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£ 1E
A
SV

FE, AXEBERRZE, AILUFER SsumatraPDF/Foxit Reader ZiRiEzF AirEIRNIEACR
IXRIH ST W R LA AR

e N gemu-rve4 ZFLT RT-Thread Smart i&EHC
e A Kendryte K210 SZ¥L T RT-Thread Smart I&EHAC
o N4 D1 SEHLT RT-Thread Smart &RC

Horp, T BRI BIRAE T A RS, DI, AR SORRE B — B I AR i B

R, ABEZR, RENEEHITECHARNES, ARATEER dreamos BRYF, F#E#E
Z RHETH#IE.

AW TR FHEAM A riscved-unknown-elf T H 4%, H i H K2 riscve4-unknown-
elf-gcc-8.3.0-2020.04.1-x86_64-1linux-ubuntuld (https://github.com/sifive/freedom-tools/
releases/tag/v2020.04.0-Toolchain.only, WAEMIIFEN ubuntu 16.04), FEF T AR bin
BRMA PATH IMETE.

RN AR KR scons TE, JHERBRIAR Python FEARWMAIA 2.7, TEER 3.x, ANATRES
B PSR

IR “scons: *** [SConscript] ValueError : unsupported pickle protocol: 5” %
AN, X T AN E IR EE IR scons AN, 1 HERZW3E H 3k T . sconsign.dblite 3
PERATHPE, AHRORFEL A TR MR, ERMER cconfig.h UM, IXFELES BEN S A S 2
B LRSS WSS R E R A cconfig.h.

T ARG 4miZRT AT RE SRR Permission Denied, X 2 & A E k% osdebugsupporteés4 T B, AT %Y
745 rt-thread/tools/osdebugsupport THIFENAIMITCH LA dreamos/tools/osdebugsupport
THIA N AT AT P T HUATHUR .

XEILFSEH T Musl libc Al RT-Thread FERJERS, TR, ZXPAS R AR
TR, ARG i U 1 SO AR OSSR 7 A TRCELAE T B P AL

e Musl libc HIWN#ZEB%: rt-thread/components/libc/compilers/musl/libc
e Musl libc HJH P Z&H45r: userapps/sdk/libc
e RT-Thread fE: userapps/sdk/rt-thread



T H BeiH it

R AH P REFPEI TS Musl libe FEERM ARG EOREF, ZRERFAT userapps/sdk/

syscall.S.

userapps HZETEEIUANH S FEF: hello. ping. pong. vi, Hd hello & — MK printf

WRAFE T, FERXT malloc MIWAFRIEEERAT BIGNNA, ping/pong WA FiEREREGF NG, WAL 77E
REPAT “pong &7, JA3) pong HFEHILHEZEITEE S, AEHPIT “ping” FERGEEIL, vi UER
A vi SCARZERS .

Ui b W N R

userapps/root HFRIAR MRS, LLN 2 EFKH R P g iIE AR SO R G0 E O v

. N userapps H

. f£ userapps/root H&H#E mnt H, mnt H o AR RCE AL SO

. B . config CHFHIM T HE IR E

. P47 scons, IRJEATLLE BS54 RE] userapps/root/bin HxkH

. £ userapps/root/bin HH NEA elf 4T “riscv64-unknown-elf-strip -strip-all

elf SCfFAL” KEREEASHIRERE b S DT 46 /N P R PP A4

6. 124 userapps/write_rom.sh U, I A bsp HAR MR Z N HAE SR U RSH) bsp
7. AT write_rom.sh CX—HA[gea HIIAR A&, H S %4 stripall.sh B write_rom.sh

HOIR L AT AT BLRRD

BREBRRIHREBERITAZ BSP HI%IX!!

HR®IHRE
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g 2

gemu-rve4 FHiEMT

HTE bsp HEX TN rtconfig.py HACE LN T HEEME, ARG bsp HEHHAT “scons
-iN”? (N RRIHATHD, BIA[75%] rtthread.bin, iZ41T gemu-nographic.sh IARIA]FEE).

2.2 WHEEXK

o WAZAIH P FEPH musl libe &
o MW RT-Thread &
o {K#i gemu f¥) OpenSBI

2.3 OpenSBI {&4}

OpenSBI 14 FE Hudik Ahttps://github.com/riscv/opensbi, £ H B /& #fft—4 RISC-V SBI
(Supervisor Binary Interface) MJSCHN, XSLILMMTEREE & Ligir T M SMEM (firmware),
FIF] OpenSBI, RILLikizfTF S &R 0S #%HE RISC-V SBI MY V5 M AHSCHELE, ndEH] & i A\
Hj%o

AP RRG = A LA

static inline void sbi_console_putchar(int ch);
static inline int sbi_console_getchar(void);
static inline void sbi_set_timer(uint64_t stime_value);

SBI iRk ALK H FreeBSD, 1B BSD VFAliE, %VFAliE#% RT-Thread Smart
FrfE Y Apache ¥FAJAE.
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2.4 iR

2.4.1 gemu HIECE

AN ZRFTEHM gemu IHEA R Z) S5

gemu-system-riscv64 -nographic -machine virt -m 256M -kernel rtthread.bin

FREFZEE RAM & BN 256MiB, LERIEIREL, %, KRITHE Cache.
FE, XEXA/ Qemu MASH 5.2.0, iHIFIERE
2.4.2 Ht=EHG
PLR 2Rtk s m gs by (P bk K, A N RIZR sk bk 33047 90 B U T Bl 52 -

x2.1: HihlEE A

Eah

0x00000000_00000000
0x00000000_80200000
0x00000001_00000000
0x00000001_50000000
0x00000002_00000000
0x00000002_70000000

0x00000003_00000000

2.5 BEFHEANS

o &AL libcpu
o W& lwp
o J&EAL bsp

2[R R

0x00000000_80200000
0x00000000_7FE00000
0x00000000_50000000
0Xx00000000_B000VVOO
0x00000000_70000000
0x00000000_90000000

OxFFFFFFFC_00000000

Dhtie

T Uy A7 25 8] e He i

PRZRE e M 22 18] CRLAR AR A
M PR a3 25

T P 2 1]

JH P R P AR i 2 e 2 1)

M P RE AR A

PP R HE 25 R

RT-Thread Smart f libcpu HRAZEF CPU ZEMIAHRAIARAD, 1lwp FIRGEREEHIFEMHFIIZEN
FFARS, bsp WM SRR .

HR®IHRE
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2.5.2 1libcpu &FL
XA R L LR LD R

o YRR E CAFIER

o JEABRIDIE RS

o BRI HIE R

o Trap X5 W Fox 4%

o WAL TLDREX 5

o MMU SCHEX 2

e Cache ¥tz

o Syscall HEIXf#z

o RYE Tick X%

o MRS RARN CFF I Stacktrace HF

2.5.2.1 ZWIFOCEXHIER

1. WEQE libcpu/risc-v/virted Hx
2. &% libcpu/risc-v/SConscript MUK M4

# RT-Thread building script for bridge

import os

from building import *

Import('rtconfig')

cwd = GetCurrentDir()
group = []
list = os.listdir(cwd)

# add common code files

if rtconfig.CPU == "e906"
group = group

elif rtconfig.CPU == "nuclei"
group = group

elif rtconfig.CPU == "virte4"
group = group

else :

group = group + SConscript(os.path.join(cwd, 'common', 'SConscript'))

# cpu porting code files
if rtconfig.CPU == "e906"
group = group + SConscript(os.path.join(cwd, rtconfig.VENDOR, rtconfig.CPU, '

SConscript'))
else :

GiE®HRE
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group = group + SConscript(os.path.join(cwd, rtconfig.CPU, 'SConscript'))

Return('group')
WELR N virted A ICHCE T,

3. 7£ libcpu/Kconfig XA “config ARCH_RISCV”. “config ARCH_RISCV64” Z&it & i,
JFil ARCH_RISCVe4 Bt E I H 5%+ ARCH_RISCV 5 ARCH_CPU_64BIT FCEIN, BNl FARAY:

config ARCH_RISCV
bool

config ARCH_RISCV64
select ARCH_RISCV

select ARCH_CPU_64BIT
bool

2.5.2.2 BEIREER

PLUR A2 A AR iRt i e (2T startup_gecc.S H):

| rsrsprmsae s |

| 1% Btrap \ A Eltrap_entry &5 I

x1-x31FE

rFPU

Bt

S:ill--.'
s | | Hl |
Hp- 53

IRt IR R IEET

| BEEE primary_cpu_entry IMERLT

2.1: HECHERFER

ATLLE R, RS T EAMAIGH S RE AN T primary_cpu_entry AT, T pri-
mary_cpu_entry 7T bsp/qemu-virt-rve4/driver/board.c ", HSZFZHIHNL bss F5X I M

entry BN,

6 HR®IHRE
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2.5.2.3 —%@EAE (IF riscv.h &, AZFELRER)

& 2.2: riscv.h H—LEEH 2

__SIZE(bit) Rl 27bit

__MASK(bit) REIELE bit A 1, H T ARG X 55 R LE bl
REET

__UMASK(bit) XF _ MASK(bit) HUR, FTAERA 55 &St
BRE S

__MASKVALUE (value,maskvalue) 530 value & maskvalue, FIT{REAF-2EAL

__UMASKVALUE (value,maskvalue) %% value & ~maskvalue, FT Bmiitsefs

__CHECKUPBOUND(value,bit_count) T RERIK bit_count MuESE 1, NERE 1,
TIGRE 0, F LA —AMELZ 15 6 Y5

__CHECKALIGN(value,start_bit) Hk start_bit MIRAES o, MIRF 1,

IR @, FH ARSI — A~ Hbhb & 75 53 5%

__PARTBIT(value,start_bit,length) B —/MEM start_bit 7 (&K @) FFI6H
length Mz

__ALIGNUP(value,bit) % bit [\ EXISE, RIERME bit Mih e

__ALIGNDOWN(value,bit) ¥ bit MR, fRHEHIE bit MIN o

2.5.2.4 ETXYRREONITE
R e e SRSy, LT context_gec.S W rt_hw_context_switch_to 5
rt_hw_context_switch, H—%#0MZENAT interrupt_gcc.S AT KER ) o

rt_hw_context_switch_to I TJHIIARAME —NLFRE, 1 rt_hw_context_switch T
rRRER R e (REEELRFE B SCR ES1A rt_schedule ki)

PATN 2 PR R SO 4 -

= 2.3 LFXHEH

A bt FE
0x00 epc
0x08 ra

0x10 sstatus
ox18 gp
0x20 tp
0x28 1o
0x30 t1

HR®IHRE 7



2.5. BHEEHARE T H BeiH it

A% 1k FB
0x38 t2
0x40 sO_fp
0x48 sl
0x560 ao
0x58 al
0x60 a2
0x68 a3
0x70 a4
0x78 a5
0x80 ab
ox88 a7
0x90 s2
0x98 s3
OxAO s4
OxA8 s5
oxBo s6
oxB8 s7
oxCo s8
oxC8 s9
oxDo sl10
oxD8 s11
OxEQ t3
OXES8 t4
OxFo t5
OxF8 t6
0x100 user_sp_exc_stack

Wt 2 U E R SCHRBIR/ANA 264 T,
BRSO A X B (cpuport.c):
K= TR rt_hw_stack_init, ZEORIIEERVIMGIEIEMR, IR EEE LRtk
(RS IR [B], ARSI 3 A T R S
1. ¥ BRI VI exdeadbeef
2. ¥ ra FAABBE VAR REHNE, 8 T RARE B — SR B T AR

8 HR®IHRE
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. WIgEte gp FATAR AN NRL A RTRET

iaatk ae FAFEALIESHL

Wigatk epc FBONERREN H R E b

P14tk user_sp_exc_stack FBONERENZHARTL HTH SRR syscall M B4Rl
£ R SO

A v b~ W

rt_hw_context_switch_to # (i T context_gcc.S H):

&%—ﬁ.%ﬁmﬂﬁmm¢T#w%ﬁ%mﬁl

RELTX |

RERFFRIAT

2.2: rt_hw_context_switch to #ifEE

rt_hw_context_switch # (i F context_gcc.S ) :

EHRE 9



2.5. BMEIEHNE

T H Wi i

| &trepsioniE |

¥

[ 1% B sstatus B SPIEFISPP iz ]

|

[ﬁﬁ%ﬁ%ﬁ@ﬂﬁ%hmm]

|Q%ﬁﬁ%ﬁ5ht?1%mq@$@|

Y

|%%ﬁw%ﬁ%ﬁﬂm%ﬁﬂmﬁ¢|

%ﬂ%i%ﬁﬁ#ﬁﬁm%ﬁl

l

[ . ]

| rEEEE |

B 2.3: rt_hw_context_switch #IIFEE

trap_entry A JRWNER BT (AT interrupt_gcc.S):

1e GiE®HRE
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2.

5.

AV &

| EtisparmEElsarEE |

=

[ $£54.F | svscall_entry ] [ Escanse FHES M a0 17e2 ]

HMirt_thread_switch_interrupt_flagie & A 1L AR E S ERHHT F T 3ciE

MR EERESE

I

[ FEERrt interrupt from thread{RAFAstruct rt_thread?A a{FsprfRihht ]

|

E [ Mt thread sp to_threadiF H SR struct rt_threadfEFa{(FE L ]

l

[ 1Pt e et staccsopt BB bR RIS |

l

& [ Mo SEEARI SRS A0S | [ Ltms ) onnE |

EifspT 1 2TFEE

HHOFTFES Asp

| BETTAR BT |

I A T

R ERIIT

& 2.4: trap_entry ALKABIANKEFXOI#HRER

GiE®HRE
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2.5.2.5 A7 TITNEERISEIN (page.c/h)

W% TUD e AR PR O BASEEL T an R 20

rt_size_t rt_page_bits(rt_size_t size); //HFE T R I HEARBLEG T @ K D326 2t
3

void *rt_pages_alloc(rt_size t size bits); //% Bl2%size bits kK /&y

void rt_pages free(void *addr,rt_size t size bits); // /& 45 & 3 nk #5530 K ) A 22

—

7l

)

p=)

T

size bits kK /)& W |
void rt_pageinfo_dump(); //47T % W & 15 &
void rt_page_get_info(size_t *total _nr, size t *free_nr); //F R E U @ f= = H T & K

void rt_page init(rt_region_t reg); // 4L &

X4y HARSZIZ 2% T RT-Thread Smart (¥ ARM FRSZHL, [EIN, RAEhttps://github.com/lizhirui
/dreamos_cversion/blob/master/src/phypage.c2h T [BIREE 5 H 5 A i i s2 3l .

X HEILEIXA buddy system SEIL RGN 7725 18] 73 Be 2 sURE B : 1% buddy system
f) metadata EIRFEAENAFHHLINF AN, (BRI 2B R, BE metadata AEBITAS,
BEHATERONE 2, H e UL

o nr - U A LI metadata T
o total - ETH
e mnr - metadata FEHHMITHE

AR XL CPATAT G20 R TR

total — mnr
[——] = mnr
nr

L total - mnr W] DLEEMENEUE TUEL, Al DIFRMONFTH ) metadata MO%E, XH FHUEE
KA, R metadata MEEZL/NE, BAUREL H—THTIRF metasize.

HA1%

total —mnr =kxnr+plk € Z, k> 0,0 <p < nr)

A TTFEA N :
b4 _
k+ [E] = mnr
Y p=0 B, LN
k = mnr

Bk AANEFAS:

12 HR®IHRE
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total — mnr
—_—— = mnr
nr

AL 5 T A

4 p>0 0, k &N

_ total —mnr —p

k
nr
[E
p
iy
[
PRI 5 FE A2 9 -
total — —
total —mnr —p
nr
AR
total — p + nr
mnr = —
nr+1

N TR AT RERG AT HI O DU AR, RS, B HAE mne RATRER, XA p=0, Kk
£

total + nr
mnr = ——
nr+1

i LIRS DL, N T IRIE metasize AWSTNIAFTA AR AREE VT, IR0 TSR B Bk PR
THOUBUR KAE, TS

_ total +nr

mnr
nr+1

XA T AT A R -

rt_size_t mnr = (total + nr) / (nr + 1);

MEAZFE) buddy system (2[5 %l 7y 22 sE XA LN 2, XA G TH -

HR®IHRE 13
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2.5.

2.6 MMU SZHFEYSEIR (riscv_mmu.c/h mmu.c./h)

LRI

(AN

LS

RISC-V f7r 3 Fharifis, 435N Sv32. Sv39. Sv48, X —=Fh4r GIRLmi 4 B X, 4> HIxtR™ 32
39 {1 48 7l

1T RT-Thread Smart A/RFSHE) HFRZEMN RVe4, HFIAbkSE Sv3o FEflthhkmiii, %

(R Db kK P 3 b ik &5 R
38 30 29 21 20 12 11 0
| VPN[2] | VPN[I] [ VPN[0] [ page offset
9 9 9 12

Figure 4.16: Sv39 virtual address.

o
o

30 29 21 20 12 11 0
PPN[2] [ PPN[1] | PPN[0] [ page offset
26 9 9 12

Figure 4.17: Sv39 physical address.

2.5: Sv39 MECHIEE A IE R Y EE IOt f9 25 4

FAS TR IR 52 ST
63 54 53 28 27 19 18 10 9 8 7 6 5 4 3 2 1 0
| Reserved | PPN[2] | PPN[1] | PPN[0] | RSW [DJA|JGJU[X|W][R]V]
10 26 9 9 2 1 1 1 1 1 1 1 1
2.6: HEAPTERITHIEX
o A8 LR

RSW: fREA%S S S H

D: Dirty, MXfMMTURAES NERIERS, AP E, AT RIHER

A: Accessed, XRTURAI, B NEEERERAER, Ol A, I IEE

G: global, Rl —ANTRIAZTG L —NER/I (K1 ASID LK), FHIZIRIEEMNT45 5 Ak E
G Az, WIIFTA T RITELI AR

U: user, fREH—ATUIRBEH ATV, 2@ MR 7245 S 208, 24 sstatus.SUM A
@ I, fE S AVjin MU 22 KK

XWR: 73X execute. write. read, ## N 0, WERINZIIA N, BRI PPN A2
G TUFR TR ) B4 3

V: valid, #REH—A RIS SH R

Sv39 HA 512GiB HYMIMMIEFN], B2 CRF=RITER, RN ASHF =Rl KA, X RT=

%, 435N 4KiB(2'2B). 2MiB(22'B). 1GiB(23°B). 4 ®IiA PPN sLZfr_ L& SN Physical Page Number,
RV g, ZAE A AU/ A Y B IR R T Bl a7 i DU 0T RN €2 4KiB.

RISC-V KM sfence.vma fELRIHT TLB, %5 A M MRIEE, #HONFAEE, KX 2HN asid

M vaddr, EH#HA x0, NIXFEA TLB K.

14
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RISC-V KM satp A rasfrfE b=, M7 ASID Syl Eithbl, Hie LW

63 60 59 44 43 0
| MODE (WARL) | ASID (WARL) | PPN (WARL) \
4 16 44

Figure 4.12: RV64 Supervisor address translation and protection register satp, for MODE values
Bare, Sv39, and Sv48.

B 2.7: satp FHEAEX

Hor MODE “FBHIHUE I T

RV32
Value | Name | Description
0 Bare | No translation or protection.
1 Sv32 | Page-based 32-bit virtual addressing (see Section 4.3).
RV64
Value | Name | Description
0 Bare | No translation or protection.

1-7 — Reserved
8 Sv39 | Page-based 39-bit virtual addressing (see Section 4.4).
9 Sv48 | Page-based 48-bit virtual addressing (see Section 4.5).

10 Svs7 | Reserved fnr page-based 57-bit virtual addressing.
11 Sv64 | Reserved for page-based 64-bit virtual addressing.
12-15 — Reserved

B 2.8: sapt #FfEARET mode FEAE

AR HILLIL T 4 LA

o mmu_set_pagetable &E MHjIE

o mmu_enable_user_page_access ffiff S M ULTHIVi M

o mmu_disable_user_page_access J<fHE S Z&H U VT

e mmu_table get FRHUMEIEK

o switch_mmu ¥ & MAITE

e rt_hw_mmu_map_init ¥4t MMU BRET

o rt_hw_mmu_kernel_map_init #J4Hfik MMU WAZBRST (3% 1GiB UL /NN A Btk — X —
I

e rt_hw_mmu_map M5 T TH

o rt_hw_mmu_map_auto [H 4 BCA)HE U FF WL 7L

o rt_hw_mmu_unmap HUJH LS T

o rt_hw_mmu_v2p MEHLHLHEE Y H L

mmu_set_pagetable ik TR ML WL B NS N satp FAEA AT sfence.vma
X0 FiE4RSEIL

EHRE 15
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mmu_enable_user_page_access 5 mmu_disable _user_page_access il #% B MY sstatus
TFAF AR PUM Az RS P LT 1V [e) 45 BE A 2% RE o
mmu_table get iEidiZH! current_mmu_table 4 JRASE KIS MUETHITHE.

switch_mmu ¥ current_mmu_table 4 @7 & WHE N 280 R KM, H & H H
mmu_set_pagetable Sl XM EHE, Hi#iL cache Mk D5 M cache KR HT 1L X
ks

rt_hw_mmu_map_init MRHELE E bk 2 (A YE DL Ky FR AT (1) K 0L DU R BT AR 45 € 1) rt_mmu_info
“hifk.

rt_hw_mmu_kernel map_init iBIFHIENLER rt_mmu_info &K1 i) R UL 0T 2 1T DY 105k 5
BAK 4GiB PIAFAE AL H [ ——BR& .

rt_hw_mmu_map 4% DU 1025 R RE AU AE T S5 Y B Tk O K

rt_hw_mmu_map_auto M buddy system SERIFEGIECIEEA rt_hw_mmu_map F¥—A>PIHBSE
P56 B R UL () OBk

rt_hw_mmu_unmap 38 7E 5T MR 0T R SCHR SEHIL .

FREA R, ELER ST buddy system HRUIEEURE . —RIK.
rt_hw_mmu_v2p i ) 517 56 kR A0k 38 P A () e 4
FRVUAE O SLBLEREZ % T RT-Thread Smart ARM hig (SR HLELES .

2.5.2.7 Cache Y#5HISLI (cache.c)
FSel Cache H:, WSLHIN & TR

e rt_cpu_icache_line_size iRl I$ ZEA71T K/

e rt_cpu_dcache_line_size iR[a] D$ ZZA71T K/h

o rt_hw_cpu_icache_invalidate ¥4 I$ F&i& MMV IR I AAAT 480 JE 8tk

« rt_hw_cpu_dcache_invalidate ¥4 D$ +85& /AN AFIG DX B A AT 2 o8k

o rt_hw_cpu_dcache_clean ¥ D$ Fi57E )N AE U B ZAAAT 25 N RAM T fR#F Cache
5 RAM % — 2t

e rt_hw_cpu_icache_ops ¥ I$ HHCHR(EEIENS—RARED

« rt_hw_cpu_dcache_ops # D$ AHRIERAMEH MG —HHED

e rt_hw_cpu_dcache flush_all hl#H#4> D$

e rt_hw_cpu_icache_invalidate_all L&A 13

e rt_hw_cpu_icache status FFHL I$ IR

e rt_hw_cpu_dcache_status 3l D$ IIRZE

BT AR gemu-virted RIEH] cache, PIBLIARIIARSCBRECEERAONE, TLbEM, ONS N
XHE T it L ZEE

2.5.2.8 Syscall Xi#&

syscall XF#:4r AWH 4y, —# NAL T interrupt_gcc.S WL E 4y, B —# oA+
syscall c.c H) ¢ ¥4y, FHAE, ad~a6 FIEMFAF syscall ] 7 N&H, a7 f#4F syscall
U RS

16 I B& RS



T H BeiH it 2.5. FHFHANE

PLR & syscall MUAERFE (syscall_entry A, fiF interrupt_gcc.S):

| ¥ MsyscallE HFRESE ]

\T

‘ Bt current thread (RAF Astruct rt_thread S H{EE 4t I

iz
‘ W FHzet_thread kernel stack topiZER FiReE & M I RAIMEER |
M sscratch B 17 s5 12 B0 #H A HETEI AV sp B HS A 0F 178 } ‘ BRI S A 0FT 22

EipRINFI7eE

|%m§%¥§ﬂw‘

h

\ﬂinMmﬁm%%ﬂmﬁmm|

|ﬂﬁé%$%ﬂ%‘

b

[ 8 Fsvscall_handler

|%ﬁé%¢%ﬁ%‘

MELT I

X

mER FRIIT

B 2.9: syscall HILFEFE

PLEZE N (syscall_handler A, fiF syscall_c.c):

EHRE 17
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hﬁﬁwgﬂﬁamﬁﬂﬁﬁﬁﬁmﬁ@ﬁﬂﬂ]

l

[ﬁﬁﬂﬁ@ﬁmm&%%MJLl

%’”ﬁf RH““%
l

4%mﬂﬁm¢%ﬁﬁﬁmﬁm@@ﬁ]

IR

F ERERRIMES A LT X Ha0F 75T

|

ﬁtTK%ﬂ%ﬁ%?&ﬁE%ﬂl

l

ﬁtTK%wﬁ%ﬁ@4]

B 2.10: syscall % AORGAEERFE

2.5.2.9 A% tick EOXMIE (tick.c/h)

1. I tick W, FEEFWHIEA rt_tick_increase
2. UL rt_hw_tick_init, FISRH tick HEATHIEALL

AUSESLHL T =A% A:

o get_ticks @I HEWHA rdtime 84 IRIOIFIR[EIER #H tick 4
o tick_isr tick FRHTACHEFLRE
e rt_hw_tick_init SEPL tick HIWIUH1L

18 B &itHRE



T vty 2.5. BHEEMAR

FATA] LR 25 5 Mhttps://github.com/qemu/gemu/blob/master/hw/riscv/virt.csf 593 4715 %1,
tick MIRFERS N SIFIVE_CLINT _TIMEBASE FREQ, Ifji%i# & € X fEhttps://github.com/Comsecuris/
gemu-hexagon/blob/master/include/hw/riscv/sifive clint.hH, {E A 10000000,

RT-Thread Smart 5 M % RT_TICK_PER_SECOND #/mWEIH tick %, W H B8N
(ms) MIAR N interval(ms) = 1000 / RT_TICK_PER_SECOND.

4 e ERINIEEE tick_cycle = interval(ms) / 1000 * freq - 1, Jif freq = 10000000Hz,
XH freq MIFALN Hz, BIAM time 5 timecmp FHZEZ|F=AE drlby 5 B — NI B0 R 3, RHIX B -1,

rt_hw_tick_init #UTHBIF:

1. 1EBR SIE ZF/7e%H i STIP i, ks S A& EH 2%
2. WH get_ticks JFAE IR [BIE RIS L BB R AR R W ETH tick HAE NS Btk
sbi_set_timer

3. BN SIE.STIP, FEHITIF S &ENT 28T
tick_isr PATHHEUIT:

1. M rt_tick_increase AWK
2. M get_ticks H7EH IR [BE M HEA o E 2R Xk R W ET tick AEAS LSS

sbi_set_timer

2.5.2.10 MAFSERBIFILIFR Stacktrace 3 (symbol_analysis.c/h)

N TN, BOVNAZIRAE T R R AN AR RTS8 ) Stacktrace ThfE, N7 SEILIX
LETIRE, R ESEIURT S AR NN hRE -

IRA I 77 R E N Z T . symtab TR SEHL, AHSEINAFLE LA R A )

1. .symtab TTIXRAFFET elf XfFd, ik FHE| binary XM, HHIZTTX AL —1EA alloc
JE PR X

2. .symtab TXAAMILEK, HEE AT, KRS TERFLEEMS 0BIECT (K
FAAE) 5 FUNC OWf BT ER%D PAKEAIE N NONE {HH# 4 GLOBAL MIFFS OB T4 CfFrh
HIARASE MBI A T ) S HAT )

BT EWANEE, T T NIRRT, SRR IEEA T AR binary SRR,
DI elf CAFTHEEL. symtab TTIX, AT EMEE AN binary U .osdebug X, ZTHEK
VEACHL AN A 04T SO #A2F tools/osdebugsupport Y, Makefile £:[FEINAEfkIf A elf32 Al elfed
PN AT HATFE T (403N osdebugsupport 5 osdebugsupport64).

N TS ERDRE, B B ST N P AR

typedef struct os_symtab_header
{

size_t function_table_offset;//H#H 2ty A it (A TP XL, T H)

size_t function_table _num;// &K & Xk F a9 & 5 K £
size_t object_table_offset;//* % & 69 1h £ 2 ht

HR®IHRE 19
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size_t object_table_num;//* % &2 ¥ & & 5 # =

size_t general_symbol_table_offset;//—# & 5 (45 X £ A& & ) NONE/2 % % GLOBAL #9 #F
5 ) k89 1k A% X bt

size_t general_symbol_table num;//—# & 5 & ¥ &9 i 5 & =

size_t string_table_offset;// 5 & % & 49 1k £ 2 Ak

size_t string_table_size;//F &F % 28 K (F 9 A ¥ 42)

}os_symtab_header;

typedef struct os_symtab_item

{
size_t name_offset;// & 5 LA EF & B & P 491k 4 3 it
size t address;//i% & 5 PT X & 69 b 4k
size_t size;//% i 5 BT R & & K

}os_symtab_item;

.osdebug Tk N os_symtab_header LR, XANERIEAENIZAATIX PIELFE R, fR T
AT XA OO ) = ik 77 18] -

1. .osdebug k¥ (os_symtab_header &ZikJ{%)
2. ¥R

3. XMRE

4., —RFESER

5. FRHER

X B E R R B AN R UG bk # N S BN AR F KA AR (BT size_t FRARMIXSFAID ,
It . osdebug T X AU FFBINLAE TR T, 75 ) A AZ K TCEE R BT X L.

RER. MREK, — BG5S RP GO ZESASIN, HERRBASHUEIEERATIN, UEE
RZF R HZRHFIT A ER, HNAM R HS-A os_symtab_item SKifiik.

osdebugsupport FEFHT elf XEH ). symtab X, # AL LR =ME TS0 DI E
FR R =AN R, FREAT R R R A .

XHEANTHE binary i) .osdebug FIXAFTT binary XHEH ML, )T elf FATER
A alloc JEMEMATX, HH3RME T H P E bk &/ MY X bt (B sh_addr J&1), %A)5H.osdebug
7 DX b bk ek 2 b kb 5 R4 20 B R B At .

N T SEHLEARTIRE, AR Th e AU E I R ATIX, SEBLRALT R XA

. = ALIGN(8);

.osdebug :
{

_osdebug_start = .;
. += 87K;
_osdebug_end = .;

} > SRAM

HAopy 87K BUATE S AR/, WHRATX K/, osdebugsupport FEFFSifkE:, mifg FHIXF:
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file_start_offset: 0x80200000
align_bound: 8

function symbol num: 1333

object symbol num: 545

general symbol num: 38

string table size: 31121 Byte(s)
need space: 77176 Byte(s)

.osdebug section space: 8192 Byte(s)
.osdebug section is too small

scons: *** [prtthread.elf] Error 10

FUEE], scons Zii¥Mf 7R osdebugsupport R T HERES 10, IR 7IXAN .
T I 4 £ DU TR«

file_start_offset: 0x80200000
align_bound: 8

function symbol num: 1333

object symbol num: 545

general symbol num: 38

string table size: 31121 Byte(s)

need space: 77176 Byte(s)

.osdebug section space: 89088 Byte(s)
.osdebug in file is from ©x93000
generate finished

SR TIUE LT — AR

H D EP

0 1EH

1 SHECRA I

2 elf XHLIEHATIT

3 binary SCHFGIEHFTIF

4 elf STAFBLEURIK

5 elf UFkif#FRiZ elf AR —A elf UfF
6 elf M5B FP AL B X

7 TEAE elf XfFHhkF]. symtab Fi[X

8 TVEAE elf UfFH4L3]. osdebug

9 TVEAE elf AR BRI AT T S fg ik ) (RIEA alloc

JEERD X RAMHRA R Z R A

GiE®HRE
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BRI X
10 .osdebug i [X K/
FLv A o s

osdebugsupport[64] elf L # % % binary X # % &

Bt

osdebugsupport64 rtthread.elf rtthread.bin

W symbol_analysis.c HALE T FsedifE.

os_symtab_item *find_symbol table(rt_size_t symbol_table_addr,rt_size_t symbol_num,
rt_size t address);

const char *get_symbol_name(os_symtab_item *symbol);

void print_symbol(os_symtab_item *symbol,rt _size_ t address);

void print_symbol_info(rt_size_t address,rt_bool_t function);

void print_stacktrace(rt_size_t epc,rt_size_t fp);

BT RECR . WRE, BT SRONMEHE2ME, FIXRERM T find_symbol_table M+
FEFE 52 R T B R A L IE X B (AT 5 A st S5 A A, AR B AT 5 178 2

o ZFFSHIMALLAT <= 45 RIHhE

o IZAT T IHBE L AU P A 4T 5 B R iz L i)

o B TR SHAEMIE, AAIZFT 5 L IRZ 5% 5 /N — T CLAE Y AZ REAR S X AN 5 il
PP AT AR Rk A5 5 O 4 s RO

HRAZN R LARFARIFT S, W RBORFI 2 4EE (RT_NULL)

N T IR EHGE L, X R T E R AT ORI LR D fE .

get_symbol_name $% I R] LIRHGLE R AT FE 4T T 45 3 R b $R B I (1945 5 44 Fia 4t IR (A1

print_symbol TJ LAMRHESS 2 I FF 5 Atk ) 2 a1 Ep i an R A% RS B CHRbbEAX T7F 5 iR
AH o m):

< 54 FFERUN >+ HUHEARXS TR S R A
o CHHBERN TR 5 WA o )
< FFEH FFERAD >

print_symbol_info FTHTENH— b B 2 S EE, MAANNSE, 2R RNERR
Fosh b AR R A (Function 4 RT_TRUE FoniZHihbxf N —AN454, RT_FALSE N iZHuhkxf N —4
EAE/ D)

22 B &itHRE
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Dbk RIS TR AN, SR W R AT 515 R

1. RRREATSR, TR AR SHEE ReREN S R %), TR s AE R
F R, X HLE BT AR S RS AT S VA, R, NIV A TS

2. HH 1 OPRIEIGIERS, MR R SR, IHTEIH P RO 55 B

3. K 1 WRIRBEIGEN S, WRZEXN R SR, FATHHPrA R SE S - BoRi N 24 1
—2), MTNRMSHARNELR, KEEZAWHAER SRR RS MBI N, W2RAE,
WA i 755

SR IR IR MG 2 PR D 4 Mtk 7 24 56 A0 B8 AR 5 RBEAT UL G, W 2R DGRC SR, B IR 2 —NE S B
B E AR A BOSIC G R 54 SR ERATER/NbR S, UL 2 A S R PR, HED R
XA AR D EEN TR OHIE, R FRNBERIRF SR, Ui EHEERER.

bR BRI, SRR B AT R

1. MBENRFFSE, HHTEHHM AR SER (CRORUEN S HA —%), HTXRAFSAA RN
58, XEE AW SRR RS ISR A, WRAE, M A dr P S

2. # 1 OPRIEIGIES S, WER-RASR, FHATEH P BB 55 B

3. K 1 PRIRBIGERS, WRRREF SR, IHTHHARRRTSEE (BokUN S R g
—%), BMTRERSHARNEER, X EEZHWH IR BAEREA R 5 R VEE N, R,
WA A iy AT 5

SR 3 B S i DR Ml b ik B 24 S RO BT 5 R AT VLS, A SRUCECR I, 1 WX — AN 75
T BRSO S AT S B AR HEP RSN S, B AR BT SRR, HEOV R XA
FIRETR A — SR R IIIR &, BRIIL RN MG R BT 53R, DU EHFERER

IR EVEMTILECHIFT S, WiZm Bl <Unknown Symbol> JH)E.

print_stacktrace FIT{EHERFTEIHARIRERE R, SRS HEWNNSE, HilERKE trap B
1) epc Fl fp ZAFanld, MEMAIXATIEE, ZRFEFLALLI-00 HIgPE, &0 BT LkEsd fp ok
TEERARML, WOm Th R TCIE A .

KHEERmME epc XS, REHEE fp BATRS AN, AEEMHERDUT R —Z8) fp Ll
LA ETRR EAE, JRRI AT S E D, BB AT WU A Y A7 L Y B R AR DY @ L.

2.5.3 1lwp i&EHAD

IXHR Y BIRSAEIL D A AR LD BR:

Y PRI B SIS T

e arch_user_space init M= H&ER
e arch_user_stack HMIZfEIER

o lwp_gcc MHREMIER

2.5.3.1 #miFhEMHIERD

1. G# H>3 components/lwp/arch/risc-v/virté4

I B& RS 23
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2. 1E lwp/Kconfig fFH A RT_USING_LWP M K # I ARCH_RISCV64

config RT_USING_LWP

bool "Using light-weight process™

select RT_USING_DFS

select RT_USING_LIBC

select RT_USING_POSIX_CLOCKTIME

depends on ARCH_ARM_CORTEX_M || ARCH_ARM_ARM9 || ARCH_ARM_CORTEX_A ||
ARCH_RISCV64

default n

help
The 1wP is a light weight process running in user mode.

3. 7& lwp/SConscript HIIA virted 424y

support_arch = {"arm": ["cortex-m3", "cortex-m4", "cortex-m7", "arm926", "cortex-a"
1,"risc-v": ["virt64"]}

2.5.3.2 arch_user_space_init &fC (arch_user_space_init.c)
X B FHEIER arch_user_space_init 5 arch_kernel_mmu_table_get W/~

 arch_user_space_init HSiHI4A4L 1wp MR TUFRAIME, ¥ HEM B IE RSy USER_HEAP_VADDR,
XFERLRESCRE A BhMEY R, AP N TR 4GiB KIS EHE] lwp HITTERY, XFE syscall
R T A e I A

e arch_kernel_mmu_table get #i57ik[A] #% £ Fa4l

2.5.3.3 arch_user_stack j&f¢ (arch_user_stack.c)

X FEFEER arch_expand_user_stack, LME SRR PR A0 EBhH T K.

o KW ER addr SEEEEM P FRIEE AN (B USER_STACK_VSTART 5 USER_STACK_VEND Z‘-
|, #7E, WA lwp_map_user FEZ5EMibEAN S FE—NTUH: EH WL, MINRE 1, RIBGR

2.5.3.4 1lwp_gcc &fC (lwp_gcc.S)
X B FEIER lwp_user_entry. set_user_context 5 lwp_thread_return #:01:

o lwp_user_entry #5115t NN LR A P SPATET, W P ATE 7B E E 0 BRI 5] 1y
U, FENFER libe YIHAIRMESH

o set_user_context #3144 lwp_thread_return 09 {RAFMILFEIR B AL HE U1 B FE A%
b, FTIRAEH PSR T 2R B AR IR S

e lwp_thread_return MK syscall id N 1, SHCHN o MRS () sys_exit),
KA B P AR IR
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2.5.4 bsp &FfE (bsp/gemu-virt-rvé4)

XA IERCIE 7 N AR JUR P BR:

Y R B SR IE

HH BT i 2 DX B3

UART Izl i

PR 1 S

o FIWHEZESZHL. trap #EIERC AN stacktrace HF

2.5.4.1 YmFOCEXHIER

o HATFEME bsp/gemu-virt-rved Hx, fEHPAIEAMKH SConscript 5 SConstruct, 3f
IEMIFCE SConstruct H1f) CPU 5 ARCH 1%

o MUBEHERNA, XEEBEMH ARM KIBERA, HFEUOLh AT AN 0x80200000, 1X/& gemu
] opensbi S FWZMIALI A, N T XHFFHNH stacktrace, MMATUWIT section:

.osdebug :
{

_osdebug_start = .;
. += 87K;
_osdebug_end = .;

} > SRAM

o fiL® Kconfig, 7EHAEIE BOARD virt I, ihILikFAHICH I

o fiJ## drivers 5 applications H3%, £ drivers HZEHKE encoding.h 5 sbi AKX
FECAt, 1€ applications HEHGIE main.c, FFEHFPLI main K%, ZREAERN main A
LRI I R L

2.5.4.2 FhEIEHIZEIRENER. (driver/plic.c/h):

gemu FTRHN PLIC [AEHiily oxeceeeeee, ix R (EH T bigmagic MIIRBNSLIL, Bk HFEMH
BT RT-Thread Smart b, SZELT40F LM%

void plic_set_priority(int irq,int priority);//i% & J Wi 1L & &
void plic_irq_enable(int irq);// /5 A ¥ ¥

void plic_irq_disable(int irq);// % JF *F B

void plic_set_threshold(int mthreshold);//i% & *F W fit & 5 {4
int plic_claim(void);// 3k Bx ¥ i 5

void plic_complete(int irq);//il 4 PLIC ¥ Bf 4 32 2 A&
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2.5.4.3 UART IRZHERT (driver/drv_uart.c/h):

XHEZM RT-Thread WBNERISCIL S M4, FFEMN vart B, 3 EFHE LI P HIE 1
drv_uart_putc 5 drv_uart_getc M, XHIERTHISEIT ZWF:

o XN HEIMA sbi $RMEMEO, RS, BT sbi ARIGELAHWIAECHEAER D, bbb
A B2 ORI LR R e 1 B2 1) o7 2ok sl

o BIEPEET—NLHER, ZIEAE 10ms A —IX rt_hw_serial_isr, ik rt-thread RGN
WA drv_uart_getc 1, MRHEIR [EHIMOZ S A R8s, IR R in A\ 2 s Az

o HT UART WILAILIS, RGMERENHLER TRAILEM, K, ZRAEEERR main LR FHE
=k

RIS % T bigmagic MUSHTIKBNSEIL, XURZENPEAT 1 sk, TR T gemu [ 16550 5 #KIE
W% (http://byterunner.com/16550.html), B2 5¢ MR H bWt Sk .

2.5.4.4 WRFEFMELIEOELIY (board.c/h)

WM 4> T DT VI A SE it JE sh3R s, 51 S WA, FRE RN AZa shi fwIiate TE, X B R 2R
SERL T AR LA

void init _bss();//# 4  N #BSS T K

void primary_cpu_entry();// @4 WA F N v, Hstartup_gcc.STA A, R T4 Hbss. X P
¥ . 8 M entry /& #RT-Thread Smart A #

void rt_hw_board_init();//M & Wi 0, % # 2 & ERT-Thread Smart & % A ¥ 40 45 1L &
WA R, NP B, UART. Tick. . #=#H 6% &. A LeCcaH, FEREMWER
LA

LLR/ rt_hw_board_init MIVE4HEEE:

. A rt_hw_interrupt_init() #Jga4k b kriELe

. VA rt_hw_uart_init() #J1L UART %2

. WA rt_hw_tick_init() WL RS0 E E 2%

. WM rt_system_heap_init() Wtk WM, WM EHEZ BT board.h H [

RT_HW_HEAP_BEGIN 5 RT_HW_HEAP_END WMZEFTVE (XH/PELT 100MiB)

5. M rt_console_set_device() ¥ EIRIAIEHIE &

6. WM rt_components_board_init() 5B HILHL

7. WH rt_hw_mmu_map_init() ¥ HNIZTIRR 4GB 2 LRIAHIXIR, RIA ox1_00000000
% OxFFFFFFFF_FFFFFFFF {75

8. WM rt_page_init() ¥J4ft buddy system 1% WHLHIVER, X EK# board.h HHIFEAN%
RT_HW_PAGE_START 5 RT_HW_PAGE_END F Ui HuhtyEFE GXHE AL T 100MiB)

9. M rt_hw_mmu_kernel map_init() 5EMMNIZAL 4GB bk B N B -> Y HbESAr—XF
— LS

10. T switch_mmu ¥ MMU U)4%] sv39 HuhEBIIRE IR LR N TR MMU

A W N R
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2.5.4.5 FhEEZRSLIN, trap FEOERKMA stacktrace ¥#F (trap.c/h)

KHESIL R

static void rt_default_interrupt_handler(int vector,void *param);//— /> Z ik &9 F I &
AR

void rt_hw_interrupt_init();// ' Br 4E 4 40 45 1L

void rt_hw_interrupt_mask(int vector);// ¥ ¥f & ik

void rt_hw_interrupt_umask(int vector);// ' B 7 2%

rt_isr_handler_t rt_hw_interrupt_install(int vector,rt_isr_handler_t handler,void *
param,const char *name);//'f Wb & ¥ 42 f % &

void dump_regs(struct rt_hw_stack_frame *regs);//47T ¥ % % % {3 & 4= Stacktracefz &

void handle_trap(rt_size_ t scause,rt_size t stval,rt_size_t sepc,struct
rt_hw_stack_frame *sp);//Trapi 3 N o

handle_trap ACFEA RN

1. # scause FH/RXE—A S AW, WA tick_isr #EAR Wk 2R 7

2. A 1 BAMSLH scause fRERIXAZ—A S BAMEHW, WA plic FREUAREE A 5 I8 41
plic WWIALFETERL, SR JE HENKT R A B AL 3R 7

3. 2 BARGL, WIHINTHET R S v, 2, WK “Unknown Interrupt”

4. #HH 3 LA, WA ETR SN R, A2 llAH arch_expand_user_stack 22l AT
i Daks il

5. HH 4 DAL, WFTERE L. R arEaiE, A dump_regs FTENHIEH FFF481E
CEFFSFRED A MMu R3S, JRITEIH Stacktrace {58
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Kendryte K210 F&i&EFC

3.1 RwFEBEITHER

B/ bsp HE RN rtconfig.py HACE IEHIR T HEEHKE, RG# bsp HFEFHAT “com-

pile.sh”, BJu[15 %] image.sh, & run.sh "HH D&M, RJFIEIT run.sh BIARIT RS, 2

Ja
TR

FAT = A AR T BB AT AT IR . GER AL copmile.sh LK compile opensbi.sh 4 mI#k,
FED

3.2 WELGR

ZERAUSIREE gemu-rves P&, NILIXH FE ZHF R AR E S0 o)

ATzt i, K210 JEAFFS 1.9.1 BUAFBERSEMIE CEfs L2KRE TRACEKRMN 1.9 BHE

H Ay
FARUE), IZMEAIUT NG — 2R, FN A 2, DU BRIl Y 1 i) 7

1. tlb I&ILER sfence.vm MARE sfence.vma 54
2. TFEENGIFELLE mstatus MAR sstatus HLI, H Sv3o MM S N 9 TARLILEN

O 00 N O U1 b

8

. OBTRRHER) SUM fLEDN 1 WERORRVE S UMM U, MAE K210 fEHI AR, iz A

FrAE PUM, HAEN @ W RAVF S V5 A - ik

7E K210 1, SERMISTHSEE 7 SMAL 15 S73%, RONERBIRAY, 15 SR%E Az X
K210 ) 1r/sc $RLHGKZEM, MWEESEIA bug, HAth A ¥ RIEFHRIETR 21T NI IEH .

£ K210 1, fEff iR A 782 sptbr MAZE satp

. K210 1 sv39 ¥HMIKEN 50 fim AR 56 fif
. K210 M EHWIASCRE A S SR BRG], FEMER s SME A BLH S
. RERMIE N4, BT HTTER R4 sfence.vm 154, WHES SEGIE B (F g4

BAAE MMU DI 5E BT VI H) 1IN A7 ? ARE D, EIZ482 805 20 I# N L fence 1 fence.i
84 )5, IR, BAR AR LB AN, TRER sfence.vm 54 SERRIAH PRIERT S
FIVTAFAR NP 1R ? CHEEFR R SO ORI R, A2 MR B AE 3 URYE 1.9.1 J)
AT HRAZRED,  H ARE XS0 A %

PAN BB 2 2R B LA > 70 AT, KB NI J LB 3%
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3.3. OPENSBI i&fit i H il

e OpenSBI &Mt

e Musl libc &Mt

o MMU &AL

o AR ) 2 DK B T T

o PLL IKZh&EAC

o UART IRKzZhidE i

o Tick HRBNEAC

o REWIEEAFE S

o FWTHEZRSZIN. trap LGN EAIN stacktrace CHF
o SD RIRZNIERL K FAT32 X RGUERD

3.3 OpenSBI i&fC

HTAE 1.9.1 frdEh, TURHLHLAAE M BTFE, PIELTHEAE OpenSBI R FTHI4H 1k TR AL,
35S

[l K210 ASCFR S RIS, PRI ZAS B WL AR SEBLZ AL, BB BT -

oM github 3K opensbi [MUEACAEIEIE S| bsp ) opensbi HxH, AJF#EA platform/
k21e H3k, XHEELEX platform.c BN, M LHEFTULAIThRESCRE, ARG EB N config.mk,
KELFENZE 8, BIGIETFEE bsp FLIgmEMA.

3.3.1 platform.c {&2£

FF OMMU IR, R E R T AN ERAS N MMUTable B4l AR AR AZ DA TR, R AE
k210_final_init BREHAEA 0 NARREBIAGE L MMu AL

u64 ms = csr_read(mstatus);

ms &= ~(Oxf << 24);

ms |= 9 << 24;

csr_write(mstatus,ms);

MMUTable[©@] 0x0000002fULL;
MMUTable[1] 0x1000002fULL;
MMUTable[2] = ©x2000002fULL;
MMUTable[3] = ©x3000002fULL;
csr_write(sptbr, ((u64)MMUTable) >> 12);

IR B S AE mstatus FAERRTTIFE S &K Sv3o HuhEEHEEARLL, SRJ5K MMUTable [ DU
(BEIRANY. 1GB HINAE) #E M1 A, HEA RWX BUR, Rk ITEIEE N sptbr FE8, X
FEFRTEHL T ©0x00000000~0xFFFFFFFF  Hudik i [ 47 R b1k 3] B F b 1k A 540 —6f— s, 7 A% 5] S

3.3.2 K21o st & HIAYSEE

X K210 I WiEE RALE], FRATBTHEIXEERT
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1. HhWrR AR, LR OpenSBI T M ASHIT AL, fEILSEAE mie #7788 P OANIRIT (B
1E#N S B2l HBORAE T PLIC AR pending Fridi, SHEMEEHA M SLLEA D,
RIGBE mip FAAGTH S SHA WAL, WIS S ABIFA

2. f£ M BINBHWIEBEETRR, S BRI WIREE 2, AT, A PLIC RIUIMEH K,
SRIGIEAT PLIC PWrAEHERM, RfEIMEP BB SR, [ S FRE—DMRGHMITA
mie ZFA7ds oI AM A A B8 A7 A T 4K SERZWSCHT (1 b e b

B4 52hr FAE OpenSBI Hfg AN LA 7 Bl

1. ERE M SSMBHWIHRE, BE mie WAASRKEAINEFE, REE mip FAHRTHN S K
R LY og A
2. EAE mie FFAEERHIANE L e AN R G

N TSR — B, AT E] opensBI JEEY H S H ) 1lib/sbi/sbi_trap.c I, € 7 F
sbi_trap_handler %, XA %2 OpenSBI FKAF Trap HIANH, fE switch(mcause)
IIA—A NI IRQ_M_EXT, JFfifiid DA AR SL I F IR 1) 75 3K«

switch (mcause) {

case IRQ_M_TIMER:
sbi_timer_process();
break;

case IRQ_M_SOFT:
sbi_ipi_process();
break;

case IRQ_M_EXT:
csr_clear(mie,MIP_MEIP);
csr_set(sip,SIP_SSIP);
break;

default:
msg = "unhandled external interrupt"”;

goto trap_error;

1

NTSEBEE 8, JATEIE] platform.c, SBI WIRGMA /NPT : r7 TS TRAAY BHR T, r6
TAF A AT R R I ThRE S, TN RGFHE T K EE XRG WA, XHS RGRA MY R
F SBI_EXT_VENDOR_START Fl SBI_EXT_VENDOR_END % & kiE, HIiE N 0x09000000~0x09FFFFFF,
BFAVXHE KA SBI_EXT_VENDOR_START fENY B4 .

SRJEFATEE AP RGEA R TP IR SN W AT OG A AN rh i, L ZhRe 55 LR

#define SBI_EXT_VENDOR_ENABLE_EXTERNAL_INTERRUPT ©
#define SBI_EXT_VENDOR_DISABLE_EXTERNAL_INTERRUPT 1

OEETEEPHINAE SEATEAE
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T H BeiH it

static int sbi_ecall vendor_handler(unsigned long extid, unsigned long funcid,

const struct sbi_trap_regs *regs,
unsigned long *out_val,

struct sbi_trap_info *out_trap)

{
int ret = SBI_OK;
switch (funcid)
{
case SBI_EXT_VENDOR_ENABLE_EXTERNAL_INTERRUPT:
csr_set(mie,MIP_MEIP);
csr_set(mstatus,MSTATUS_MIE);
break;
case SBI_EXT_VENDOR_DISABLE_EXTERNAL_INTERRUPT:
csr_clear(mie,MIP_MEIP);
break;
default:
ret = SBI_ENOTSUPP;
break;
}
return ret;
}

NTHXFA RGN 2 openSBI, AT EE L — /MM 1A:

struct sbi_ecall_extension ecall_vendor = {
.extid_start = SBI_EXT_VENDOR_START,
.extid_end = SBI_EXT_VENDOR_START,
.handle = sbi_ecall vendor_handler,

15

ZERIE LT AT RGER MY R IR 5 ARG S, DR 7 o HdR B

SRIGAE k210_final_init #iff sbi_call register_extension Xt &%t iEATEM

BANT k210 final_init EEMZEBBRINT:

static int k210_final_init(bool cold_boot)

{
void *fdt;

u64 ms = csr_read(mstatus);
ms &= ~(Oxf << 24);

ms |= 9 << 24;
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csr_write(mstatus,ms);
MMUTable[@] = ©0x0000002fULL;

MMUTable[1] = ©x1000002fULL ;
MMUTable[2] = ©x2000002fULL ;
MMUTable[3] = ©x3000002fULL ;

csr_write(sptbr, ((u64)MMUTable) >> 12);
sbi_ecall_register_extension(&ecall_vendor);

if (!cold_boot)

return 0;

fdt = sbi_scratch_thishart_argl_ptr();
fdt_cpu_fixup(fdt);
fdt_fixups(fdt);

return 9;

3.3.3 config.mk 124

OpenSBI & HIMELZF firmware, XL firmware SZHEUAFN T RAEIFHZ, X BEIERAT%EM
FW_JUMP [Eiff, Jf:M ox8ee3eeee it5lF:t% (O OpenSBI Tilfd 192KB [F=¥[H]):

FW_JUMP=y
FW_JUMP_ADDR=0x80030000

3.3.4 SEIMIFRIA

TSI opensbi MigwiE, FAE bsp HX F4wS T —1 compile_opensbi.sh JHIA, XA N %
Wir:

#!/bin/bash

pushd opensbi/opensbi

export CROSS_COMPILE=riscv64-unknown-elf-
export PLATFORM_RISCV_XLEN=64

make PLATFORM=kendryte/k210 O=../

popd
ZIWAE S5 N OpenSBI YihY H 5%, MRJ5 BB S e T HBEATZRAN RISC-V ZEMAL%, RIGHREN
K210 ZEAq It e gm ik 4 R A AE R H 3%, SEPRA bsp HE FIW opensbi H.

NS, <37F opensbi HEARL 1lib Al platform WANHFE, HEIXIRATE HIZ platform/
kendryte/k210/fw_jump.bin X, IXANEJE M N PHEE —.
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NT LM BRSSP, BAME T compile.sh A, ZMANEWT:

#!/bin/bash

./compile_opensbi.sh && scons && touch image.bin && dd if=/dev/null of=image.bin &&
dd if=opensbi/platform/kendryte/k210/firmware/fw_jump.bin of=image.bin && dd if=
rtthread.bin of=image.bin bs=1 seek=196608

A E LA compile opensbi.sh %ii¥ OpenSBI, #RJ5EN— AN AN image.bin FI SRR
RRBBENE, BEER fu_jump.bin 5 ABIEET, I NS E ANBIEE 192KB 1 mF2 ik
i

N TR, WEAMNRS ThERAS, &) bsp H3XTH run.sh, WEUIT:

#kflash -p /dev/ttyUSBO -b 1500000 -t image.bin
kflash -p /dev/ttyS17 -b 1500000 image.bin

ATLAE RS A —ANERAT, SERR BWRTE Linux BIWLHRHREE, wTULH -t SEE S ) 4
AT, HRAE wsl W, iZBER AR E M sm R shE, SEEmMALWIN, KA THE wsl FIEHAEA,
BNt bRk, IRl H A R TR AT

-p ZHURT AR R S D& SR, -b ZHURTINRBERBRFR, R E B G SR .

REBHMEAEMHE sbi #24L1 1ib FE, HEFERAKTRMA, HIHXHESE rtconfig.py H
B2 LFLAGS %1, NN sbi MHZ<HIEEEE:

LFLAGS = DEVICE + ' -nostartfiles -Wl,--gc-sections,-Map=rtthread.map,-cref,-u,
_start -T link.lds -1c -1m -1sbi -1lsbiutils -1lplatsbi -Lopensbi/lib -Lopensbi/
platform/kendryte/k210/1ib '

[FE N T 7N FIEE sbi KRG, FEEK bsp HE I driver/sbi.h U, fIA
WIF W€ X+

static __inline void sbi_vendor_enable_external_interrupt()

{
SBI_CALL@(SBI_EXT_ID_VENDOR,SBI_EXT_VENDOR_ENABLE_EXTERNAL_INTERRUPT);

static __inline void sbi_vendor_disable_external_interrupt()

{
SBI_CALLO(SBI_EXT_ID_VENDOR,SBI_EXT_VENDOR_ENABLE_EXTERNAL_INTERRUPT);
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3.3.5 Musl libc &L

XHEFZOEERT K210 1R THAFRE & FEHAT B, REF A MEME 1Ir/sc $8 X AT 45T
BT amo JPKMHER THAMETRS, WMERIEW malloc I RILH ).

3.3.6 MMU &L

XEFEB libcpu/risc-v/k210_mmu/risv_mmu.c X1, ¥ mmu_set pagetable B ¥ i
Hihk5 N sptbr, [FE4 mmu_enable_user_page_access T mmu_disable_user_page_access [Hft
(ERSINE SIS

SRIG1& 2 libcpu/risc-v/ k210 _mmu/riscv_mmu.h SCPF, & o4 B b ik K F % PHYSI-
CAL_ADDRESS_WIDTH_BITS & 50, #AJ5¥ mmu_flush_tlb() ZEESCNUWITE X:

#tdefine mmu_flush_tlb() do{asm volatile("fence");asm volatile("fence.i");asm
volatile("sfence.vm x0");asm volatile("fence");asm volatile("fence.i");}while(0)

3.3.7 HEHTHIZFIRENIERD

TSP b g Bk S, ERIRATE R K210 ) SDK: 7 bsp/k21@-smart H %A
scons --menuconfig, RJEMKIKHEN RT-Thread online packages -> peripheral libraries and
drivers, " the kendryte-sdk package for rt-thread, F AN, BRAKEN vo.5.6, AR5
PRIFEH, BHEEWIT pkgs --update HEATEMIEH .

SERJEHEANARRFER bsp HI N packages H3td, N TREFRRSHIER L&, FEMEkZE
SENMTETHS TR . git H3, FERMZH rt-thread H3 F.gitignore, ZEFEX} packages H3%
it

SRIERATESDN 1ib FHIFS S0k, % K210 5K SDK Mk, 3 m % RT-Thread Smart
PIAZ AR o

NTAERD PLIC, IAIFEATIF SDK 4 lib/drivers HEH) plic.c X, I rtthread.h.
sbi.h 5 trap.h k3¢, FARRBHEALZRFZZ, BHEE X — current_coreid() %, {HN 0.

BEBY plic_init R, EREERG LB mie FFAEZMMF W LS NEAE, HimiHA
sbi_vendor_enable_external_interrupt FJFFH117.

N T¥ PLIC #: A\ RT-Thread Smart FRWIHEZL, FFEMIM— plic_interrupt_agent MR%({E
A PLIC FUHRWTHEZE 2 [a] iy vh W ab B e AR B 7, 2 ARERE s 0 50 W VR M AE PLIC A EIERALHEFR T
(BN K210 SDK AR Z RN FE P PLIC WP bR v e 1, BRI A Otk 3R 5 it ), SRIGHE
plic_irq_register m/5IHMH rt_hw_interrupt_install ER¥(YE RT-Thread Smart HWHEZEH N
25 SE I Ik 5 g8 T AR SR .

RT R sysctl X usleep BREUMIMKS, HTHATXEMLILHS RT-Thread Smart i 5 #3it
KAs, HILER AR H RT-Thread Smart HUIERT %L, X B STIL—AE M usleep HH UL 2
sysctl MIER 7K.
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void usleep(int x)

{

volatile int i = 9;

for(i = 0;1 < 10000;i++);

SRIEMEE SDK NI SConscript, FE HTH HSwm RIS S

3.3.8 PLL IRFh&ERE (driver/drv_pll.c/h)

XHESZEL T HAED, 508 dev_pll_get_cpu_freq Al rt_hw_pll_init, 4% F3REL CPU
RIS RIRTARE PLL

XHE¥ PLLe WEN 320MHz. PLL1 #WEN 160MHz. PLL2 BN 45.1584MHz, XEFH¥IHA4LE
ESER K210 B AR .

PLLO fEJNE B B4, $24L4s cPu AIkb I2S AP HME, HNRANERR) 26MHZ B4l
PLL1 FrHETERE N AT RO LAERTER, SANZIMT 26M B 4F,
PLL2 A B EAN 12S BITAERBE, HANH =AERE: SN 26M BB oE PLLO/1 HiIf HIR B .

3.3.9 UART IREhEEC (drivers/drv_uart.c/h)

XEAZMERRME RT-Thread IXENHEZLA Ty SUSEIL,  Ssh 7040 T

o rt_hw_uart_init H7EVEME DE&ZATEA varths_init X OWIGELLLER, PLL AIZEME),
FHAETE MR R

o BT drv_uart_putc Al drv_uart_getc, 47815 uarths_putchar #1 uarths_getchar

o BT IHAHE drv_uart_puts %L, HPSCONIAA uarths_putchar

3.3.10 Tick IEzhERE (libcpu/risc-v/k210 _mmu/tick.c)
XEBNT rt_hw_tick_init F11 tick_cycles &R, ot Fit&E .

tick_cycles = interval * sysctl clock_get_ freq(SYSCTL_CLOCK_CPU) / CLINT_CLOCK_DIV /
1000ULL - 1;

3.3.11 WRFANELIZEOSSI

X B rt_hw_board init ¥, rt_hw_interrupt_init HAHZEIMAT rt_hw pll init,
RARUEAE AR BE R WIIRACHT & Je a6k PLL, PRIEZ SR PLL AR B #ERE IR VI 461K -
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3.3.12 FRETHESRSCIT, trap EOEECKIMA stacktrace X

XEAUWT S

o £ rt_hw_interrupt_init &GN plic_init HEOAA, MIEMBIEN plic, AR
set_csr(sie,SIP_SSIP) #IJF S HJEM: Ik fe LMESLUL OpenSBI ek (A& i Iy

o B4 7 dump_regs ' MMU {5 IS, KA satp SO sptbr, [FEIRERXT K210
1) MMU 25 A6 TR RE T B e B

o 7£ handle_trap FRACHEEANE WIS scause F8I1 S AW, FHoRSLEINCA I R
X (RIJeTERR A R S5, AJE N PLIC SREVAM 5 IFE %1 PLIC 58/, T oRAEEEH
Wr, #xJ5HH sbi_vendor_enable external_interrupt oM 0

else if(scause == (uint64_t)(0x8000000000000001))

{
clear_csr(sip,SIP_SSIP);
int plic irq = (int)plic_irq claim();
plic_irq_complete(plic_irq);
rt_interrupt_enter();
irq_desc[plic_irq].handler(plic_irq,irq_desc[plic_irq].param);
rt_interrupt_leave();

sbi_vendor_enable_external_interrupt();

o T K210 LB RN, KA FEFEZMAE 7 57% (Store/AMO Access Fault), Kb
YRS LN TER CEBTIREM Store FH 4 IR0, HRIEY BRI 7 KW o] b2

5D

#ifdef RT_USING_USERSPACE

if(id == 7)

{
if(arch_expand_user_stack((void *)stval))
{

return;

}

¥

#endif

3.3.13 SD RIRFMERC K FAT32 X RSGERD

NTIER SD RIKZ), HJEfE bsp HE FAT scons --menuconfig, KiXKi#t N RT-Thread
Components -> Device virtual file system, 7EFH¥4 The maximal number of mounted file
system 1 The maximal number of file system type #FMEM( N 4, RJ5 /3] Enable elem-
chan fatfs &I, #EANiZET, ¥ OEM code page WE N 936 LI #t, RJEHEM Using
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RT_DFS_ELM_WORD_ACCESS i&TiJ# Support long file name ¥ E Y 3: LFN with dynamic LFN
working buffer on the heap MG K A4 3CKF, JE{RIE Enable the reentrancy DAfRIEZEFE
Sz ol

SRJE#E N RT-Thread Components -> Device Drivers, JiH] Using SPI Bus/Device device
drivers #&3i, 32/ Using SD/TF card driver with spi &I, SRJ5IRAFIEH!

SRIGTE driver/drv_spi.c/h FiHf K210 SDK [ spi #EORELE SPI IKANIER, AHESK
AT LS WIRRY, X AR .

KA S drv_sdcard.c, BESEHL T — rt_hw_sdcard_init, JFH INIT_COMPONENT_EXPORT
(rt_hw_sdcard_init) #T 7, R —MRBHAGVIGEHIET, K< H RT-Thread Smart K
MAEA &I AL E AT A

PP & M5Stack HIJF AN, SCLK. SPIO DO. SPIO D1. CS ZrJl%iM 30. 33, 31, 32 5
10, B+ SD R AIErERYE, ¢S FEF LS|, FitE cs 45x 3 GPIOHS7 (AlE® GPIO 1Y 7 &
10), JFAM GPIOHS M#ED¥iZ 10 #iiatb bR, Hid sasr.

SRFE A B WAL, £ RFEPHIIEL—ANE1ER SPT W&, FEWIMEIL—A> SD K& 4.
HETE bsp HETH applications/mnt.c # romfs_mount BRELHIIA—ANHEERII:

dfs_mount("sdcard", "/mnt", "elm",0, RT_NULL);

KT PRUEFEEONR 3T, X EFEHFNGEGR B X H userapps HEH, 7£ root HgHi i —
/\WE’] mnt H3, HEK write rom.sh IR IZAIER k210-smart bsp HZFIFPATZHIA, i
—H RN TR RS T HE mnt 355,

BHT RT-Thread Smart B[ SD RIKFLE K210 #&Hl#A — & KA MR M, KX BT R%
WK SD RIXSNBIAT T8, B SCHAF/ET components/drivers/spi/spi_msd.c (4.

ANFEA B R R Z RSN e SPT #aiil #5 v] DARI A AT e S A, DRI LA Ix AN ) /& o 7 45+
Ab, Hodr—3 AR 2 A IR AROE SR X HFIEN FF ORAERT, [HU27E K210 H, iX2id Bont B 15 B[]
ENNE G EAET TR
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2E D1 EEER

4.1 HwIFEBITHRN

B bsp HETM rtconfig.py WHECE IEMM T HEEHE, RIEE bsp HEHHAT “scons
-iN”? (N FoRFFATHD, WIA[15%] rtthread.bin, 11T generateimg.sh Bia]4:pn] -+ uboot /&%)
) rtthread.img, fHHKF Y-Modem PRl iE: MR TH (1 XShell) HEIF AR, Halif&Kiz 1
HEN uboot, #RJEHAT “loady 45000000;bootm 450000007, #RJ5iEiL Y-Modem WhilfLHmEil4 ) &
SRR 530

4.2 FBELRIA

ZIERAIRER gemu-rvesd T, UL R FEGT RN AEZ S D .
PR R ECRE D A R LA D8R

e MMU &R
o UART IXz#i&ERD
o Tick IX#NEAC

4.3 MMU &EfD

XEFEBN libcpu/risc-v/k210_mmu/risv_mmu.h X, 42 D1 KRR €906 X LRI E
SGEAT TH R, AN TW N LA

e 59 - SEC fi

e 60 - Shareable fi

e 61 - Bufferable fii

e 62 - Cacheable fif

e 63 - Strong Order f7
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4.4. UART IKzhi&fd (DRIVERS/DRV_UART.C/H) i H il

BT H A& A A OB SCR, Rk BT B AL S U, HATAE I Cacheable #87R AT
FI TR P4 Cache, Strong Order &M Ti&#&BUN T, FRIRUEV MH & Strong Order Viff
i EK. BRI HAES R coe6 MR A N RT-Thread SZ#l, &2k PAGE_DEFAULT_ATTR_LEAF 5
PAGE_DEFAULT_ATTR_NEXT %%, MOAG0 Fig¥i:

/* C-SKY extend */

#define PTE_SEC (1UL << 59) /* Security */
#define PTE_SHARE (1UL << 6@)  /* Shareable */
#define PTE_BUF (1UL << 61) /* Bufferable */
#define PTE_CACHE (1UL << 62) /* Cacheable */
#define PTE_SO (1UL << 63) /* Strong Order */

#define PAGE_DEFAULT_ATTR_LEAF (PAGE_ATTR_RWX | PAGE_ATTR_USER | PTE_V | PTE_G |
PTE_SHARE | PTE_BUF | PTE_CACHE | PTE_A | PTE_D)

#define PAGE_DEFAULT_ATTR_NEXT (PAGE_ATTR_NEXT_LEVEL | PTE_V | PTE_G | PTE_SHARE |
PTE_BUF | PTE_CACHE | PTE_A | PTE_D)

H Al M AE 8o A8 PTE_A Ml PTE_D &I, {HSZIAINES SH MMU BURERE.
SRIGEEM mmu.c HH rt_hw_mmu_kernel map_init &%, BECNWIRNE:

rt_size_ t paddr_start = __ UMASKVALUE(VPN_TO_PPN(vaddr_start,mmu_info -> pv_off),
PAGE_OFFSET_MASK);

rt_size_t va_s = GET_L1(vaddr_start);

rt size t va_e = GET_L1(vaddr_start + size - 1);

rt_size_t 1i;

for(i = va_s;i <= va_e;i++)

{
mmu_info -> vtable[i] = COMBINEPTE(paddr_start,PAGE_ATTR_RWX | PTE_ G | PTE_V |
PTE_CACHE | PTE_SHARE | PTE_BUF | PTE_A | PTE_D);
paddr_start += L1_PAGE_SIZE;
}

rt_hw_cpu_tlb_invalidate();

R g4 TR IATRSE I _F 44 PTE_CACHE | PTE_SHARE | PTE_BUF | PTE_A | PTE_D J&fk.

SRIGELE bsp H3 R board.c F) rt_hw_board_init A%+, ZE#4T5E rt_hw_mmu_kernel_map_init
PR 5, EONML 1GB ¥4 MMIO WX 2% PTE_CACHE 5 PTE_SHARE J&PE, [N E PTE_So J&
P, DAORAIE 1 & 25 A7 a8 (1) IE 5 U7 1]

4.4 UART IEZhiERC (drivers/drv_uart.c/h)

T HATX T4 & D1 /) UART 548 5 PLIC 28 AHoCHIIE I ANE 28, Rhix BOR F 262
Rl oy SRS A DRI AR, SEELT R AR

40 HR®IHRE



i H B-s 4.5. TICK 3K#M&ERE (LIBCPU/RISC-V/T-HEAD/C906/TICK.C)

e drv_uart_putc B sbi FEALRHEEN

o 1T sbi HE DEWIRENFEE BUG, TLvEIEMARIIN UART 42482 5 B s 1A JdE, 23
BEBEEERIR R, KX EAEY Linux F4dE D1 FIIKED, szl dev_uart_getc 0

o RIETEE—ANLHIER, ZEHS 1oms WH—K rt_hw_serial_isr, il rt-thread R&N
ZIHH drv_uart_getc #2H, MRAGREEFIWHE SA A BEE, IR I AL B g

o T UART WILAILET, RAMLRENHLE R TEAILGEM, K, ZRALELERR main ZLFEFHE
JE 3

4.5 Tick IEENERE (libcpu/risc-v/t-head/c906/tick.c)

BT HATS F48 D1 B Mah il A E R, RIIX B EE tick_cycles KIfH)y 40000,
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i

%5
Dream0S A#zAYFEKIZFA (F B 2R #%)

5.1 WitéEFk
TERHM RT-Thread IR d, 23 T ML UM, NTEEY, FFH2RES
SR

ZHEERH C iBSHwE, ARTSRERMGAE github OEEH: https://github.com/lizhirui/

dreamos_cversion,

LA 4 % Dreamos, SKH arch/bsp/firmware 43851077 RALURIY, FERH T scons 1E
NRERYGE, EH T RT-Thread FrRH K scons ZmiFiA.

AT FZOSSMA R A EEH, ERAIZEOSHEAMZEOSSHS NIRRT, WZHEXEHK
#EfEF Doxygen HHIEIHITIERIRIC

RRBXPHBIIFHER BN os_ Tk, HKRFABEEREITHZ

HEEMUT:
% 5.1: DreamOS UWE{CHGH F4#)

Hx4 FHi&
arch CPU F54 S ZEMIAH IARHD
bsp FFE CPU T E A0S
firmware [ A HE A ARG
include PAZ A~ FE S S5 NIX
src WAZIRACHE S
tools A7 T G B VA RN 8 T H

5.2 Rzt
src HETEEWTJUAB I
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5.2.  WZELF

T H BeiH it

# 5.2: src HRXHE

P Fi&

memory WAook H 5%

vfs RESCATE R G8 H 5%
os_annotation.c P A% i SR
os_bitmap.c A=SE s

os_debug.c A% IR DD RE LI
os_device.c W% S

os_elf.c ELF fn#kscil
os_file.c SR AR SR
os_hashmap.c hashmap 5231
os_init.c W AZ A AE 0 ST
os_interrupt.c Hh 1 S

os_io.c il & A/ E ST
0S_memory.c Rpea=giis

os_mmu.c MMU F &R G2 8l
os_mutex.c RS
os_string.c — LG AR A R A BRI
os_syscall.c ZR 48R FHAH RN R G 1A F S
os_task.c 551 FE ST
os_terminal_color 5 1) & B e 2 i) S
os_tick.c W% Tick FHRINEESLIN
0s_vfs.c VFS SZE
os_waitqueue.c EXINIE S

Hr, src/memory HFH ST LN

%+ 5.3: src/memory HFE &

yELES Fi&
0s_memory_page Buddy System T4 it Hyk s
os_memory_slub Slub A7 AL B2 S

M src/vfs HIHUAAE T LA
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A4 Fi&

os_vfs_devfs.c WA ARG S

os_vfs_romfs R RGeS
WAZIE I 3 7 LN

void arch_task_switch(task_t *old_task,task_t *new_task);//Jl T arch I 4E % %
void arch_task_stack_frame_init(task_t *task);// f Tarch I 4145 1L 4£ n#£+w

void bsp_early init();// A T 3t N A 4 0 69 41 45 1L

void bsp_after_heap_init();// A T & 3 5 BB &9 w45 1L

void bsp_after_task_scheduler_init();// A T A & & % w456 1 2 Jg &9 w145 1L

void bsp_puts(const char *str);//H T @& 4 & 47 F i &

bool t bsp_interrupt_disable();// i T ¥ &7 & ik

void bsp_interrupt_enable(bool_t enabled);// H T ' &f 7F &

bool_t bsp_interrupt_handler(enum interrupt_type interrupt_type);//H T ¥ b7 & 2

NI ARIZ AT N

5.2.1 os_annotation.c

WO T WA AL B, FriBVEMEhAE2TE, ERECTE —SARiCH TSR S, S
AR B R (ISR BEDR VRS SERIIaTE, L B ERISAT AR B R OCR).

A A SEIL T —MEME G AL BT, B

void os_annotation_handler(const char *ex_string,const char *func,os_size_t line,
const char *error_msg);// i ff i& 5] & 32 42 5

HF7E os_annotation.h FWRAEH T JLNIUA HITESE:

VAR X 2

#define 0S_ANNOTATION_NOT_IMPLEMENT() OS_ANNOTATION(OS FALSE,"This function isn't
implemented!")

/% EHEH ET X

#define OS_ANNOTATION_NEED_TASK_CONTEXT() OS_ANNOTATION((!os_is_in_interrupt()) && (
os_task_scheduler_is_initialized()) && (os_task_get_current_task() != OS_NULL),"
This function must be called in thread context!")

[/EEZEFPH LETFTL (R—RRAEHS LT, TTRABFH S —NESFZI AT mIE LT L)

#define OS_ANNOTATION_NEED_NON_INTERRUPT_CONTEXT() OS_ANNOTATION(!os_is_in_interrupt
(),"This function can't be called in interrupt context!")

//E EF B £ETF L

#define OS_ANNOTATION_NEED_INTERRUPT_CONTEXT() OS_ANNOTATION(os_is_in_interrupt(),"

This function must be called in interrupt context!")

B &itHRE 45
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//EE2RNAETZEZAETRMIER

#define OS_ANNOTATION_NEED_DYNAMIC_MEMORY() OS_ANNOTATION(os_memory_is initialized()
,"This function can't be called until dynamic memory system is initialized
correctly!")

/1% ZE5 AR BT R4 K

#define OS_ANNOTATION_NEED TASK SCHEDULER() OS_ANNOTATION(
os_task_scheduler_is_initialized(),"This function can't be called until task
scheduler is initialized correctly!")

/] %H ZMMUT & % %k #45 1

#define OS_ANNOTATION_NEED_MMU() OS_ANNOTATION(os_mmu_is_initialized(),"This
function can't be called until mmu is initialized correctly!")

/] & ZMMU % A& A0 45 4

#define OS_ANNOTATION_NEED_MMU_PREINIT() OS_ANNOTATION(os_mmu_is_preinitialized(),"
This function can't be called until mmu is preinitialized correctly!")

//E ZVFSE ik # 45 1L

#define OS_ANNOTATION_NEED_VFS() OS_ANNOTATION(os_vfs_is_initialized(),"This
function can't be called until vfs is initialized correctly!")

//E 2K E&ETER T MR

#define OS_ANNOTATION_NEED_DEVICE() OS_ANNOTATION(os_device_is_initialized(),"This
function can't be called until device is initialized correctly!")

Hrh, OS_ANNOTATION % HIE UK.

#define OS_ANNOTATION(condition,error_msg)

\
do
\
{
\
if (!(condition))
\
{
\
os_annotation_handler (#condition, FUNCTION__, LINE__,error_msg);
\
}
\
}while(0)

BRI SR TE AR B AR AT LA S AR (8 R 05 2
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5.2.2 os_bitmap.c

GO SEEL T e B SR, EEM TR ERWALNS G, LIl r it

os_err_t os_bitmap_create(os_bitmap_p bitmap,os_size_t size,void *memory,os_size_t
default_value);// 8 #E — Mz B

void os_bitmap_remove(os_bitmap_p bitmap);//4 % — Nz B, ZAEHG A GEEHN A A DB
Maashams, tHNEE2HAPaTLE

os_size t os_bitmap_get bit(os_bitmap_p bitmap,os_size t id);// 3k B4z A &9 15 < 4z

void os_bitmap_set_bit(os_bitmap_p bitmap,os_size_ t id,os_size_t value);//i% & 1z K 49
15 € 1z

os_size_ t os bitmap find_some_ones(os_bitmap_p bitmap,os_size t start_id,os_size_t
count);// R E B FEZLWG ET AL, FERELELT (KT 45)

os_size_t os_bltmap_Flnd_some_zeros(os_bitmap_p bitmap,os_size_t start_id,os_size_t
count);//RE B FELGE T A0, FLEBLMLEZST (KT 4)

void os_bitmap_set_bits(os_bitmap_p bitmap,os_size t start_id,os_size_t count,
os_size t value);//#E X E RO EREZ AL/

AL EBIER, R memory ZEUN 0S_NULL, W& HINSECHNAE, HTE remove I HBNEEZN
17

R RMED 2 1%

5.2.3 os_debug.c

ORI T S ARSI RE A Stacktrace CRF, TEIE RN RT-Thread Smart Qemu-rvéd P
B 55T Stacktrace FHIAHICSZINEH .

WO TR R

os_symtab_item *find_symbol_table(size_t symbol_table_addr,size_t symbol_num,size_t
address);

const char *get symbol_name(os_symtab_item *symbol);

void print_symbol(os_symtab_item *symbol,size_t address);

void print_symbol info(size_t address,bool_t function);

void print_stacktrace(size_t epc,size_t fp);

GO E RSB T — ST RS WS R, RS

#define OS_BUILD_ASSERT(condition) ((void)sizeof(char[1l - 2 * (!(condition))]))

KINZE R EAE T, AN & ERAT R A, SR RE B I HA VAR 2 16 18 1L
HHIIBIER RN #ifdef 5 #error SEZALHTH), (HATABASASHS SRR H ERIEN, W
A sizeof WIWERILN, MXLEFIANXBRIETALBI BOCIETHR, (HR A0S B AT DLt 5 oK,
PR e 5 (0 2R A A R T G ), LR B
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XSRS —A sizeof iEf), sizeof MIXIHZE— char H4L, 1M char HAHM AN HRIER
“1 - 2 * (I(condition))” W, MWiE %MK, (condition) MIMEN @, M FiksRik=N{E
oA 1, MR RATATIEEE R, BInTdmieiEad, (Hi2, HW S K MEARGLE, 1 (condition) MIMEA 1,
M FR XX E A -1, TN RV GE, W mikddsi i, 51 P £,

5.2.4 os_device.c

OO T W AR A B AR ORI T, H AT RGBT WA 1 BN T 25 R R R -

struct os_device
{
char *name;// % % %
os_bool_t initialized;//# TR & 2 & & WL
os_size t flag;//#% & & &
os_size_t open_flag;// & & 4T F 4+ &, % WOS_FILE_FLAG_#8 X 47 &
os_size_t refcnt;// 3 B #
os_mutex_t lock;// 4i
void *priv_data;//# # # 4%
os_list _node_t node;//7?| & 7 &
os_device_ops_p ops;// & & B4 B & 4 K4
s

Hor, B A ek B i H g SR

/7% & B AE & R MR
typedef struct os_device_ops
{
os_err_t (*init)(os_device_p dev);// ik & #7145 1L
os_err_t (*open)(os_device_p dev,os_size_t open_flag);//i% & 47 I
os_err_t (*close)(os_device p dev);//i% & % I
os_err_t (*read)(os_device_p dev,void *buf,os_size_ t pos,os_size t size);//% &
ERE
os_err_t (*write)(os_device p dev,const void *buf,os_size t pos,os_size t size);
//&&B N
os_err_t (*ioctl)(os_device_p dev,os_size t cmd,os_size_t arg);//i% & ioctl

}os_device_ops_t,*os_device_ops_p;

RS20 M

os_list node_p os_device_get list();//ik & & 7| &

os_device _p os_device_find(const char *name);// A ik & 7] & F F &K — /K &

os_err_t os_device_register(os_device_p dev);// % % i

os_err_t os_device_op_init(os_device_p dev);// i B % & 49 41 45 1 ok 3L

os_err_t os_device_op_open(os_device_p dev,os_size_t open_flag);// i f % & &9 47 9F & 3%

os_err_t os_device_op_close(os_device_p dev);// i A i% & a9 % 1] &
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os_err_t os_device op_read(os_device p dev,void *buf,os _size t pos,os size t size);
/78 R & & 69 9% 3R #

os_err_t os_device_op_write(os_device_p dev,const void *buf,os_size t pos,os_size_ t
size);// A Ak & 69 5 N B #K

os_err_t os_device_op_ioctl(os_device_p dev,os_size t cmd,os_size_t arg);#A A X & &
ioctl sk %%

os_bool_t os_device_is_initialized();//HI¥ ik & E X2 F T LMK T R

void os_device_init();// 4L i% & & 2 %

5.2.5 os_elf.c

POCHESEIL Y ELF RIATINEL, HT sys_execve ZRGLVHHIMEH P AR HEFEH, S8l
iRE

os_err_t os_elf_load(const char *path,os_size_ t *entry);///= #ELF, 47 Z & & & F 6o
FRAES R EHRGR EF LAFF X

5.2.6 os_file.c

WO VFS B8, SR T OSCMHRAESCRE, 8 LT AR SRk

[/ R A M AR
typedef struct os_file_state
{
os_size t type;// & %
os_size t mode;//# X
os_size_t size;// kI
os_time_t access_time;// & 5 i7 [°] B I
os_time_t modification_time;// & /& 15 7L i I
os_time_t creation_time;// & /5 € & & 7]
}os_file_state_t,*os_file_state_p;

typedef struct os_file fd os_file fd_t,*os_file fd p;

[/ B F R LA
typedef struct os_dirent

{
char name[0S_VFS_PATH_MAX + 1];// % #&

os_size t type;// £ A
}os_dirent_t,*os_dirent_p;

[/ X 3 AE R SR AR
typedef struct os_file_ops
{

GiE®HRE

an
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os_err_t (*open)(os_file fd p fd);// L # 47 7F
os_err_t (*close)(os_file _fd_p fd);// X # % I
os_err_t (*ioctl)(os_file fd p fd,os_size_t cmd,os_size_ t arg);// X #Fioctl
os_err_t (*read)(os_file fd _p fd,void *buf,os _size_ t size);// L # & #
os_err_t (*write)(os_file fd_p fd,const void *buf,os_size_ t size);// L # 5 A
os_err_t (*flush)(os_file fd_p fd);// X #flush
os_err_t (*1lseek)(os_file fd p fd,os_size t offset);// i # i 5 45 4 i %
os_err_t (*readdir)(os_file _fd_p fd,os_dirent_p entry,os_size_t count);//# B H
& I
}os_file _ops_t,*os_file_ops_p;

/] XA S AR
typedef struct os_file_node
{

char path[OS_VFS_PATH_MAX + 1];// X # % &
os_size t type;// £ A

os_size_t size;// kb

os_vfs_mp_p mp;// kB89 8 & &5 M) 4k 45 4
os_file_ops_p ops;// X # & AF & 2 & 25 M4k 45 4
os_size t refcnt;// 3l A #

void *priv_data;//# & % 4%

os_list _node_t node;//%| % ¥ &

os_mutex_t lock;// %l

}os_file_node_t,*os_file_node_p;

/] XA R K 5 AR
struct os_file_ fd

{
os_file_node_p fnode;// % B # ST AF i & 45 A4 4K 45 4t
os_size_ t open_flag;//4T F 4 &
os_size_t pos;// % Al 5 4544z B
os_list node_t node;//7?| & 7 &
os_mutex_t lock;// %l
}s

[/ X AR & 2 AR

typedef struct os_file_fd_table

{
os_bitmap_t fd_bitmap;// L # 44 &£ & 12 B
os_hashmap_t fd_hashmap;// T #F # & 55 % 4 %
os_list _node_t fd_list;// L # & & & 7 &
os_size t refcnt;// 3l A %
os_mutex_t lock;// %

}os_file fd_table_t,*os_file_fd_table_p;

Hrp, BHTIF-ACE, sl B RSCER T, HEX TR, 22 A0ldE—
AT U, A SCIERRIR AT AT REORIRAl— NS, TR, I#%*@%ﬁﬁﬁ(@%%é\%
JEXF ARG SEEASRR TS R, MRS IR ST bR S5 M SRR T S R 1 -
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N SEMH PSR SCR, REN AR EoME— id, K, SRAHAEBET id 8, Jf
KM hashmap ¥ id B BISCHARRF AR TRE, DURMEEGE T o(1) RUPREMI AR DIRE, [FI,
S8 TR — AN SO AR R 2 10 I A7 STt R R B NSO HR R 912, DA SOt 3 24 B ] LU
TR AE P o A A7 4 B R A [l 0Ac
5.2.7 os_hashmap.c

I T —A hashmap, BI@EEME A FMNEEEX K519, hashmap Z5H4ARE LR :

struct os_hashmap

{
os_list _node_t *1list;//% A 7 27 & & &
os_size_t count;//% A T &7 & #K
os_size_t count_bit;//% A 1 % 7] & # 69269 3+ K
os_hashmap_hash_function_t hash_function;// 7% 7 & i
¥

N T IR B TS, B BURTESL, DI ARG EY 2 9%, [, 8 7 gk R
AL TSR MR, #OEE T NBIR, IR R A5 R I 2 AT B AR DL I

A BREOTEANEFIT, hashmap BOTEBERTREA 0(1) iBALE] o(n), BL, Mot £0HE
B, AR ABOR LB SEIL hashmap HIEE— DR AIER, X, SIFHEHLHES T 0(logn),
PERE R -

RGPS T —ADBOARIE A R E, Sl A B DR #AE, BARSEBln T

static os_size_t os_hashmap_default_hash_function(os_hashmap_p hashmap,os_size_ t key

)

return key & MASK(hashmap -> count_bit);

hashmap [{&E— TR — Ry, HoE LT

/1% A T &
typedef struct os_hashmap_item
{

os_size_t key;//%
void *value;///f4
os_list _node_t node;// 7| & 1 &

}os_hashmap_item_t,*os_hashmap_item_p;

FILLEREE], % hashmap BOCFRPREOVEENTEOL,  H AT B0 747 8 BB S0Rr, Z P LB SEEL,
PSR EIRVEE N EES

hashmap SZEL T 40 R4
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os_err_t os_hashmap_create(os_hashmap_p hashmap,os_size t count,
os_hashmap_hash_function_t hash_function);// %] # hashmap

void os_hashmap_remove(os_hashmap_p hashmap);// % % hashmap

os_err_t os_hashmap_set(os_hashmap_p hashmap,os_size t key,void *value);//% & i />4
SR, RN RSB IGEE, KA A6 E

os_bool_t os_hashmap_get(os_hashmap_p hashmap,os_size t key,void **value);// 7k Bt 3t />
2SS

void os_hashmap_remove_item(os_hashmap_p hashmap,os_size_t key); #l & £ /A~ 4

5.2.8 os_init.c

XEEEH T AN EE, Hd print_logo M TTEIAN#% Logo, print_system_info T i
H print_logo fTENA#% Logo, [FINFTENANZEAIER, os_build_check HT RG4miEHkd, 1M
os_init MM T AEWILGEL, XH2NZTAL.

os_init MREHATHHEWT:

. PUT R G iEAE A

. A bsp_early_init SEM(EIEMIN bsp WAtk TAE

. A print_system_info #TEIN# Logo FIfEE

WA os_memory_init ¥IIBELINTET R4

W os_mmu_init #IAL MMU F R4

WH bsp_after_heap_init SEMENEC/EH bsp FILHL TAE
. ] os_device_init HJUAIL A TR AS

. A os_vfs_init ¥4tk VFS

. M os_task_scheduler init 52hAT55 1 2sw)ta1k

. i bsp_after_task_scheduler_init 5EM{E45HEZRVIMGEILE R bsp WIUHM TAE
. Il os_task_scheduler_start J&izhifiE 4%

W 00 N O U1 A W N B

[EEG Y
[

AR AL AR B T ARBUE 55 £ 30, I IEIRAE SR S iRt AR, I BE AR A TR B 4 A sl #k
idle f£%, idle fEMM#K main (£%, SAJSTE main A£55 1 58 ORI AR IWIIAIL TAE (BFRER& ST &
g, R R4, B85,

5.2.9 os_interrupt.c

PO SEEL T MR PR ITHEZR SRy, BRIl 7 i R LAME

void os_enter_interrupt();//# N\ ¥ W B il
void os_leave_interrupt();// & JF F B & i@

bool_t os_is_in_interrupt();// A ¥ % AT 5 & & & /7 & F #7 F

bool t os_interrupt_disable();// X W B, JFi& & X ¥ bf a7 &9 & B R &

void os_interrupt_enable(bool_t enabled);//7F ¥ W, 2 & ¥t & & & F Bk &

Fa N A% R H Y AT 69 P B Bk

fn N B AT G AT 69 P B B K
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5.2.10 os_io.c

XA FEERIT os_printf Ml os_puts, HTIAMH bsp_puts HIORsZIl, RBEEHT
RT-Thread [ rt_kprintf pRESLIL.

DWW

void os_printf(const char *fmt,...);

void os_puts(const char *str);

5.2.11 os_memory.c

GO T AT R 58, NWRSRME T WAE D BEAVR TR D RE, BIZhASWAFE B R, & T Buddy
System SZHFN Slub SCHF, I M T UURZONIIA A BL, &4 F /T — AN BUH R/ K A7 B,
HACK AL, MR TREE IR WA TREEI 7T E:

void os _memory init();// N & F & % 445 1L & 3

os_bool_t os_memory_is_initialized();//48 7= N & T & %42 & & 45 L Tk

void *os_memory_alloc(os_size_ t size);// s Bl i< K /89 A &

void os_memory_ free(void *mem);//# % N &

os_size t os_get _allocated memory();//HK IR E 5B & N A& K v, 3K I8 £buddy systemd £
BT EK, ~FESIub T WL AZIHT @

os_size t os_get total memory();//3k B .2 A & K

os_size_t os_get_free_memory();//ik B = A A & K
N2 WA T RGN ORI EE I

5.2.11.1 memory/os_memory_page.c

BOCAFSEEL T Buddy System, X HLESEUL— NZSEBLITR I A AR5 75

TIRNNAEP D NPT, BT 2 metadata, JaF&for 2% Ui, M RT-Thread Smart
SEHUAN R 5, 3 5L PR DR 93 ) P R B T o

X EEE AN &
« meta_size - metadata ZEMIERMIR/N (SEPR BRI/ 2 B EFEAT 7R
o page_size - Tl K/h

o mem_size - FJHMNAFER/N
o page_num - 3 Ui %L

MR I E S ARE AR (T

mem_size

age_num =
B Lmeta_size + page_size
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i BT, AR S R AR T Y
KHEFW 7T R

void *os_memory_page_alloc(size_t size);// W @ 4 f (3 K/ A289 %, H>=size)
void os_memory page_ free(void *addr);// M & # &
size_t os_memory page_get_allocated_page count();// 3k B & 4 B &) T @ 3L =

size_t os_memory page _get free page count();//3K B = H N & #% =

size_t os_mmeory page_get_total_page_count();// ik B % W & &

void os_memory_page_init();//buddy system# 45 4L

5.2.11.2 memory/os_memory_slub.c

CHESEIL T Slub WAEAMECELVE, MELT Linux 105, X BRI AIESE I BN s —28, T
WIISEILPRARE 2 8, I A E NUMA RSiF1 Cache PEAEMUAL M. Slub WIEELENEMKHT Buddy
System WAEZ ML IVESRBEAAETL, Slub 516 A7 TUHEAT 2 — 20 41 5y, SR AN T UK/ &N A7
B oy B S fr, HNEB I SCH TG Bl 0S_MEMORY_SLUB_MIN_ORDER 5 0S_MEMORY_SLUB_MAX_ORDER
FL[F]#f %E: OS_MEMORY_SLUB_MIN_ORDER HRIMWEME N 3, HlERRE/NHINAIRKNN 8 F75,
0S_MEMORY_SLUB_MAX_ORDER HEIMIBEM N 11, Wil RRpmE A AFEIA/N N 2K, £ H 5 #8 )
o, K ARSI IS T U RN — 2, B2 51 AE T RAEMIE R R K HE, SE R
S ] PR 1) 8, AR, OS_MEMORY_SLUB_MIN_ORDER I AH /N, HN&SHclERid%, i
T 2% R ) LR R B

e VN 1 TS

void os_memory slub_init();//Slubn 45 1L & 3%
void *os_memory_slub_alloc(os_size_t size);/# Bl 45 € K > 89Slub
void os_memory_slub_free(void *object);//#H % — />N & &

5.2.12 os_mmu.c

WIS T MU T RS, 1R T 10 Mapping MMUSHR(ESCEF, HATEZSGFNHIUR, ROET
R AR

void *os_mmu_create_io_mapping(os_mmu_vtable p vtable,os size t pa,os_size t size);
// 4 #£I0 Mapping

void os_mmu_remove_io_mapping(os_mmu_vtable p vtable,void *va,os_size_t size);//# %
I0 Mapping

os_err_t os_mmu_create_mapping_auto(os_mmu_vtable_p vtable,os_size_t va,os_size_t
size,os_mmu_pt_prot_t prot);// A B MM AL R F A DS ERBIEAR F = N

os_bool_t os_mmu_is_initialized();//4& T=MMUT % 4% & & & 45 L 2 &

os_err_t os_mmu_vtable_create(os_mmu_vtable_p vtable,os_mmu_pt_11_p 11_vtable,
os_size_ t va_start,os_size t va_size);// 4l #E W &
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void os_mmu_vtable remove(os_mmu_vtable p vtable,os _bool t remove_mapping);// % % I
%

void os_mmu_switch(os_mmu_vtable p vtable);// %74 M &

os_mmu_vtable p os_mmu_get current_vtable();//3k B % AT 49 M & 2& #) 4k 45 41

os_bool_t os_mmu_page_fault_handler(os_size_t addr,os_bool_t write);// M @ fault 4 %
2 5

void os_mmu_init();//MMU-T # % 4145 1L

H o WAZAC FR e e i, (H2 FR 28 10 Mapping. A TRIESMES WK 10 Mapping —
HtE, XEFEMED Page Fault, MW VT AR E VI M — N JERGREERS, RN E]E A TTERR 10
Mapping X1, N I0 Mapping M PA%TTER A il — 00 B 240 AT S5 R . CH AT AR 54523

5.2.13 os_mutex.c

O SEIL T R SCRE, RN SCRRE IR AT, 28R SE IR A RS, HRTSEIL T AR R A

void os_mutex_init(os_mutex_p mutex);// & JF 4 #1 45 4L
void os_mutex_lock(os_mutex_p mutex);// & JF i 5 =, X 4% )3 4 A

void os_mutex_unlock(os_mutex_p mutex);// Z JF 4i fif 41, 4% i )3 8 F

5.2.14 os_string.c

BT H AT TAET 1ibe FE, KUCTRZSCH —LefE 8y, R ps (D REFIXS R34 5
C R B, X EAEX I REAT IR ):

size_t os_strlen(const char *str);
void os_memset(uint8_t *ptr,uint8_t value,size_t size);
void os_memcpy(uint8_t *dst,uint8_t *src,size_t size);

void os_strcpy(char *dststr,const char *srcstr);

5.2.15 os_syscall.c

S TSI syscall AHRMIBRE, FF3HAT BARM syscall sEBl, HATSZIL T W R syscall Af
KB

static os_err_t os_copy_ from_user(void *kernel mem,os_size t user_mem,os _size t
mem_size);// A TEAKFAAMAPFPEHENBAKS, AFATEAABAAANAD KA P A F %
B2k % B

static os_err_t os_copy to user(os_size t user_mem,void *kernel mem,os_size t
mem_size);//A TEAKFAAMAABRESHENZNAPrS, AaFATAABAA L o RLESTEA
F A A B
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static os_err_t os_clone_copy_memory(os_task_p task);//# T ClonefBt 3% I 7 & B 4% 5+ 45 N
BT AR @B, A E e A AR

[FIRf, XHESZHT openat. close. getdents64. read. write. fstat. clone. execve. exit.
getpid. getppid. yield, M execve 5 write RGWH O LLEHMH, H'e RS0 E RN,

5.2.16 os_task.c

KR MRS R A e SRR SR SE L, task SEHIARIIE (IR

J/AE S N T B H KA

typedef os_ssize t (*task_func_t)(os_size_t arg);

VUECE - i)
typedef void (*task_exit_func_t)(os_ssize_t exit_code);

TS TS
typedef enum os_task_state
{
0S_TASK_STATE_RUNNING, //iz /7 &
0S_TASK_STATE_READY,//#t 4 &
0S_TASK_STATE_BLOCKING, // 8 & &
0S_TASK_STATE_SLEEPING, // #& 1A %
OS_TASK_STATE_STOPPED,//#4 it & (HEH e &Mk H ©, FHF S HE)
}os_task_state_t;

[/ X R R A ATE XA E
typedef struct os_file_fd_table os_file_fd_table_t,*os_file_fd_table_p;

[/ 1E % & AR

typedef struct os_task

{
os_size t sp;//BRTMMAG4, EALRELEMIKRGE —A, AFZEET I WERICHEF 7
os_size_t stack_addr;// & A2 45 3 4k
os_size_t stack_size;//# K /b
struct os_task *parent;// % 4E %
char name[0S_VFS_PATH_MAX + 1];/// % %
char path[0S_VFS_PATH_MAX + 1];//4t % % &
os_size_t pid;//Process ID
os_size_t tid;//Thread ID
os_size_t sid;//Session ID
os_size_t priority;//# % £ &£ &
os_size t tick_init;//#0 A &9 bt 1A A
os_size_t tick_remaining;// % 4 B A A
os_task state t task state;///it % Kk &
task_func_t entry;//HE % AN
os_size t arg;//tE 45 N0 A K
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task_exit_func_t exit_func;//HE 4B H HH (A FHESLERENHRBEFE)

os_ssize_t exit_code;///t % i& i 2

os_size_t brk;//¥ £ R

os_size t init_brk;//¥ F *

os_file_fd_table_p fd_table;// i # 44 i i &

os_mmu_vtable p vtable;// W %

os_list node_t task_node;//4t % 71 % ¥ &9 7 &

os_list node_t schedule_node;// i & 7| & & §

os_list node_t child list;//F 4 % 7 %

os_list_node_t child_node;//F 4 4 7] % % 49 7
}os_task_t,*os_task_p;

FEH T RED:

os_task_t *os_task_get current_task();//3k B % AT 49 4L %

os_err_t os_task_init(os_task_p task,os_size_t stack_size,os_size_t priority,
os_size_t tick_init,task_func_t entry,os_size_t arg,const char *name);//# 45 —
ANAE % 25 M) 4R

void os_task _remove(os_task p task);// 4 %t %, ZHIHK A THESLEMAERAABZ T H H,
—HBRATHESAETNFREFE, FAZEE ST AR ZIHK, TUTRFERENHR

void os_task_startup(os_task_p task);// B it %, ZEHF LR A ML, TUNTAHTR
=T M

void os_task_yield();// = BP 5 5 BT A 89 % & B 1] K

void os_task_sleep();//it % AT £ 4 3t N2 IR &

void os_task_wakeup(os_task_t *task);// = B2 4L %

os_task_p os_task_get task by pid(os_size_ t pid);//if i pidik B AL 5 25 H) 4R 45 4F

void os_task_schedule();//# T E %A K, ZHH KL E T AR Y %}L?Téﬁ ® %, =TF—#&
554 M iEHS TR, FamAES G A

os_bool_t os_task_scheduler_is_initialized();//FI Wi & & & & & % T m w45 L

void os_task_scheduler_init();//4 % A & % w45 1L

void os_task_scheduler_start();//HE 45 B EE B3, AXWEFIHE, LBFANT HF—AMESH L
TX, ZHhHERALES

void os_task_switch_vtable(os_task_p task);// ¥ # 2] 45 & 4£ % 69 1 &

void os_task_print_tree(os_task_p task);//47 ¥ 4£ % A

os_task_p os_task_get root_task();// ik B AR AL 4

os_task_p os_task_get main_task();// ik B maintt 4

VAL AR AEREAT AR 55 DI, W SRAG I BIAE 55 40 T W A, U8 B G R LA Fn i HE AR 21 o B A B 45 S
H1 arch SRSV, BSZATEA arch B3 DREATAE S D)4

if(os_is_in_interrupt())

{
need_lazy_task_switch = OS_TRUE;
lazy_old_task = old_task;
lazy_next_task = next_task;

}

else
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arch_task_switch(old_task,next_task);

5.2.17 os_terminal_color.c

BOCPFSRBL T A ST RO RS, SRR N TR U

[/ % 3% R & R A

typedef enum

{
TERMINAL_COLOR_BLACK = 30,
TERMINAL_COLOR_RED,
TERMINAL_COLOR_GREEN,
TERMINAL_COLOR_YELLOW,
TERMINAL_COLOR_CYAN,
TERMINAL_COLOR_PURPLE,
TERMINAL_COLOR_BLUE,
TERMINAL_COLOR_WHITE

}terminal_color_t;

FESEEL TR R

void terminal color_set fg(terminal color_t color);//i% & 4 % il & &
void terminal_color_set bg(terminal color_t color);//i% & %45 H & &
void terminal_color_set(terminal_color_t fg,terminal_color_t bg);//i% & % 35 H = & 4=

% e

B

5.2.18 os_tick.c

O SEIL T A B R s g R AL AR os_tick_handler, %FEA T S IREN Y BT AT 55
SR JE R A AR S5 ) R i R s RRCR 58, Wk 2k — AN el e, A& A AR A i R e, I HLARAT
task_schedule # A5

A RHZSCHEESEIL T A% Tick B EE, AW IRGLES A S0 HF, RGeS M DG DhRE S0 HF, FkdE I sE
BT

void os_tick handler();//AM A AE = B B P B & A 5, B A X E P oA A
os_size_t os_tick_get();//F WM L AT8) & 4 & BHTickih
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5.2.19 os_vfs.c

WOCHFSEEL T VFS, b VES BGOSR, IO RS S HE, RN ISR L i R

SO AR SR N B

4:

HoAp et R G1E B AR EE B RS SRR SEII S (RINIEA — R SUF R GRS 45 1

//VFS L+ & %K & 45 ) 4K
typedef struct os_vfs_state

{

os_size_t block_size;//# K
os_size t block count;// .5 3 4 &

=3

os_size_t block_free;//# % 3 ¥ =

}os_vfs_state_t,*os_vfs_state p;

//VFS X+ & % 3 AF b & & 45 4K
typedef struct os_vfs_ops

{

os_err_t (*mount)(os_vfs_mp_p mp,os_size_ t mount_flag,void *priv_data);// L # #
%4 B

os_err_t (*unmount)(os_vfs mp_p mp);// L # & 4 #p &

os_err_t (*mkfs)(os_vfs_p fs,os_device p dev);/ L # & 44 X\ L

os_err_t (*statfs)(os_vfs mp_p mp,os_vfs state p state);//ik B L # Z L&k &

os_err_t (*unlink)(os_vfs_mp_p mp,const char *path);//#l & L 4

os_err_t (*stat)(os_vfs mp_p mp,const char *path,os file state p state);// ik Bt L
R &

os_err_t (*rename)(os_vfs_mp_p mp,const char *old_path,const char *new_path);//
A s

os_file ops_p file_ops;

}os_vfs_ops_t,*os_vfs_ops_p;

//VFS X #F & %13 8 4 M4k

struct os_vfs

{

1

char *name;// X # & & & #&

os_size t flag;// X # & %4t &

os_vfs_ops_p ops;//#% % HH &

os_list _node_t node;//#t & 71 &

os_mutex_t lock;// %l

os_size_t mount_refcnt;//E &I M, KHTH SV ER L KRMIZLE MK

//VFS 3 3 & £ #) 1K

struct os_vfs_mp

{

os_vfs_p fs;// X B9 3L M & % 45 4R 35 4F
char path[0S_VFS_PATH_MAX + 1];//# & &% & (L % id EA L)
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os_size t subpath offset;//F % 214 (B 2T EHB B2 NZ AT ETiZER LA G B
%)
os_device_p dev;// X ¥R & &5 4K 45 4
const char *dev_path;//i% % % %2
os_size_t mount_flag;//# # A7 &, % FOS_FILE_FLAG_TF k 89 47 &
os_list _node_t node;//% % 7 &
os_mutex_t lock;// %
os_size_t mp_cnt;// ¥ T A %V FHE L
os_size_t open_file_cnt;//H T ZHEHR LA % V4TI 89 L 4F
void *priv_data;//# & % #
s

FTUE R, ERMAERARrR, #RE AL A SRS T, e RO N 1 RCRIA, 1R IFAT
B, 51 ECC R EMAOE R AR I R T4 M R B ARVEAZ . (SO R GUx B R 3 IR A R 4t
T, BEERA RSO RS, BE AR LA ITIT RSO, BB R, XA G ™ E A D .

N T B EAes, X R AR RN BT . SO RG> HERE > U AR>SO AT .

VFS SEIL T an R4z

void vfs_lock();//VFS 7/ 4

void vfs_unlock();//VFS## 4i

os_err_t os_vfs_normalize_path(const char *path,char *buf);//.E#iL 3% 2, iz 44 2 &
RSk Z2F A . Fe., FRESBNELGAA/, RNKIEZEETA/RIEARED X

os_vfs _mp_p os_vfs_find_mp_by path(const char *path);//#t 43 12 & R EH &, FLw4E
BELEMRIEA, RERBITHEBLAER, RKYATECEROER SH2BDHFERS

os_err_t os_vfs_register(const os_vfs_p fs);// iz #4769 L 44+ & 4

os_err_t os_vfs_mount(const char *mount_path,const char *fs_name,const char *dev,
os_size_t mount_flag,void *priv_data);//# & L £ 4

os_err_t os_vfs_unmount(const char *mount_path);//# # L ¥ & %4

os_err_t os_vfs_mkfs(const char *fs_name,const char *dev);//# X L L+ & %

os_err_t os_vfs_statfs(const char *mount_path,os_vfs state p state);//3k Bt L #+ & 4 4k

os_err_t os_vfs_unlink(const char *path);//#l % L 4

os_err_t os_vfs_stat(const char *path,os file state p state);//FK B L #H Ik & 2 &

os_err_t os_vfs_rename(const char *old_path,const char *new_path);// & & & L, T %L
BHE L ESR

os_bool_t os_vfs_is_initialized();// 4% ~VFSAZ & % M # 45 1L

void os_vfs_init();//VFS# 45 1L & &

5.2.20 os_waitqueue.c
AR AL TSRS S, H TSR B A SH T B e B Se g, HATSEEL 1w R LA
void os_waitqueue_add(os_waitqueue_p waitqueue,os_waitqueue_node_p node);// @ 5 £F A

Pl P m N &, % Wos_waitqueue waitiA B, @ A& & S A E A A
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void os_waitqueue _remove(os waitqueue _node_p node);// A F FAZ] P A% &, W@
os_waitqueue_waitif A, @ & & 53 H & A

void os_waitqueue_wait(os_waitqueue_p waitqueue);//ik % AT 4L % £ 45 € 69 F A7) F F
B, RITZzHHE, S ESLSHEANBIKS

void os_waitqueue_wakeup(os_waitqueue_p waitqueue);// " B2 % fF A 2| 89 — NAE 5, E A
5| K=, Rk

os_bool t os waitqueue empty(os_waitqueue p waitqueue);//# Wl & F 7|2 & H =

os_task_p os_waitqueue_get head(os_waitqueue_p waitqueue);// 3k B¢ 5 /5 [h 7] 69 Sk 4L 5

void os_waitqueue_init(os_waitqueue_p waitqueue);//#1 45 1L 5 /5 A 7

5.3 qgemu-rved E&EMFEIE
5.4 WIFEBITAN

BT bsp HFE T osconfig.py WHECE IEMM T HEEKE, ARG bsp HEFHAT “scons
-jN” (N FRFHATHD, BIR[75%] dreamos.bin, i&{T make run BIR[JEZ.

5.4.1 #MEZA

RNTSERZEE B, FES S firmware. arch LK bsp =iB4).

5.4.2 firmware (firmware/sbi)

XBEEHPCRFHAM RT-Thread Smart FFEFEA sbi SkCAR=ZE sbi #2050

5.4.3 arch (arch/riscv64)
AEW RIS, Bgan T

%= 5.5: arch HFX{Hi#

A4 i

arch.c ST ARSI AR AR T

arch.h FH T U B AR SR R

arch_asm.S SEPL ARG Ul

arch_err.h SE ST R AR DGR B 1R

arch_mmu.c ST MMU 2

arch_mmu.h FERL TG MMU A5 B E ORI 9 003 R R R PR e 3L, (R
WX T e MMU

arch_syscall.c ST syscall #%I0

arch_syscall.h ENT syscall ¥
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e Hi#
arch_trap.c SEPLY Trap 0
arch_trap.h SENT Trap ML NS, 45 MIFRIRE TS bR ok g i)
encoding.h riscv 4R IIAH Sk SO
entry _gcc.S Ja AR
function.S AT — L [F P D Re L
interrupt_gcc.S & trap A
stackframe.h Bl — L B SCERAEAE SR IE g
syscall gcc.S WERGORAEND
NHEIZE SN

5.4.3.1 arch.c

XHE YT arch_task_stack_framt_init #EORSZEL, ZSEELE S0k B R SCHRE — M1 a0 N
Oxdeadbeef, RJ5H ra WENTHMIBH KL, ¥ gp BE AN TEE $__global_pointers$,
¥ a0 WENESANOASEL, ¥ sepc WENESANI, ¥ user_sp WENELSL, ¥ sp HBIAMES
B i BRSO RRIR AL B, # sstatus 4Rtk )y 0x000401120, LAMELRIE(EFHIIRIZITIE S &IF
VAN =Lasli [P

5.4.3.2 arch.h
Y S WPIRE Sk
#define SYNC() do{asm volatile("fence;fence.i");}while(9)

#tdefine SYNC_DATA() do{asm volatile("fence");}while(0)
#define SYNC_INSTRUCTION() do{asm volatile("fence.i");}while(0)

5.4.3.3 arch_asm.S

XA T arch_task_switch 0, WRZBELONE—ANSEN NULL, NS BEED NS
MEFIHES LTI XA AR S 38— MESIHEH .

5.4.3.4 arch_err.h

XA RE ST BRI R R Y
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5.4.3.5 arch_mmu.c

XA T I LA AR

os_err_t os_mmu_create_mapping(os_mmu_vtable p vtable,os size t va,os_size t pa,
os_size_t size,os_mmu_pt_prot_t prot);// @] i ik 4t

os_err_t os_mmu_remove_mapping(os_mmu_vtable p vtable,os _size_ t va,os_size_ t size);
[/ #5 & Bk 4t

os_size_t os_mmu_find_vaddr(os_mmu_vtable_p vtable,os_size_t va_start,os_size_t size
Vi //F R T IR R e Ak

void arch_mmu_switch(os_mmu_vtable p vtable);//%7 & W &

os_bool_t os_mmu_io_mapping_copy(os_mmu_vtable p vtable);// A A # M & #% N I0 Mapping
I I

os_err_t os_mmu_kernel _mapping_copy(os_mmu_vtable p vtable);// A A # M % # Nl Kernel
Mapping %] 4% & W %

os_err_t os_mmu_user_mapping _copy(os_mmu_vtable p dst_vtable,os_mmu_vtable p
src_vtable);// ¥ — AR AT WA P FENE T —ATEF

void *os_mmu_user_va_to_kernel_va(os_mmu_vtable_p vtable,os_size_t user_va);//#l fl 45
%O & KB L B A e ) A 38 M hb

void os_mmu_preinit();//MMUFA 41 45 1L

void os_mmu_preinit_secondary();//MMU = %& Tl #1 45 1L

0s_bool t os mmu_is preinitialized();// 4% =MMUAT 45 L & & & 2 mk

os_mmu_vtable p os_mmu_get kernel pagetable();//7 B % 7] &9 A # M &

Horp MMU FRTAR A SEEL T X TUR AN A R BE R AT A6 AL, T — IR A6 A U B2 S D) e 3 A% DU
N AL TR — 2% TR S IV B I B ROt bk (A, A BB I Bk R

WAZ R BIEARIT R MMU, BRIER A 2 Bl X BLAE 7 — A kiR, R )
HEAE bR A — X B AR A5 A R L, RIS AR IR SR AT I AR RS RS . AR s A Bk
HeRBEPIE N M L ARI2 4T, FESERBbAL Jn DI H B 1R AR A% TR I A1 BBk e 3

5.4.3.6 arch_mmu.h

A CAF P sv39 bRk E T = UURKI AR, [RS8 0T 45k 7 IC ke P03t ik 45 R 1O
Mapping OxFFFF FFC@ 0000 0000 ~ OxFFFF FFFF FFFF FFFF 256GB Kernel Mapping ©x0000 0020
0000 0000 ~ Ox0000 @O3F FFFF FFFF 128GB User Mapping 0x0000 0000 0000 0000 ~ 0x0000
@01F FFFF FFFF 128GB

Hor i b ER AR M 0x0000 0000 0000 0000 FFUf, HHT o Hilbi@H R/R 0S_NULL, N T
BEGLI S, SRR P B bR N 1 S TR E AL (AN 0 FFIATTHED .

X BLEIR LT t1b PRI, RS RV ZER R R AE EAN IR S (S2Br B, REm TR
ULl A R A A FH B — B2 Ar R B i A AL R — B0, BRI L 1324 T 0S_MMU_GET_EFFECTIVE_VA
5 0S_MMU_GET_REAL_VA JHT-7ESZBp () e F0h s b1k 1 25 Bk A e A 7 () RE Al M ik G AT DLARAIE B2 4025 1]
WIESEE) 2 (a4 .
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5.4.3.7 arch_trap.c

XA T B trap_handler %10, X C ) Trap AEEAD, HENIZEREUG, B4
SR T R, RN bsp_interrupt_handler ACFE, iR ACFRRTHEEIRA], 75T HR
B, RS BOoR K ME AR (BAERFS) LUK CSR A MMU FPRAS &R, FESITENY Stacktrace.

5.4.3.8 arch_trap.h

X HUE S TARSS R SORRE -
F 5.6: [F% L FIHREH

i #% Hb ik FB
0x00 sepc
0x08 ra
0x10 sstatus
0x18 gp
0x20 tp
0x28 to
0x30 t1
0x38 t2
0x40 so_fp
0x48 sl
0x50 ao
ox58 al
0x60 a2
0x68 a3
0x70 a4
0x78 a5
0x80 a6
ox88 a7
0x90 s2
0x98 s3
OxAO s4
OxA8 s5
oxBo s6
oxB8 s7
oxCo s8
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A% 1k FB
oxC8 s9

oxDo slo
oxD8 sl1
OxE®@ t3

OxE8 t4

OxFo t5

OxF8 t6
0x100 user_sp

5.4.3.9 entry_gcc.S

KHELI TN, BRIEE sie M sip FfFd4, A/GEE stvec 4817 Trap AH trap_entry,
SR FPU FRKG N IZER AL S N sscratch # 74, BEEBZHENBATAE, HEZE bss,
BT MU I TIRIAEAG, B mmu BEN AAZ R HBEE A, SERR MMU TG AE, RGN
main BREUITIRHAT .

5.4.3.10 function.S

ARSI T U, BT T RIS

5.4.3.11 interrupt_gcc.S

XESHT trap_entry AN, ZREE VIS Trap #, REHEEFEL TGV trap_handler
PR, {EACPRTEJERYE need_lazy_task_switch bR RS HEAT ZEIR PMESS DI A0, &5 ik [ 1E 72
JF AT -

5.4.3.12 syscall_gcc.S

KHSEI T syscall_entry, /& syscall KCEIANO . iZSEILE JenE I AZs:, SR M Wk &2 il
3, JFAM arch_syscall_handler HEATSEPRE) syscall 4bFE, £ syscall ACFEHME], Tl
KAEFFTIRE, PARRVF syscall #idg .

5.4.4 bsp (bsp/gqemu-virt-rve4)
BRI, H& T

+* 5.7: bsp HFEXMHiE

paLEs Hi&
bsp_init.c BSP #IUs 1k ek H S

I B& RS 65



5.4. ZmiFisiT T Bty

A4 Fi%&

bsp_interface_asm.S SCHL T BSP I T F OC ER £

bsp_interface.c SEFL T BSP A

bsp.h bsp AL, HTEIAN bsp M ESCHRINZ
entry main.c & main BREL

task_main_entry.c & main fESHIAL

tick.c/h Tick BXZNHISLI

trap_handler bsp_interrupt_handler HikiAb®idE ORI
osconfig.h WENKEE S

osconfig.py HWE R ESEL

NHZE AR

5.4.4.1 bsp_init.c

Hrp A SzH T %L bsp_init, HATSEHLNS.

5.4.4.2 bsp_interface_asm.S

XS T NS E bsp_interrupt_disable 5 bsp_interrupt_enable #I1.

5.4.4.3 bsp_interface.c

XHESZI T %S bsp_early init.bsp_after_heap_init.bsp_after task_scheduler_init
PLM bsp_puts, ' bsp early init S tick_init ¥I#hik T Tick, bsp_puts HE#HH
firmware ] sbi_console_putchar RSZHL.

5.4.4.4 entry_main.c

EESHT main EE, HAPEtiA bsp_init A bsp F-HIVIMEL, ARF A kernel_init
Ja BN .

5.4.4.5 task_main_entry.c

XESH T os_task_main_entry XN main 5 ANH, XHZNZESIFEITHIZE M, 7
BT 56 BRI AR AT 25 R SCRIRIaaf TAE; RIRTHSCl 1 os_task_user_entry X/ user {E55 A,
X AR WA B B AT SR = AMTESS, st a sl — N H P RET .

main 455 4% M LA A0 BRSE R B N AZ AT A6 AL AR -

1. WG R B RS

66 I B& RS



T vty 5.4. ZmiFiziT Tl

2. YIRS S R G

3. Vst 6 B&.

4. WAL E T

5. WHRWIFRBIA RS GZES 75D

M user RN EBHHEAR S ETHA execve RGEHAMNTHRGEINE S —A ELF X

5.4.4.6 tick.c/h

XA Tick IXBHHISZEIA IR RT-Thread Smart IXSHHEE] gemu-rved PG AISZEIERL.

5.4.4.7 trap_handler.c

XHESZI T bsp_interrupt_handler FITAb¥E bsp i, XHEAFT S &K Timer k.

5.4.4.8 osconfig.h

RHE ST JINWZECEZSEL 2510 FoR:

#define OS_PRINTF_BUFFER_SIZE (256)
#define PAGE_BITS (12)

#define MEMORY_BASE (©x80000000UL)
#define MEMORY_SIZE (128 * ©x100000)
#define TASK_PRIORITY_MAX (31)
#define TICK_PER_SECOND (100)
#define IDLE_TASK_STACK_SIZE (8192)
#define IDLE_TASK_TICK_INIT (10)
#define MAIN_TASK_STACK _SIZE (16384)
#define MAIN_TASK_PRIORITY (10)
#define MAIN_TASK_TICK_INIT (1)
#define OS_VFS_PATH_MAX (255)
#define 0S_TASK_MAX_NUM (65536)

#define SLUB_MIN_PARTIAL (2)
#define 0S_MAX_OPEN_FILES (128)
#define OS_ARCH64

#define OS_CONSOLE_DEVICE "/dev/console"

5.4.4.9 osconfig.py

X BT RT-Thread Smart H1f rtconfig.py, Mi— ARG ET, XHEL T —4 FIRMWARE
SHHTH85%E firmware 2871,

I B& RS 67
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