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1.1 bR

1.1.1 loongarch WyigzHihEHHE

FAT TR 55— A 2 B S bk B, WA loongarch B4R
X vise-v BRAK xv6 BT, RETERE.

I PR AT 2

A FEE (loongarch $849-4EF W) 55 7.2, T fi# loongarch fFEsE bk #H
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EWRER Z bk JoTA BT DR B A TR e . B2, FRATTR] AR XA
Mo, RSP LeARIR I ThAE . ELANAE risev MASH,  NAZAI A P As e R 2 R T
FRDATHHERZ IR, A loongarch Hr, FRATTAT DAFI ELEME SR AR S BN
B Ik S50, i R M B AR S B 222 [T A bk 4 48

AR Z AL -

o TEWRZME M ERMUR ST DA E R, I8 WA
o A&pA TLB BIAGUSL, AT ke S ik f s 2
o fRALBEIT, ARG S [R] D) I AN T SR A e e, SR PERE

fRih ik

BITEE ], A LW SR S B P k% 4 Tl (g b bk 5 48, v AP0 JH o e e
SRR SOR BN s Tl o il e e, AR 2 IR AT B — B IC TR T R WA AR =
PEATHBhE R4 (P M bk 25 ), PO — B 28 [A) ok SE B N AZ 25 IA) A Hb bk e 4. 51
PALEN Z7F- 48, H DMWO #i5 & 4 0x90000000000000111, 1) g 48l Hihk 23 ]
0x9000000000000000-0x9000FFFFFFFFFFFF 35 F 42 WL 55 31| 4 B Hbh - 25 17] 0x0-
0xFFFFFFFFFFFF

Jr AFRATTAE memlayout.h L & X

Code 1.1: memlayout.h

#ifdef _ ASSEMBLY_ _

#define _CONST64_(x) X
#else

#define _CONST64 (x) x ## L
#endif

#define DMW_PABITS 48

#define CSR_DMW1_PLVO  _CONST64_(1 << 0)
#define CSR_DMW1_MAT _CONST64_(1 << 4)
#define CSR_DMW1_VSEG  _CONST64_(0x9000)

#define CSR_DMW1_BASE  (CSR_DMW1_VSEG << DMW_PABITS)
#define CSR_DMW1_INIT  (CSR_DMW1_BASE | CSR_DMW1_MAT |
CSR_DMW1_PLVO)
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B LT 2%, FRE DWML ZifEan i fE.
o KM 0x0-0xFFFFFFFFFFFF W3] fE b4k 0x9000000000000000-
0x9000FFFFFFFFFFFF
« ¥ PALEN %%k 48

FATBHE O 22 BB T MR, FATHY B B2 8 e N ZS [l R b
AR, B DATRAT 175 ZAE AR AU AR i E i B bk =3 8] o

TN HEE 2 AARIE kernelld SCHE

Code 1.2: kernel.ld

QUTPUT_ARCH( "loongarch" )
ENTRY (_entry)

SECTIONS

5 {

18

19

20

21

22

23

24

. = 0x9000000000000000;
.text o

PROVIDE (end = .);
}

FATLE A AL 0x9000000000000000 F-4f, XA AT AF] ] E #E L
SR ORI T S 1, AT 00 A Bl i T
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11

12

UEFI bios Z¢Z NI, LB 21 bERE 0x0, X2 N PRLE
i Bz1hE|

MRV FTREE DMWI e, RIEIH Py sihk a4, FeA14E
entry.S HiX'E DMWI1 ZFffsas

Code 1.3: entry.S

1i.d $t0, CSR_DMW1_INIT
CSTWT $t0, Ox181

RFEFRATTRLSE B T B WA 7 i

AT B LS R, B HhERR S, Frod PC R BE E R H W H
ht, Witsg 0x0 OxFFFFFFFFFEFF | MRATRE T BB E O 5, PC B
AR B, FRATVAZ IR IR T E RN E PC, Widil PC i
0x9000000000000000 0x9000FFFFFFFFFFFF i Ex it 23 q] .

FAHE entry.S hiftiE PC

Code 1.4: entry.S

# i Hertnf5 — £ 384 W E W 4t

1i.d $t0, CSR_DMW1_BASE

pcaddi $t1, 0x5 # ----—- +
add.d  $t0, $t0, $t1 # I

# % F 5 N tlbrera # |

# JF % B tlbrera.IsTLBR # |

ori $t0, $t0, 0x01 # |

CSTWT $t0, 0x8a # |

ertn # |
# I
#

la.abs $sp, stack0+4096

XHEE A S extn J5—25385 00 B RHE, tupt 2 PC+CSR_DMW1_BASE+5,
SRIGRFX A R IUHIIE S A tlbrera 2777a%, tWELEAE tb BIEBIAM G 1R B ikt
XAE tlb FEIEGIAMNREE, PC i BEE 21X il FRATE s T3 E
PC T HM,

(B3R, FNTZFrAZR A BISSRIE PC, 2 e LA P
BA R ERNE PC 1484, HAtdid branch 4549k IE PC, HE, W

*BHIE T 7.1



AR SR EES A PC, B2 loongarch ASCHE, FrbAFA @ i B /b3
H PC.,

RN E AN 1k, A2 2ME T FA 1 mrBeE R A A RS AR e

HHEWE O ER, B2, FOTAEEBA LA RN 6 T
kT ARSI, B AFRAT A G A — 28 AR

TR EAE A T sk ) 2 07 R R R A b o
200, 15 kalloc sEH, AR TR, FATFREAE B UL

Code 1.5: kalloc.c

1 void kfree(void *pa)

2 {

10

11

13
14
15
16
17

18

struct run *r;
if ((uint64)pa <= MAX_USED_PHYSADDR)
pa = P2V (pa);

if (((uint64)pa % PGSIZE) != 0 || (char*)pa < end || (uint64)
pa >= P2V (PHYSTOP))

panic("kfree");

memset (pa, 1, PGSIZE);

r = (struct run *)pa;

acquire (&kmem.lock) ;

r->next = kmem.freelist;

kmem.freelist = r;

release (&kmem.lock) ;

T S M A — 81 .
FATATAE vin.c APIRLERINAZ TURAR SRR T, PROAFRATAR I AT

R

XI5 o



1.1.2 loongarch Iy
JE B A4

FEMOX —HR oA, Fa2CP B T 5.4 TR

xv6-riscv JFORH =13, 1M loongarch R T 2RI, HILTEEXS xv6-
riscv R UL R TIE .

xv6-loongarch iR T RGN B PR

— Dird_base — Dir3_base — Dir2_base — Dirl_base — PTbase

«Dira_widthal ] Dir3_width [« [—Dir2_width—le—Dirl_width—»{e——PTwidth—>|
=
%ﬁf@;& [] [ Bzl BN BR1%3| &R
T T T T T
AN ! I I I I
CSRPGOH |\ : : : : :
R | | ! ! !
" T | I |
I | I |
| | |
| | | |
| I |
| + |
| I |
N | |
BR4 : :
I |
BR3 | |
|
|
|
N2
IR
B2 (FF B
BR1

Bl 1.1 2R

FATE LT bkt 48 {7, 7 loongarch Hi I TR, AR VA[47] =
0, flifl CSR.PGDL {2 H £tk sk VA[4T7] = 1, il CSR.PGDH {4 [
SEEAE. FITRM A7 PR TR .

xv6-longarch H{§ill] ¥ PGDL I F 14 47 fEMuhE, X 47 (g
LA E A M BRI, P .

1 A 64-bit virtual address is split into seven fields:

2 48..63 -- must be =zero.

3 AT -- must be zero, (only PGDL used).

4 39..46 -- 8 bits of level-3 index.

5 30..38 -- 9 bits of level-2 index.

6 21..29 -- 9 bits of level-1 index.

7 12..20 -- 9 bits of level-0 index.

g8 0..11 -- 12 bits of byte offset within the page.




XRERRATIX A7 AR B T 8 4+ 9 + 9 + 9 + 12 XFiE, Y

g, K/ 4KB,

1.1.3 RS

B walk Hi%(

walk pRECH /R AR Y R AUk FR 23T B2 5T 2, R alloe 2 1, AB4

AR TERIAATAE, B RE— R, 7E xv6-riesv W1, =003, MHE
loongarch #r, PN, FURBBHAT:

Code 1.6: walk()

1 pte_t * walk(pagetable_t pagetable, uint64 va, int alloc)

2 {

4

10 }

for(int level = 3; level > 0; level--) {
pte_t *pte = &pagetable[PX(level, va)l;
pte = (pte_t *)P2V((char *)pte);

}
return &pagetable[PX(0, va)l;

A — LR 2] T ARSI, TEB .

Code 1.7: freewalk()

1 void freewalk(pagetable_t pagetable)

2 {

pagetable = (pagetable_t)P2V((char*)pagetable);
for(int i = 0; i < 512; i++){

pte_t pte = pagetablel[il];

if ( pte && !'(pte & Oxff)){

} else if (!pte)

}
kfree ((void*)pagetable) ;




1.1.4 HpamlNAE G )5

A7 1) T 3

LB e

1 xv6-loongarch H,
oA

WAE EIrE, FA1MB U proc.c HE proc pagetable s, a2
SRR AL, AT

B AN 2 B

55— A xv6-riscv FORNFEATZ, EPERHAE RN
&, trampoline EHZ7EH PSRN Z AU 113k,
1M 2 FiHE )3t loongarch — ML RAE NAX M B WL o 10 6T
e ATREYR TR, FrAEM A

XV6-riscv xv6-loongarch
trampoline trapframe
trapframe stack

heap stack guard page
......... heap
T B
stack guard page
data and bss data and bss
text text
120 PERRAE T s (A A N A AT R

Code 1.8: proc.c

1 pagetable_t proc_pagetable(struct proc *p)

2 {

pagetable_t pagetable;

uint64 x;

pagetable = uvmcreate();

if (pagetable == 0)

10

[B] K 25 tralrnpohneo
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30

31

return O0;

if (mappages (pagetable, TRAPFRAME, PGSIZE,
(uint64) (p->trapframe), PTE_R | PTE_W) < 0){
uvmfree (pagetable, 0);

return O;

}

if ((x = (uint64)kalloc()) == 0) {
uvmfree (pagetable, 0);
return O;

}

if (mappages (pagetable, USTACK-PGSIZE, PGSIZE,
x, PTE_.R | PTE_W) < 0){
uvmunmap (pagetable, TRAPFRAME, 1, 0);
uvmfree (pagetable, 0);
return O;
}

return pagetable;

PARAE Bt TR0 A [ A proc_ freepagetable::

B, — IR BRI trampfram FYMAREIL ustack, Wi,
uvmunmap (pagetable, USTACK-PGSIZE, 1, 0);

ustack WNAFTFECARERL, PINAE freeproc() BT trampframe (5 A

17, FrME# 4 wwmunmap() BERJG— D280 0 (H3E 0 TR, SREBRING)
, fH2 ustack % ATE freeproc() HHHRERL

Bt ARAURERL ustack #) uvmunmap() PREURE—SRBLEDN 10/ IR

{5 O 1A [A] ISP 0T 3% R F) A9y B VT ).

Code 1.9: proc.c

1 void proc_freepagetable(pagetable_t pagetable, uinté64 sz)

2 {

3

uvmunmap (pagetable, USTACK-PGSIZE, 1, 1);

11



4

5

6

uvmunmap (pagetable, TRAPFRAME, 1, 0);

uvmfree (pagetable, sz);

M FRIERI xv6 RS EHRIATIE (PRI T—RIP 0, p->sz Wik,

JirPA fork() Wy iiad vmeopy () S HlHEIAZS, B p->sz AL ST
FAE vincopy () IR IEA AT A BRI il gk . uvmeopy () ERANACASIE :

Code 1.10: vm.c

1 uvmcopy (pagetable_t old, pagetable_t new, uint64 sz)

2 {

4

10
11
12

13

uint64 oldstack_pa, newstack_pa;

if ((pte = walk(old, USTACK-PGSIZE, 0)) == 0)
panic("uvmcopy: pte should exist");

pte = (pte_t *)P2V((char *)pte);

oldstack_pa = PTE2PA(xpte);

if ((pte = walk(new, USTACK-PGSIZE, 0)) == 0)
panic("uvmcopy: pte should exist");

pte = (pte_t *)P2V((char *)pte);

newstack_pa = PTE2PA (*pte);

memmove ((char*)newstack_pa, (charx)oldstack_pa, PGSIZE);

15
AR AR, EIEAE procinit() B HANFFRE guardpage.
(TODO)
Code 1.11: proc.c
2 void

3 procinit (void)

4 {

struct proc *p;

initlock (&pid_lock, "nextpid");

initlock (&wait _lock, "wait_ lock");

for(p = proc; p < &proc[NPROC]; p++) {
initlock (&p->lock, "proc");

12



p—>kstack = (uint64)kalloc();

13



Chapter 2

Hr I

2.1 JEARHES

2.1

.1 Riscv ¥
e xv6-riscv I =2 REVHA/ A (system call) | #fE /55

(exception) AW (interupt)

eI SO XHERE ], BERE R PR g PCL RS (BfF

AT AR ) A BRAFAIE .

Riscv P WiBish o717 %5

stvec: W& EJE PC Bk4% ] rg k.
sepc: HWr &AW PC, FE sret i PC Bk4E ) sepc,
scause: HEIAPHIEA

sscratch: 78 P W AR f A6 6 I 27 s, 76 xv6 BTl HLORFEE Ak
£ trapframe B)HbAE.

sstatus: KA, SIE TR BT VBT, SPP 5B il
RS, A sret BRI SPP.

Riscv "Il

Wbl ecall (454, BEPFSEM) ->uservee (IL4) ->usertrap (C) -

> (syscall, devintr, ...)->usertrapret (C) ->userret([.%)->sret(f5§4, M52 .

14



o ecall: fRTFHI S epe. MRAF PTG (spp). iCHHWTIEA (scause) .
Kl (sie), BEEEH| stvec.

o uservec: PRAFEN A ArgR . 7S] TRAPFRAME, YRE N, WL
REfetl. WK, BREEE] usertrap.

+ usertrap: {47 epe 5 trapframe, ST ITA R > TFOI, Sk
AEFE A K-> BkEEE] usertrapret.

o usertrapret: JCHIET, PRI IBTALBRER L, PRATINARRR . AR AR EE
W, B8 SPIE SAJF i, Bk SEPC ik

o userret: YREMIUER, WEEMFAAA. P, RAF trapframe bk,
o sret: {RI pe K epc, sie 2 spie (), BT spp (IXHN AT

2.1.2 Loongarch ¥

TEERZRA N P hWER R W e, BB N TE SR 13 A2
Wr, sl AR, 1A mkge by, 1A PERER I s i P by, 8 A4
FET, 2 ARl

A% 18] AR BT A PR T A S IR i 45, Hogo b B AZCR B E SR AE CSR.ESTAT.IS[12]

AT

A

TE AR WOR B TN IEE R E gy, U E SR I g BT 24 0
I, W E A g T WAL PR AZ R PRI SRAE CSR.ESTAT.IS[1] iz

FE PP BTR A AL PREAZ AN, A HOR I H R AZ MY h W f s, 8 MR
Wr HWI[7:0] gt Has RAHCRAE CSR.ESTAT.IS[9:2]

P ITRIE T BEASZNER , SR CSR 454 CSR.ESTAT.IS[1:0] &
L NWEEACR T, 5 0 NI R

Biabi 3 LA Ay (R LR S5 T

T BE N LT — 2RSS Fes (Control and Status Register, fa]
PR CSR), W TGS MHATIT N, TN CSR.20% %% ###4# WIEAH kK
RFRAATRAT G R %% %% W TIRS TR TR TR #### 1l
BiAbRiTELA G S (PRMD)

L PGS, AR EIAN AR R TLB EIE LA R BIAh, 12t
Ak B AZ A AN S G 4 ) v ok BE A M L B B 67 DA 22 B S i B A 5L

15



EREE LN

® 73 SR EREFEREN

fir 7 Yy filiik

Sl SR, G SR SRR AR TLE FHE )R B R A A, R S
CSR.CRMD H PLV 0 [FFT It (e

1:0 PPLV RW | Y4AFabFRA A9 -EE A~ TLB SEAFHYr (CSR.TLBRERA.ISTLBR=0) HL 24 #HS
5 (CSR.ERRCTL.IsMERR=0) B, AT ERTN §5-% MBISMERERL 71 O]
R F 2o X I (B 1 ) CSR.CRMD (1) PLV 8,

LSRN, G SRR JE TLE  ETR SR FIATL R R A Ok, B PR
CSR.CRMD 7 TE Ml IE i ic eIk,

2 PIE RW | 4TRSS A TLE S5 (CSR.TLBRERA.ISTLBR=0) o2l
iR{il%+ (CSR.ERRCTL.ISMERR=0) I, th{T ERTN $5< MEISM b FEERFF IR [E]
Bl 2 X ) (9 S 3 CSR.CRMD 1 1E

0 SN, SR SRR R TLB S SR LR R A A, TR 2
CSR.CRMD H WE I (¥ FHE i gk,

3 PWE RW | AFGEBEAYE S A2E TLR SEEY (CSR.TLBRERA.ISTLBR=0) 2l At
4t (CSR.ERRCTL.ISMERR=0) B, $A{T ERTN §5% MY Ab AR FEIR O]
Tl PRI i W 2 3] CSR.CRMD 9 WE 1k,

314 0 RO | fREflE, PEERE N0, HEMEARrE L,

Bspk & (ESTAT)

RAFAACRKBISMPRSE S, A& BISNT— — b, DARAS T
HARES

8] 7-7 FISMAESTFIREN

iz H st ik
10 1S[1:0] oW PR R D ESAT . ERRE O F0 1 ShBIRT R SWI0 F SWI1.
' ’ FCPE TS 1 LU B M R, PrES 1 B TS 0 b,
FRIBTRAS R, BN 1 R BRI R, 1 SRR (IPD, 1 /i 88ehi
_— 1s112:2] N (TD), 1 APEREHFERsREHAET (PMD, 8 bl (HWIO-HWI7)
’ ' FELRFRITEI T 1, S (T R A 5 T R s T Sk, MER R AT
CRBTAT Ja E T T sk, R TR SR R, R TR Ak SR,
15:13 0 RO | {REUER, BEEE 0, HAMERRreod B,
ISR — SRR, S (A M
21:16 Ecode R | WIRE TLB RS S oGt B iy, 1 s 4 ;
ZW, FPESHRAISNETISH 78 b Ecode BUE Y IVEE T A%,
151270 R R A SN
30:22 EsubCode R | 4R TLE REIEISh =R HL B8 HHREIS, MR R A
A, WP AREE NS % 7-8 vh EsubCode 24502 S RYEL{ES A i
31 0 RO | (RS, BEEE 0, HE PR s HAT,

16



1

2

3

6

BispRErF R IniE (ERA)

AT AL B SME B e S 2 R HIR I hk o 24 Ml A2 G, SR A5 A
RAPEARE TLB FIHBISMOA R RIS, WA BISMRHE 1) PC KF9E
ISR AT AT

& 79 PUUMERFIHEBRSFEREN

fr Hs | Y g
il A2 {3 M <
ISR TLB R B R A, i A
GRLEN-1:0 PC RW A, BECE2 A B A HE SR PC Id B2 HL AT LAGA 4, fFIXFER T,
QR Rl AL SN R RO T 32 REHbHERE R, B4 TSR0 PC {EAE 32 (s
0.

2.1.3  FEHMRAEAR 22

BN Loongarch A RAFILAFA-AR Y E 3, A SAVEO,L I+ A Fihk
MTrfE (B RAT)

Code 2.1: loognarchregs.h

#define LOONGARCH_CSR_CRMD 0x0 /* Current mode
info */

#define LOONGARCH_CSR_PRMD 0x1 /* Prev-exception
mode info */

#define LOONGARCH_CSR_CPUID 0x20 /* CPU core id x/

#define LOONGARCH_CSR_SAVEO 0x30 /* Kscratch

registers */
#define LOONGARCH_CSR_SAVE1 0x31 /* Kscratch

registers */

HUABRL trampframe HPIHIICE X, BIUNFFA7aS 977 il (0 B4

Code 2.2: trapframe

/* 0 */ uint64 ra;
/* 8 */ uint64 tp;
/* 16 %/ uint64 sp;
/* 24 %/ uint64 al;
/* 32 %/ uint64 al;
/* 40 */ uint64 a2;

17



11

12

13

14

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64
uint64

uint64
uint64
uint64

a3;
a4 ;
ab;
a6 ;
a7 ;
t0;
t1;
t2;
t3;
t4;
t5;
t6;
t7;
t8;
r21;
fp;
s0;
si;
s2;
s3;
s4;
sb;
s6;
s7;
s8;

kernel_sp;

era;
kernel_hartid;

kernel_pgdl;

2.2 Loongarch %M Hi

BIANEIZE o TLB sspish, PLASREERBIsh, Sampish (Bl 3o

P SBIAMINZSESN) , AT X BIFETFIAMNAA DA ]
TLB HHFISMIA IR H T CSR.TLBRENTRY

WLELEE R A A 26 3T CSR.MEMRENTRY

18



W ESRRRR I SN2 SN BIANR EE BlA, HADHAER A A0S | 3
R AR N E = S N L P S AL S

Jirg @ FI A O A A S AHE, 2k BT CSR.EENTRY

2.2.1 ElpiIsp e

T B SME P F AL B AR, il Al B SN, ALBEESAE (IR T 40T 32
1

« ¥ CSR.CRMD [y PLV. IE 4}3I[#%] CSR.PRMD f§ PPLV. PIE #1, %
J54%% CSR.CRMD [ PLV %4 0,IE &% 0;

o R BSR4 R PC ICskF] CSR.ERA

o BEEERIBISNA OGS
BT ERTN 459 M8 BISMAATIR BT, AR PRERAE P 2 52 ean #
fE

o ¥ CSR.PRMD i) PPLV. PIE {H{%% 5| CSR.CRMD ) PLV, IE

o BEHE] CSR.ERA FFic bt ab BHE

@1 5053 ARSI AT FPASBIAE , I3 W £ 207 g & F CSR.CRMD.PLV
SEBE B . 15 xvbriscv H, i [f] kernelec.s 5 tramponline.S 435I &b B Py 4% 51
Sh5H FESBIAN, FATRAER AT T AL RISG—, RI@ELE HIWr PLV BRI 5620k A
W2 S HIANE & NAZSHI A, BRI AL EERE O, 435I H kernelvec.S
5 uservec.S AbPRAH I B 4b.

AL BEBIAM G —8e 1, Bl handle excep(), ifE exception.S , NI
UEHF t0 ARSI 0x30 (B, TEJSSeBIo g, FRssci sk

1 .section eentry

2 .globl handle_excep
3 .align Ox4

4+ handle_excep:

5 CSTWT $t0, LOONGARCH_CSR_SAVEO
6 csrrd $t0, LOONGARCH_CSR_PRMD
7 andi $t0, $t0, 0x3

8 beqz $t0, kermelvec

9 b uservec

19
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BishEs i

1E kernelvec.S Fll uservec.S ", KX L g 15 2545k Je O BRI 4 45

Sy
1sd ra, 40(a0) 1st.d $ra, $a0, 40
2sd sp, 48(a0) 2st.d  $tp, $ald, 48
3sd gp, 56(a0) 3st.d  $sp, $a0, 56
asd tp, 64(a0) ast.d $al, $a0, 72
5sd t0, 72(a0) 5 st.d  $a2, $a0, 80
6esd t1, 80(a0) 6st.d $a3, $a0, 88
7sd t2, 88(al) 7st.d $ad, $al, 96
ssd s0, 96(a0) sst.d $a5, $a0, 104
9sd sl, 104(a0) 9st.d $a6, $al, 112
wsd al, 120(a0) 0 st.d  $a7, $a0, 120
1nsd a2, 128(a0) 11 st.d  $t0, $ab, 128
12sd a3, 136(a0) 12st.d  $t1, $a0, 136
13sd a4, 144(a0) 13st.d  $t2, $a0, 144
14sd ab, 152(a0) 1ast.d  $t3, $a0, 152
15 ... 15 ...

K 2.1: Riscv K 2.2: Loongarch

Kl 2.3: L gnta B

AL trap.c H, d PR AR AI A AT, BT AN TR 2 trapinithart
PRACR R NAZBISME BB IE, B H(EH] handle excep Huhiksk AL HRIAT

AP

Bsh R i

M AT RO FE Y, A trampoline APFFRE, f trampoline.S H

44N uservee.S J U S B SH

H PSP WIS uservee, #RJG42 usertrap; i [B|ff )2 usertrapret, R)5

& userret.

BB SRS BISMIMEL, FHEGR A risev 2l Loongarch 24

H
Ry
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2.2.2 TLB Hii#isp
&4 TLB BEIEGIING, ALBRES AT DA #fE

« ¥ CSR.CRMD [y PLV. IE 4»%1#£%] CSR.PRMD f# PPLV. PIE H1, 4%
J5 % CSR.CRMD f# PLV %84 0,IE #¢8°8 0, DA #5841, PG ¥%&
“0;

o Bk 1AM 4R PC(GRLEN-1:2] ig %] CSR.TLBRERA f) ERA 1,
H1, ¥ CSR.ISTLBR % E W 1

o Rl A BISM VAT REHBALIE SR £ CSR.TLBRBADV [tk i) [PALEN-
1:13] {iit5%%] CSR.TLBREHI f#) VPPN s+

o Wk#%) CSR.TLBRENTTRY B E 5140 A 1 A HRE
BEPENAT ERTN $54M TLB BHFISMATT IR, b3 H 258 i
WrHAE

« ¥ CSR.TLBPRMD iy PPLV. PIE {f%% %] CSR.CRMD f#j PLV, IE
H

« ¥ CSR.CRMD f#j DA ¥4 0,PG E N 1
« 4 CSR.TLBRERA ) IsTLBR & &} 0
o k%] CSR.TLBRERA FFit SthbstiikabBuss
ENBIBATZ 1T, LR b ¥1afe, 50 tibinit K%k, HITHI461k
1 void tlbinit(void)

2 {

3 asm volatile("invtlb 0x0,$zero,$zero");

4 w_csr_stlbps(0xcU);
5 w_csr_asid (0x0U);

6 w_csr_tlbrehi(0xcU);
7}

Bm—AH T AP TLB B4, 5rE tlbrefill.S v, Hhnds o Huhl
handle tlbr b bRy

1 .section tlbrentry
2 .globl handle_tlbr
3 .align Ox4
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4 handle_tlbr:

5

10

11

13

14

15

16

1

2

3

4

5

6

7

cs
cs
1d
ad

rwr  $t0, LOONGARCH_CSR_TLBRSAVE
rrd  $t0, LOONGARCH_CSR_PGD

dir $t0, $t0, 3

di.d $t0, $t0, -1

lddir $t0, $to, 2
addi.d $to0, $t0, -1
lddir  $t0, $to, 1
addi.d $t0, $t0, -1
ldpte $t0, O
ldpte $t0, 1
tlbfill
csrrd $t0, LOONGARCH_CSR_TLBRSAVE
ertn
2.2.3  MLAHIRBISD

FRATTRFILAS B DR B SD 21 A ] B oh, BRIl A ML ge s iR I S, Lg%

panic,

AN PR AL P

INAN merror.S SCAESR, BEANEE Dbkt handle merror AbE

.secti
.globl
.globl

.align

handle_

bl

er

on merrentry
machine_trap
handle_merr
0x4

merr:
machine_trap

tn

2.24

RS A

YR, A% PIBTIEAOR F IR (S B B R AR 2 CSR.ESTATIS I
XSRS 5 L EAE CSR.ECFG.LIE I A i) Joy s v W i RE 1 B AR 245
FEl b, SRPIWR A 1 T

i3

xv6 W, FPTEIALIEYE devintr pRECT, BT HIB17FE loongarch-gemu |,

JIr A R USRI T HR
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JUJ 24 v i R B i A S T, B BN AR e v W T 52 iR A H
iy
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Chapter 3

&5t

3.1 HeAHE

3.1.1 UPE&RGeEH

File descriptor

Pathname

Directory

Inode

Logging

Buffer cache

Disk

3.1 SCPERGES

ARG N EE, WK TR . disk EAER S 5, Buffer cache
AEHERLYE, HFRIEDIEAT, B — A L RE R R AR i — A 3R )
HERZE AT D2 F ST Ama, IMAEmRBE, Wi rE
B (B AEREF A Hr) o inode E2RF—ANSCHF#RFR R H—A inode, &4
AL —AME—1Y i-number Fl—LEAEHCCAEIR . H SR 2R SEH T —Fh
FEURAY inode, #FCNE SR, HAS—NHFWFS, A H &0 S 7R
i-number 4. AL ERML T 20K S , AT AT S R T, SC

24



PEHRE I ISP RS D% T2 Unix YEU8 (WSS . 804 SCPE%), (
BT LR B KR«

3.1.2 Buffer cache
AR

buffer ZAFAPITTAE:(1) [ V5 MBEAL S, DA R S A o p LA
A~ buffer g, IH—U VA A RRERN % buffer 26175 (2) A7l
PR 0B, SRR 5 BN A e BB . 1O, bio.c.

buffer ZEA¢M) %42 116145 bread Al bwrite, bread & [ul—ANFEPNAEH AT DA
BERME B BRI A buf, bwrite XHE MG buffer F2| @8 FANEL. M
LRAEM A 5E—A buffer J5, WAGETTH brelse BEE . buffer 247 KA
buffer fJERIEA sleep-lock, PARRERERR HA —ANLFRE A buffer (AT FIAH L.
IR ) 5 bread JR [ buffer 2588, 1M brelse FEAHA.

buffer Zf¢f3 W@ % ity buffer RAFNREEL, X EWE WL SRS
WE MR Z AR, buffer SAFLM B —A Y HIAFAULAB IR buffer,
buffer 7RI EGE M 00 buffer (ru ML) o A EE 6 H 500
buffer J2 AN ] BERE X B9 buffer,

9o

buffer Z&{#3—/~h buffer 41RATMIGHER . 1 pREL binit FIHESLEA buf
PRI EERR , binit FEJH BN H main . P51 buffer Zefpdld g2k, i
A2 buf 4l buffer HPASZMRPPRETE. FEB valid Fave B &k
ey EAs (R MG R T 2 ) . 7B disk FR G KN A L 2Bl
TS AR

bget 94 buffer ##3, FHGERESHEX S REREZTIX . WRFEAE,
bget #i<xRHLZ buffer 1 sleep-lock. #AJ5 bget & [MIPPE R buffer, UL E
() B XA B A7 R buffer, bget WA B—A, WIRES S H— MU R B XY
buffer, ‘BRI buffer §53%, FIEA BN buffer(b->refent = 0); 447
KAL) buffer #S AT PAFEH o ARATX LR buffer #ERTPAEEH . bget &k buffer JT
s, DM ESHERXS, HIRIEH sleep-lock, #{ERE, b->valid = 0 1]
PABfIER bread MR SEECREE , N @ H R A buffer Z RIRIPNZS . QIR BT
A buffer HAEMEH , IBAKZ PR R B E AT ST R RS, bget Bt
2x panic, —PHELFALEE AT RE 2 MENR, EHA buffer 250K, REX A R]
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1

2

3

1

2

3

4

5

6

RE HH BLAESL

TR R B X i %2 HAER —A> buffer, DAWAIGRS BAEXHZEE T,
WK SR GEFEAM A buffer FRBORIEATIRIZE . Bget it R — IR TEIAA
EIREEEAF, B IRIEFRRE N — MR buffer (it dev. blockno
M refent ), fEHHATIXWEEIER, F5E—HEHF54 bachelock., FA bache.lock £
PRk TR A EATERE AR L2 11

bget fF bcache.lock I HIIE AR X 2 4R REL buffer [ sleep-lock *& 22411,
A AEZER b->refent W] PAR; 1F 2o KB 887 TR R ARG A B . sleep-lock £/
PRI Z o NAELE , 1 beachelock LR BEZATFHAIE E o

bread, bwrite: — H bread BT BEALIZ (WIRFEAE) FHEMK
R ERTIIE , JRIIE AR % buffer, FTUABERGR S AKCHE. QR
2T buffer, EAAHERERL buffer 2 TR bwrite S HUR RS AR

brelse: 4iff ] # 4bFE52—4 buffer J5, WHVHH brelse SEBE . brelse
BEHL sleep-lock, F45i% buffer #ahRN R AT LT, F23) buffer 2 {55 44 18
buffer fiif i A EHE (R0 HEF, #ER T HEE— buffer & Haa A,
fE— R . bget FHIMERRFI A TiX— 5, FERIFWIHOLT, 3%
B A7 buffer IHELAUE IR HER , T BER R, Sekeamal i
X (M beache.head Fhf, i next FgEF) FHB/ITHEI R ST EERA]
A buffer ({77 MG R IR GE prev $8%F) BEBURGR I H1%
X,

i (BL bio.c AJEfil)

kernel /memlayout.h

/F i #define MAX USED PHYSADDR  0x100000000// % A 4 38 M

i, A T memmove# % B N W 4
A Jn #define P2V (p) (p+KERNBASE)

kernel /string.c

/N fn #include "memlayout.h"

% Brmemmove (% ik % 52 Fr 4 32 M 3k 8y 5 )
voids*

memmove (void *dst, const void *src, uint n)

{
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

10

const char x*xs;

char *d;

if(n == 0)
return dst;

s = src;

d = dst;

if ((uint64)dst <= (uint64)MAX USED PHYSADDR)
d = P2V(dst);

if ((uint64)src <= (uint64)MAX USED_ PHYSADDR)
s = P2V(src);

if(s < d && s + n > d){

s +t= n;
d += n;
while(n-- > 0)
¥--d = *--sg;
} else
while(n-- > 0)
*d++ = *ks++;

return dst;

kernel /ramdisk.c (f]f] memmove faj{L3LE)

void

ramdiskrw(struct buf *b, int w)

{

3

uint64 diskaddr = b->blockno * BSIZE;
char *addr = (char *)RAMDISK + diskaddr;
if(lw && !'b->valid)

memmove (b->data, addr, BSIZE);
else if (w)

memmove (addr, b->data, BSIZE);

kernel /bio.c

1 virtio_disk_rw->ramdiskrw

2 riscv.h->loogarch.h

27



3.1.3 logging

HEWAAE— A&, B superblock $§&. B H—> header A,
JETH e R EEIA (HESY) . header S E— RS EAH, Him
B R AT . — A H BB (1], header 405 HEIWER . W8 E header
bR 2N, R AEPRAE SRS, BahES, RnHEPEE—
SERE R F S, HATRESER H &

log write j& bwrite (J{UBL. ERFB X SICRAENH, ERE LI H &
A, I B3 buffer.refent B 112 buffer FLHE M . fEFALZHT, B
BT, RIZAT A R AS 2B U ME D% s fEIR L R A RERFHE AR £
ERIOEE; RS AR BT W R, S E DRSS
AR, AATHE H & PR R R . XA A AP h absorption (W) . il
m, fE—PFES5H, UF2XFRZA inode W RIS 2K, X2 H LAY
THOL R LK S WSO —I, SCHERGE T AT H A=), I HLAT AR
PR RITERE, O — (R BB ) B AR 0 5 ARG

end_op 1ok log.outstanding. WRITHCAZE, WL H “*com-
mit()** R BT F 5

Commit 53 P4~ B :
1. write_logO) K F 4 F 4 W & & 1k NoutferZ 7+ & # 2 #

L E KA.

2., write head() ¥ header#H 5 F# & F, B XHEEX, #H#E
XE, SRHIZEWHER, 28X AEZRRFEFHTE X,

3. install _trans N H S EZBHENHR, FHEESTEAXH AL F
Xt R E

4, ZEBHBEH T H A0, FEANE XX H Hheader # 4. X
SMET —NEHFFBEZMBR, EFEARRLASFTHRER R
B & F X K Byheaderfr T W B H £ B,

recover_ from__log J24F initlog HH{E ), M initlog 2AF 56— PR EfT
ZHl, i fsinit AR, BERHEL, APRHELERHEPHE—IERKE
55, Mg end_op HRFEAT H &
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3.1.4 Inode

B B inode RCE AN — LK. B—> inode HR/NERE—
AEEF n, YR inode “FE i-number, 7RSI X AN H ] inode HY .

Hikutk dinode & LT HA: B inode. type FEIX 3T 30, H SKAIRIA
S (B8 ) . type SR 0 F/Ri% inode 225N . nlink FESITS | HX A inode
() B SRR, 245 HECh 0 IEUREIRES: 1Y inode R HAEIL . size FB:
WO T P NAER TR addrs 304005 T Hiof S0 NS I REE i 55

PR ALY inode RAFAEN AT S5F914K inode 2RE#L dinode [F#5 DL,
W L TEG F6415 1 inode A 2 fiffE. ref FE RIS inode MIFEEMOHCRE,
RO|INEEBDHE, NS MANEET ZFFXAS inode. iget Fl iput REH | H]
FUREIL inode, FEME] HiTEL. $51 inode FIFSENTTDASE B SCHEHGRLE, M4
TAEH S, PARIEE R NS, 1 exec,

iget() A& [lfY inode FEEHLEE ] iput() Z BIARZA A5 inode AP,
FeET TS| A NAF A S0 —4 inode FH A . **iget() $2{E T4} inode [
JE PRV, PR AR 2 HREH R M E A inode. UFRGERIGHHFL
T T iget()** WX FPAT R, BER N TERFEXT inode RIS (AnFTFF
SCHRSETE ), 2R TR IESESr, R REE/ELZ A inode (1R
HPIPEE (Anpsfes A 4k) .

inode ZAF FLOHFREHTEHIAN inode. BT TAEISTRIA L £ b
T, SAFRKTE . W inode BHEHIR , WAL inode ZFARIT,
buffer ZEAFT HELABE BIFAENTFH . inode SETER write-through 1, JEEWA
A7) inode BAE, FAACLEM iupdate 85 AR

Inode content

W L) inode, W dinode &5yfk, &1 size Al—A-He 544l (W
) . inode BT PAYE dinode By addrs Ergivr k%), FF441% NDIRECT 4
AR INTEL A P YRl NDIRECT N 4cH 1, X Se8lifrom B, B RIM
NINDIRECT ANda# - %A FIHE inode Hr, il &5 A MU ] 32 B i i e o
addrs BG5BT CE R AL . H L, NSO ET 12
kB ( NDIRECT xBSIZE) F35 0] PAM inode H21) B Aok, e T k1K 256
kB ( NINDIRECT x BSIZE) 45 HBEER F B2 A et o XT3 2
— PR T2, EXE PAUEA AT o BT bmap A4 T X 3R
KR R R, W readi F1 writei AT DA EFAGM ] . Bmap &[] inodeip
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= ata

major

minor

nlink -
size

data
indirect bloc k/
address 1~

Bl 3.2 IR GEE

A5 bn MEHRSRIREEEYS . MR ip BEASH bn MRYERESR, bmap &

_A/l\o

3.1.5 directory

FSR I SEBUBLRI AN SO ZE Bl B 1Y inode EAUE T DIR, ERYEdERE—
ANHSEI S A H RS dirent, EHEH—M2FEH—1 inode
Fo AW Z W DIRSIZ(14) 745, BRI 4 KA NULL(0) 5% . inode 5
H 0 HY HSEIZ 2 IR

dirlookup £~ H H R MFHREATINAH . WEREE T, Bk
o] — AN AR R LB inode 4T, HFF poff BN H b 4% B IW 1Y
Mok, DAEIR AR SR E . Q2R dirlookup R3] — XA FRIIAH, W
1 poft, FHiRll—AiEid iget FRIFHIARPBIER) inode. Dirlookup J2 iget i [1]
ARBUER inode KRN WHECZBUE T dp, FrOAUERERRRZ “.7, HHlH
KRN, FERIEZ ATHEISE inode, @i EHBE dp ML, J8HH
ATDASEMRE dp, ARJEFRBUE ip, PRIE—R AR — 18

dirlink 278417 H >k dp HEJE-— B H R0, il 4 2 1944 FRH inode
o WERAFRELAFAAE, dilink KfaR Bl —AM4F 0. FMFEEE R, FH—
AAREHIZEH . MERD D0, EARABL R, HH5 off WE % A
FHM WA . BN, JEIRETHREE, F off WE N dp->size. AEZMFT,
dirlink ZREAEARHL & off BRI EASIN—Hr 5% H 2 H b

3.1.6 Path names

R IE B R — AT SR —IK dirlookup, Namei #4742 I1% [0 4H
N H] inode. PR%Y nameiparent f& namei f—/25F0: Bk BEIAHMY. inode A H
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oK inode, HKffe)a—AICRE I E] name Ho X PR ECERE S A namex
LI

Namex 1 /G & BRI U5 . AR ISR AR L, WIMAR H 5%
FRURAENT; A, M4TTH I SR T skipelem il [77 A% () A
MIEE . IR RIGE AL AE 241 inode ip PAH name, BRI IHZ B
S ip HRETERGE—MHZ. RN, EFRMSKM. (BUE ip 2O EW,
AR ip->type AIRELENAS, &K ATE ilock i1 72 I, ABELRIIE ip->type
e MBEELEA) « WERTH /2 nameiparent, M HiX @ i/5— P EIRICER, #
MR Z Bl nameiparent B¢ X, TEHRMNIZIRBMFLE, &G MERITERC A9
| name 1, JITPA namex HFFELR BN ip. ff5, TEFAEA dirlookup £k
BARICER, HELRE ip = next JF—UEABIERS . SIERE T EHBIRICR
iF, BiR M ip.

namex A BEFF EAR KW ERTE R B BB R LA RERARAE, @i
B GEN HFE inode FIHSZH (AR ENIALE buffer ZA7H) . Xv6 &5
KD, R — LR namex BE LSRR /O F, B—A W%
SRR PR R R 10 % 424 T DATRI I 39E4T . Namex 4 51805E B2 A4 H 5%, X
FEAN ] H S 2 st n] A A T34 T

3.1.7 File descriptor

RGARAIRRRAL T A ORI SCH%, SCEUSCHRRTRR, B3k
TP BRI, FNTIFR SO — 251k file 278, B2 inode
B, WEE—A 1/0 WEEE. FRFE open FRa QI —ASHKHT I SCF
(— M HRIZE A file) , WA VEREMSLFTFF R —A S, IRAARIRAY file 5K
BB RER) /O WM. 75—, — TR (R— 251 3c) T
DR SR P B R, AT DATEZ AR SO B AR —A
PR open 4TH3CMF, ARJEMEH dup BIEN%, BUEEMH fork 5 7iffEdt
M, S BLXAME D . 51T DARR B T S B | AR —A
SCAFFTH AT AL, B, s i5 . i@l readable il writable JRFgH .

RGP A T SCIERAFAE— A2 R Sc v, B ftable. SCARRAT)

BEAT: M BCSCHF (filealloc) . RIEEASIA (fileup). BEHGIH (fileclose). BEHEL
Pt (fileeread FI filewrite).

Filealloc Hffi3cF3R, FH—NRIIHISE (E>ref == 0), FHR[F-—4
Hsl A fleup Bns| %L fileclose Wb | FTTE. 24— SCm5 | %L
iKF| 0 B, fileclose 2ARHERBVBEAUIR)Z W TH Y inode.

31



PRI filestat . fileread Fil filewrite SEFL T X SCA- RIS TT . BTG #4E . Filestat
H A%} inodes #F7#4E, H1HH] stati, Fileread F filewrite 1 Jc#s 2] A
KB ARVFZIRE, KRGS ERK inode MR LI, AR ST FR—A
;I;Oie, fileread I filewrite {{iJ{] 1/O (WA WA KEA ML &, AT
% B o
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Chapter 4

1)):3

4.1 FeAHEE

AT B R GEn AT AR SR AR T B I TR CPU Bk, PR e 21
E—AITE, TERIREZ (B 3= CPU,

4.1.1 Context switching

M= P ERE O3 55— A P AR B SR B - ARG D04 (i
ARG MR W) 2R NZLR, ET3C (context) Y345 CPU
AR R A, BN 3C (context) YHREIH AR NIZLAE, PAK trap iR [0 5]
MRS SN CPU A — LT IER (TRIF T A ae i),
RV EEFRAE IR BERE B AR E AT IR AN e 4z ity DR R HAAZ O vl E S W i it
FEHIZATE, MAEM A F RO AR R AR 2 — 35 IO . FEATTH, &
TPRFIFTEAE N A SRR AR Z A 2 TR U B o

M—DERRYIRE 7 — AR, TERIFIHEARR CPU affids, R
LA HIRAFH) B A s ARTEEFN pe BEORAFAIIKEE , WG CPU KUk
IEFEPATIIAAS .

swtch JUATWIZERBRYIHRI R . swtch FHABEFEZLRE, EHZ
AP MR F a4, R ER3C (context), 24— PaERRETHEF CPU AYMHE,
HRER AL LR ST swtch £R7F H QB9 LN SOF R B EEES £ F 3¢ B4 E
TSGR B AE— DR context HY, BEAR B4 SHEIRR N ZE (£ proc B¢ CPU
HISERIAR cpu W Swtch NS4 struct context old Hl struct context new.,
EXF B FAFAHRAEALE old 1, M new HlnakZifies, RJERM ..

Swtch HARLFE callee-saved 27f7#s, caller-saved 2yf7es HE AR C ALASLR
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FAAERERE b (PR ) . Swich HIE struct context HE a7 A7 g 7B WAL & o
EARIT pe. M, swich fR7F T ra Zf7de (1], BERAF T swich izl [l b
diko BAE, swech MG BT SCH IR S, Bl BT SO BRAFE HT— IR swich
P RAFRY T A7 . 24 swich Rl , BRI BIAKIZIY ra T A74 B4 10 98
2, MR BERZ R swich 1154 BLAN, Bk iR ML RE R HERL .

4.1.2 Scheduling

scheduler iz77 T — R BRYIAER: KE Dl fTilf, 217, '
Flgikd CPU, —HER. WEHRERER EIRHRI I rhsfrigdtie, B
p->state == RUNNABLE pyiffe. — BRFXHERUERE, Ewiaicd CPU 4
HIEREAL & o->proc fR 1A%, KFZIEREPRC N RUNNING, SR)51H swtch
HRs e

PRAT AR BEARR L AU S5 H , BT — A X TR AL SR, HF HAE4iX
LA R AN LR, 95 p->lock, — AR Z, WER— PR IEAEIZTT, T
2 GER TR EY yield AR L AaRiLMib i cpu; XERE CPU Firds
WA ZHARR) AP ae(E (RP swech SR EAIRE] LR 3Ch), FFH. e->proc
AR RS . 75— AR, MR U2 RUNNABLE #y, JEAXTF
— MR CPU JHEESR R UL, BITEMAREAR); XEWE (1) p->context
WA R T (RIENTSEEs EIFATEESSM AT fFae ), (2) &f CPU
RN BT, (3) WA CPU #) c->proc $RHZHERE . HHER, 4
p->lock FHFAMS, XLEJEMEAEEA LA

A3 FIR A EE xv6 BEAE—NERFETIRE p->lock, RJEHET — SR
ORI E MR (BIANTE yield HRHL, 7E schedululer ). —H yield FF45
B — M EFEE TR R RIRAS, 88 RUNNABLE, U0 — R, H
FIRAS BT IR RS R R (BT H Otk b)) 355 c-
>proc Z Jg. [AFE, — B EER T 1RF— RUNNABLE #2545 RUNNING,
BUORA R RE, ERINZARETHGETT (FE swtch Z 5, BIANTE yield H1).

4.1.3 Uik

M loongarch &5y, & kernel/trampoline.S

# save the user registers in TRAPFRAME
st.d $ra, $a0, 40
st.d $tp, $a0, 48
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29

30

31

32

st.d $sp, $a0, 56
st.d $al, $a0, 72
st.d $a2, $a0, 80
st.d $a3, $a0, 88
st.d $ad, $a0, 96
st.d $ab, $a0, 104
st.d $a6, $al, 112
st.d $a7, $a0, 120
st.d $t0, $a0, 128
st.d $t1, $a0, 136
st.d $t2, $a0, 144
st.d $t3, $al, 152
st.d $t4, $a0, 160
st.d $t5, $a0, 168
st.d $t6, $a0, 176
st.d $t7, $a0, 184
st.d $t8, $a0, 192
st.d $r21, $a0, 200
st.d $fp, $a0, 208
st.d $s0, $al, 216
st.d $s1, $a0, 224
st.d $s2, $a0l, 232
st.d $s3, $a0, 240
st.d $s4, $a0, 248
st.d $s5, $a0, 256
st.d $s6, $a0, 264
st.d $s7, $al, 272
st.d $s8, $a0, 280
# restore all but a0 from TRAPFRAME

1d.d $ra, $a0, 40
1d.d $tp, $a0, 48
1d.d $sp, $a0, 56
1d.d $a1, $a0, 72
1d.d $a2, $a0, 80
1d.d $a3, $a0b, 88
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12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

14d.

d

14.
14.
14d.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.

[ T S T T T T T o o o T o P o o T S T S S T > T o Pl o P

$al,

$ad,
$ab,
$ab,
$a7,
$t0,
$t1,
$t2,
$t3,
$t4,
$t5,
$t6,
$t7,
$t8,
$r21,
$fp,
$s0,
$s1,
$s2,
$s3,
$s4,
$s5,
$s6,
$s7,
$s8,

$a0l,

$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,

64

96

104
112
120
128
136
144
152
160
168
176
184
192

200

208
216
224
232
240
248
256
264
272
280

HiPg loongarch g5k, & kernel/swtch.S

st.
st.
st.
st.
st.
st.
st.
st.
st.

Qo A A A A A A QA

$ra,
$sp,
$s0,
$s1,
$s2,
$s3,
$s4,
$s5,
$s6,

$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,
$a0,

0

8

16
24
32
40
48
56
64

36



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

st.d
st.d

14.
14.
14.
14d.
14.
14.
14d.
14d.
14.
14.
14.

a A A A A

jirl

$s7, $a0, 72
$s8, $a0, 80
$ra, $al, O

$sp, $al, 8

$s0, $al, 16
$s1, $al, 24
$s2, $al, 32
$s3, $al, 40
$s4, $al, 48
$s5, $al, 56
$s6, $al, 64
$s7, $al, 72
$s8, $al, 80
$zero, $ra,

0
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