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AR E A 2022 2E KFAETFHEIR LN LT KE-REZ AT R
P IRIE Y 97 5 R la—seld, A B LAR: FFRIRAE R 4469 LoongArch #548-
seld MMM, A B AN b A KB A RN 8 Fo b BA 127 R KR
R R I, b P BAFERKFOFEE R 5 0,

seld R—A@mEet, SHRENRERAAMAEL, FAZEXERALNT
FEAAAA, R — R R AT X IBIER AFatkie, —REANTET
capability 8937 F44], B AT, selLd B & .25 x86, Arm #= RISC-V ik A 49
selLd N 4%, A AESE F 3545 E LoongArch 894 K Z & Ar seld 42 X T4, KA
M A4 seL4 2] LoongArch 424,

A #ET

1. #4Hi elfloader, 5% seld L ¢ LM FEIME 5hiRA4Z, ¥ elfloader #%
14 2] LoongArch -F &

2. #4f4 seLd-test, ©.3E: 44 LoongArch 354 AR &5 32, P uria) s
432 75 XAe seld MAZ4E 2% I T seld BN H 49 LoongArch Fa A&, B AT
PR B E RALG2 B

3. MAAT/R Cmake LM/ 7he LoongArch 49 X 4, m %% LoongArch
MK seLd—test T AT el f A, A ASE R U %iF T AN HFX,

4. AT, (AFRELSTHARDEH,

$—F, TEHFT. AFNE seld-la RAFH, 0.3 seld 9L B LAn
B, AR selLd M AZA% 4 %] LoongArch 69 & L,

$ =%, seld fif. AT seld A BIL A, MAT seld &9
WK, AR —RAH LT sel4 490 B,

% =% selL4-test #9 LoongArch # 4L, KFANBAH seld MM 4% 3]
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F—FRAEF

AKEZEITZNE seld WAL H =A R EFI, #IA¥ seLd #4441 2] LoongArch
Ze 89 & 3L,

1.1 LAABEH*

WA R AT NEREG AR . RAAZIIRE— AR FHUh], @SR IRAgIR
R RIR G AR EMANZA LA Z R PAEXIRSSREG 1], 2 A4EFE
futAE]E1E (IPC) #ud] GRF AN &%) HRH BB RKRELR S
FTVA, IPC &8 AAEATIR 469 X 42k mli, 1K IPC AR+ 5w %489,

3] 20 #4290 F XA, IPCHACERAMAMYEGTIHE: —REFHE
WiBfERAY 100us, M THESHREEZAANTI TR T, AXTLFEHTHA
Ak AR KR i X [2], &£ EA AFHEIAA XM AL e9414 (3],

182 £ 1993 4, Liedtke #t A4ty L4 MAZ 41509 T80 5 a9ik3t,
MAZEG IPC =T KAtk B R A9 f M A% 10 2] 20 43, & L4 Fah k69 F & 4L Linux
BRAIER T L4 BRI [5]. Rk oh, A ARIT A L4 A& ey Xk
T, ELAER A AZ R BLEY I RE A PR JE B Fe AR 2 T AT — 2 A I SRR LB
89 TGRSR [6] . L4 69t AT ALY AT 50 TAE L = A& T & K49 %4vh, J= EROS
[71,

seld

L4-embedded

P OKL4 Microvisor

y OKL4 Microkernel

L4/MIPS

Codezero

Hazelnut

Fiasco Fiasco.OC
APl Inheritance

NOVA

Code Inheritance

P4 — Pike0S

[o3ToaTosTogl o7 TosToos loolor Toz TosToalosTos TorToslos Tal 1 Ti2T13
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L4 AR #%%H T 20 Fo9iE AR &, A TR SZERRAMGEN (B
1-1[M11]), C2MA TEKGA P AT EAARAR, FELAT AL AT LA
GRAEEIRZE 2 A

1.2 sel4 A R E

J& &t EROS A= KeyKOS[8] % 469X AL R IAR AN IRAE R Goe A H
BRERFLAAT RAFEIEFRA T capabilities[9]#9Mt4 £t Ark |,
AT F I I F iy E AR 6 L4 69 XIR4E, /& 2004 5F, Gernot Heiser F A&
F 45 A T capabilities &9 L4 A selL4,

2009 4, seld Tk T % 3] 5 KA 9h a9 75 KALIIE; 2011 5F, JEBA T selL4 A
MR PRIE S I T M, PP AR XA capabilities ARG IF LT Rab o 448, P
47T seld B9k £ FUMATHE], EA T seld B IRAEFR Z2 % (mixed—c
riticality systems), BPERBEAT ™ SEAn R SR ILT, T ASKIER
BT SERAD A9 AR KB, ST A5 A SR B MR 2 A 3E T A3 R 89 7 AT A AR 2
013 5-4EBA T /& separation—kernel BLE T 49 selLd =] ARIEHERE P (confi
dentiality), BR/2 XA capabilities A H I T A I 4E (2 2B T
A2 XA % BT, RAEAL4E timing channel); 2013 S4EBA T seld ~ A 09—t
H XA & seld 09 C AL 0Y E#HENE, A L34 CHhiFR., £ 2014 5, sel
4 BRI R[12]; 2020 554 A 7 H, selLd /m AN Linux k&4

seld & —ANFZIRIE, SHANBIERAAEMANE, LEAER ExASERTE
R R AN, RFZLETH 2N XBIE, M AR AMAE, seld §
BAEA TR R, bR ME b frsc AR 2 4%4[10], seL4 il iT capabi
lities A K a9 5P 4=%], HEH R ABMHZMGBEF—XRRARX
OGRS, AR XiBAT. EA AN, seld s R AL T — AN Rwk IR 4] 89
KD, TAAMBIRS T AR AR EZARE TR Aak, seld £
R IEATH L AL Z MR T R B 0918 BARIE, IR AR F LT EHIE
by, T seld N AYIREL L BBIEN T AL RINF I T AT 1] 49

o % IE
e LIk,

A

seld & L4 KEKRE 20 FHARGMRE, mEALE#—F REF, seld %t



Z RS B % RN 6 IRF, BESL A VAT ILE[13]:

1. YTIREM

TR RIS IER seld m 20 H & B,

2. M

X B LA A Z S RN, f BLE A seld 89 353E R AL 5 KL 5
89-F 7 E b, BT AR B 3t seld o E &,

3. iEHHE

FIM A2 L4 75 ZF A MAAZARZIET BAR: mAEFT RERE %R
Bho MERIIARE, RE I EA BRI,

4. adEHMH

AR AR ST AL EE T AR, Hd A P AR K
AW A

5 mEk

MERE, LEZ IPCIEAEMMHE—AR L4 A SIRF',

6. EAME

AR seld Z AT8 OKL4 A B B AE K B capabilities #LAI 89 R A, %
A RAZS RN, AR LR AR 8 1% 09 18 3 HLE W%t a9,

7. REMH

seld 54 MAzeg— 2 B ) £ JB HiT,

1) seld RZ K TR A% A P &9 Atk , B A & iRt AR RIZAKE 8

BAF RS MABIFAEARAER .

2) seLd RAIXEAME S A API, B A4 fT H A ZERIF R AT sel 4
Wt e Ak,

" seld AR AHF seld 5 R0 A ATILIT 937 % A81E 10%, W -FH009 seld MM AR S H
10%, & BE—F a9tAk, seld B A b ik RAE B A o
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3) seld F"aRmitEdt T g, ki Z 8 MW E, REFRARKRZLEH TR
R MEAMRE TR —ANHEELSRTELRERET
8. -FiHM

MR 42 AP Ae ST IR P oh, AR HF R R 438, seld 49 & A RN F 120t
REHELT, FEHATRERATHME, e, TIRIEMF S 200 2 18 69 ) #7,

1.3 A &L

BRI AFRILEHNR, RO ESKRASTEATEROF RS
E2AFE, BAr9 PC Z ¥l windows+tintel x86 ZMALSIKZARE, AL
TGN R T B REEABRZF B EAERKER T LYK, Z2fod K
BTREACHASKERZFZZ,

AR FERGFIE, RS AR ARER A TR, £ =1 /F46 CPUFF
T A A S FIRARE 206 ah E ek 50k x86. ARM SR £ 2455, HHET
BG4 R % LoongArch, A b, BSASMR4IR)EALRT R, AR LES
ERELB ZK, L HE LB E] LoongArch 454 5 A A £ A & IF
A F ) —ANE BN B

BN R RB AR 2 AR IR, ST T RS ESH R EMEERM,
% T "B 77 89 Loongnix #= Loong0S 4, kA F =704 EHMER%. BEIRIER
Y. RAIRVER A B ATLE 2 LoongArch R4 LRI R I, RIZ I, EH L
% 154 & Yo L5 15 £ #5245 %] LoongArch M2 £, selLd 454 B AT | AL FH 4914
N, ERRGEAMNT TS Ko ¥ selLd 42| LoongArch &4y, 3t T i3
REESHEER, ROLSESHHR)ARKGTF I,



#F —_F sel4H 4

AFETEH T3 seld B A RA GG KT FoI8 iR 4554 seld AL &
1% B Ao e AR VT A8 B2 B 69 N R 3EAT A28 18 3K

2.1 selLd A A’
2.1.1 seld 57 B1EFZA 09X 3]

seld EAMA I AZ, BETRBERA, eLinuk XA+ 5A 2,

Syscall User
VFS Mode E::to- g:?ver
Device
:nggg IPC, File Systemn corne) Application [ Driver :
Scheduler, Virtual Memory Mode !
Device Drivers, Dispatcher IPC, Threads, Virtual Memory MPC 10 KSLOC
Hardware Hardware

B 2 A4 [15]

B 2 AMAZTRBFZRANER, EPHREFPREREZAARL, A
K AL P 3R A S AF Bt . PSSR B0 55 FLIX IR 569 I 7 AXED AT I A2 49 AURE X
(MBEX) BT, & AEFFEIERPEX (A FEK) TET, TREALZEITF
E KR AR AAENIIH SNER, H—EAG LR T 3T EELALY
FFE . IHFNEXT, o RAFREXRDH —ANRFEB R, SEH T UF R %
) JE AF AR X T B 4T 4 69 KA,

Linux R84 K% 2000 7 1T/ (20 MSLOC), 2@ &9k R s+ L7
[16]. BA Linux A—/Ng K& TRt HE (TCB), CHEXAEANRAKNT
B, LMERZSFENHEINT A REMET, HLFAENRAGLL,

IEH RV ER R, AR R TCB A9 HLAR , AL ) & S A9 BE % o
B 2 &M I T, 5 ENH ORI XRG4 tb T AMK &35 2 F 5 /£ seld

P AT A 2.2 TRHEM N AR A T seLd-whitepaper [15] F» seL4-manual [17]
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bR RARA SR A —F 4 (10 KSLOC) . Xtk Linux WD T EAKS A,
M H A OT R K K TE 1K,

Jm b /)N 89 XA B TR T A AR A Fe Linux 48 B 69 2 % o S0 A AZ LT TR R AEAEAT
R%, CRARRMG—NEOE, BRCLER AL E N4 TR. HAME
ZoG R ARG, BIVE AR AT HAAL T T LT B R 23 PAT
Fo MRILZIL, R T — AR 0 LAA AALE], BT R Bz A AR
A IPCo IPC AHF—AMEF % &M R RRAL P oo, XPRAMERFZ
) £ Hy oy B B N e, S AR O BB R R A IRA E P 3w (BUR T E Y
%9 capability) #AH.

N R R AT 89 77 ik R R B R R R WAL R ILEIR F o 2K
NEF, ZRXRFAEELRF, GRAEFEA XA, €NETEaT ST,
FARAEE IPC ity AL R A A . 4o REIRS X B HE, AR A XA SEAR T8
LHWRS, TRAARY RANERIS. X5 Linux BT EL, Linux IR
5B L FERREEEN R AR ATTEAN, LIt )7 XA X (PR E)
B Linux iR P, 29%RA A AR L 2HIR, 5 Ik SO MM R AT
AL Hy F 4 R AL [16]

2.1.2 sel4 bR FEALF

seld 2 — N, BRAR L —/NEHEALR, T AL seld iz f7 & A
M, HEREWA EZITEZRBIEFRA S, o Linux. LA, R7T A TREIRE
VASR, T A AT R P R AE R AR R R AR IR £

Virtual Machine Virtual Machine

Native
NW Native

Application Protocol Linux Guest Linux Guest T
Stack Driver

B 3 R HE AN Linux R4 EGIR 4 Ak 2] AL




2.2 sel4 %4 X

HTAEXZEZAEAR, LETRNE seld 69REEFFZ % MCS (mixed—
criticality systems), 4wh & KiFE ¥ seLd—manual FMR'E 7 M3k,

2.2.1 H T capabilities 89i7 534

selLd NI T —ANH T capabilities 4937 Pl 3= 442 A, Capabilities
A w AR FAF B AR RIRAGE R, AT R AR seld BT R o PR 69 A
IRF-AR 2 Bl E A= H] A T PATRAE, 2 AAZ A L0008 R LA 6933 Pk K 69
TR G5 B R 55 PI AR &) capability. @iLXAPALE], R LT AR E A HILIE
B A, AT VG A BRI T 4L capabil ity, A AR
BB, 2im69815, AR ARTaHBEA /AL EE, BARANLS
capabi | ity #7A & P A RA GG IRAF T A AIF o

/. oblect
Obj reference

B 4 capabil ity & 1% i ka9 % 4

—AN Capabi litity’ T AHVE A —ANE = 69 WAZAT & (e A2 42432 TCB) 49
LR, EAAT 454t (capabil ity 895 IE F AR A A4, [ERAZIANH4 A5G
B9H AL T R 545 A B R 69T F. RIS RSN, capabi | ity ¥E 337 5] AR
HFHATHA, BRG] 5T AL R R AR 77 ik 89 15 M AU . capability 319 A
RAZ 78 capabi lity Z R P (W 2.2.3 F1), sbo 1889k 45 & — /A>T 58 €4 K,
T8, % capability #9454% (slot) o & A AL F i@ T 5] Al capability (1 A
capabi | ity T/ 454E 69 Hohk) 7L ¥T LAXF R L3 AT HRAE . Capabi | ity T AEAL
R i ) Al A=A 5, T Al IPC K%,

seL4 SILT 10 A+ 5] FI AR 2t %49 capability:

* X P #Y capability &5 Linux ¥ #9 capability EARE], Linux # &) capability 2 LA & %8 A4
JE 695 R 44 7 & (ACL).
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1. Endpoints: & T AT PR4r 69k KR A ;

2. Reply Objects: &7k 8 Ry a9if8 F IAZL = 693442,

3. Address Spaces: 1ZA4%&APLLAFAY I FE (i AR A G9H 6, 35%5) ;
4. Cnodes: sk 7 it X & L4717 B Ak 49 capabi lity;

5. Thread Control Blocks (TCBs): J|k & Tt fT 89 & AZ;

6. Scheduling Contexts: K& 7 M 4% L i7 o] 4% € AT B 18] BLAG AL TR ;
7. Notifications: F# 3t £ (X35 F) ;

8. Frames: & <7 VABRHTE|Hnk = 0] 694 2 A A ;

9. Interrupt Objects: #R4Ext v f &b 32 69375 ¥ ;

10. Untypeds: T LA%: 3 AEAT H Al XA 6 K42 1 (2 A) 894032 A 5o
seL4 >k ] capabi l ity 1Ei7 5] 45 4] 698 B 4

1. s 17 7] 48 4

Capabi l ity [ VARt K 6917 %], & s DAk A9 227 N (D ALR R
W) POLA) » 5% %897 R 4247 % (ACL) "R, /&% £& M T Linux. Windows %
FTREAG, ARkt A% PHEAH 2B, 4= INTEGRITY. Pike0S %,

A Linux 7, UHEA —BX TR PR X4z, H b ag—34a ke 2 T80
I A 3 AR AR A9 AR, LA AL R & ST P A 2869 & Ak R 3 ST A 89 AL TR
AL 0 17 R R XA AR S AL, dedn R A P R EBATRLAEAER
R R T 3E e A, A2 2 R AL XA 7 B AR A, Linux /£3X AR 3E &
ZEWFEI . RAAMBRE T TABEERF 7 RRMIZLFA, 122K K7

AT A VT VAR AT IR R B

Capability R4t 7T —# @@t £a97FIEFRH X, AR P4, £
R, B HAN G F KRIEG TR T capabil ity RAZAUKRIER, N
T RFARBFAERERAT o RIAT T R EQGAL T, ZAZ 5 R AL 17 19448 T
capabil ity &9 X .



2. ATHEA=IZAHUA]

Capabi l ity X #4T4EhH], B A capability £ REHGT £ 5] A. #HIKF
capability #9%f £ 1"4ni8 capability 7| A2 KA 4, # R KA R3] AT £
E@F iR, e EANN FAKT T —ANF] A LAY capability, 122 %R EiX
/> capability Z4EE %4 BAEGBEEE, BH XA LT capabil i
tyo HiXANA LI F XA capability i, MAey A E kA R EZXF—ALA098
A, 2R FEFERH—ANRLEBARZEE T 2 LGRS, RIESEEHEMSE
X A AT B9 3RAE o

Capabi ity £ X HiZAMA . 4o R A 2L B i7 5] A B9 A &, A stdlE
(mint #A4F) —/A~#769 capability X% B, %K, #4249 capability FTIA &9
BIERaARERAGTCE, RTA%Z D A LT AR 8 3459 capability %k
WA IRA o X AP HLH] /2 ACL P AR A 42 & e 5K 3.

Capabil ity * % ¥ #v9#¥i7 I k: Read. Write. Grant 4= GrantReply,
H % Grantreply £ Grant 8 —#% 55897 Ko H— ALY A LH A A T &
M3t % £ B AT, dok 1 T,
& 1 BAP I AR

st % KA Read Write Grant GrantReply
Endpoint Recv Send & % caps &% reply caps
Notification Wait Signal N/A N/A

Page RN RTEH  N/A N/A

Reply N/A N/A &% reply caps N/A

2.2.2 seld4 AR FF=xt %

WMABARET ARG G RE. X I RIRS T AAEA 2 AAZ 5 X LR iE
Ko XAET ARG Aot BRE KRB AR F e, LR IR, Wi L&A
BB KERS. &, RALEABZBREN MCS (mixed—criticality
system) X N —ERFATH, LTERNLEBRIELXRF.

selL4 724 MCS Bt B T4 AT A KR %

1. Threads: Z&A%% X #4452 4789 CPU T8940 % ;



2. Address spaces: Muht= A% B AN A= 0], HAHuhk T 8] 88— A
RAE R, & B4R R A8 Bl Hhk = 8] & 69 1 5 ;

3. Inter—process communication: ifif Endpoints &9 #t4% 8@ 12 (IPC)
WAL B 84518 BT84

4. Notifications: Notifications: #% 7 —# XM T —#4{z 5 =403k
ML AZ 5 ALH o

5. Device primitives: X & Ri&E A FFF X & IEFNAL R I A AE4HF T F
25 o WAZBIT IPC K & F AR 4% & P e ;

6. Capability spaces: Capability = 8] &% 3T P AZ IR 569 AL (BF 37 7] AL
FR) B it %435 4

2.2.2.1 A%

EINBABFEIGF F R, § AL =T VAR R X et 289 E 5], AR
oGz o by X st FARAE , NAIR 509 ) 2 Ao A0 8 A2, BAF AR A
AT R EIE ., seld AT £ 4T

CNodes: 74 fi# capability, W& F &AL 43T £ 7 EH0 k. 4/~ CNode
A B 2 K E WA (Slot), B2 2 84K K, XPET CNode &£ A BT1E
B, BT AR T, LT VAE, A —/> capability.

Thread Control Blocks: #4245k (TCBs), i& selL4 ¥ &k F—/#AT8
BAL, BALRAZ, ME, MR EFRTHEL, B ETE AFEF 5 EE
A2 K B,

Endpoints: 3% &3t Z ATt RAZZ 1] 6974 84583815, IPC AR F69: X B A
s B ERERBICE L ERAZLTLE, AR LYt d, TERERA LK
% Ty Fea M Ty AL 30 BID AR T & R AW AR R, S EABTT M AN S A
HERBEAERAFTASE, NELFIEGHE)

Notification Object: il fott F R4 T —/NF £ 8913 4 #L4) . Notification
A—ANFRDIRERA, EMREGTAREIMT 52 L LEH:
selL4 Signal () AFNMRMEF R ELKIFERNGTE; seld Poll () #HkE
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HATARE ; seld Wait () ANEZF AT E, 4 capability T ARZRXfZFH

(signal-only) HAXE# ( wait-only),

Virtual Address Space Objects: EHlbht =Rt %, A FH—REA
BAEAIE — /N E AL E ] (X AR VSpace) o X3t F AR KAZE L AN E T
A B L RARE T AR R LM 69, RAZL 8,35 ASID Pool #= ASID Control %%,
A TRz sk 1 69 RS .

Interrupt Objects: Rt 48 5 AL 5 At 95 380K H ANk B A2 1% &89
W, A7, IRQControl A — /™ capability, & A7 €] IRQHandler &9
capability. —/ IRQHandler capability £ 35 % ¥ 54% 2 X & X B o945 2 P i
Ro CHEIRLIREIEANALS AT P T BT R, IRQHand ler A &AL 5 A5 A4k
S

Untyped Memory: L X AN &£ seld NP N A BLoy i as, LEX ARG
capability A—ANE—0 7k, CAFEHRGNBNT L. R T Em, AR
ZAZIEFRAF AT 0 T R 49 capability 897 PR, #oh, LKA R A LT A
M — BB ER N AR, AFERIEHRS (REHN) FANF,

2.2.2.2 NABIRS—FZ%AR

seLd NAZA BAZZ A 6983 RE T H EFEIR G ZIAMFH LA T EH A%
RBEOR G HATIBAZT . A —FPARRHE & X, BRHLO S ZHIE, THT

@4 —3 capability.

KAzB L K capability ZEAEM (invoke) capability sk K%K &,
B X A 77 XA B endpoints. notifications & reply capability i, 4 &%
B ABERE G —A&AE. SRR AT LA capabi ity B, A &K
FrE T AT Z ARG T XEHEAN T HAR. Plde, 1 R EHAE& X697 &R R &
A24% 4|32 (TCB) capabil ity ¥ %1% B Ax &A%,

MARR B3, RAMTANAABRET =NFZ A F :Send. Receive #=
Yield, 122, L% & K& Send #2 Receive AR I E S TR, —/ T 20T IR
& Call ##4E, Cd—AMr/E0 Send 1A — AN F #5589 Receive HRAF 40K o



JEAH &R RBE—NHIRG T R KA S, mAAERAAREG IPC ALH]; FEFIF
AN T &@eg seld Call ().

R AZIT % £ B4 endpoint capability #2 notification capability Z
I by 75 ik & B i Send X Cal | R hy, XB A THAH A (Call) L (Send) &
F WA R . LA Iibseld API -GG B HL, T ARIEIE 2448 F R &£ 1
8o Yield R LA AT A4 R Xk, H LR E—FAM capability &
HAE., £IEMCS BLE P, Wait £ Receive 89 X i3, A HASVE H AR LA =24t
reply 3t %,

ARG ZLFARN T

seL4 Yield() 2 —~E 241¢ H capability WA LA, €K THAANT
0y ARG BT K AR R3S, FFRABRAEBWIARN. R XA 5 RARNE LA
AR AR R GG AT 2 AT RAZ, AR KARFE B B —ANRTAG B 1] K R .

selL4 Send () i@ iT 45 2 &9 capabi l ity /#7480 4o E A F 49 capability £
endpoint capability, 7 FLIX A I T B L ZBPAEPOH &, N R FEEAZRFEE,
H BT AEEH 8 0k o O R A VA & 45 R XA ol B2, X HE AR B o B8] 38

i& back channel ],

seL4 Recv() (" receive ") /I T 44218 1T endpoint 3k notification 3£k
H 8o mRIRA RiETT R notification & FHAKRS, WARZHME, #H3
T AEH B & notification A ik, b & %8 A IX4{E Endpoint capability 3
Notification capability LA A4F A, L 2Kk HA capability £ 4
5l KR

H 409 2 %A R 2 seld Send () #= selLd Recv () 89 TARFe4B A, 7T VAR 23k
E N R RAZF 69T LR B,

seL4 NBSend () 7 endpoint L3 IT41) K %, 4o B IH 8. S BPAE i ALEE
A, B ARG ERA FAENGE, WE SRR EF . R ERAZREPAT.
5 sel4 Send ) —#, T4 iR EEEENXD R MK o

seL4_NBRecv () #% & 42 l Kk #& & notification *f % EH &L 813 5 &
endpoint EAEAZ A9 &, M ASTLE, R 48 I endpoint capability #=

12



Notification capability A24F A (X8 Recv), L 2 X 4# A L4 capabil ity
R AIBEH 5] R AR

seL4 Call ) 24 7 selL4 _Send () #2 seL4 Recv (), 3+ A — 2 F 2K A, A
RF L E R Z5AZ, BB €N EMAZ BB ZEH & BARABIRS R
# endpoint % capability i+, 1% ]l selL4 Call () A3 M AZE T A 0H 818 & 5%
R R A, Y KA S8 T endpoint /£ B B — A NERARE, AR
175 sel4_Send ) AA Rl 6944k, T RA LM AT AT AMBBE., £4F MCS AL E
P, AR ALK TCB &9 — A% A4 (Slot) W+ A — A48 reply
capability. #t capability & K #E F &4 & %BE A A L6 E — 1 A
capability, X &%A—LHAZREH &, ABHAELRK FTFTEANL
%, &AM reply 3F 49 capability Z AT, M AALARBIERE,

seL4_Reply () Bl Trq & selL4 Call (), ik 2 M reply capability, XA
capability £ ® seL4 Call () & %if A A& &It G0k & 0 A & AZ TCB &9+ R4+
1. CELA 51% JH seLd Send() A JH reply capability T AR 1T H .

seL4 ReplyRecv() & selL4 Reply () #= selL4 Recv () A& Mmm. W A& T
ZRAT RS HE, FATF, g —NFRAFHET—NFRTAEENA
BAREABRPRFPIHAT, MAZFAN. MEE B R ay b 2 R-T R,

selL4 Wait () £14F selL4 Recv(); Z£3E MCS Be & L, TR FRLERZAR X9,

2.2.2.3 ABAGHE

seLld NI EXA NIZIT BN G. AR, 3% L8 13 Untyped

memory capability AR AAFIEH N G ERI X E, A TAEHTEL, &
RAL oL A 5 A 09 8 XAR (GB i Untyped memory capabi | ity % 4%F),

B A 3t R ARV B AR A E R R Z A Ao K AH] T R T A% 2 AL
TR EA A ERE, QIERDS AN AL RIREZ A 5RH 32 A 47 F 69
8. RTAREGAE (3FEM ASID 694832 5% A0 T Bl 2 M E Ak 2 o], XA
FRA&]HE A seld 9 KRR A T IH 5 2 89 TRF b, M AR R A AT 89 5T R IR,
) 3L 7T CABE 7 % 38 3 T IR AL F BLAY Dos ko



f 5|0, seld AL B AL T E NG, QERD, RFEAFEERID
(seld R —ANE -t NBERIBIERR) . RECIE— N R P EEFHES
A9k Fo capability FR) . KB AEIFFTA F &6 A F L Untyped memory
capabi | ity 897 X 44046 &AL, FHF — LM 49 capabi ity X4 AT £ (5]
FANIE BALE FiX ¥ capability) » ARG 7T L& Al seL4_Untyped_Retype () 77 ik
X Untyped Memory X33k & /v 89 K3k R E A Azt £ 4 12 69 3t £k
AR A J7 4% Untyped memory 3t % 69T 3+ %, 1% Fl selL4_Untyped_Retype () £ 3 2t
SR PR AL 5 R PR AR . KRG, €T WKLtz &40
B0 AR IREILLCH—AREAE F 5%,

seLd NAZiE A% E A (reuse) L £ A A A (Untyped Memory) X3k, RA %%
A &Z5 R (B capability) 4z A AT £, TA-NERBGHAT A
MAHF. WA IRIZIZE capability (capability derivations), BP® 77 ik
seL4_Untyped_Retype () . selL4_CNode_Mint() . seL4 CNode_Copy() #=
seL4 CNode Mutate () 2 mk 89 -F A2, X A £ R AR A9 L2 M AR A capabi ity k&£
# (capability derivation tree, CDT. A& CDT ZE#E& £ — ANk 2 69 H IR 25
#), 12% ZAEH CNode 3 89— 5K IAY, LK F ZHING N ZTEIE) .
Blde, LA Fi8id retype untyped memory £liE# a9 A Az £ 0t, #4249
capability 54 % untyped memory capability 4JF capability #& A\ %] CDT
Fo

st F &/~ Untyped Memory Xi%, WAZIRE —ANKEP, 10RIZRIRZ AT
BT % R, 3R P RKRABREIERR AL KB UEH T R0, AR
BATREZ — W RIZRRF O RSB T AR, WA S AT KPR A 5 AT
St &, FHAEBEOKET . o KRR BKOR P 5 BLAY BT A 3 AR MR, ABFEZEK
B, IR AR KRG TS 5 B AT £ o

% J5, CNode % 42449 selL4_CNode_Revoke () 7 ik 45 % T MAF A A 4ty
capability Ik £ 89T A capability. #4H M43t £ 895G — A capabi l ity & fif
RIFIAERF] RO F AR AR, ERRFRE . Bt A A M A
AR K F



i@ 11 2t untyped memory X % &9 )7 45 capabi | ity 78 | seL4_CNode Revoke () ,
A P& A untyped memory 3t 2 64T 3t £ ——usk 2%, PR 451 untyped
memory XIXXF % 49 capability. Hit, Z£AHZE, X untyped memory X 3%,
P EIAEAT T AR KA T A 85 B, % X T VA% 4 retyped #2 reused.

f£ retype untyped memory i, T EREES S NAERL RN, HEKX
N FE libseld?F & L. Cnodes 42 Untyped Objects #f A T & Ko HHFLEA
M % retype %] CNodes, & # ¥ —/~untyped Object /%4 £ v & untype Ob ject
Bt, seL4 Untyped Retype () #9 size bits &k Bl k482 & AT 89 K )vo 2T
F R At % £A KD Z B8, seLd Untyped Retype () &9 size bits &
A B

& 2 3 F KR
AR Size_bits 2% & R FH K
CNodeS Log2 (Slot H4z %) Qb s Siets
Untyped Log2 (55 %) psize bits

3} seL4 _Untyped Retype () &9 32 AN B T A% 2 A Untyped Object retype
A EAT S BRI FHF B C 8 num_ob jects B3 A5 E . FTA A 493t
S LMA W type HRARGAARE XA, ST RNT R R, HAMFLLM
EAARR A Ko He RPTE N A X369 Ko GBI 2 £ KA num_ob jects
H) X T Untyped object 89| &K BLA &, M aF AR,

2.2.3 Capability =]

seLd EI T —/ N T capability 8937 P& FIR A, AR P 2 R XA2AA
— /A8 X 89 capabi lity = 8] (CSpace) , & L4 &AZM A 49 capability, A=
) ZALST LATF PR F R capability 238 2474 Cnode # M T £ %,
CNode & —/~4&4% (Slot) A A B9k, HAAE ST VAS, & —A" capabi lity, 47 ¥AE,
4% % —/~Cnode #9 capabi | ity, s —A~ &) B . ABES £ 3, — /24249 CSpace

* libseld & seld ‘& 7424t ag 4844,
° seL4 SlotBits £ 32 M B LR 4, K 644 B LR S5,
15



A 16 B F A CNode &9 capabil ity 7457 £| % 49314, CNode capability Z¥
#9 CSpace #9 4% capability.

CSpace bt 3§ 49 & — /% ka9 4842 (/£ CSpace P &9 3 3£ CNode F), € 7T 4t
BT R A2 A capability. &AZAEC 149 Cspace ¥ 3| Al capability
() he 3t 4T 2 LA A BT) , 48 ) B73%3% capabil ity 89486934t . CSpace F 49 it
& CNode capability #9% 5]a9:&84E, A T 2| B 694889 %42,

Capabi l ity T VA Cspace F L #lAeA53), LT AWM & Lk, sIf, #F
capability ¥ VAMIH capability 89 A FE P L] H Kk, seld 447 7T —/>
capability & £ # (CDT), C A L P RIZXE T H 49 capability 5 R 4
capability Z &% & . revoke 77 &MIIR T A ML capability sk ka9
capability (f£P7H Cspace W) o X APHUH] 7T AR £ 5% A Rk B3P & P35+ A
89 3F F 69" — capabi lity, 4L A L XA A H (untyped memory) 698 34
B RGN AP RS, VAME retypes

seLd ZRKAZH AR P =8B RITH NBRIELEH, @45 CSpaces, X &7
# B P2 AL 5 & fL T H)1% Cspace VAR fE Cspace P 3 capabi | ity #E4TF &b,
RFEmMGNEEFE H LA,
2.2.4 1PC

selLd #hA N B A EAEZ 1A 69813 -4 T 70 842 IPC AL XAPLRI AL A T
5N R IR F 247815 . H &R B LA A N AZAT £89 capabi lity kR Ki#£ 6,
K 3% 2| 5% % Endpoints #97H 8. 89 B 6932 LA KAZ, d K 1% 2] A At £ 6904 &0
W AZLE,

2.2.4.1 HKAEEE

kR

HEHEQ S —RHEFfe— T capability. @i 8 FHRNE
ARWHEFAS, TOXARARLEZHEFIAEAZRZBE LT HEFAS T, a1
JIINEEFHEEERAMECPUF BRI, mALUELFHEEH—HHA IPC
ok R E 2 A KR AR AR AIEFLAZGE L REL N EFZFRF
PARAK IPC 42 0 K HAk 9 BL 2598 Al A2 o



A~ |IPC 7K B AL — /™ tag 4110 (seL4 Messagelnfo t &#)4K) , tRitH W
ANF AR label AR& . H 8 K JZ . capability # = (extraCaps F &) #=
capsUnwrapped F . 8 8K E fo capability HEHx % T REERALA 2 1EH0
W& H B BFe capability W E, RF AR T KINEMEIRGHE LT HFEA
capability #9432, label ARETRZE NZMEE, HENHEWE -/ HIEFHE,
Bl4m, label A2 7] VA F k48 2 Frid K 0948 4E . capsUnwrapped 5 AR 320455
£ 8, BT 740K capability #8975 X,

% 3 selL4 IPCBuffer &Mk F &°

el &5 ik
seL4 Messagelnfo t tag 1% & tag /v &
selL.4 Word[] msg HE AR
seL4 Word userData sEM R A A ak
seL4 CPtr caps FAEH 89 capabi l ity
selL4 CapData_t badges endpoint capability 4% %] 49 badge
seL4 CPtr receiveCNode 4£Jkx454E %t &2 ¢9 CNode 54t
seL4 CPtr receivelndex ILAHEAE 454t
seL4 Word receiveDepth %1% 49 receivelndex #J bit #

2.2.4.2 3% % Endpoint L49 IPC

3% S AFLAT AN EALZ B 2 094 4B A= capability (BP IPC £+ X),
st £iE T seld A %A R AR,

IPC Endpoint ARl Ae[BE &, 3k oA £ 7T LA R % RAEA 09 KAZ BT HE
Mo 4 BIXA N T, WAT seLd Send ) & seL4d Call () & %38 B 09 &AL
BRI P FHE—ATRGBLT . e REA RET FEELF, AT seld Recv ()
Z %A A 3 seL4_ReplyRecv () 896 F3 0 AWK FHE —NT RO RKE T,
XA BN capabil ity 89U TF £ send 2 cal | ¥R WK H R E4%i%, & send
HERLT, Bixm 2% (NBIRAFRE, RADFmiERERGLERK) . 5

* badges #= caps R MK F —AF &, — AR T RE, —ARATRIG
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— 7@, 1% %A Read B FE&9 endpoint capability 78 H seL4 Recv () #5] &K
FEiE XA TR A 5@ R R G — AN KA R] B BT IH K

%
2.2.5 Notifications

Notifications Z—# I ENEZFTE, CATEH EL—H _#4EZ5=.

2.2.5.1 Notification 3} £

Notification 3t £4X &, 4 — /N notification K IEF %3t % ¥ 3 #F 31k
seL4 Signal () #= seL4 Wait () o

ZALF Endpoint Capability, Notification capability ¥ VAL VAR
seL4 CNode Mutate () 3% selL4 CNode Mint () of & /A& Ao AR 1T, 42 & 4% 4712 49
notification capability AFUHARIC, THAFCRAZ LA REAR1CH T

capability.

2.2.5.2 X155 (Signal). #15 (Poll) #=%4F (Wait)

selL4 Signal ) 4& #% 1A JH notification capability #J badge #=
notification XIEFEAZ KK, FILERE Z#H 2| notification HKIEF. L&
ME S notification B F I AN&AL. B, seld Signal O 89 T H X £
LT R BF R % %Az 527 (B badge 8942457 )0 2 455 K% 7 49 capabil ity
HAARILR 0471, % E R 2%B2F A5 notification KB F 49 & A &AL.

seld Wait O (B IAMEFT XNEMTFAERE T ER S L select 7 XF 5. 2R
seL4 Wait () B, 42 E notification & 0, AH Z W5+ P E . 4= E notification
FARZ 0, seLd Wait() B Z AT 89 notification K EF L &, H
notification ##F & 0,

seL4_Pol | () %A= seld Wait O H# T4 7 XAaML, M\ 69 K A2,
selLd Poll () FHHe R R IE A HALMIEFTE (notification #4EFH 0), H =
BPiaE, RafmE,



4o R H seLd Signal () B, A EXAEFF%E notification 2%, PAF| P F
—/NERAL L IEINLCE notification K IEF., A EXAEREEFH, AFT—XK
notification #4& 5 2| k.

2.2.5.3 4f% notification 5%

i ] seL4 TCB BindNotification(), ¥ XA notification %t % 4= TCB 3t
F—3t—42 ., 4% notification #= TCB 4f 2, BPfE ZAZE /& |PC 3% 420843
%, notification 2 F M R#E ., B4 iZED badge AR /NI 097} &£
notification 125 iL2 IPC /A .8, 4o %4 notification & capability badge
PR b sk 094E, T LA H &R R A notification :EA& IPCH & T,

—¥® notification ##EF 4= TCB 4r2, R A MY EAL T APAT X 48 2
notification &9 seL4 Wait () #&1%.

2.3 X -F seld #4937 B

seld B AR T — AR I HEH K A4S W 5 Docsite[14], A A AS T seld
a9 R ahdeiR . NS G APL. Bl P BAER S . Tl REKF S RIRE
AGIRALLFMET — /AT seld 91, HighelTE seld LM EHRME ZE %,

Poseld AF WM XA HELAME, seld BHARBETHAAE: seld-
tutorials #= seL4-test. ATH A k5 3] seld it it ElAfeB Km Ty, &4 A kM
K seld R HE T AEME LR AEAT. B EEFE, KAV Ak T seLd-test
#453] LoongArch, A AEILEIFIIFBAELE mA . RILZIN, BHA seld-
test & W seLdkernel Aoifb sel4 32469 2 S8 R AR B9, 12 RATF AL
NG, TALKE ESIT— 8P &, tbdeid 5 — 3 AT, RH UL TR
seL4-tutorials 894544,



% =% seL4-test#LoongArch#% i

KZF T E2NBH seLd—test T T 5 LoongArch ZEH) % 148 % 691X
I, AFENILIT. cmake &t A ALt T, RN, KERE—T
LA A TAER] B AT A b R IF 24T T

3.1 AL+
3.1.1 A AFEAMKIXIT

T 7E ZR A 69 MMU 345 P9 A B 92 Wb 833848 X 0 AL 48 Ho hE 801548 X Ao e 43 2 bt
%42 X, BT ACE CSR. CRMD sk 4 = MMU 69 T4E4E X,

FEAERIENIFRE X T, HEHhk Bk A 125 T8 M k49 [PALEN-1:0]4%
(REAR0), AEBELELEREHFHENAERIEIFE X, seld A An & 0T
PR KRILE AR A X F WAT8Y .

RS HAESIEARE X T, BAAST A A BEm g ab #0542 X (FiAR “ A
FRAE X)) T EABREX, BARXETEANE, RN T F-IFKL
& AT 4 B A AR R AT X AT E0IF, AT 6 B4 B T & peahas X st 4T 80%,
F oseld P A AR B A9ARZ A BRAHE X, RA LB NN elfloader P KA
ATAZERSE O,

31101 ML LA A

47 46 36 35 25 24 14 13 0
VPN[2] VPN[1] VPN[0] nAREE

l n n n 14

PGD

B 5 ki nt2EH)
LoongArch 432 bt =2 4] 56, B & : 0~2PALEN _ 1 7 3A5000 _E PALEN =48,

MEARME B FTa9 bt PGD F ZARIE# T bt a9 % (PALEN - 1) {33k
%o %1%43 % 0 8F, PGD & B F CSR. PGDL; % %1% # 1 #F, PGD & & T CSR. PGDH,

F sk /£ 3A5000 L& sk 2k 48 {2, =iz A PGD. &ANEKH T ZATA,
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BB RNEEIMLAN M4, R NBAENR 1442, L3 2B, KA KT K4 16KB,
T F 69 K T4 32MB 2%, 64GB.

3.1.1.2  R#bh=

OxFFFF_FFFF_FFFF_FFFF

OxFFFF_8200_0000_0000

64GB

0xFFFF_8110_0000_0000

O0xFFFF_8100_4000_0000

1GB

OxFFFF_8100_0000_0000

1B =<

0xFFFF_8000_9000_0000

0xFFFF_8000_0000_0000

0x0000_8000_0000_0000

128TB =<

0x0000_0000_0000_0000

Invalid

Kernel Devices

KDEV_BASE 4

Unused

A

Kernel ELF

——— KERNEL_ELF_BASE -
PPTR_TOP

PSpace
(fEF T RBAET)

PPTR_BASE
Invalid

USER_TOP

User

({EFTZRBAET)

USER_BASE =

virtual address space

= (PPTR_TOP + (KERNEL_ELF_PADDR_BASE & MASK(30)))

B 6 R iiuhk =

LoongArch J& 404 X bt i 4364 75 A% 7 X,
& HAEBHEFO

0x9000_0000

8]

(8

Kernel ELF

— KERNEL_ELF_PADDR_BASE

PADDR_BASE

physical address space

H ISt % O VESG #1528 M bt [63:60]4%, 7 [ B 26 FE B2 VESG 3, &4
¥ B [PALEN-1:0]45 4 343 2| 4932 W db

® Uk WAt

XA T &S5 {as A= PALEN - 1 {248F), BP4546/k., X2 seld 1% A
0 3 B M H AR S K.

N RAF=ER

L PGD = 0/, BRAM P =, KA 128TB, seLd 1 AN A%, B F &
2w R PR AT,
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2) NEEN
LPED =18, ARESE., LF:

Oxffff_8000_0000_0000"0xffff_8100_0000_0000 4% 1TB & 4% 32 He 1t 72 ] me
& 2 (PSpace), Fe4p 33t ® 0] —— 3t ¥, A & AE R A H
3A5000+7A1000 # A B AT42 323 ht = A 56 B & Ox0™ Oxfc_ffff_ffff, Hk A
1TB &9 % 0 2% 6,2 B A 3L b it % 9], PSpace & ] 64GB X T T & Bt

Oxffff_8100_0000_ 0000~ 0xffff_8110_0000_0000 (Kernel ELF) iX 64GB j&
PLE ] (REFH —BA g WA= Ee K D) KM Kernel Image 894, 52
FRBM LR T P 6y 16B, FIRKE THMARIBREMEM . X35 KA 32MB K
MR &g, X B EETEWNA, PSpace B A4t T /N4 st =2 18], [ b
PSpace W # —# AwiX ¥ 4y Kernel ELF B4 T ABF 69 —BApsE =], P EAT
Kernel Image. Z FfVA% & PSpace VAL 5 9N FF b — B & A2 18] S b Bk 44 2 4
T i M 1% Kernel ImageClone X #£ 4937 API, it R A RREHIE AN G X% A H
Kernel Image, iX#f PSpace ¥ #J Kernel ELF &K% 453), Wit PSpace Z
b f AT EEH) Kernel ELF BUERIE T BN R #9°E— 1.

Oxffff_8110_0000 0000~ 0xffff_8200 0000 0000 (Kernel Devices) M %k
BRAT AR S AR AE Y, LR dtb (23 2 e M
kernel device frames) *t73& & H 691X % io bt KR W A B4, seld 4F A —
NN, ERGRME EL, AREA ZROREBNALT, A EZ T EEH
SAt R, WO RAMNLE B o ind .

3.1.1.3 AEBEERIAAE

UEFI bios | elfloader I Kernel »| User Image

B 7 seL4 & LoongArch L& N 4% & 30 7 AE

B AT UEF1 BIOS £ & AME, 2t N elf ARG O S AR E
% 32 454E Bl . tbdw el f 45326933 % 0x9000 0000 0103 4804, 521w BI10S Bk
B X hES 2 0x103_4804, XL #6912 B b2 4432 A 4 0x103_4804, BI0S iX £

22



MR R A CELE Y T AL L5 R A A, 569 8 WL bt = 8] R eSS
AR AR,

it A R R AIEIT A 3A5000 49 elf L2 seldtest—driver—image—
loongarch-3A5000, - 52J/i L& elfloader, i€ kernel image. dtb #= user
image JHl cpio 4T84 el floader 893 3E3 4, £k T 409 sel4test—driver-
image—loongarch—-3A5000, [ b &K HAF A RLIZFTE image RIR ERIEFT
elfloader, HATH 3 & atE {2 0x0200_0000 (54 B 8), st RMiniEiuitis
1T, REBEET —A 0x9000 JF k9 AHEMMEF 0, Fieukskit 2| AR HF 0
Uk GEIE AT, RGFFAEMEE L HIEF A cpio &, &AL kernel image. dtb
Ao user image, MRIEE AW elf KELEHINFZUHEANET, RBEHKT —
A~ kernel image #5915 B T & W4T, #4510 t1b 5 Hk4E 2] kerne | 49 & bbb
N0 4B 1T kernel, BAVH kerne | &9 3 #3&4k & 42 0x9000_0000( 4% 1 8),

dtb #= user image M /EIRK K 3,

7A MEM 5y bk 2% (6] MEM_UP_LIMIT ~ Oxfc,ffff, ffff
R = el 1] 0x8000,0000 ~ MEM_UP_LIMIT
7A MEM {3t ik %5 8] 0x4000,0000 ~ OX7fff, ffff
Ab T BRG] 0x3000,0000 ~ Ox3fff,ffff
RE 0x2000,0000 ~ Ox2fff, ffff
A B 8 I 7 4 (1] 0x1f00,0000 ~ Ox1fff,ffff
KEFEZE LPC MEM %] 0x1c00,0000 ~ Ox1dff,ffff
7A 1/0 7[R AIC B % [A] 0x1800,0000 ~ Ox1bff, fff
7A Bk B HL L5 ] 0x1000,0000 ~ Ox17ff, fff
A7k 23 ] 0x0000,0000 ~ OxOfff,ffff

B 8 A% 354 E+ES TAH R Hohk 2 18] X 5
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3.1.1.4 TLB a94& H
1) LoongArch &5 TLB

RERMT TLB 5 ABANS, —ANRFTA XA TR AR F— T KD
TLB (Singular-Page-Size TLB, {4k STLB), KA £ S 4AARTRAY ML X, 5 —
NEXBFBLRREZAG R K DT ARB G ZE R K TLB (Multiple-Page-Size
TLB, &4k MTLB), KA A ARB X A 69 M8 Ko 2B F a4 i P, STLB
F= MTLB [ i & 4%,

2) seld I Y TLB 48 £ B B

f seld MAZF, HAVE R 2] T 64GB A= 32MB M AP HLAS 49 T, B & A 2] STLB
#2 MTLB, P 32MB W Wk 4+49 2 Kernel Image #= Kernel Devices, 64GB T ikt
49 % PSpace (#3Z3bihtZ Mgt E 0 ), KATHF CSR. STLBSIZE AL & 0x19, iX
FPRIE 32MB #9 T A4 A\ STLB, 1% &% TLB &I ¥ 49 PS 3% CSR. TLBREHI &%
PS 3% B A 64GB, 1#1F 64GB &9 T 3t A\ MTLB, 3A A\ TLB % 49 PS 3% 484 0x24,
BLSMSE #3% B CSR. TLBRENTRY * TLB F 3] 569 4L 2255 FL N 0 M ik

3) TLB &34 S 44 52 30

R 3.1.3.2
3.1.2 R EF AR &30t
3.1.2.1 A pF ETF %

seLd N, &AZd &AZd=%13k3t £ (Thread Control Block, TCB) 4%
#o TB =X T &AZMRE, R, THREAAEKE, AFETLFELE. A
PLEFTXfEE&EEH/EERMGF A EAR X, 3T LoongArch R H), ALE LK P
ETFXREAXFGES: [BAFTAS, BRIEHREFEHE, seld H7% F#)

seL4-LoongArch M4 X6 F F LT LT £ 4 T
% 4 sel4-LoongArch Al F £ T X4 &4

TFHBERTFH selL4 % % A refhi
r1/ra LR 12 18] #b, hE

r2/tp TP, TLS_BASE K ALFE AT
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r3/sp
r4/a0
r5/al
ré6/a2
r7/a3
r8/a4
r9/ad
r10/ab
r11/a7
r12/t0
r13/t1
r14/t2
r15/t3
r16/t4
r17/t5
r18/t6
r19/t7
r20/t8
r21
r23/s0
r24/s1
r25/s2
r26/s3
r27/s4
r28/s5
r29/s6é
r30/s7
r31/s8

SP

capRegister, badgeRegister

msglnfoRegister

replyRegister

nbsendRecvDest

A5 4

FHFEFFH F
SR R S
B & & & & 0
I
e e 3>\'3 e o @ @

o
9
‘E‘fﬂ'
3k
ks

W B & 5 5
W& B & 5 %
1 Bt 3 A 255
W B & 5 5
16 B & 5 %
16 B & 5 %
W B & 5 5
& B 3 A 2
e B 3 A 2
g

HEFHE

HEFHEE

ke

s
S

BEFES

HETHEE
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r22/s9 — R 4E/ B EFER

csr_era FaultlIP 18] SF AL 5 315 ) Mo bt
csr_badvaddr — & 4% B bt
csr_crmd — L AT XAz 8
csr_prmd — 18] 9L AT AL KX AT &
csr_euen — IR A RS
csr_ecfg — BT
csr_estat — B oK S

Next P — 18] 51 22 ] 649 e, hk

% 4P, r1~r31 F 5% 2 LoongArch 89i8 Bl F 4 %5, VA “csr_” HATHM
I HE AR FHZE, NextIP 2 seld 49455k F 54, 4%1%4@]7%:‘@@@@&&%
selLd 09 M K0 AE A A % k1R 1E LoongArch H 5%, ALELSFTH
NRe AR AL, Rt E AN LFF ABRH X ZE ZF T, ST HBERT
B fethe 5 =2 P 1o
3.1.2.2 @4z 8%+
selLd 69 &AL 1A 3BAZ 7] & 7T AR 4 A £l 0 B A s iR 0H &

® LiiHA&

msgRegisters, frameRegisters #= gpRegisters F & % % &2 selLd £id 4
B E R R WMNAZELIA R LoongArch M 6978 &4 0 k2 L AKF HF 5.

selL4 &) msgRegisters FF AR E A H TIE# Y &, Plhe, BAZNE LT H
BHEAEAZ . 254 LoongArch RM F 5 5k, ALKt msgRegisters £ &4

msgRegisters = { a2, a3, a4, a5 }

seL4 &9 frameRegisters A4 5 &S A ARMIZ 8. 246 seld 4 Bt
Mgk, ALt frameRegisters 47 :

frameRegisters = { FaultlIP, ra, sp, sO, s1, s2,

s3, s4, sb, s6, s7, s8, s9 }
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selL4 ) gpRegisters £ T~HM AR FHBEE L, &4 seld F A4z
#9157, A%t gpRegisters £4-4:

gpRegisters = { a0, al, a2, a3, a4, a5, a6, a7,

t0, t1, t2, t3, t4, t5, t6, tp }

selLd &AL 1E5a94512 04 8. F fault_messages 4Lk, fault messages &
SYSCALL_MESSAGE, EXCEPTION _MESSAGE #= TIMEOUT REPLY MESSAGE =#;4 4 d

AiRES

SYSCALL_MESSAGE & % %38 F112 &, 454 selL4 49 seL4_UnknownSyscal | _Msg
HB4F %, AKX %7t SYSCALL_MESSAGE 7 :

SYSCALL_MESSAGE = { FaultlIP, SP, LR, a0,
al, a2, a3, a4, ab, a6 }

EXCEPTION_MESSAGE 2 18] 413 8., 454 selL4 69 seL4 UserException_Msg /¥
B4 5, K347+ EXCEPTION_MESSAGE 7 :

EXCEPTION_MESSAGE = { FaultIP, SP }

TIMEOUT _REPLY MESSAGE 2 W) T & AZ]iBZA20F =~ A 0915 8., 44 seld &)
seL4 TimeoutReply Msg /¥ &4F &, A %7+ TIMEOUT _REPLY_MESSAGE # :

TIMEOUT_REPLY_MESSAGE = { FaultIP, LR, SP, sO, s1, s2,
s3, s4, s5, sb, s7, s8, s9, a0,

al, a2, a3, a4, ab5, a6, a7, tO0,

t1, t2, t3, t4, t5, t6, t7}
3.1.3 w5 s

3.1.3.1 LoongArch &7 515] 9} fa) A~

LoongArch M 2 XL T 3 NI AT, 552 TLB EHH /A
(CSR. TLBRENTRY ), #U 2 4 3£ 1) 9F A 2 (CSR. MERRENTRY) #= & i 7] 9f A &
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(CSR.EENTRY). H AT, sel4 XS HLT TLB T34 45] shFu 38 4] 51

TaNB P 5P BEROERTFAS X TEARNFAZEFRSF
5569 BLAR1Z 8 L AR B readme ¥ 8955 MW hk,
TLB ISP ILAAL S AT HE T £ 5 o
% 5 TIB ERAPIIF AN ELFT 45
FHEL FHB AR
CSR. TLBRENTRY TLB & 345 Sh A 1 s it
CSR. TLBRSAVE Bt TLB 3 s 4k 2 A2 5 % 5 3%
CSR. PGD LAT BT U A R sk 3t 69 4 B B A b
CSR. TLBREL00/1 TLB 4544 AE By, 47K TLB & FAKAL 3513 &
CSR. TLBREH|I TLB 544 4E B, A2 TLB £ S 423 412 &
CSR. STLBPS STLB T K M2 &
LB R AARTBROF HB TR 6T
k6 LAPINTRNERFTEE
FHRE L FhHB DR
CSR. ECFG BLE B e it Nt B X, B3R it gt
CSR. ESTAT WERPRIRE, PO a)— R
CSR. CRMD BB S ARG L, QLA FRILAL
CSR. PRMD APISE AL XI5 8, adE4 B b iiikfels
CSR. ERA 1R B 15) S A2 15 9 R
CSR. BADV fefik R 3 hE AR R AR R PIShET, TR B A R Ak
CSR. SAVE BRERATEER

3.1.3.2 TLB &4k
® E TLB F#iiIsh

¥ TLB E3gpIsr N (handle_tlb_refill) 3 CSR. TLBRENTRY. F& T AL

BTLB THHISbAND, R TIBH AN FHFEBWEE XN 3.1.1. 4,

® TLB &% 5 (handle_tlb _refill) #AE
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¥ t0 F 4 2 P 69{E & 4 | CSR. TLBRSAVE;
J% CSR. PGD #4144 %) t0;
A lddir ATRZE B FHA4E12B) KN N ERARAE KA RN R HHE Ak,

B~ Idpte HF K TR & AT F KA K A R 6948 4% 4 4% T o Al A N 2
CSR. TLBRELOO #= CSR. TLBRELO1 *F ;

tlbrefill 4&4% CSR. TLBREHI. CSR. TLBRELOO. CSR. TLBRELO1 i A TLB, %
NG T E A T K> (AE3E CSR. TLBREHI 44 PS 3%) 5 STLB FrEC B &9 W K /s
(CSR. STLBPS) #8% B ¥4k 3A N STLB, Z W|F4% 35 N\ MTLB;

M. CSR. TLBRSAVE % & t0 #4944,
® TLB &bk e

ertn #54 BHATHI SN L IR E

3.1.3.3 Fdpist

® it E fedndsik

% 4] 4 &k wr, BLE CSR. CRMD. 1E=0;

AL E CSR. ECFG.VS=0, Bp-&:i@fsshE IR —ANAm

P £@H SN2 trap_entry B A CSR.EENTRY., 7 k_eentry B ¥ & X

trap_entry fGNHE, & lds I k_eentry B 16K 35+

BLE CSR.ECFG.LIE, 1# 4 13 AN Brk, PRI TIHRAME, B EIERE
B AR P BT

R P E AT R

XERPRA9IKA A IRQInactive, BLE selL4 49 IRQTimer % 4 LoongArch
a9 B 49 P B

i F cap_irg_control_cap_new() & % 4] # irq_control_cap, § A
root_cnode_cap #9 seL4 Capl|RQControl=4 1% & ;

e 4 & Wy, BLE CSR. CRMD. 1E=1,
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® [HEARAIE

3% 10 F= SAVEOQ 3 /4 25 6914, SAVEQ 3 4 2 69 42 € L=< LOONGARCH_CSR_KSO,
AFHAeaSaTLET L34 (5 rriscv 8 sscrartch ¥ 525848 R) ) ;

PAtO A AR aE, VAR P LT LFE S RN TRGTERRBE, KE
AP ETFTXL, AP ETXFERIFNE 4 seLd—LoongArch A F LT XL 13 &
FiE

HE sp R AEAATT, AHEAKINIZE 2 kernel_stack_alloc +
1<<CONF 1G_KERNEL_STACK BITS;

42 L CSR. ESTAT. Ecode 2| s1 4 4% . (D4= R CSR. ESTAT. Ecode=64, % Hf]

L AT A P BT, X E next|IP=csr.era, k4t 2| P b7 L2304, ARIEEAR P #7598

R34k 32 #; Q4= R CSR.ESTAT. Ecode==11, AW SaTRAZAMA, &XE

next|P=csr.era+4, ¥ a7 N A LAR FTHEN a2 2R F A X, i3] A %A R

AE 3L IR, ARIE R AR TR A X A ek 2 QL AT AR F Wi A R A Bl Sh ey

H A @550, % E next|P=csr. era, $k#t 2|48 09 L@ s LRI, ARABE
@SSR R AR (BRRE/MAFTE, BATERTETR)

BB S, B4 P restore_user _context kB LT L,
® KE FTFXHLEE
R Y AT & AZ LT L4584, B A t0;

AtO AE A Euk, VIR P BT SUF G R SRR F AR FAE AN R A8,
ApPpLEFLEFEEF. AP LT FHEEIMAF Lk 4 seL4-LoongArch A 7
ETF LA AR

ertn 2 WE,

3.2 Cmake %+

seL4-test X /] cmake T E A3 B 4 sk bui ld. ninja X, #A4T ninja %i%
h BRI, A seLd—test NATZEM 4 E 9 AT,
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Kernel
nanopb selL4-tools

B 9 selLd4—test 7 B £ 4

seL4-test A B M LR, P HEILHNKE seld HAE, TEF/NK
E M seLd-test FE R F|4) 6 N, FEIF RN ERBITIRTH I LA

nanopb’, &3 fEFE 4T

% 7 selL4-test M HhiL

48 1 Fir
Kernel seL4 A
sel4test seld Bl P = RALF R A A 1O

H#)3Z seL4—test 49 T E, 4= cmake—tool, el floader—tool

selL4 tools

mus| | ibc RERADHEHEADSEENRERCIES A
sel4runtime BT CIES #5AF W) runtime & %4
seL4 libs i seld i N A% L% B R P A2 B 8942 5

selLd Ntk R 69 R B, 6L3E pei IRF) B, IRENAE A

util_libs . .
B, REN R

sel4 projects |lib seld4 #9EE 4L, 5 seld libs # %K.

nanopb selL4 & J{l nanopb & 52 BL 4 #F X

seL4-test A & cmake T H#ME, AMEAND A seldtest AN

T SRR B4R G35 L 8,4 opensbi, 122 F A4 E] LoongArch X H B %] opensbi, FTVAXEHEHIRA,
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CMakeLists. Cmake iTAZ A% & . kernel X EA4B %X H =35

3.2.1 FikE

MIXEE AR kernel LB RS E BT EAI L, AR —LLILG A
A i

& T A, #A cmake M FAE P AR S 4

R EF RS FB T cmake B AR AR

BAKM M B A RELE kK LH°, seld ILA 49 cmake MY B RS, ILRE
5 dm LoongArch M4 Z 9% &, FAMHF RHIEL,

X E T 2L EM— 2 cmake T= L%k 8,

% 8 MAEWMIRT S

g

&

project dir

project _modules

CMAKE_MODULE_PATH

NANOPB_SRGC_ROOT_FOLDER
SEL4_CONF | G_DEFAULT_ADVANGED
KernelSel4Arch
KERNEL_PATH
KERNEL_HELPERS_PATH
KERNEL_CONF | G_PATH
CROSS_COMP ILER_PREF I X
sel4_arch

KernelSel4Arch
KernelPlatformSupportsMCS
Sel4testHaveT imer
CMAKE_BUILD_TYPE

BAMBOO

seld4-test 89312

projects T 6 AN4A %12

kernel, sel4—tools/cmake—

tool/helpers. seld4—tools/elfloader—

tool & 6 N4AAFA9 9412

nanopb ¥ 2

ON

loongarché64

kernel %1%
kernel/tools/helpers. cmake ¥ 1%
kernel/configs/selL4Config. cmake % 12
| oongarch64—unknown—1 i nux—gnu—
loongarché4

loongarché64

OFF

OFF

DEBUG

OFF

® f& cmake ® X kernel/tools/helpers.cmake E VA config FFk®g B R EFMXHG AL, o

config_string. config_option.
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DOMAINS OFF

Kerne INumDomains 1

SMP OFF

LibSel4TestPrintXML OFF

Kerne IMaxNumNodes 1

MCS OFF

Kernel | sMCS OFF

KerneRootCNodeSizeBits 13

Kerne |DomainSchedule sel4test/domain_schedule. c %42
KernelArch loongarch

Kernel 64 ON

Kernel32 OFF

KernelPlatform 3A5000

KernelPlatform3A5000 ON

KernelVerificationBuild OFF

KernelLoongarchPlatform 3A5000

CALLED declare default _headers 1 (ON)

TIMER_FREQUENCY 100000000

HW_MAX_NUM_INT 8

KernelWordSize 64

INTERRUPT_CONTROLLER loongarch_extio_dummy. h ¥4 /%

FEEFEMNA, A B ATILA FJE selLd 89 MCS A= SMP % 4% BL & .

GREBNOEMNE R, FASIIREREERNTEOTE AR I,
HAVE kernel 49 plat LAFR"FAe T 3A5000 %, & 2@ 5 B 3A5000 *F &2
dts LHEREARFTEEH B LREME RIINE TRQXEHLE TR
0% &R E T, B A7 R 4F % 3A5000 -F 6 694545, PR A dts &
2 A, dts B E LA R EiT cmake 8 file 04 B2 &k, RGBT EA%

" 2 & 4TS A8 % cmake #9BCE A,
YRR AR AL, X2 A dunmy H R
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dtc A2 /5 %% A 7] Al 69 dtb, X303 hk

BE arm MG —RPLE,

3.2.2 Kernel X &

22 £ omake ARR P KA, Atk kT

XZ R seld HABARXRG ZEME, TETPTHI 6 NTZREAGBZEIG
6 MK (), seld—test M 4wmiFid A2 418 B X 2y Kok 4 &R R B BT 69k
LA, VA_gen #RiR. A IERL LoongArch A4, &ATHI By AT /420, 122
XIAAKRMYEZITEAE, XEZTHRALE,
% 9 kernel XEMN T 2T ¥

T¥ 4

&

CPP_GEN_PATH
CIRCULAR_INCLUDES
BF_GEN_PATH
HARDWARE_GEN_PATH
INVOCAT ION_ID_GEN_PATH
SYSCALL_ID_GEN_PATH
XMLL INT_PATH
MAX_NUM_IRQ

BITS

CONF IGURE_IRQ_SLOT_BITS
CONF | GURE_T IMER_PREGISION
KernelHaveFPU
KernelSetTLSBaseSe | f
KernelPTLevels
KernelLoongarchExtF
KernelLoongarchExtD
KernelClz64

KernelCtz64
KernelPaddrUserTop

Kerne|HardwareDebugAP |Unsupported

cpp_gen. sh i A 3842
circular_includes. py B K512
bitfield gen. py B A3 12
hardware_gen. py i A 3 /2
invocation_header gen. py B A& 12
syscal | _header_gen. py B¢ K& 12
xml lint. sh #p A% 12

10

4

4

0

OFF

OFF

OFF

OFF

64

64

1 << 47
ON
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KerneDTBSize
KerneRootCNodeSizeBits
KernelTimerTickMS
KernelTimeSlice

KernelRetypeFanOutLimit

Kerne IMaxNumWorkUnitsPerPreemption

KernelResetChunkBits
Kerne IMaxNumBoot infoUntypedCaps
KernelFastpath
Kerne|NumDomains
KernelINumPriorities
Kerne |MaxNumNodes

Kerne |Enab | eSMPSupport
KernelStackBits
KernelVerificationBuild"
KernelDebugBui |Id
HardwareDebugAP|"

KernelPrinting

Kernel InvocationReportError |PC

KernelBenchmarks
KernelEnab|eBenchmarks
KernelLogBuffer

Kerne IMaxNumTracePoints
Kernel IRQReporting

KernelColourPrinting

A4 A DTB 895 5 4
13
2
5
256
100

230
ON

256

OFF
12
OFF
ON (£ A4 F o AR TH)
OFF

ON (A3 W A% A& Jo 3 Ao 34T 20 18] 0
S B B ATEHE)

OFF (& M6 A#F WAZH A 7 451k 5
A IPC % ¥ X)

none
OFF
OFF
0

ON
ON

" RRE, HBLE R G bR AT R AR R N IR R . 18R 2 ML R &R E A A

IiE,

" BRRBAMELE R AR AP R, Z API TUAFA PR AL BN S, R EAE DA

AEPAT .
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KernelUserStackTracelLength 16

KernelOptimisation -02
Kerne |FWholeProgram" OFF
Kerne|DangerousCodelnjection™ OFF
Kerne|DebugDisablePrefetchers® OFF
KernelSetTLSBaseSe | f' OFF
KernelClzNoBuiltin OFF
KernelCtzNoBuiltin OFF
—D__KERNEL_64__ -

march=loongarch64 -mabi=Ipb4d -
CMAKE_C_FLAGS"
mtune=|oongarché4 —Wno—

error=array—bounds

CMAKE_CXX_FLAGS B Lk
CMAKE_ASM_FLAGS Bl Lk
—D__KERNEL_64__ -

march=loongarch64 -mabi=Ipb4d -
mtune=1|oongarché4 —Wno-—
CMAKE_EXE L INKER_FLAGS error=array—bounds -static -
Wi, —build-id=none -WI,-n -02 -
nostdlib —-fno—pic -fno—pie -
DDEBUG -g -ggdb
CMAKE_BUILD_TYPE RelWithDebInfo
Linker_source lds L% 42
BT HEMEE, BNRFRE FPU, ERFF B LU EF S0 TR # 7
%1, BEXZEXEARAEN KB KernelPTLevels=3, 41Xt iX & & A bk =
6] %y 48 4% . H A% E 5% Riscv 49 spike -F & o ZhifAnkk 3 A 4 2 CMAKE_C_FLAGS

U W RATFE, 4N B F-fwhole-program,

“RRABARM—ANREAR, LFRFKTEEABEXTETORD,

“ha BRI THE BHE 5T & A8 K692 IR T,

B RGEAMEILA capabil ity 49 N .

"7 CMAKE_C_FLAGS. CMAKE_CXX_FLAGS #= CMAKE_ASM_FLAGS 2 48 ] #9144, 122 A [E % ik ALK X ik By
it A, sel4 iLi8iT add_compile_options i& &) #she T EH4bmit A4k, % R kernel # CMakeLists.
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4 4 /~FLAGS W iX & ., M4t A $49 |ds L5 common_loongarch. Ids. |ds &9
AR X ERFARAE, FHEAA B

3.2.3 A#HixE

HAFIZ HE M elfloader X & #= seldtest-driver X & . seldtest—driver
2% B4 elfloader 7M1 3E seLd-test & B 2| 69 A 2044,

% seLd-test 8933t 1% x86 AL, HARM 1L elfloader, KA
# 7 LoongArch ZZ#) L4 Kl elfloader. & elfloader X &E J, I¥FE L
24 R E|BLE KM, LIRE T elfloader ikt f. £ HHRKmNiF &
A LA,

1= seldtest—driver XE ¥, TZNAELMIFAE MK rootserver HR% 5,
H K HE 5 kernel. el f AefEAT AT & 69 BAL SR E] —A2, BARGGEREXERH
&, FEHME L.

3.3 HAeASHL TAE
3.3.1 X&MBH

& H (device tree, dts) |AHA T Linux WA F, selLd 4.4 JH iX £ T
PR AAZRERAIXEAE S, oA AARIERA, vart 0 REEEF. seld A
P M A x 69 dts A4k kernel /tools/dts L& T . AF3F 544,
A B AR A2 T 3A5000. dts Ao

M gemu F i dtb, JH dtc 74 R ZmiEH dts, 4%t seld 49 £ 255 e T :
1) 32 A5, AAEREIE A 0x90000000, % & Heohtik H Oxefffffff,

2) uart % X%, HiutiZ A Ox1fe001e0, compatible FiHF F X EH
"3A5000, | oongson3A5000—uart",

seL4 #9 kernel/config. cmake L8 # kernel/tools/hardware/outputs
TF 49 python XA fEAT dts, RS 42 build TAEF A A EARAD,

3.3.2 uart ¥ 92X & IRFA4E T

Loongson 3 5 1/0 #=4| % & # UART F 4 %, Loongson3A5000 % K A%
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M/~ UART 322, & UARTO F 4 E 4732 ¥ bt ) Ox1FE001EQ,

NHd elfloader B3, T HNEE elfloader £ AR &9 B o, £ k4 A
Bl —&£ AL R, PTAREA AR KA NS elfloader Ao AL R4 T IRF) X &,

1)

2)

3)

kernel I B 89 vart X #FAe%miFi AL 047

AL 3.3.1 #HAET @i &M 2 vart 589 TAE, vart P 809 # K
1 & M 2 LA "3A5000, 1oongson3A5000-uart”

7= kernel/src/drivers/serial X% F A% loongson3A5000-uart. c,
1% XA 2 LT Loongson3A5000 uart0 & &2 893 55132 5 4,

M kR IR 3 42 5 4, &£ & kernel/src/drivers/serial T &
config. cmake X P Mi%Z uart #9IR3H4E 5 LA+ loongson3A5000-
uart.c, FIXE F XM FHFE A "3A5000, loongson3A5000-uart" . 7=
kernel/tools/hardware. yml L O 0 e AN & F
"3A5000, |oongson3A5000—uart" 42 N\ compatible & 4

selLd4 WA %% F2i2 fT 0T, cmake SUAFARAE 5 AT R A FEAT 569 dts U, 3
N uart T R EEEFFSE, REAE kernel/tools/hardware. yml AP 4
Z>REREEFF B, /& kernel/src/drivers/config. cmake S P 4R E1% F
B IR IEME uart IEFNAE B LA loongson3A5000-uart. c. seld M A% Y
printf () KA B EM A8 £ 89 vart RSN FIE D, FIFHFITH.

E: EHmFIARF, seld ABAREAEL T O dts LA k A
build_3A5000/kernel/gen_headers/plat/machine/devices_gen.h, elfloader
¥z P X T vart 89432 bk, elfloader ¥ &A1& F dts Ak A5 BH
uart #FE LAk,

1)

elfloader A B & uart X #4278 F L4047

£ tools/selL4/elfloader—tool/src/drivers/uart XAk TF ifsim LA
loongson3A5000-uart. c. % LA 6L ATEP F 47 b £k, X & A4E0R K,
VA% dtb_match_table, elfloader uart_ops #= elfloader_driver 544
k. & dtb_match_table & M 4k ¥ %X & & 2 F & % ; £
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elfloader_uart_ops FTiX E T AT F i K4 454T; £ elfloader FiX E
TiXERA, LR 54, elfloader_uart_ops 454t.

2) & tools/seL4/elfloader—tool/src/arch—loongarch/boot.c L #F 49
main() HFPFIHA initialise_devices HE #1454 vart X %o

elfloader iZ4TH, #H A main() &3k, AXHAM initialise_devices #45
# LoongArch F##Yi% 4. initialise_devices() £ tools/seL4/elfloader—
tool/src/drivers/driver.c X%, XA seld #MIGIRF) X &89 L& HEL,
TR HARBEE A R EFFE, AR IRE init KR4, WIEILIRF L
%, Bp#ndsit uart i &. el floader &9 printf () 4R 4% uart & & 894767 F 55 B &
A4, A vart IRFNEHE, KIAFHFITH

% uart VASL, AR T AR B =98 £ a91% 0 0 JREEM uart 89383
g, BB R CR S HCR A R R R IR R ILF AT . AP B EHIR R 4
R, KT 3 B RN R EIRHALF IRMALE, AF T REAARG T EFY4,

3.4 BATRT

3.4.1 Qemu J& #IHLIE 4T

Qemu AE 489 A2 44 -F- & 7 % 3A5000+7A1000 #t A

1. Qemu % %ttt X3z 4T selL4-elfloader

SetUefiImageMemoryAttributes - Ox000000OOFE9CONOO - OxOOOOOOOOOOO40000 (OxOOOO0O
0000000000)
SetUefiImageMemoryAttributes - 0x00000000FE920000 - Ox0000000000040000 (Ox000000
0000000000)
kernel argc: 2, argv: OxXFE6F0000, bpi: OxFFFDA418.
entry kernel ...
ELF-loader started on (HART ©) (NODES 1)
paddr=[2000000. .2461097]
Looking for DTB in CPIO archive...found at 20ad400.
Loaded DTB from 20ad400.
paddr=[92030000. .92030fff]
ELF-loading image 'kernel' to 90000000

paddr=[90000000. .9202ffff]
vaddr=[ffff810010000000. .ffff81001202ffff]
virt_entry=ffff810010000000

ELF-loading image 'sel4test-driver' to 92031000
paddr=[92031000. .92476fff]
vaddr=[120000000. .120445fff]
virt_entry=12000effo

12pte0:900011d3
Enabling MMU and paging
Jumping to kernel-image entry point...

B 10 gemu #£Hi-selL4 elfloader
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Qemu 2 31 XA, B sLIBAT A4 UEFI BIOS, UEFI BIOS 5 # MAxet, kd
Bl el f XA 3k LB 32 {269 ht, X E KA elfloader # it &
0x0200_0000, 3 #H#bit4.Z 0x0200_0000, 4= b L FTE KAHLAEI R seldtest—
driver—image—loongarch-3A5000, 3 5% /it L2 elfloader, M 4e kernel image.
dtb #= user image F cpio aT&LE A elfloader 894 AEE 5

Elfloader 4512470, 1& Bl4p@ iz, RGH.E T —/ 0x9000 ¥ K
HAERFET D, ARE I AT O P XA EEIT,

Elfloader #4 7T 4= F TA4F:

1) BLEA#EMATE 2, BE CRMD PRMD;

2) M CPIO ¥4I kernel image. dtb #= user image, FF#7& A& elf K
L AHAE 8, 133 kernel image #= user image 9L Ak, K/ NE AR X AT 8,
FRHEEAN e EBH I, HEF dtb 3R{E kernel image ZJ)5;

3) A 32MB kK Wt kernel image X 3KMk T /Ns i 71 & R4t

4) BLE Ao T A We4HAR £ 49 CSR: PWCL PWCH, EARA =%k, WAL iliz
1142, WARASE 14 45; HFTAR N E B2 it % F 5] CSR. PGDH;

5) #1454 TLB, B E A8% CSR: TLBIDX. STLBPS. TLBREHI, BLE tlb &3
18] 9k o & N 2 Xk 2] TLBRENTRY ;
6) Hk#F| kernel image A9 BN T HuhE, FFH53IE 4T kernel o

2. Qemu F %A% X iz 1T seL4—kernel

kernel_phys_region_start: 90000000

kernel_phys_region_end: 92030000

kernel_phys_virt_offset: 7f0080000000

kernel_virt_entry: ffff810010000000

ui_phys_region_start: 92031000

ui_phys_region_end: 92477000

ui_phys_virt_offset: ffffffff72031000

ui_virt_entry: 12000eff0

dtb physical address: 92030000

dtb size: 1320

Init local IRQ

no extio present, skip hart specific initialisation

Bootstrapping kernel

Initializing extend io interrupt...

no extio interrupt supported yet. Will be supported later

available phys memory regions: 1
[90000000. . 17fFFFFff]

reserved virt address space regions: 3
[ffff800090000000..ffff800092030000]
[ffff800092030000..ffff800092030528]
[ffff800092031000..ffff800092477000]

Booting all finished, dropped to user space

B 11 gemu #£4i-selL4 kernel
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elfloader i i aO0~a5 1% i k& kernel M454LFTE 69 5 % (user image 4&
FPATAE Mot | user image IR AL, IR/ R MBI AS 2 . user image &
AN T Kbt \DTB 894 32 #b ik A= DTB 69 K /), iX 2L A F AR AL el floader AT kernel

image #2 user image &9 elf Sk A B FRER)
kernel B #))G £ &M T 4= F TAE:

1) B4t PSpace. Kernel ELF., Kernel Devices W %, % #:4% elfloader £
B 1E B &

2) EAF4s4L TLB;

3) ALAeE T, B E PRI, ARSI ROE E PR, R P

4) BEBISIAT, TLB THBIIPA T £ elfloaer P AT LHEE, X2 AH
HEBHIIIN D AL B BRI D

5) #4E kernel image. dtb. user image Ff Bl &9 N A& X I% A dts PR EH
STRAME NGB EERATHARTASDEALGRE, B 1T
Ja B AL B AT Hr o

6) tH initial thread X/, AKX B ZH, €32 initial thread,
S BLAE % 89 capabi lity;

7) 4l# idle thread;

8) ARIBH A FIAMN A XA untyped objects:

9) FAEERAZRE, WiRR P &AL
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FwuEEmsED

HiE A 3 A, AIRKAET seld it B4, APl #AZ, KRABIEZ,
LoongArch. riscv ZH#) 4%, cmake. ninja ¥ B T E, REMRLE LR, AH
MIAE#t . #5457 elfloader %] LoongArch F4 : 44 LoongArch 354, & 3
NGERE, FEIHI ST XA seld ABHF R HE AT seLd-test &
LoongArch sa A, 1R 2| i & B AZ 6912 F ; /£ /2 Cmake LA A0 T RIS I 4,
R %%t LoongArch #a K &9 seLd—test 7 AT el f L AFs

AT R E5%: BRTR seld BNTTHAZ, 240X T M EEKTEH,
RIG R RE R, FF4E4 riscv #AZ, xvé—mips #R4L . Linux—LoongArch 744
B RERE ., AT LM B HifAek, AR FILHET cmake L. ARJEF A
aemu B2 L2 8K A Mo

AR seld TART ABLRD, TALSZTAERS, Bl A
cmake #2 ninja %R B, M Linux 8 dts #4428, A AH8 elfloader
Gl FAZF. BT xv6 FHFREZALAM, seld A R A K LA
BARMEEEF Y, REKME AT seld 0 A 44, 12425 B A LMERL
W E LSRR, AT T x86. riscv @5, LoongArch BRI Z &V, T
HAEGTRREFRS,

ERNBAAR: TERAEAR LN, TRMAZGSI, £ seld B W
B N AN IRAL 5, ARG TAE R L, T AR seld # XL iE8) THE, =
Z2 M B X455 A K28, HEF LoongArch 34 % o seld A X TWa#k /1 &,

42



i
2022 % 3 A, AR linux RETFRXEBTIE “—5=4a”, %25/

K, AT 2 HE seld LN HAEL, cmake T B #E T E, LoongArch. RISC-V
A FM, gemu IR F 5k, HKF seld A AR B AR R E G2 E,

ANG T BARFIR (RRF, FFEREE) 2860 L5300, ANE
JIF 2 kM4, iR, MELHE, HErm, WRAHLAHA, BRAEE, B
B IRANE, 2B HNTF.

AING3E W & BT T2 GRkia#HHife s RELIT) 9F 4 d . K45
IR A ANAEF T TAE T @), L4 & LoongArch K= F= selL4 &9 1X 4w
T, HERFZTFTANBD LS ATENERETHH L H,

AN &R, LTI, WAhs, RBZOGF A2, Bt seld
KPR P (Kent McLeod, Axel Heider, Jashank Jeremy, Gernot Heiser, Gerwin
Klein 5 A) 7 github issue L83 F4 % 45,

EAR R, © AR B BT T, E AR A A A b R ARG
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