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ShouChun OS J2 i [i1] 2022 4 IR 22 A4 VFREPL RGeSy K P41 R Gc e vk 3¢ (https://os.edu
cg.net/2022CSCC) MY HFRLRIA T 5B, ARG NEM C s TR, T RISCV
M Z MRS, WiafE QEMU (RISCV64 System ) #5028 DA & HiFive Unmatched J & fx .

TEHFEZ AT, /NBABLI RGeS 2] 40 TG AR 271 uCore B2ESET, FHHHAT T HAERGH X
FIRI2E o S5 EHEIREOR S IABE MO0, FRATTHRE REE A B RS T T & 1) uCore-SMP
(https://github.com /TianhuaTao/uCore-SMP ) JEACAL1E AT & Ehill , #4852 HiFive Unmatched
TER R EiEAT e S .

(—) BHWREEX

BAERGANT AN AR E R, NN PRS0t T — R g AT AU, T
VERGTE BT BRGNS IR, (B30 T B FA LS TR BRI 2 R 2, T ATEAF)
s, BRIERGRE e E A

TR o LR RS MU B, it il =2 AR dE AT IR AR A2 ] Z A dh R
Pk AR BAEE T EATNSAIRA ], TR BRI R A, R R G RAR A ER
ARG B, A TN N BON RGE MR R . 280, BUCTT AL B %
JEE, AL RECE HOB H 5, SRR RGN s T S — PR R AT
R

I, BIEEIRA N ORISR, SRR, AR AR Sk T . DR, T
T H /NP ETES IRV E R G R BRI RE AW, RBIE AR, il g e S b i 3l
FRESATENLRGERATREST, Bk H B DS 2 TAR M g

(=) BiH LIEfE

L JFHEsRe

2 H I R ET uCore-SMP (I K%, BgRYE). uCore-SMP KiF|H T MIT 1y
xv6(https://github.com/mit-pdos/xv6-riscv) , HI2 A I tHIFAEF L2 AR Z Ak . FH LT xv6,uCore-
SMP HAAARFM ARGV . AR WA AR RS, 1A uCore-SMP fii fl T7—
A~ SBI SRR AL . Sid = IW9R)E, WUH 446 uCore-SMP 5 W FRER BT T W, &
MG S 2 M HRGE P, I SO RS . RSB, WAAS RIS D) RERY S8 .

uCore-SMP 25T riscv64 T LM BRIERSGE, SR 2 A0PEA TAE, fF& W B EoRm
FEEM A . FEF uCore-SMP LZFH T CIEF#HITH A, ¥H EF. FRBEH/DMERET
uCore-SMP i A RERMBEA T IF K, AR T AN T I K210 JF 4 Hi i HiFive Unmatched JF
KM b, AT 2 LB A 5 oK i T g«

2. BLYyhE
AT H BRI R GER TR ZORIATIT &1, HOFR RSP BB Sy he an F -
o BEEIFIRGHIIRL
o WIFEH
o BERRAEBIAN P T R EE AL
o ARG
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o FAT32 X{F R4
o AR
3. JFRMEE

1 FF S 2ok A e i PR A B PR 28 QEMU. A3 F $E4% 1 B8 155 30 545 HiFive Un-
matched JF &M, HEZESEHANT
(1) CPU: 64 i SiFive FU740 SoC, $E§PU4~ 1.5GHz UT4-MC % + —4> ST # AL
W
(2) WfE: 16GB DDR4 RAM
(3) Hi#k 32MB SPI [Nf7is A, 4L T 4xUSB 3.2 Gen 1 311, —/~ PCI Express x16
i (x8 %), —A NVME M.2 ffifff. microSD R4, PAKRTIELAKM

L AESESr UGS

AIH I K T ) uCore-SMP 2 T MIT 1) xv6 #E—2B L. SCR 2 BRI RS .
ER SR 5 2 K210 P, HRSCH TR0 RGP . s uCore-SMP 3|
HiFive Unmatched JF %Ak, I HSCBLHLBE BT 2R EH DN AE, 75200 AU EA T I8 i B . A
FUFREOR TR B RGN L I T F R B4, Bk Ui el 20 TAE N -

 SCPLSD REK3h

o ZM Linux ##E RGHEAT FAT32 X RGN AE

o PAHESCURAE BRES Y

o SLBUMBSCHEMEAIAY loader

o KBARGIAM, RIGZORIARENAT . TERENSCOEA AU
o SIESHER S S

IR FTBOERIBT B, AT 55 R AR IR Badb AT Rl 70, BRI A B BESL B 2R S8
o WIFET BB I ARG A :

PR A GEVA

#define SYS_ getcwd 17
#define SYS_dup 23
#define SYS_ dup3 24
#define SYS_mknod 33
#define SYS__mkdirat 34
#define SYS_ unlinkat 35
#define SYS_linkat 37
#define SYS_umount2 39
#define SYS_mount 40
#define SYS_ chdir 49
#define SYS_openat 56
#define SYS_ close 57
#define SYS_ pipe2 59
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

SYS_ getdents64 61
SYS read 63

SYS write 64

SYS_ fstat 80

SYS exit 93

SYS_ waitpid 95
SYS_ sched_yield 124
SYS_ kill 129
SYS__setpriority 140
SYS__getpriority 141
SYS_ times 153
SYS_uname 160

SYS_ gettimeofday 169
SYS_settimeofday 170
SYS_ getpid 172
SYS_ getppid 173
SYS_sysinfo 179
SYS_brk 214

SYS_ munmap 215

SYS clone 220

SYS execve 221
SYS_mmap 222

SYS_ waitd 260

SYS sharedmem 282
SYS_spawn 400

SYS mailread 401
SYS mailwrite 402

B LEBEBT BLITR A

i LS B 22 i AR G
RBE RG]

#define
#define
#define
#define
#define
#define
#define

SYS Iseek 62

SYS readv 65

SYS writev 66
SYS fstatat 79
SYS futex 98
SYS_nanosleep 101
SYS_ mprotect 226
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APP 1 APP 2 APP n

CEE BSeEEE  or  EhAHERE

BRE
———————— RGAM (ABI)
RS
7
REEE X ARG HEEHE
YERTEFE file® izl
= inodeE -
vmakti boge cachell HIBIEH
HEhWEF FAT32{4 R % HIEEE
pfnSIBitE SD-EIRE]  virt-iolB&) ZIZEE
iEfHiEO (SBI)

HiFive Unmatched F &R

ShouChun OS SEPHEZE BT BABEIAL I Rr A, X — RUIER XS RISCV ZE M 45 i S B
1. RISCV ARIBHRMA LRI, BUNGE 284, ] RGP e dl & B [ )
Wst. WTARTE PR ZRE RS S E, WY T MachineMode (HL##50) 1
UserMode (I FEx) o XWX FERIEEA &, B0E RS LA RBORARRT - PN AR 7l it
FERREL (FRASEEhASEEEE) R ARG IHAER, MM B SRR ICE T 8E, WEE
VE R R AE TR 2 A IR D0 58 JORT Y 1 2K o 1 SR ) HL R S i ok i 242 11 6 HiFive
Unmatched FF & MSEBLRY, HAATFHREIRS) SD . $ T RXIHESE i — AR H A KB e sE
AT A

HiFive Unmatched JF &M 5 SBI (#if#4%11). HiFive Unmatched ¥ %& B AR IS AL HT L
ORI, AEFGR . JF A Bk SE BB A B (4 SE AT T E R ST & T E PR 2
o AT HEI AFE TAE, SBI (Supervisor Binary Interface) &% T®KAIVEM . SBI fEHLE
HIATIARE R R FRE R AL, I RE R AL T R RO R (R4 10, ANTRLD T 3 i) A
&, ARG SEIL TR, (AR R AE A 845 . ShouChun OS Fr{fi Hi ) RISCV iz
1TMTE A OpenSBI,

Ui TAE P AE IR, o T 7 83 H S SCRY B, T H R AR T R EL
SN EANERY s SRR, AR SC RS . FERIIRINEG, A E TR, 58
P AR Y BT 2R T ae . Hrp R P R B 07 I e . WWRR . YIS AR, Sepik
FRFR 356 T AR A A SR AH B o N BRI/ SE BN AR A0 L . RS BE, Hh & il
AR I RE VA SRR AT B . TS0 R G HB 4y, Pl H #c IR PR BERSE L T FAT32 A XS4 &
4t, WA T HFREERE A SD REEBURS R Il SC A 7, ShouChun OS A5 T SD
RIKBNTIEE. BK3h SD RIJEETR Z S ARG A SPT IL[F 523, SO R GEAHAR &R 5 TS0
4. SPI (Serial Peripheral Interface) /& —Fhmiy. &X LR, FIAMWHEGRL, BN
F-MB PR 20, B ERERIERGR S, AT R ETRIE DR SEHIME T RE . S S
T RERE XTSI TIRE . WAk SEEUNE AR IIEE. FAT32 SCH RGN T SCASE B THiSAb
FRIGA (A5 P A% RE A% T IR WA (50 S 1 A5 B S
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M2 SR ERC S, R NAZ TS B IR AR, GEAS T TR BB (R4 S S iy
ORI ERAE, W SR 4tk i X—id R RGNSy - 1) AR i APT
VAR PERBOR T IT R DI 6E , R R EOT DA SRS R GEIR T, 3 aed Bl 1) £ 3 55 e R e TR oK
PN 7 o W (0 B 2R 8 A IR T AT S B A E i

() MBS

T H 2L AR R EAET WA, SO R B AR 0 i = e IERRAT B AP
LS RGEHEATRO RS .
L HERAE PR

PRGBS DU REDS X 2 T BERER G Sl SRR OIS DT, U H G S8 A5 ksl
Pifililde (Process Control Block, fijfx PCB) MRIATEEL. SAARVEAITH g bR 2 AT A
SR Bk A

Process Manage Function

Process Pool

PCB_1 PCB_2 PCB3 PCB4 | eeeees PCB.n
CPU1 cpu2 0 T CPU4
PCB 4 PCB1 e PcB 2

FUN T _EREATIRRE : A — DRI — R R, T DAC SRR A B T
B, AR N2 R gt — R, TRAXBE R E R R B TEeT
MHERR SR H T Rt . B ERA IR, o SRR S R . R Y AR
AR P pR R A B

Hrh e e ik 7T RistT. HEIrR AR, UAA G WEEE . S
FEE. HPhfe i RREOCRAA R BT 3. R IRASE WG BFRE IR RN
KN MRS OLAE S SCPHE B R 2SO R . IR B4 ot — LUl S5 B
B ERRER . BIA KBS TR B (5 B 45

BT BIES TP iUk M ps AT HERR A IR P o R ) Bl mT DA 2 1 4 5 - R AR 2
HIRZHI S o A% PR RS AT U R —— X

MR TA A T s TR AR . HE AR A Sl o RS B R B T T s,
[V P9 ] JBE U4 th g e e X — A B R RO S B

2. PAFEHL
WAFEHRTR 4y 20 S AZ I 25 R) 1 P ik 2 ) e DUk = ANy . HoAti m i~ s
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0x00000000
0x00000000 0x00001000
1/0Zs/8] -
0x10051000 (el
0x80200000 #
HikEr Page 0
Kernel
...... BSSRR Page 1
kernel stack B # WA
e s = Page 2
kernel stack A .
0x83000000 mmaplX1z Page 3
0x90000000 %
SDE&% 0xCO00000\ | o
0x3FFFFFF000 HE
Trampoline OX3FFFFFFO00 . Page n
= Trampoline Pl
PRSI P P Yt
BRZE

ARG )F5) . MRS PR WAL A ] P, B BEREER 2 B — D AR AT NS TR
AR SR TIRE . FEFBIRATE . SIS NG SFEE T ek 2 ] Y . A HhE = 18] AT
P bk 23 () ) R AUl HbhE PR TS B, R A8l bk Ry B i 2 ) e e 6 2l o BRI T
SEEL. ShouChun OS Hfifi i T = T et A 75581,

3. XMEREG:

RGN

File System

File B
FILE_INODE FILE_PIPE
inodeE2
FILE DIRECTORY DEVICE
l J DEVICE
Page CacheR
cpu
I
w memory
FAT322{¢§% process
FIL or orR 1 |
REE
SDRIRE) virt-iodxzh
e s
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SCPERGS A, UG FILE 4505 T 8. FILE J224r A pipe J&8UAI inode J8%!
PEATEBE, 4G TR SSRGS E . Mo pipe JEAUN file n T EE P, MNP T
REN] TR o

inode JAH, ] inode LU BISCHFIRA . H SRIEBMBALBAY SO, inode AHEIA
R E , B Iz, Bl , inode BT FAT32 U RG240, MALH
vis 2, WCOCHRE A AR SR GE .l SCPFREUAT H SRIBUE FAT32 U R G i 5 4
TEo WAFRBR SR BE: . AF. HERRAE2RAY, ISR B B 2R, B WTARE
B SR R AL BE R BT A B . inode J2HILSEBL T KAFSHEEROT Y, H ATSEEL T W
SCUFRI & SRS 4, T4 libe PRAYBIASHERR P SO

page cache | TP R BRI A TTZ AT, 4565 mmap SCIIL LA PR L E
SCPFIIRCR , 25 11R % o

FAT32 SCPF R GeaR o R T ARG H MY FatFs SCHERGE0KED, T HA2 kg4 0
INEGLT Windows, [N IR 2T AL FRIE Y I Unix SUIERGEMIE A

SRgh i SPT Se 8l SD KBRS, MIMxt SD R L g #7555 .

dn

I

. B

ShouChun OS FHEH C 1T LM, HETAHEL AFE RS KYUER uCore-SMP,

(=) WErES

WHiz17F-& & HiFive Unmatched JF &4, KUK T 24N HEahdBAT:

R M —A python A (scripts/kernelld.py) A NEZEEG, HbHEE THEZAD
J 0x80200000, J3 AMILE T AEAETR SRy it , K shell B2 PRI S TRE 7 M2 NAZ LR R 2
HEPATHRZEA)NG, M55 kernel _app.ld T WRINE. 1541547 scripts/pack.py 4R
WA A, %R B TR PR B T A

PR I 2k JHI AR Hh 6 5 B9 A I ik 0x80200000 Bk INAZES B i gk sl , e N AZES N 285¢
S Bk BHZ A R AR A TR B N2 o FRATTRT DA AT G S entry. S X ER XA AL A5 :

NEZHEBAN

.section .text.entry
.globl __entry
_entry:
# a0: hartid
# every core has a boot stack of 4 KB
la sp, boot_stack
i t1, 10244 # t1 = 4KB
addi t0, a0, 1 # t0 hartid + 1
mul t0, t0, t1 # 4K % (hartid + 1)
add sp, sp, t0

call main

.section .bss.stack

.globl boot_stack

.globl boot_stack_top
boot_stack:
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.space 1024 *x 4 % 8
.globl boot_stack_top
boot__stack_top:

BRI SR AR D RE R 25 2 A% 2 i — K/ R AKB AR S Ta], FF HoRs A b
HEAFAEE] sp FFAFAs T, AP main() MBURSIAY. EZRRGEH, & MZASIITIZE
A, PREA BN, SRR ARG AR AR A (XA 5 AR 51 K
), BAEW, HA7TAE,

TEBEFE S main AUS, SUETIRIERGMPIIAICEERIE . BUIE M RS 7E FUT40 B alah
R, TH BRI SEBITIE S FESE AR RIS, i s R g d bt %0
TRsh At RN — S 8. B2t SBI 80k, FHELSHE R NRS .
PATR N BAR S A% R SBI 4% H ek 4L

NEZHEBAN

void start hart(uint64 hartid ,uint64 start addr, uint64 al) {
a_sbi_ecall (0x48534D, 0, hartid, start_addr, al, 0, 0, 0);

}

JE SIS ) main BRECKEANT (B IEE SRR SPRERY ) .
WAZ B3I main pR%L

void main(uint64 hartid, uint64 al) {
if (first_hart) {

if (hartid >= NCPU){
panic (”unexpected hartid”);

}

int CPU_START=1;

for (int i = CPU_START; i < NCPU; i++) {
if (i != hartid && 11=0)

{
printf(”[ucore] start hart %d\n”, i);
start__hart (i, (uint64)_ entry, 0);
while (booted[i] = 0){
}
}
}
wait__all_boot ();
} else {

hart_ bootcamp (hartid , al);

}

while (lall_started) {

}




W, EREM ShouChun OS %1+ 3 %

WLARE], USSR SRS, s T RS AT AR IR S i
R A, AU JCH A A WA S AR S BT SR PR RSN
BRI GBITIRS . TEHERNIE, FUT40 AT KA —AME, /MEH AR bE T
SBI JE3l, BrLARSHN N 572 1 IHR.

(Z2)  elf loader: WIHRATRYTINER

elf loader Jj T ELF A% XA PATREF MERBINAF A, TEIX RS SCR RS BER A B S 1k
PR N 28
HCART AL AR T A T

FR

[ BRI ]

[ﬁﬂ%ﬁﬁ%%ﬁﬂmﬁ¢]

ERFEERR?

my—+[ SRR A ]

No

v

[ M auxviEE ]

[ BRI ]

N
[ TERRERIEStargy. envp, auxvE&%] ]

A
[ BEtrapframe, {EM¥lepc. SEETFSR ]

Y
[ RERPS, BEEEREREAL ]

ZR

M T RpESREHRYT, FF AT I ELE L 5 B EE A BT .

T EhBBEERT, T REMBAT RIS, ST R AR A . R
YRR IR YE R G B AR 2 A AUXV (55, i mmap R, Inaksh S HEEAR RO B
AESHELIE, I AX SR F TR E R, ARSI AL, RS T
PESEI.

AUXV 5 B EAR AT LAY, XL BT AR R Ui 2 B -
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AUXV /f%‘/%\

#define AT PHDR
#define AT PHENT
#define AT PHNUM
#define AT PAGESZ
#define AT BASE
#define AT ENTRY

© N O Ot s W

H AT_PHDR. AT_PHENT. AT_PHNUM. AT_ENTRY H T4 Raseftn] 712
PR IR, RS AT AT A TRE P BLE Sk, SRS OB S S 8RR B SCPF I s Ay
Hi. AT_BASE 2 f#Refs i st , 1 TRk A 55 SOF T B2 17 TAE. AT _PAGESZ
RGN, FEIRRGE AL 0x1000.

TERGIMBATMETE )G, &4 argv. envp., auxv SHUAFHUHEN S, RO

5 CPRERET, HegianT

stack pointer

arge

argv[0] (pointer)

argv[1] (pointer)

argv[n]m('r:)'ointer)

NULL

envp[0] (pointer)

envp[1] (pointer)

envp[n.]"(.;;ointer)

NULL

auxv[0]

auxv([1]

auxv[n]

NULL

“runtest.exe”

“_ o
-W

“entry-static.exe”

“gr, gV"

“TEMP=/tmp”

“LANG=zh"

“LIBPATH=/:/lib”

“TMPDIR=/tmp”

0xC0000000

(=) Wi B

AL AR G R A WA B R, T DAE R GEX 2 Ah SN SR A M R AT AR B
& CPU X RGER A MR FAE B —F Y. 5 P Wi SRR b Wi, s CPU
A& AR BT SRAR A TR o A R RRA T W AR P (B S P A CPU S BT RE 7
T %6 S W 1, T 33 SR AR A v i g . AL b TR AR AR v D AL BRI . CPU AT

) WAL PR e B A v AR B

L. vpiribeg
T T4 BRI A BN 25 1A trapframe:

10
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trapframe 2515 {4

struct trapframe {

uint64
uint64
uint64
uint64
uint64

uint64

kernel__satp;
kernel_sp;
kernel trap;
epc;
kernel__hartid;

t6;

trapframe H1 £ E N2 A KRR BLS RS O, Hop kernel satp 45 T NIRRT
Hotik; kernel sp g ] T H#EFE PIAZARIG TIER ; kernel trap F§[n] usertrap pREL, T PR
S A W Bk B AL PR PR

PR T B A R AR AN

TR
v
(PR AR
v : v
e ON SRR\
v v
(RIPRIFE RIS (RIPRIFE RIS
v v
FAReRl RN ShERRUTANE
| |
Y
RS R PR IA
IR R AR
AR

rh ) A PR B 1 SR ACH usertrap, FE trap.c SCEFH. RGBT EGE SR, ER
BB A AL, AT trampoline.S U4 ARSI NS, BISEORAE 24 5 1 AR5 i 3L 0% 2
trapframe 244, 5 EUH kernel trap T fEAE Y usertrap PRI AL, B & BkEE 2% pR Zkb
PEATH T AL TR . AF usertrap 1, 21 45 kernelvec [HIIEE A stvec H1, Ay o b b P ) B
kB TR 5 ST U R PR S I AL R T T . usertrap ARFEHRITISE, 43k TR ETAN

ST OL . HrP BT A A T g 2GR Y T AN A SO R R REAE T

45

HATUNBR TS, AUH PO TR ARG SR A4, R PRR AR

[CYINE

11
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ARG

1 case UserEnvCall:
if (p—killed)
exit (—1);
A trapframe—>epc += 4;
intr_on ();

syscall ();

break;

M PSRRI RIS, S syscall BN D, B trapframe H LRI R
eI AL ZHL, ATIIAE syscall BRECH 20 B Y o BT AL BEBR . RS 501 4540 B2 R T Ak
B PATS R, SRR B AFEAE trapframe (1) a0 | 552000 8] i £330 13 476 (b bk 3% o]
VAOLE, KA AR PTG . AT H o ARSI i 32 252 b i S A i, HoAth

WO TR RS I A EAME O, ] panic XM RSE.

(bu)  UERREER
1. HERZM
MRS B A 2 BG4 -

PR ARG

1 #define
#define
; #define
' #define
#define
#define

SYS_clone 220
SYS execve 221
SYS_ waitd 260
SYS_ exit 93
SYS_ getppid 173
SYS__getpid 172

2. Bbgikk proc

PERRAE BR ) SE 0 32 B i 4% U R S5 R A proc SEIRAY
ENXITR:

proc 4514 {4

PR BRI DA IR proe, H

i struct proc {

struct spinlock lock;

enum procstate state;
int pid;

int killed;
pagetable_t pagetable;
void xwaiting_target;

10 uint64 exit_code;

13 struct proc *parent;

12
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uint64 ustack_bottom;
uint64 kstack;

struct trapframe xtrapframe;

struct context context;

uint64 total_size;

uint64 heap_ start;

uint64 heap_sz;

uint64 stride;

uint64 priority;

uint64 user_time;

uint64 kernel time;

uint64 last__start_time;

struct file xfiles [FD_MAX];

struct inode *xcwd;

struct shared_mem % shmem[MAX PROC_SHARED MEM INSTANCE];
void * shmem_ map_ start [MAX PROC_SHARED MEM INSTANCE];
void* next_shmem_ addr;

struct mapping maps[MAX MAPPING] ;

char name [PROC NAME MAX];

HERR A BEAR S AR 02 B T MRS R (R UEA T SE BRI o proc S IR I8 B3 AP IRZ T
KA, KECTUAZ N AIFSEIRMRATBE IR0, al HASE B2 IR e 4 175 M IhRETT THi >k
F, proc G AU HRRMEAGE . HRENAFAEE . SRS EEAHAEE.

RERE A TR TSRS . BERE RO, AQHERESE . Hirp state S BERRIARES, AR
A UNUSED, USED. SLEEPING, RUNNABLE. RUNNING., ZOMBIE 7SF &, FlFiXIL
FieIR A AT DASE BEAERR A VR AN RIS Th B pid RilbFRge s, e bR E A0 I B @t K Z iR
PR KARAFAREL T IS B parent 1C5 T SRR, T AR Z A KRB B, context 15 T #E
FERY TR 3C, T ERER Y trapframe [EBFWUT T 55 HITHLEIZ AT AR exit_code
FTFAE T UEREIR H IR H RS A o] 25 S HEARR

RERR A LA AL AL UERR T R sk s a] L MDA RSN AE(R Bl . ustack _bottom, kstack,
heap start 7} HIHCSR T PR AR . HERgbal, X L AGHIHESRR B UL maps JSRICRC
PFERA GGG I pagetable 15 T 24 B HERR B (A B0, AT EAT R AUkt bR Bt ik
Z 8] e

MR SCPEAS RS 1 SO R AT A A S BT 02T HoR . files 0% T BT A 2T IF Y SCHF
fIAFT; cwd ALERIBCY FTATALRY H 5.

HAbfE S Tas T, (55, dedt. A, FBE T HERRn s Bl SR P g I
51 lock ITSCBURERR B, MK M 2 HEREH AT AT 1T ELAN S IR o R 0 ) ok P AR 2 T B
B ROR UL 1> B

13
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3. WEREAGIL

— RTINS B AT 2 A0, WAL T RO A AR AT PR . 454 proc 4544 . pool
PEREAN A — L RN S, AT DASE A RE R B . BH5 . TRBERIRIE 5 Th B .

(1) BRI SRS 1ERIEMRR, SAERH4RE — D RS (pid), 247
Fidffe. proc ME—XFR—ANIERR, UESRRERIEARR P P A H AL P ik s [ 2y Be g P )
HPERER I, TR PRI T S, RO S R SRR R A R pid, BRI AR A AER

(2) BEREPEETs 1 SRRV (T Stride SE3k . AR AR R B ERE 20 L T AR A O
JeR, BAIERAR R BRI SR BUR R E BRI . DU VAR RTS8 T IR A
RIPZTRIY) -

WERE RT3k

void scheduler (void)

{

for (55){
uint64 min_ stride = ~QULL;
struct proc *next_proc = NULL;
int any_ proc = FALSE;

for (struct proc *p = pool; p < &pool [NPROC]; p++){
if (!p—>state = UNUSED){
any_ proc = TRUE;

}
if (p—>state =— RUNNABLE && !p—>lock.locked){

if (p—>stride < min_stride){

min_ stride = p—>stride;

next__proc = p;

}
}
}
if (next_proc != NULL)
{
uint64 pass = BIGSTRIDE / (next_proc—>priority );
next_proc—>stride += pass;
swtch(&mycpu()—>context , &next_proc—>context );
}
else
}

14
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R HA R

L Jg4tF RUNNABLE AREH VR BE M S5, Fon IR TR BEAL . % X pass {H,
FORNY ARV LS, stride FF 2R MAIE.

2. TERRCTH AL, AT RUNNABLE RS ZERE 4% stride S/ by BEREHEA TR L .

3. PASVHREAHERE, KFHE stride JN BRIV A pass (pass {HH 5 HERERIRSEAG %) .

A AE—BIEEREE, BIRER 2, SRR, B T YRR stride /) (FE0) )
.

o, EEHERE A OIS R - SR M BT HERR B R SC (context ) , T 5 FRE L BN
PR IR Y bR SO BT s R EHERE R B3, AT SE BRI . LA N BAEI 4 SO switch.S

(3) B T-UERe: OUE T IRRR B R Se B fork 1053, FEIAT fork BEAERF, 4pTiEfE,
BIACHERE, SME—A5 H OB R, HoB g aEE . pid AR NER, Bt
B BERR R R TR

(1) AR
L MRS

WA BEAR GE T T

#define SYS_brk 214

> |#define SYS munmap 215
; |#define SYS_mmap 222

2. WBENAFE

ERGRIBG . HORATAATER TUHORA . Vil ARk & 0 TR, TR 0 2
PR B TR, LS 1 kovmints BHCERL. FER RS, LTI U A =
PR, (E TR

P AR AT

15
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0x0C000000

PLIC
0x0C400000

— /0==ja]
0x10001000

0x10002000

VIRT I/O

0x10050000
SPI
0x10051000 -

0x80200000

LA
MIERFD

0x88000000
0x90000000

SDEiE&

0x3FFFFF000

trampoline

Horp 170 22 s e T L 8h e 28 1. Horp PLIC Oy b Wrdas il ge ottt , 2060w T
%, FRECRWHEE . VIRT 1/0 2 qemu (¥ mmio Huhl, FIF7E qemu Hse B 3C . SPI Ak
hy fu740 1) SPT i L ik, T35 SD .

M 0x80200000 JF46 A MAZBER , Hrb AR BOm SR D7 AR g RX, cds B 175 AR
RW. s Wzt E— BBl B U-Boot I#E WA

MARER A FEF] 0x88000000 3910 BN AF it , I T25 WA P IR o s SRR 4 # . e
AW PSR BN

J38h, PEIALAF SD -REEBINZEE] T 0x90000000 A7, FATHXTHHIEREEIVEFT TS,
T SD RN%-

Btz ob, FEE L 0x3FFFFFFO00 [y BRI T trampoline, TE SN AFH Y
] REAUL LA [ R LS T trampoline, trampoline j2—/NEACHY , KBS T MR &R
W Z R YR, Aeh 1 P SIEAR NS, JFELRAF T30, i trapframe, FFBEEZE
FEHAL PR R, A IR B S, 7 AR trapframe 28 J5_E R 3C

(1) Py AfA

Py BRNAFIBEERI TN T -
freelist
page0 page1 page3
next next next ——>
page2
IEgzz]es data | -
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23 PR DU TR SR S R B, B 2S R BT Sk A List_entry, $if1A) R — >4 R BUIHT -

53T E g VN <22 R N D AN &9 42k L ) | AN S A ]
.

(2) pin 54

% ARG 3 SO mmap BRI, RS AFAE L A IERE 14 AUt b S 214 (] 49 2 0L ) 15
oL, RN T IR SE B BE DU G PR AT B, RE 2O SR B g 5 I8, DR R A AT

UNTEIVEERI R

uint8 pfn_ ref [(PHYSTOP — KERNBASE) >> PGSHIFT];

BEATUR MRS, 7 pfn vef HRFXI OB E 1, 24 GURIFEFRG I HI, W5 V4o 1,
YGRS, SRR 1, S5 TR 0 W, W T A ZS RPRAS, A %S IR 6
.

(3) ZHREAEERTI

tEZ PRt AR, WESBhE A IR 0 T 2 AW ], XA (] 4 P A -

I/0Zs(a)
0x10051000

Kernel
0x80200000

HRFA (|

0x88000000 - ~~~~~~

...... (N EES

0x90000000 HEEn

SDREE& BSSEZ
bi:3

mmap[Xia
%

Ox3FFFFFFO00

Trampoline

PZZEE

Trampoline

FAFB =E

BAIRRXT N HOME R A, Srd R, AR A BE A A A . DA
IR AR N 4 AR S E A R R A A

4 e AR 25 )

struct proc =*alloc_proc(void) {

/]

memset(&p—>context , 0, sizeof (p—>context));
p—kstack = (uint64)kstack[p — pool];
memset (( void )p—>kstack, 0, KSTACK SIZE);

17
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p—>context.ra = (uint64)forkret;
p—>context.sp = p—>kstack + KSTACK_SIZE;

TLARE], WSS IR 5 BE 05 360 A2 e 14 PR AR e P BOGS R B 57 B8 Y P A
Heo R, IR WA IERE I E— 1 — > proc 47 EF, &> proc #XF R E E N
Rt PBBeBEE i 1 € L NPROCXKSTACK  SIZE K/N A7 474, BlligZnl
A4 NPROC (256) MHEREMECAERR, HEERA/NA KSTACK SIZE (8192).

3. bz
ST B i o A 408 ol A A ) i BIA AF bR A1

M P S NFA R
0x00001000
RAZER
HaERR
BSSE
heap_start l
HE
heap_start
+heap_sz
mmapii |
t |
0xC0000000
0x3FFFFF000
trampoline
0x400000000

A E A T SV39 BRINAE, Rk 256GB 1 FNAESSE . i ELF Sl (BRIA
4 0x1000) F| heap_start 2 [i] [ Hihk 23 8] I 1% 4% ELF ol WATRUF10 454 BE. 1 heap_start
| heap_start + heap_ sz 2 [k 23 [A] @ 23[R, HAE R Zha o Fo i) 2 i) A HERR IS5 ] 5
B . BRAS[RI AL 0xC0000000 mfRHENEIG K, H Aie e iR/ N 25 ASTURIR /N FEHE2S ] Al
HeAS ) Z (8] 1) /2 mmap DX, TS0 Wi ARSI SO, bk a3 . P STl T
#54 trampoline, K gk FI SEHIAE RS B TR, W] THEZ A TR . Trampoline
T AKB R/ TrapFrame ] T i g A0 2E

FHorpr mmap I AR IRHE S T mapping S5 TIC5R -

mapping 454

struct mapping {
uint64 va;

uint npages;

18
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bool shared;

A PEFEERA A mapping Z5HAKA, fEHZEMIT Linux Y vima, HFAFL mmap B
SHE R, Hr shared it5% H T HIWIESAR va b Bz U2 6 5 iR L =,

4. FORALH

REAIMBIE RO A BRAE ] T DO, HEREAETDT B SRAY UR A B hE JS , T AT TR
ST 3] HE DL P oF 17 1y B

(1) VORBLRIIRERE. KELHBIEANY B 2 (B AR 56 ZACAE T iR 2 b, T DA
mmap FRFCH munmap R TIXFCRER. ARG, AR NS T R S5 Y
B 2 (BT B e RS AR Y o ERRAE— T AR R S S W It AR 2SR T3, IS
[ PR 9 28 2 [ 5 P LB LIRT , fil ) kevmmap pRECRFHACSRE] TN TR S . SRR —
PIAG A N AZ SRR TR AT BRI 5 UML), e RERR I 2 WAL DRSS, A AT AR BE T
FLl .

(2) SRR, Sv39 TURALHRAA =R, BRI A TS (FEY
AR ): 39-63 (LA 0 BEATIAE, 30-38 fi i HRET], 21-29 fh—HIRRS], 12-20 (i
N FRT], 0-11 79 5T m AL it .

63 39 30 21 12 0

0 level-2 index | level-1index | level-0 index offset

HFAE AR E TR, 1 e SRR SRR B TR AE B 30-38 (i fi ks 3k £ X
TURAYERALE, T 5 21-29 (77E T2 PR AL AR E6H I TR T L SR i 4% 0L 3R ) P S -
111 U 1) 2 0 ARl 12-20 37 4% 2 %t b B 0T ) 07 B, e 2 MR A0 T PN % B T 7 I L )
Hke AT X T BREL walk (f7F virtual.c U2,

5. &REtiMMII

B> ARG ) S5 B 32 A BUAE brk A1 mmap, munmap.

(1) brk 523

brk RGN T RAEAENAE RN, B SRR DR S i an bk LR, By BT IR T
HEE L

K tr brk 4

if ((uint64)addr < p—>heap_start) {
infof (7sys_brk: addr is below heap start”);

return —1;

NGRS TR RO L8, JosE il NAF RN A -

brk SZF}

uint64 old__pos = p—heap_start + p—>heap_sz;
uint64 new_pos = (uint64)addr;
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if (new_pos > old_pos) {

new_pos = uvmalloc(p—>pagetable, old_pos, new_pos);

} else {

new_pos = uvmdealloc(p—>pagetable, old_pos, new_pos);

(2) mmap Fl munmap #JZI
mmap JH T H T PAE . WSSOk SeBRAE S A7 N RSB A % H il SR MAP_SHARED.,
MAP_PRIVATE, MAP_FIXED, MAP_ANONYMOUS. MAP_FILE 28B43R, Rtk
AR :

EERERET? Yes: TR E LT ES?
No \/
Yes

EEEMAP_FIXEDSTBRET?
No
v

1RiEhint address SHXIMTRIFAZSIA)

ERSAMBULBER T A ? YeSAD{ SRR S AR UEBE

Ye BRRERN? No—

YGSAP‘ IBINIERTRITEL

THEBRAGIAUR

BEARGS?
No
RIS E R

EERE?

Yes

AETRAER | N
RS TR T

ZR

XFF SO TR, T AE SR RGBT SEBL T page cache J=, LA DAMRE 55 1
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BRAG ST A P BT, R oI 2 PERE b L 2R (B v Y AR RE AR S W R — 3
NI, TSR N AR AS A H O H BE— R/ AT AT, PR mmap sRBOREST %
TR WA B R LN AFRIIRGT , O TURIC X — R R o U HA AR EOR U5 % 7 W AEI
A PAE I sys_mmap PR ELE A X BEE & MBRA NS RIBNA,  [6 I % B A 2 i 6
MO SRR G, BT sys munmap sRECRFEFCHIZHR D ARSI, 4
SN, BRI — BRI RO W7 1 A AF -

EEHI Rt

1 ;
! mmaphegT : e

i Pt

page cache I

!

Xt

SCPFMS R Tl DA IR SOk 5 o nl DA SE G N A7, 24 ERE A MAP_ SHARED
J7 AW T R — SR R — A B, W% page_cache MBI TE] T WA bR Ik 2 )
HIRESIBIar P

HE1 HiE2
0xF000 0x10000 0xC000 0xD000
REHABIE=SE) REfAtEEZS )
FF=[E
Wiz=E
page_cache (ref=2)
4

XFF AR ER , SCBURME A 32 2AE T %) MAP_FIXED gyAb2E, R4 MAP_FIXED
PRAGEITBEI , T8 HO B N AE XA 5 A NAF XA SR, 5 20 overlap i X[ RET
PR LR J 3% mapping B&THIRITRS SO IF AL, LTI T PATR =AU T iz
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I

mapping HAEEHA IR 5 E I

int mapping_add(struct proc *p, uint64 va, uint npages, bool shared);

int mapping_remove_fixed(struct proc #p, uint64 va, uint npages);

int mapping_try_remove_page(struct proc #p, uint64 check_va);

FEALP MAP_FIXED 53K B, & 5eFE2XT overlap X [a]E /] mapping try_remove page
Fl uvmunmap FEATRER, A WIIBEHEE T overlap [X[H], WZKSEfSLEALTE, 75 MRS 20

TEAL PR () W AF HE ORI, 2545 % address A& NULL, W45 % address fE4 hint,
FET e hE ) kA R A IR ], 5 004 B mmap 35K ), ik 1 AR S A
X ]

munmap SEPE A ] 5L, HFFRES AR IR U /INAEFE AR50 48 2 DX TR] i ] mapping_try_re-
move_page A uvmunmap BEH N1

() XE&ESE

TERGE, Xt fat32 SUPFRGEUAT T 22802, G H R IR P30 T3¢ Unix (93CHFRSE
BfEEH .

HZREHINT -
File System
File B
FILE_INODE FILE_PIPE
inode @
FILE DIRECTORY DEVICE
l J DEVICE
Page Cache 2
cpu
[
" memory
FAT323 4 &% process
FIL or om 1| e
REE
SD-EIRE virt-iodKzf
RS

1 HIBE RS

RGN U R G 5 syscall MR, A7 2 pR LA T syscall /syscall _impl.c H1. FRIGFEEL
SR syscall 4, AT 3 libe-test 2 MNMERE ,, % SYS_ Iseek. SYS_readv. SYS_ writev.
SYS_ fstatat $f 7 374
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ShouChun OS % i+ #%

ARG KRG

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

SYS_ getewd 17
SYS mknod 33
SYS mkdirat 34
SYS_ linkat 37
SYS unlinkat 35
SYS chdir 49
SYS_ openat 56
SYS_ close 57
SYS_ pipe2 59
SYS_ getdents64 61
SYS Iseek 62
SYS_read 63
SYS write 64
SYS readv 65
SYS_ writev 66
SYS_fstatat 79
SYS fstat 80

iﬁﬁﬁééﬂ‘ﬁi‘é syscall ff) 3‘5%1’!5)% %i‘%ﬂﬁlﬂﬂ F %AE’J’%%I
[ 52 1 1 A% =S

KREBGT—Z: file 2.

HIZEMER (proc)

p”ﬁ%%ﬁﬁMLﬁ%ﬂm%
i R REHHR. (55 F*T %ﬁﬁ?%k%wﬁﬁmﬁmam&

%Eﬁﬁg

BIMEE—
struct file

. fileEHa1AEA
files 0 stdin
1 stdout
2 stderr
3
fd=4 4 XXX
5
2. file )2
file EEAERIXT SN file Bkt , 44 file 4

23

B R i & 4 inode |2

B AT, R AN 5RO A BB 1% %
ﬁﬁ%i"]ﬂﬁ# TIAE, FETAERZYED file S5 NSA B, 3T T,
B, FHBUE NERHY struct inode 84},

BEE IR




W, EREM ShouChun OS %1+ 3 %

file £5Fa{R
i)
R

Ell== g

inode £51a{A

inodefg%t

2EBISTIT SCAF i 5 2O T Y R AL fileopen, JHPAUEH file J2 A IhAE . HREH A ST AR path
BRIV inode, X HLFFEIERXT USRI AL E], GIANSCHREs AR P /8. IR 20
i fix_cwd_slash BRBIEATAL P . AL PHJS RIS flags PEFEXTRRAE, BIATE & IR, WSR
PEHAL QAT B HY inode, #3TIFEAFAERY SCIFEH SR MK inode by name pf HORIBCCIF %42
XFRZFY inode, FHKHEIRIN inode JEAUPEFTRI I i — LR RAL PIARAE o[]S FEAI ] filealloc() pR%L
FRICRT Y file 54814, T JEXT file 25K PRI 15 B HEFTRD 700 5235

3. inode 2

inode 27 T PR LI SCPE. Ho%, B4 inode S5H (ARHS 2 X SO A U EL
Hagmshg, dT inode @XFIEA SO/ H Mg, MAS AEIEFEE, inode T AZ A
PERRILEE IR 2 A oS A1, 75 B IRk G b) inode BHRES I HATHRAE . KERS>
inode 21 B K 3RS inode BYBIPAJSG A W AGEA] .

EHEI BT, B TAGE 23 RE FAT32 SUIF &%, I inode 51414 A fatfs Hriy SO
H S BORage , Bt m A B IS RS2 (vis), {13 inode 5 fatfs fiR4E,
MR G 1, 8T SR 2 MU RS

(1) g3t
B SR A SO g . console, cpu. mem. proc, null, zero
B SRS AR

4 Bytes 4 Bytes 4 Bytes

| 'devx’ | major | minor |

MISCHE U RS RS, R3E major S MY, handler pR A TALE .
(2) FFo8ks
B (S SR8 8 SO/ SRR AT S 4 . A SCRF HSRIOAF S48, RN T8 libe
JE A Bh A BB A S A
PSSt SCIR I AP AR =X
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4 Bytes n-4 Bytes

| ‘sink’ | sEEvmEREE |

MO B R B G, ARTE R SO 40T B AR T I B2 0 S
(3) i e
eI SRR SO, AR RS SO ARS8, WIAEIZ SOl SO, i fatfs 42
H £_open FTHZ .
(4) H%
FrHIWIEA N H %, W fatfs 820109 £ opendir pREFT FFZH .
inode JZ B AE AT PAIE 25 101 readi BRI S 2Ok IR . readi BRECHI Y inode $545f, 71
TR SR R A5 B 2R dst btk b ZEARIESEBCCE N A PR L E AE IR (R
INTSCHER RN, PARCBERUCK BEANRER AN oft TR SCAFRI TR AT ) o ARTEIRIUN A BE, XF 1Y,
FIH either__copyout M PSRRI A B A il 2% bk T

4. page_cache JZ

RTHR /0 @B, [FEh T 3% E mmap, FULTE inode RJEMA page_cache 2, TFi% &
i page__cache IR Linux 2800, [H2 HARSEBA i Ala].

1r Linux 2.4 A NAZZ i, page cache 5 buffer cache J252 40 B . HE, HikfHK
2R, WA EREIE K Z S RSk ALY, X AT RS E SO TR L A R
(W) B SCHBERImE A TR, TERET SN A NAE, BN YR,
BEIEHNAES AR NELT, RS RME. X TSR 2 BI04 TR, IR

£
user buffer === = > user buffer
write
N V/__/ FIFEiE)
MiZ=E
page cache
A
A
Xt

AT HRERCE, TERRGERRTT PSR T buffer cache, {UEH] page cache, MR/ T 4L
PRI eV

M T REEE T/O X RGMERER K, P IGAE page cache 31T T cache iy P3R5
() LRU k833, 1Mii%A vt random Yk H k.
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file A size=0x3100B file B size=0x2400B

|

0 0x1000 0x2000 0x3000 0 0x1000 0x2000

L‘W“JWJ (,,Ehj*J HifE, SDE

apEa
file A file A file B
0x2000 0x3000 0x0000
cache cacheZ{iE cache
B B
page cache &

F TR 2 B VR 7T DA EE A0 TE A7 H G page cache Wi, T 7 B TRESE 1/0 #:4, HI
AEY 30 1355 R Al T page cache 275 1/0 HiE .

T ER IS N AERE DL YR B, AT A mmap ¥ page cache Ft4 3 T T g g2 me 5 520 . A
FEJF IR =S ) Py, AT S BB I = 85 SO T/0 #4FE

‘4—4 K B—P‘

AP REIE
1 BRg
o TmeeRE ] e
! P
page cache
A
X%

5. FAT32 RS
FAT32 S R GEIREIR N B R ARG H 1) FatFs SCPF&SeUKE) - http://elm-chan.org/
fsw/ff/00index_ e.html

Fatls $2{it 758 410 FAT R5ISCIFRGERIEE D, 308 FAT16, FAT32, exFAT, {HR21%3C
F R GRS B 1 Bl Windows BREIRYHE T, PIILTEZ RGO IZBK ST T 2 2 1%,
ARSI AR P8 Unix W SC1E R GedR 1410
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6. sd FURZN

sd RIRN#ZHH H fub40 bootloader : https:/ /github.com/sifive /freedom-u540-c000-bootloader
SRl SPT UMM AERE i SD Rilifs, #iAXZHRE DMA Jikiss.

SD RidfF 2% T SD Specifications fH B ZE ).

SPT #ilit 2% H fu740 Fjit.

RS E : os/driver/sd.c

(1) sd -RERShHILARIE

AR SPT AR DX UL ot AR bk 25 TR], AR5 SPT 45 SD RAEREKEh a4, IJa R
BB, $m 1/0 PERE.

BIEALER AR AR -

sd RIKEIHIH 1L

1 int sd_init(spi_ctrl* spi, unsigned int input_clk khz, int

skip__sd__init_ commands)

if (!skip_sd_init_commands) {

6 sd__poweron(spi, input_clk_khz);

7 if (sd_cmdO(spi)) return SD_INIT ERROR CMDO;

8 if (sd_cmd8(spi)) return SD_INIT ERROR_CMDS;

9 if (sd_acmd41l(spi)) return SD_INIT ERROR ACMD41;
10 if (sd_cmd58(spi)) return SD_INIT ERROR CMD5S;

1 if (sd_cmdl6(spi)) return SD_INIT ERROR,_CMDI6;

14 spi—>sckdiv = spi_min_clk divisor (input_clk_khz, SD_POST INIT CLK KHZ);

return 0;

(2) block 1/0 ik
%% SD R}, it SPT KR AHBIMARA S, @354 77 =S8 block 1/0,
FREECH: sd read blocks, sd write blocks

T
BLHRAE:

from _\ f from data from card stop command

host card 1o host stops data transfer

to card to host
CMD 'commandl | response|” A A s command” response
DAT i | data block |crc‘. ) ldata block|crc|. . l data blocklcrc| .............
l¢ ....... block read operation la - data stop operation ..,
....multiple block read operation . N

N =]
5L
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crc ok
response
from X '/' from data from and busy stop command
host card host from stops data frans-
to card to host to card card fer
to host
DAT - }----- |data block |crc‘--“busﬂ . -{data block |crcmbusy| -----
. block write operation . . .. . . . data stop operation ..
" ...multiple block write operation . ...

B A R A

o AT B IEXHZBNAF RS B ERE cache, MIMEAS SPT HSCR RN %8, FFEMLH fence $5
Al cache.

o S, ZIRSI TARIER, (H2 d FPRIALRE sd RIS T A7 0x90000000 fif
B, WAFL/O s T SD K I/O JEE, [Nl THTHTFEE, FErHbL 506
M ERBEES -

7. rootfs fi )R}

lib B M HNEAF 8. dev H s S NG SCE. tmp Hg, W RSEE3EE D
BEFE: test_runner ZE7, test_runner FEBI DA N HRE MG, & —iafT libe-test R M.

T lib HRAFEI R AT S8, FR IR H sy sh A8 e S

1 dev H KA WA U1, libe-test HIE N £ SO 32222 null i zero,

tmp H %M T4 libe-test BRI SCPEEEA -

RN AT
rootfs 77 J&)

/
|-—— /lib
| |-—— ld—musl—riscv64—sf.so.1 —> /libc.so
| |-— libdlopen__dso.so —> /libdlopen_dso.so
| |-—— libtls__align_dso.so —> /libtls__align_dso.so
| |-— libtls_ get new—dtv_dso.so —> /libtls get new—dtv_dso.so
| \— libtls__init__dso.so —> /libtls__init__dso.so
|
|—— /dev
| |-— console (major:1, minor:0)
| |—— cpu (major:2, minor:0)
| |—— mem (major:3, minor:0)
| |-— proc (major:4, minor:0)
| |—— null (major:5, minor:0)
| \— zero (major:6, minor:0)
|

| \— libc—test 4 ALY i B 3C 4
|-— runtest.exe
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|-— entry—static.exe

|-— entry—dynamic.exe

|—— libc.so

|-— libdlopen_dso.so

|-— libtls__align__dso.so

|—— libtls__get__new—dtv_dso.so
\— libtls_init_dso.so

fi. LRSS

ShouChun OS /i C EFHHITHI, WIsfT TG QEMU Eifllgs b, E&%
A4 H AL &L TI6E

o JHERRGAIRE
o T

o LS

o FEFEERE

« FAT32 {F 55
« SD RIKzh

o RGN

o ShAHEE

oo G IR 52 S SEE R, DRk
VE AU ORI S 5% T HiFive Unmatched 7 i 0 B 46 k2 K B uCore-SMP
ik SoR.
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