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include AHER
build OEEREGER

README.md EF B E, S8 SR A

Makefile SHRZETHRTHBRmake X
boatloader ——  boot.S AEARSIHEFSEENIRES. RigEss,
— timer.c hEATiEIE. BT, SEHERE

L timervecS EgheRETE S

filesystem ——  fsc NERGEFRE, RSB
—  filec SHERIRE, BESIE
——  pipec B
—— execc el ZiF
Process Management entry.S il e
proc.c HIEEE
exec.c nnEfelisrit
RuaruaOs ™
t——— trap — syscalc EsEAAO, EmE
—— kernelvec.S PEtrapE £
—— sysfile.c REepER, iHEx
L trampoline.S trapBlkti
——  sysfproc.c ZHTEE, #HigEx
L— frapc b Etrap
L device — uartc BOENHER
——  virtio_disk.c HRIRAHEE
——  timerc ippailsEd
L— plicc plicahEE
+——— Memory Management [ kalloc.c SEHhESE
vIm.c EESCHEDHEIG, HhhHhed

timersh  makeftjal4 IEBIA

kernel.c ZEE

starts P REIRIRE
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LuarwalS

[

—\ Wi BB S5 LIE

la sp, stacke
1i a0, 1024*4
csrr al, mhartid
bnez al, sti
addi a1, ai, 1
mul a@, a0, al
add sp, sp, ao

® bios )3 3 AR KR EF AR AIIR1L

1. B5G, Mmhartid & F 88 3575 4 EThartfid, ikid 0K hart TAE, H4xharthElR. 2 F Ryl
a8, HUFRFAZIBIT,

csrr t6, mstatus

1li t5, -6145 # OXFFFFE7FF

and t6, t5, t6

1i t5, 1024 * 2

or t6, t5, t6

csrw mstatus, t6 # set MPP = 0x00, Set MPP to 0x01 and all other bits to 1
csrr t3, mstatus

2. k¥ mstatus FIIMPP N B N0x01, HARMBEE N, mretZ JFBRBE AR NSE.

1i t5, ©x80200000
csrw mepc, t5

1i t5, o

csrw satp, t5

1i t5, oxffff
csrw medeleg, t5
csrw mideleg, t5



3. FET K mepcid B H0x80200000, XA TAZITFIRIZAT (ML, mret JE 2 BkERIXE, fH
BRI ECAS. Wlhittsatpaifids, FEEF W (medeleg) RALZASE (mideleg)

csrr t5, sie
ori t5, t5, 546
csrw sie, t5

4, BN RB Esie?rfras, MEREALBESZRERAF A, b i W AT MAS B A o

la t5, immediate_value # Ox3fffffffffffffull
csrw pmpaddro, t5

1i t5, oxf

csrw pmpcfgo, t5

5. PP R E pmplic B 745, KA TORMIBEVLECEE S, T & pmpaddro, JUULHEC iRy 43 )
VB (ompaddrotiihik 42 J91), EATHRIRCR B BIE - $[0,27{56}-1]$ HI¥E & 9 A B
(M/S/U) #BAT . AI5 . ATHATHY.

call timerinit
csrr t0, mhartid

mv tp, teo
mret

o [Ifef T
BT SRR LI T

PasEtiHad
0x4000 MTIMECMPLO =5 OxFFFFFFFF 28 HiRESE
28 (1€ 32 £,
HasEtitad
0x4004 MTIMECMPHI w5 OxFFFFFFFF = RESE
2 (B 32 ).



taEgEz(ited
22 LEiESE
2 (£ 32 ),

OxBFF8 MTIMELO = 0x00000000 ZEFaa{ER
pad_cpu_sys cn
t[31:0] 5589
=R
sl
2. IEiESE
2= @321,

OxBFFC MTIMEHI = 0x00000000 ZEFaRER
pad_cpu_sys_cn
t[63:32] ES/
B,

PP 27 A7 4R I T T T cpu i /7 4%, T 2fE Nahie, Hihktn EEIFrR.
*(uint64_t*)MTIMECMP(id) = *(uint64_t*)MTIME + interval; // interval := 100000
BB tick, W R mtime d FI{E KT mtimecmp +interval, il H1 187

uint64_t *scratch = &timer_scratch[id][0];
scratch[3] = MTIMECMP(id);

scratch[4] = interval;
w_mscratch((uint64_t)scratch);

scratch il 2415 F SRR fE 27 /728 al,a2,a3, 2H24~32171# T mtimecmpHidik . 32~40F 77 4% 1 1]
M, BI _Excdffinterval. ¥ scratch’5 Amscratch.

w_mtvec((uint64 t) timervec);
w_mstatus(r_mstatus() | MSTATUS_MIE);
w_mie(r_mie() | MIE_MTIE);

B MBS R 1) A W m) & B AL B ANtimervecl B, HFtimervecsZ P07 %155, Frblmtvecfik2
IR0, XERETLIRM-mode kA4 Il 2 13 AtimervecH .
timervec # K1E4E

1. (ISipk e

2. Fmtimecmp B HT 1% B mtimecmp + interval

3. HsipWE N2, KiEES-modei A bk, AbFRE bk, Bltick

o HEEH

struct trapframe;------------ >trapfram(&/)E i luser2¥[a])
proc kA it rapframf T A% 23 ]
struct context;-------------- >HHFE BT

struct proc {
enum procstate state;



void *chan;

int killed;

int xstate;

int pid;

struct proc *parent;
uint64_t kstack;
uint64_t sz;

//uint64_t old_sz; PUE AT RE R4
pagetable_t pagetable; //userTiF
pagetable_t kpagetable; //kernel ik

struct trapframe *trapframe; //trapframe, fFilE17as
struct context context;

struct file *ofile[NOFILE];

struct dirent *cwd;

char name[16];

}s
N E IS procH Winitcode AN ARG K FEAT, initcodeFAfMERL, SRECATHAT SO, @it
exec KPATHEHR -

LTI
Eitentry. SHEAT R S3CI#, Ellswtch(struct context *a0, struct context*al), 45 A7 2e A7 Fa0
Ab, SRIE MM a1 A8 27 A7 48 o

EHL¥R: exec

BN N B SO N R A B, B N el SO . ¥ B RS A RS B RN B B i N TR
FFREF 210, fES . HHE a0 B N arge, IS, al B NSEHHE, UL E#EFEE
T RE T RE UL HLL g B P A E . SN RGN O FEREE NS5 (argy) #TE
TR ) DL R AT A7 T

® A%

buffer(bcache) of disk in memory
buf 5 i A& — X R ERR, I Hbufff)datali A 512771, HMldisk— M Ei X —#EK. 1ER 2K disk
(1IN 2547 £l buffer

fat323C k=
fEfat32/f)“bpb” X318, FRATHT LUK Flroot H MR, B RIXKZ1EL AR XA, (555
X%

KR4 BRI

typedef struct long name_entry {
uint8_t order;
uintle t namel[5];
uint8_t attr;
uint8_t _type;
uint8_t checksum;
uintle t name2[6];



uintle_t _fst_clus_lo;
uintl6_t name3[2];
} long_name_entry_t;

—MMRICAEAL HRIUE R DUESRAS BN 13 ST 44, IR SRAN Nt 2O B SRRk
o Hrorderid st 125 LMK S B R IUEA 2 2 da — BRI nameidsk 1 3CfF4 .

FLCEAE BRI

typedef struct short_name_entry {
char name[11];
uint8_t attr;
uint8_t _nt_res;
uint8_t _crt_time_tenth;
uintle_t _crt_time;
uintle_t _crt_date;
uintle_t _1st_acce_date;
uintle_t fst_clus_hi;
uintle_t _1st wrt_time;
uintle_t _1st _wrt_date;
uintle_t fst_clus_lo;
uint32_t file size;

} short_name_entry t;

RSP HSR IR AR A 7, (HR AT AR A R IORIC 4 7, RSO H SRIOR
FRENCAFRI RN 8] 55 AR LRI B AR E R .

FEfat32HH FHR A
I EAERIE Tt EtablelE X, BRI HX

2. fEEEM M duster BERBIELLRS X FF RS, AEAT EABEEI R — AN SRR AL
3. MRdEfarh B RARKEE, HI R T R A3
B3 S
L WERSCAFR A=, R Z g A
2. WARRNESCHE, MBS H SR WAL B SRR

iput[Elik B IR ET
FRPGLRUJE I, K5 a4 i B root)5 . Kiipfi5I IR, B ipf) 5] ¥R, MIHAQ H 5]
FHE IR B iplt) N 25 A28 2 diskH

read / write
BRELE 5 SO F7 BARYE SCAF R AURAAT . AT =R -2, W Fis.

FRE
A EROCHERE, Rk, EIE, RREESCM



BB

BIESCIF AT, A S S . e A S b5 —Mfile. BIESHIMAE — AT,

H5EIE

5EE R T I 2 W] copy B A% 25 T8], SRR TINEIEIE M datalX . WRdatalX i, NIKSE
TEREREMEAR, TUE B .

e

LI M datalX copy Bl FH 7 AR 2 Hidik, L5 da e 7= 1T EC JE MR A TE R o
B

ISR JYFD_INODE (2) , Hipfifaidsg | HAEdiski—LeJg@ i, Blan e o5545%.
FTFF SR

B IO Z AT E e T BT B RS B IR, SRS H SR R RS A H 3 SO R
SCAEAL S K SOE RARAE BSR40 B SR IRk . R RAG 7 HAERLEL o (0 B AR A B A RT Uik

P

B
[ ST AL B A BRI NPT A AR
53X

[F SCAFFTEAL B AN T RPN . IR E NI, WG ER N R
[E1}8

N4

Z:3H|
B’E&Es
O3 &5 21
B O 6k
1. o A HR T O P UART GELHH b IOk AR S es ) B RIAT A A il
WriteReg(IER, 0x00); // ZAFIfiA il

TERZFAFAHEHIE L L ITA I BT 1 RE
KB T 5G] T AT UART T REAR HA ) e
BE BRI 2 NUART I B RS R I R A

2. B IR %14 B UART (138 47 % 4938.4K
WriteReg(LCR, LCR_BAUD_LATCH); // W& Iisesififr
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HALCR(Line Control Register)fximfz(bit7)H A1H;, BEANPAGRGEMR X

WriteReg(@, 0x@3); // WEIBHFHRILAL
WriteReg(1l, 0x00); // WEIFFFENAL

MRIGERATAIDLL . DLMPANZ A7 4 e ZE R E B
BT R B BRI B, IR KON, TR .

3. WEBYE KNS
Wr'it%keg(LCR, LCR_EIGHT BITS);

LCRAYEFIN I b E s 71
BT AEFIFOs EBUARTIIFIFO (SLidksed) R EAT.

4, WAL FIFO T BERXFITX KT
WriteReg(FCR, FCR_FIFO ENABLE | FCR_FIFO CLEAR); // fHREFIFOFERRIELANE

FCR_FIFO_ENABLEFR & H TS ek A\t B 1~FIFO
FCR_FIFO_CLEARFREH TS T PIANFIFOIH HAl Hu2 ik B e
fERES NG H b AFREUARTHIHIN (RXD FlfrH (TXO Hilkr,

WriteReg(IER, IER_TX_ENABLE | IER_RX_ENABLE); // ffiBETXFIRXHkT

— HLFEEERE T4 (RX) HIWTFIFIFO, UARTHES7ES|Atrigger levellf [ CPU KA
FEHTH THRAY 25 .23 [ CPU R S — /> 7
FIHRAL ER FES R i 2 DXCROBE 18R Kos P AZ T UARTHi th 22 X 8

5. WIAA L UART 4t 22 i X HA) A3
initlock(&uart_tx lock, "uart");

WAZZE M SO E T — N mIX, BRAK/ANA32
{H5ZBR_FUARTHREAE 38 A FIFOE NG, Kt 22 mnds B4k

EEHle5H0
1. 5 ZRSGHH 5UART

S KGR AR S 5 ABEER, R EEE 2l UART GBI b IO ML s
) AT, UARTR R ERATIEME PN, 3 A TRz hl s AT L e 815 .

2. HhgmiX
WA ST — N HZ T X vart_tx_buf, TR A% IIEEE .
BT 7 Zenb X, ST ESFRFUARTSERR 7 A B AT AGREEHAT HAAESS, AT
fRem I ARG,

3. uart_putcpR%{
uart_putceR FU 5 TR A I A\ vart_tx_bufZzfX .
ERINT )G, ©4xi ] uart_start BRI BOR 8 5h el 4k S8 E L4 .
uart_putcBR B LR ], BRAEZEM X O, BLIE nl BE Sk B BeR It g (an
EFFARSHIE AL -

4. uart_start PR
uart_startpR £ 01 7K B UARTIMERPIRES, I8 Bk S50 i ik

7



ARG X o s HUARTHE S UF %, vart_start & FFARAR AR o X R 38 — A4
FEALRILAE T, vart_start N PHIESEAF AT RIE TSR BRARGET XN BB 5 Ak T oAl A
REAIZIIRES o

UARTH BT ab 2

FFHUARTRIE— N a, B — G,

A FEFE T (Wuart_intrpRE0D 298 .

uart_intrR 2 BRI F uart_start BREICKRfE 202 50 5 2 A 7 0% .
WIS X HH A i BLUART R AR SR R %, vart_startf o 3l F — AN/ &%

ZNFREAN
MHEBEANZ DR, AN A2 Huart_putcii Fuart_start )5 31
JE SR T FHUART R 26 58 i R A W A BRFE Y Cuart_intr) R Fuart_startidF A T74& 4.

EER e 580

1.
e

o fiit

A AT, UARTIRE 772 E — Pl BifosHIREBHAEERRE o Pk AL HE

721 H devintr, 152 B scause HIWT A& T NN & 4 = A . 2 fFiddPuc CEEh
Wizt e ) FIWT B se, WE 2 UARTIR %%, Hi2=ii FHuartintrefi 22,

D OARTIE A B N S M comsolemr AL, e T 2455
TN, EENARERSENST A ET . consoleintrid i N\ R 7 £E buffert B 2l — 247
L, [F X — SRR AT S A T AN TR . AT RIA S, e — AN IEAE AR consoler

ead.

Mconsoleread # MBS, buffertP L IRAT 1 5CBEM—ATHI N, BLIF T DK L D3 P 2
(B8] 1R [A]

BAmEE

static struct disk {
char pages[2*PGSIZE];
struct virtq_desc *desc;
struct virtq_avail *avail;
struct virtq_used *used;

char free[NUM];
uintl6_t used_idx;

uintl6_t nwait;
struct {

struct buf *b;

char status;

int idx1; // first index of a chain
} info[NUM];

struct wait_queue queue;

int queue_running;
struct virtio blk req ops[NUM];



struct spinlock vdisk_lock;
} __attribute__ ((aligned (PGSIZE))) disk;

L. structdiskjfe —MURBS M EN, C08 T2 SRS H T E BHRE.

2. pages[2*PGSIZE]: — ML) 71754, FTA7%  virtio
RS . XIEE 22 A ES T FINATE, T 2 5 e i - s K sh F2 7 4 8 /oK .

3. desc, avail, used: #EFIS  virtio PAFIAHSCHIEIRSE M FITRET . IXEELEI 2 virtio
WG —HB4r, T RORAE PN 1/0 153K,

4. free[NUM]: —/NE2H, FH T PRERPBLEREAR FF 2 23 N I
5. used_idx: —/ &G, FIRTE used FH T EE B E .

6.  nwait, info[NUM]: HI TERER RATH (HI 2 AIEEMARTEHR) HEREREE. info
B A R HE O & SRR P IX . IRESHRS]

7. queue, queue_running: 5%ERFBASIAH R F B . queue_running
AIREE — Mad, FTRBAAIE S IEEALETE K.

8. ops[NUM]: Wifi & k4. Xy &k SRR ——X M, JrEEH,
9. vdisk_lock: —NEHEH I ORI RN O AR LE R B R

Ry e

10. [f] status 27 17 2% 5 ANACKNOWLEDGE (=125017), #/n0ST& KINA BUE 1l ik
1%

11. ] status 2717 255 ADRIVER (=255117), FI/R0STCLHITE AT IR B %

12. ] status 27 1725 5 NFEATURES_OK (=8) 7~ &Rk / Bk TAE 77 i 5 B
3. [l status a7 17 oy 5 A DRIVER_OK (=4) F/RIKE) A ER U

14. I, DeviceFeatures R 1, DeviceFeaturesSel

F1DriverFeaturesSel T4 Al 25 1% 2 AR Eh 35 58 — Efeature, osHHIFARMEH. osH IfA%} 5
G ffeaturefZl, HEXTIKZANFfeature t 15 % feature & Aill - AfiR 425 F AbE I 5 N\ Driver

Features.
15, VIRTIO_BLK_F_RO (5-->#55f7) FRBLiks Hik
16.  VIRTIO_BLK_F_SCSI (7) R 4% S F£SCSI (Small Computer System Interface) filfiy
17.  VIRTIO_BLK_F_CONFIG_WCE(11) E/x VP& 1E S M5 i U [ V)4 H a2 7
18.  VIRTIO_BLK_F_MQ(12) FE/RB&CRFZ RG], osHh R 77—, BRILAIBAFI0

19.  VIRTIO_F_ANY_LAYOUT(27)
X IHAR 2, SRR B & FIOR Sl 1816 S WA ST AT i i

20.  VIRTIO_RING_F_INDIRECT DESC(28)
HT¥ Fdescriptori 202 ¥ K255, HEA P —/NBAFstruct virtq_desc *desc;
A4S N Z B\ Flstruct virtq_desc desc[len / 16]; H:H1 FJdescriptor£E J& [HI 41 frRe

/&,\



21.  VIRTIO_RING_F_EVENT_IDX(29)

FIF-Faos v MBI RE 7 2 18] 2 15 SCRFE A AR SRR Rl Jn P g . R BT s
AR, XS AT Ll id available
ring [iflags T BOKIBAN M 4, AFa BAEME R XN AIRIE A 28, PEREMNANE -
22. HIEa A Z R R BA S
*Rj(j:/IRTIO_MMIO_QUEUE_SEL) = 0;
23. BEE SR/
*R(VIRTIO_MMIO_QUEUE_NUM) = NUM;
24. NRERTF. N
25. RESURAZ AL .
*R(Ox040) = ((uint64_t)disk.pages) >> PGSHIFT;
BN A N VA REAL A SIE SR ) I bk S A P AL B (B A BAUHER R TT 46 0 T
515
2 B

Lo HEEREN NIRRT, WERAE A A

int idx[3];
while(1){
if(alloc3 desc(idx) == 0) {
break;
}

sleep(&disk.free[0], &disk.vdisk lock);
}

2. WafeiE Rk, ] diskflopsisfFfif, opsfEfiln EAN S — MlIA AT AL E —EL

struct virtio blk req *buf@ = &disk.ops[idx[0]];
struct virtq_desc *desc;

if(write)

buf@->type = VIRTIO BLK T OUT; // write the disk
else

buf@->type = VIRTIO BLK T IN; // read the disk

buf@->reserved = 0;
buf@->sector = b->sectorno;//sector;

3. WA T
X5l 7 5746 2 7] F 3/ N descriptor Jf: [7] descriptor

tablesf — M EHAIERL, HoMIEGANHAREDE, =M E A STERE IRk

Mstatus 51, FKnEEIELR.

disk.desc[idx[@]].addr = (uint64 t) bufe;
disk.desc[idx[@]].len = sizeof(struct virtio blk req);
disk.desc[idx[@]].flags = VRING_DESC_F_NEXT;
disk.desc[idx[@]].next = idx[1];
disk.desc[idx[1]].addr = (uint64_t) b->data;
disk.desc[idx[1]].len = BSIZE;

10



if(write)
disk.desc[idx[1]].flags

else
disk.desc[idx[1]].flags = VRING DESC_F_WRITE; // device writes b->data

disk.desc[idx[1]].flags |= VRING_DESC_F_NEXT;

disk.desc[idx[1]].next = idx[2];

disk.info[idx[@]].status = Oxff;

disk.desc[idx[2]].addr = (uint64_t) &disk.info[idx[@©]].status;

disk.desc[idx[2]].1len = 1;

disk.desc[idx[2]].flags = VRING_DESC_F_WRITE; // device writes the status

disk.desc[idx[2]].next = ©;

4. idstructbuf(F /S, 7 {E AL FLARR P AL HE

b->disk = 1;
disk.info[idx[@]].b = b;

5. {1 #index5 Aavail ring
disk.avail->ring[disk.avail->idx % NUM] = idx[@];
6. 2 AR AR ENTH 2
*R(VIRTIO_MMIO_QUEUE_NOTIFY) = 0;

7. CERRREAL AL

while(b->disk == 1) {
sleep(b, &disk.vdisk lock);
}

8. Hh T A3 5 TS 21 S Al descriptordit

disk.info[idx[©]].b = ©;
free_chain(idx[0@]);

F A A W A 2
L. LhHused ring, J: HiE 2 diskirE, FoRAPETE K

while((disk.used_idx % NUM) != (disk.used->id % NUM)){
int id = disk.used->elems[disk.used_idx].id;
if(disk.info[id].status != @)
panic("virtio disk intr status");
disk.info[id].b->disk = ©; // disk is done with buf
wakeup(disk.info[id].b);
disk.used idx = (disk.used_idx + 1) % NUM;

@; // device reads b->data

2. hbEfL

*R(VIRTIO_MMIO_INTERRUPT_ACK) = *R(VIRTIO_MMIO_INTERRUPT_STATUS) & ©x3;

11



® [Fif

vlaa
PIAIAERITIHREY . timerinit.

timervect:/E
timervecEEEXERT 2R : timervec.

® trap
1. FEAAMLE

Stvec (Supervisor Trap Vector): X2 —AMHWEZEANKITFFeE, FHTAAEEN
AR HhE . 24RISC- VALIESS
BB T EACIRIFAB, e 2B B AR T A L AL BT

sepc (Supervisor Exception Program Counter): H[gRfA&ZERS, RISC-VE ¥ 4uifEFitHas (pc
) HRGFERAN T, FARRPHEERETHATE, FRiGHpclSfistvecEii. sret (FEPHREED
Ao EFE FE SE G, B sepc KR #il[lpe, MIfTfd AL B A% 4k S AT M PR A 2 AT HIFE 2. AZ AT
PLEBN S A sepcktziilsretfis & FIHAT H .

scause (Supervisor Cause): RISC-VIEIXAZFA7asHCE —MUE, ZHFHR T SEEER R AERRE .
XAMENT T PP R B R E T, KON 3 B A AR R 5 N AZ AT RS 5 1 AL P2 4R

sscratch (Supervisor Scratch): PAZA]LAERXANEFAERHRE —ME, J‘Z/\{Eﬁfﬁﬁﬁﬁ&i‘@ﬁ}?ﬁéﬁﬂﬂ‘
é—\zfggﬁﬁe B A AL B AR AL T — AN B R A2 2 16D, ﬁﬁﬂﬂ@ﬁ{%ﬁﬁi&ﬁﬁ#ﬂ}%ﬁ%ﬁ%ﬁ%w =
BT AT A

sstatus (Supervisor Status): XN AE T 2AREL, Hoz—R&SIE (
SupervisorInterrupt Enable) fii. SIEfL#FIER, W&TWIHEM: WRAKZIER 1 SIEN,
RISC-VHHER Ab 3 & b, BERINZ IR ESIEM . F74b, sstatusH[fISPP (Supervisor Previous
Privilege) frf&/s J iR B EAAEIN (H P BEE TR , IHEH]sretdg 2R B F HATHR.

2. usertrap

o WRHPEFEERFAWA (ecald , BLE AW, ALATEH 2 A AT
Al RESstrap. SR E P 2[RI B () = i 42 "2 uservee, PR JE s&usertrap; IR [H]H)
» SEiZusertrapret, RJE Euserret.

o XfTuser
trapfI R EWE, RAEHEYIIEALE Eirat B Nforkret, TfiforkretZ> il fusertrapr
et, usertrapretiXE |l E, 2 userveckki .
proc init:

p->context.ra
p->context.sp

(uinte4_t)forkret;
p->kstack + PGSIZE;

void forkret(void) {
static int first = 1;
release(&myproc()->lock);

12



if (first) {
first = 0;
fat32_init();
}

usertrapret();

}

user trap:
uint64_t trampoline_uservec = TRAMPOLINE + (uservec - trampoline);
w_stvec(trampoline_uservec);

o [T RISC-VEEHTE K A RA BN A2 B3 Ul 5158, BRILH P 0i 3R L 40 & Kfuservec (
Blistvec?F /7 23 T iR MmO B Bk =482 ) AOMRSS . [KIk, it 1 trampoline, ¥ 1T
TH] e 55 1] P AZ DTSR AR FH P DR A [R] B A |

kernel map trampoline:
kvmmap (kpgtbl, TRAMPOLINE, (uint64_t)trampoline, PGSIZE, PTE_R | PTE_X);

user map trampoline:
if(mappages(pagetable, TRAMPOLINE, PGSIZE, (uint64_t)trampoline, PTE_R |
PTE_X) < 0){

uvmfree(pagetable, 9);

return 0;

}
if(mappages(pagetable, TRAPFRAME, PGSIZE, (uint64 t)(p->trapframe), PTE_R |

PTE_W) < 0){
uvmunmap (pagetable, TRAMPOLINE, 1, 0);
uvmfree(pagetable, 9);
return 0;

}

o W EPmE, userTWEMUT T TRAPFRAME, Kltt, FRATAT LUK — b 5 2 {8 A7 A
XH, b R TCEARMNE, NRZAR, trapHbhib, KAESEE Mpcll M HiAh FE RS
EEE G, BATE I P R A EITRAPFRAME R, JF H A& Blisscratch
AL, BATE AT LLR a0 7 803K (— T 4 a0fF N TRAPFRAMEH L) .

o uservec \TRAPFRAMEZR A AT IEFE N AZAR IIFEET . 24 HTCPUMhartid. usertrap(f3h
HEATNAZ TUR L, FsatptI ¥R i 0126, FF iR usertrap.

o usertrap
BRI 2 IR B O R AL B R E R g R AERIRENE (trap) , X EEFEMEATRE & H
Ao &R SRR . EAEEFEF, usertrap B AT H LT R B E
stvec, LABACRINIZHIREBERSHH  kernelvec
WhER, HERR, ESMEYATHH P RETFHEES  sepe, XN TBIIEAE  usertrap
WA RE R AE AR D)8 i IX — B EE B . AT AR R, usertrap
KA R b2 T

O WRZERGMA, BT syscall REBORAEE, FFEALBEE RS, KA

P HEEE  pc I 4 (KA RISC-VIER SRR 22K 2 FHEEHHAE  ecall
84 I, TEBLIZES RSPAT E AR
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O R EATW, BE2AH  devintr PRECRALTE,
o WREEAZERFFHB AR RSN, BAEBEHN—N7E, A

I e R b AR R

o RMEIFIH ARSI usertrapret BREL. ZREUT TTIKE  RISC-V
PIFEH 2475y, DME R E P 20 AR GBS 4. AR 2 usertrapret
PR D IR

o WEFEPFAE:

usertrapret E5CKE RISC-V HIFEBFF B fEds  stvec B NTR M
uservec. uservecrt— MR EFESY, FHTAbEEAEH P
N RAIRERE

£ PRI B
EBEHIBGR [ 45 F P25 (8] 2 B, usertrapret FZiffiff uservec
FT A AR B 7 B 2 B B . X7 Bol BRI P AR R

gy (sepc) « TRAFHIFEBEMIFEET (trapframe) 25, EAIIX 78 H P AR
T IERRALERRG B A oG E L

W PR TS

usertrapret ¥ Z B PRAF I P REF1HEEs (sepc) HOMEMKER] RISC-V

E’Jﬁf?ﬂ‘iﬁ%&irﬁﬁﬁo X2 FURTE R G B EBb E R T, R RT3
ARSI W sepcE S RIFETFUH S, 1T LABRERAE 2 2 )4

Eﬁhﬁﬁ]‘y\ﬂfﬁﬁ OEERSSIR/ R

%t.

P userret PREL:

)5, usertrapret iH] userret PRAEY, 1ZFAEZEtrampoline pageJ:El’]/Eﬁﬁ

B, Eﬂﬁ)ﬁﬁﬁﬁxﬂﬁfﬁﬁ)zﬁW*yﬁﬂé*ﬂylﬁﬂﬁ’%%ﬁﬁ HTER P

(BRI A% 23 8] 2 18] 22 4 D). userret A AT 3 BT 55 &R P AR kR

?;L%J:?i, FPAT D E PRSI, DA PR 23 (B2 7 Re % 22 4 Hh gk 48
1T

o usertrapret®fuserretf i ¥ FE £ Bla0rh Y EFE H - TR Ma1H () TRAPFRAME
o userretfsatp U BIEFE FH 7 01k

o userret il [ B Wi {4 77 1) ] F' a0F sscratch, 4 LLJE 5 TRAPFRAME 1) A2 4 fif E 4% .
MUEZITFAR,  userret ] LA F A ME— K4 2 25 7 4% N R A TRAPFRAMIT N 25 . T —
A userret N FE BT -h i 52 CR A7 IO FD P 35 47 2% a0 5 sscratch ) e i — IR S #i Rk
P a0 A N — AR ETRAPFRAME, Ff{# Hsretik [B1 F 2 2% (]

. systemcall

R2GHH

. kernel trap
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o HTECPULBATHIZES, WK stvectilrlkernelvecH VL 4mfi%. BT ELENZF
s kernelvech] MK T- 1 B AN TUE Ksatp,  LLEIR RGN AR AR B4 . ker
nelvecliA7 AT H B (Fae, DMEB I AR iR & 0] UASZ Ttk &

o MWRFHFFE

kernelvec

TR A A A RS ORAAAE S RT B P W AR AR B0k |, X — AN EZER PR, K
NEFAE A PG R 528N HAT BT SCEEMIC. SiaBF (b ez s
SENZTHE AN EEATE, X — RO EE, EXMIEN T, P RrEiE
A A RS 2P 2 R B AR AR b, T e 2 2 3 B 2 B8 2 1A R R A7
AIPATH EFCe XFERIBRITOR T RS ARET et Mo A HORES, M S HF
ZEREWIF KT

o kerneltrap

TEORAT T 72 RS2 G, Kernelvee FHEHIBUE LA kerneltrap. kerneltrap
BRECYRIRRLARERE (trap) MY 71 B P WTALR . N 7 AREERTY, B
AT  devintr BREL (FIFEAL T kernel/trap.c SCAFRIZE 177 4T) &
WIRFEBASE i & R Wi 1), IBABURRE— DR . ERERAPNZ LT
X, FEIEE RO B R, BOVEATTRETR S T A B B 1 e R T

WIZEIAS DT ). AERXRMEDOLR, WA 2K Bk ST, =i
panic PR, X HRIRE Sar R AL, R IEBA REHIHAT
o &l

Mkerneltrap ) TAETERUG, & 77 B2 [A] B4R AT 45k B B A B 0 AXA G

® A&

1. fERHP R, JFEPIT N RGEAN, BrFeB 2Rl NSEUN G A4 a0
A a1l W, RGN GF4: a7, /£ RISC-V ZEHH, ecall
TR R kAR — N RGE A, X2 FERET 1M - 23 [R]85 21 9 A% 23 8]

2. TEWEH, RGAHAAIRGT—/ st e LFrmER
uservec, EAEH—NCFEH FtrapfIfsl usertrap. usertrap BRIEISHE— DI syscall
PRBCR AL BRI RA I

3. syscall PREIZ Mtrapframe HFEEEUH IR a7 HRIRGIAHS GBid p->trapframe-
>a7) . R, EHHX N RFRHASENRGIREK  syscalls
B, XR_R—DREBERE U, KB XN KRG H A R AL

4. FRGEHAE R B GR A ORI R R, TR ) e E SRR R syscall
BRECR ISR RGO 503 BTl — MR B e -1,
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® il %E

Virtual Address Physical Address

MAXVA > - cn e
Trampoline |\z-x
Trapframe \
zmck g ;(\ Unused
) tack
- AR AR ekt -\
Phystop
PhyMemory | = RW-
Kernel data | » RAM B
etext
Korvbass Kernel text | "> 5
0x10001000 Virtio disk | aw- Virtio disk | sw-
0x10000000 Uart0 w- Uart0 RW-
 Plie | aw T Plic | sw
0x0C000000 ——— c o LR A, ic W
ilnt - il g
0x02000000 Clin aw Cimt | aw
boot ROM

1. B hE s ]

o MRUHHEEEFIR R £

O

pagetable_t F#asitl: FI/RTE MIRISC-VIR LR T HIFEE, =2 H
T IR AL O S5 A

walk PREC: BEIRISC-VAr TUREAT:, 25 5 1) R0, ik . 21 X6 B2
TFR%H (PTE)

mappages
PR T ) DR AT A R s, RIDRE— NG A R AU i )
AN R L

o WIRIRIHILHL

kvminit B%L: 7EEZIF SR IEA, H T YN TR,
kvmmake

PREL: A N A TORIRAFAR IR UL, IR B WAL TR Bk 3 4
kvmmap

PRKL: fEkvmmake PR, TORIRERE AU b i B A 2 YA I BRSO
Ak=s[a]

o H AR E P

O

uvmIT Sk IR E: RIS B D TR, el SO R F - 3R Y
HiuhE = 8]

16



O proc_mapstackseE%: AEENERE O EL— A AZHER,  IFIE I kvmmaps
W E5S 2] KB A0l bk 2 ]
o H¥EE S HEE

O copyout Al copyinti#: HTFENZERH P22 BIEHEHE. AT HED
AHER I SR LA B, X e B Bl SEFAEvm.c

o TLBEHAIRIHT

O sfence.vma $54: RISC-VIIE4, FITRIB 4 HICPURIE &2t (TLB) ,
LA DR A5 P o i) DR RS

OT L B RIEEHE: MERUIRR, &5 RTLBH 22745 B #
JosiAk, CABE A8 R TH B o 78 D250 1 T 3R Bl satp 25 A7 #% Ja Al U e 21 F
JF 23 0] 2 BT sfence.vmati 4.

o TRV

O fEmappagesBREH, X T ZBUT R AL, < Fwalkek 203K 2 PTE
Motk S5, WIEHPTELLMRAFAH R T 5 . AT HRAUR (PTE_W. PTE_X
FIPTE_R) LLAPTE_VUIARICPTER L.

2. VE WA

O
wiss o ticas o o )
O kiniteRZOA . fEOSHIE SRR, maintR B0 H kinitRAIEA L/ Bl gs . Kinitft
VAT INFIZR, B N A % 5 SR B PHYSTOP 2 [H] ) — UL B
FRIC N o

O REERANERAN: OSIRIEHLAS A 128815 FIRAM.

O freerangeREUA M : kinitifl FHfreerange %, 1ZpRECE 15 EVEFE N IV EE N
IR MB B NIRRT . freerangeifl 1L i F kfree s ki% /M RE X L T I

O fERITIEXTFF: BT PTERBES| FITE4096 7717 (BP—ANTUHE AN 7t Xt
S EE b, freerangef# FIPGROUNDUP 72 KA {5 OB U R4 FE b bk

O ECAVE R AERIGILET B RS B WAF R B R B3R
183 FH kfree ]ORE TR T IR, X4 51T B i 4 P 4 20 e 2 (0 6 B 22 )

o WHIEIEE

0O FTWAIEREH. TWHHIE Hstruct
runJCRAN, BNITERE-NTHEYELNAET . 1Xstruct
runZE FIRAFRETE S I LA S b, RS IR D3 A oAt FH i .
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o RIPFHGIER: FRIIRZ N E R RY, DI IRIE 2 SR a2 2078
TR BRI RV )2 2 42

O kfreepRi%: HYFLA A7 TIN5 ZE0S, I H kfree R ECHE HURE IR 2% R 513 o
kfree 5 553 DU _EABRE S T BEE N (BRHAAREAED , DAFEBIAS XS
CRRAFI R 5I ] RF, ER U AN 2 N AR R i o

O kallocBA#: 2475 BB EE N AE TR, A Fkallocki % . kalloc )\ %5 51| %
PR IR EL S — Aok (RIS —ANSHTTHD o« WRFIFRANT (RIERA
FNTD , kallockf iR Al — AR TR R o

o HURERIXUE g
R Foas A R, MU DN, DMEIT AR (i b ey TUIED
FEHABIEOLS, SRR IS WAFIITRET AR At AEREA DU A struct
rungial) o IR A A XU 3G A 23 AR A QR Hh SR e S B e B 32 R A

3. PATEHREALATR

o MRIMTEIXEE S T a7 ST (strings) A — MR X L2455 52 114
%4 Carray of pointers) o IXLSFRETHALIE ¥ HiFK Nargy (argument vector)
, ERVFIEF VI AR E I TS, XM RS R RE s SR A i AT a2
TS5 ARSI FH P BT N PAT A R AR

o TERRMIRICAIE, RIS RSN 2E main bk B At IERf S Sh AT T (R 545 B XL
BAFEmainB Bl T8N (arge) DL dE RlargvfIFREr. X E{E
Wk O E, DU —ANKINIE F T main(arge, argv) RICEEF N S 3REE . [, 24tk
FEFEHATIS, E2 B3P Blmainti 5, A B SEL A1SFE T Refs i e il
W Ra shAissT.

Virtual Address

MAXVA > .
Trampoline
Trapframe
Kstack 0 argument 0
heap argument N
0
stack address of argument 0
data address of argument N
5 arge
text
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T IR ) e AR T IR

L
v

¢

A B ] L

A AR RIE RSB RRZ ORI, AEHEANAEHTRISENAMR. B
HATTERE T B

IR RAEEAFEBSOR, Wyl 2B BIUNASE, KEJOLE
BNAF SR RIS, 3 A7 R e I RO K A I AME SR P A7 s 1)
MR T, B2 T E R kernelEdlicopyR I IX, —EHHREA LIS
G R, I ERATHEZSE K copyouticopyin.

F R AN [F] 25 [m) 7

. ZHIT . 2R, ZAREMBRIERSIAEIH, JFRONIFE 25 [ A2 XE LA
1o ANZI IR ANED 20 v] fe T SOEE e 5+ SRR i il

Tk AL ([E5E. FFRESE D RIE R AR RERE B RE 22 8]
Vilae [, SRAVEHERIFRIEHITOR, wnesigte. S5, ReEmit it
HE -

B IR R 1] 7L

el WA IKENRE R B E R G SR B 2 A A, ANRa € RIS RE PP AT fg
T ARG I R

R TV IR IRSNAR P AR RE PR AT SE 1, JE I PR R IOk R I AE R
IR . R, SRR O N RE OR I RS A, SNSRI ST i X e e Al
B
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