) D SAAIZE/KHE hardware event T %, AIPL TE# interrupt handler 2 TE < DI
T TRV, F/) trusted runtime 23 interrupt %5215, AIPL runtime (Z event message
rLTHET,

Interrupt — EventMessage
7z & 213 timer interrupt (& TimerActor N tick message 1272 %,
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timer.tick : Time — Unit

device interrupt & DeviceManagerActor ¥ 72134 DeviceActor NELE X 5,

device.interrupt : Deviceld x Interruptinfo — Unit
ZOgE TR I DABNBOEIKER D2 /NE L RE, 2L oflia Y v 7% ATPL @
BIff = actor & L CRLbTE %,
12 B 7 LDORE
OS % AIPL CTEH S ®&RARDHMEIZ, kernel internal interface IZ % 5.2 5N 28 TH %,

12.1 Pid  B#HDOKXH!

C tHE» N/ OS TlE, pid. priority, device id, error code 23[F] UBEAI TR XN H
Thd, AIPL Tld. ThHZ2RR2HRR L LTRSS,

Pid # Priority # Deviceld # ErrorCode

ZAUZ & Y. scheduler 12 device id #1E3 Xk 5 RFR D ZEANICET 5,

12.2 syscall interface MIRE

syscall 1% kernel D25 interface TH %, BT X syscall 12X D, user process D3 IE7R5 £
T kernel service ZMERZ & ZB1T 5,

spawn : Program x Priority — Result Pid

12.3 capability MBAR

OS TlE, HEROEHMA AR RTH %, AIPL O capability BiZ, actor 23FEUH+E % kernel
service Z iR 3 %,

Capability ::= ConsoleWrite | SpawnProcess | OpenDevice | NetworkSend

I' F actor : CapabilitySet
syscall typing 1% capability ZHIEICTE %,

ConsoleWrite € Cap(actor) T'F s: String
I'F actor — console.write(s) : Unit




12.4 message protocol DIRZEE

OS NERIZIX protocol 3 %, 7z¥ Z1X device read &, request, block, interrupt., wakeup,
reply £ WO EFZHED, ZDEF% session type & LTk T %,

read.request — process.block — device.interrupt — process.ready — read.reply

HE ORI TIE. ZOMEFIZRAET 272, AIPL-Xinu Tl session protocol % runtime
checker % 7z13E#HY session type & L TEAT S Z & T, kernel protocol DUEFEZ MR T 2,

13 SR&EEFE

ATPL-Xinu DSEEIXEFEIICIT S,

B N

Stage 0 W7 OS £ AIPL runtime & LT kernel actor £ Z &2 3

Stage 1 Scheduler, ProcessTable, IPC, Console % AIPL T35#3 3%

Stage 2 Timer event, sleep. timeout. preemption simulation ZiEH13 %

Stage 3 DeviceActor ¥ DeviceManagerActor %3813 %

Stage 4 native context switch % trusted runtime (ZENS %

Stage 5 bare-metal % 7z1% emulator £ T boot 3 %/ kernel NE(T3 %

Stage 6 capability type & session protocol checker % kernel 2K\ H
75

BHD 5 bare-metal Z H¥E$ . hardware initialization & toolchain OEME X IZHFFEDE
HAEDNS, Lo T. F#iZ hosted kernel. 3725 EEE OS ET#E1< AIPL kernel
simulator ¥ U TEE T3, ZD%. trusted runtime %7 { LT bare-metal ~JT31F %,

14 HBEMESH
AIPL-Xinu ZZEFEH OS * LTEHEHTH 3, HAHF=>2H 3,

1. OS component 2% actor & UL THREX ., HEIDBHEZ LTV,
2. message & syscall DRABI/RE N, interface ZHEE L L3\,
3. scheduler, IPC, device., memory % BFEIICELEZ 5N 5,

PERD C R—2/M OS Tld, E/KY%E pointer #/ES® header IFIZ2EEE DIEED AV
TV, AIPL-Xinu TlX. 3 OS O#EEMEZ actor ¥ message & L THU, HEIZIHL TR
IKHESRIEARED 2 Z M TE B,
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15 HEME

ATIPL-Xinu &, 2B OS Tz <. BIfFE OS service orchestration DR IC
%5,

e kernel service @ actor 1t

e syscall DRIGE

e capability !

e session type IZ X % kernel protocol 7
e actor runtime & OS scheduler DX

e AIOS kernel ~DHLR

Friz AIOS L DEMMPEETH 5, KD OS Tid. Al agent, model adapter, memory
service, tool service 2% OS service & U THEE T 2 A[gEH2H %5, AIPL-Xinu X, 21 o %
kernel actor F 7213 user actor ¥ U CERIZHERT 3 EBMIREICIR %,

16 Re8

ATPL-Xinu 21¥Z { OFERDH 5,

16.1 148

actor message passing IFBAEIESH L &K D overhead 23K Z W, kernel NHERD hot path, Kz
scheduler, interrupt. memory allocation TIZFBE(LVHETH %, KK E LT, [F— actor
group N message @ inline {t., &t dispatch, zero-copy buffer handle 2% X 54115,

16.2 {SFEEE

FTART% AIPL THL Z 2 IFBERN TRV, boot, interrupt entry, context switch, MMU
setup 72 &3 trusted runtime & LT C/assembly T&H  MEHH 5, 5 LI, trusted com-
puting base Z&/Mb L. AIPL TEUJ 2802 HAILT 5 Z e HEICR 5,

16.3 B {EKEER

raw pointer, DMA buffer, device register, interrupt mask d X 5 BAK/KAEE 5 % m/KHER
TEY S RHET 200138 L, capability & linear type. region type ME ADKEIT 2 % AJRENE
DBdH>3,
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16.4 deadlock

kernel actor [ L23EH] now ZEERAICFER Y deadlock 25 Z D15 %, OS kernel Tl
deadlock 1B TH %, session type. effect type. lock ordering ORRE I NEIZ T 5,

17 FH@EAE
ATPL-Xinu OFHMiilL, HREZ I TR, HE M MEREEZEDIRETH 5,

% 3: FHmEA

FHEIEH WA

a— FER kernel actor Z & OFTH. trusted runtime DITE

MR 5% ¥E DY scheduler, IPC, device % BT % 2 %

Ar S — syscall 5%, pid/device id H{ D #E Z. message shape mis-
match ZMHTE %75

TERE context switch, message delivery, syscall latency

PRk 1 LW device actor %° syscall 281 L3 W

etk capability violation, protocol violation, deadlock risk %
BT 20

Xinu & OS & L TiE, H#fiZ shell, process spawn, message passing, timer sleep, console
10 DEES 5 Z & Z HEAM)D milestone &5 %,

18 ¥5&m

ARG TiE, Xinu @ & 5 /MY OS % AIPL Tadidh L3S 2 W52 2% L7z, AIPL-Xinu
X, OS 2T & actor Bf& L THERK S %, Scheduler, ProcessTable, IPC, Memory, Device,
Timer, Capability 1 actor & U THREEZ 4, syscall 1& typed message & L TRIHI N5,

COFEHTE D, BHEH OS & LTI ERDOKEINAMICR D %A OS & LT3
% syscall, capability, session protocol, actor-based kernel orchestration % %R T % %, Xinu
/N OS OFfREE BRI LT & 512, AIPL-Xinu & actor-first 725} & OS F&EF 0 HfE » 5
BrRBICTHeHEET,

S DIEELZ, hosted AIPL kernel simulator @524, scheduler ¥ TPC O HIFHT, capability
BIDEA | session type 12 & % kernel protocol ##, # LT trusted runtime %7#< L7z bare-
metal JRNDBATTH %,
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