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RT3 ESLI 7 LA N

e N gemu-rve4 SZFLT RT-Thread Smart i&EHAC
e N Kendryte K210 SZ¥lT RT-Thread Smart &
o A& D1 LT RT-Thread Smart J&EAC

Horp, T BRSO BIRAE T — M ARSI, AR SORRE B — 8 3 T 4R i B
ElRf, EBEZR, RFENEERHITECHARNES, ARAMTCER dreamos 1, FFEZRE

RIET IR

AW HETE T EMHH riscve4-unknown-elf T H 8%, HE#H K2 riscve4-unknown-
elf-gcc-8.3.0-2020.04.1-x86_64-1inux-ubuntuld (https://github.com/sifive/freedom-tools/
releases/tag/v2020.04.0-Toolchain.only, FAMFEHKFEN ubuntu 16.04),

XL FEM ST Musl libc A1 RT-Thread FEMERC, TRV EE, XA EREAIDAGE
TEUR,  AE RN 2 1 e 10 P SO AR OGSk SCRE 4 TS ELAE T B FE RN R AL E : * Musl libc HIRAZRS:
rt-thread/components/libc/compilers/musl/libc * Musl libc K/ &#E%: userapps/sdk/
libc * RT-Thread f%E: userapps/sdk/rt-thread

R APPSR TS Musl libe FEERW RGAMEOREF, ZRERFAT userapps/sdk/
syscall.S.

userapps HFEH A5 IUANH S FEFF: hello. ping. pong. vi, M hello Jf&—AME#H printf
MARFEF, FRXT malloc AINAFEAIEIE ST HIGIR, ping/pong WIH T 3ERERLEF MR, My
R PAT “pong &7, JEB) pong HFEHILHEITEE S, AEHIT “ping” FERGEEI, vi U2
WA vi USRS

userapps/root HFRIARCMH RS, LLN & IEFH 7 FE P iR AR SO R G0 AE O v

1. 3N userapps H

2. BT scons, RJETTLLEBIGE RS ERKLE] userapps/root/bin HgH

3. {£ userapps/root/bin HxH NEA elf AT “riscv64-unknown-elf-strip -strip-all
elf CMF44” EBREEAH PR A TS XTI 46 /N P AR P AR

4. 225 userapps/write_rom.sh Xff, KHH ) bsp HRIBRRTEEN AR A RSN bsp

5. AT write_rom.sh
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gemu-rved I &i&EfD

2.1 BHEEXK

o WAZAIH PP musl libe JE
o HIPFERAKHT RT-Thread &
o &# gemu f¥] OpenSBI

2.2 OpenSBI &4

OpenSBI [K{hFEHbEE Ahttps://github.com/riscv/opensbi, FHIMZ$2MHt—4 RISC-V SBI (Su-
pervisor Binary Interface) [JSEIL, LI FEREF & FigiT T M &MEM (Firmware), F|H
OpenSBI, AJLLiLiE4TT S & TH 0S #%ME RISC-V SBI FRIGTH vl A ICHEM:, dndas il & i N 2%,

AR R R 2 AR 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 #AEk30f KAHSUEACIE R H FreeBSD, /& BSD WAliE, %W r[iEI% RT-Thread Smart
P ) Apache ¥FAJiE.

2.3 iEIHAA

2.3.1 gemu HECE

AN RPN gemu HIFEA S ZhS 4

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

EREZZHHK RAM BBy 256MiB, TEIEAMEE, Hk%, KIFE Cache
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2.4, FEHEVEAANE

2.3.2 Ht=EHE

PAN 2 it itk s g5 (el Fabhbad e, (8RRl Zox bk 1947 70 bR AE T B 132D«

Eah bl

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

0x00000003_00000000

k2.1 MHEASEATR

AR

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

OXFFFFFFFC_00000000

Thtie

T Uy A 2 8] e He i

PAZAE P AN B 5 R] (RO AR AN HE )
M PR e sh 2 H

TR B 2]

FH P R e AR 2 e 2 1)
P RE AR R

PP R HE 25 A

2.4 BEFHASR

o &M libcpu
o & ].Wp
o IEMC bsp

RT-Thread Smart f libcpu HRFEA CPU ZERIMHRHIANITD, 1wp FIRAFREEIGEFEA R 2K
SRS, bsp ARG SRS .

2.4.2 1libcpu &FL
XA I N UL JLR P IR

o JniRAL B CAHER

o JEAARISIERD

o DN SCUI R CIE R

o Trap W45 Coxf

o W% DL Re X 2

o MMU SCREXTEE

e Cache SCHPXfHEZ

e Syscall #2II%HE

o RY Tick HEOINHE

o MIAFF SR CFE X Stacktrace SC#f
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2.4.2.1 YmiFOCEXHER

1. WEQE libcpu/risc-v/virted Hix
2. &% libcpu/risc-v/SConscript XM NU0F 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

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

Return('group")

HWAlE N virted ISR B 10,

3. £ libcpu/Kconfig XN “config ARCH_RISCV”. “config ARCH_RISCV64” S5t & I,
JFil ARCH_RISCV64 Bt B I H 5%+ ARCH_RISCV 5 ARCH_CPU_64BIT BB, BN FACAY:

config ARCH_RISCV
bool

config ARCH_RISCV64
select ARCH_RISCV
select ARCH_CPU_64BIT
bool

EHRE a4



T H BeiH it

2.

4.

RN 2

2.4.2.2

BB IERD

PLUR 2 R SRS M da i RE (A2 T startup_gcc.S A):

ATLLVE R, ERER T EAPWIGH S EE ML AN T primary_cpu_entry Ab#UAT, T pri-
mary_cpu_entry {7 F bsp/qgemu-virt-rvé4/driver/board.c 1, HSZFZYIUMEN bss BiIf M

entry #M0E31NZ.

2.4.2.3

T X

I TrsieflsipT FEHEE T HE ]

| 1% B trap A\ A Eltrap_entryH

%3 |

Tk R

St

B E primary_cpu_entry AbFAT

B 2.1: HEAHERER

—Li@AR ((IF riscv.h #1, EZRRRER)

__ SIZE(bit)

__MASK(bit)

__UMASK(bit)

=

___MASKVALUE (value,maskvalue)

___UMASKVALUE (value,maskvalue)

2.2: riscv.h F—LLEH %

___CHECKUPBOUND(value,bit_count)

___CHECKALIGN(value,start_bit)

Sk

FIIfE

%[\ 2 bit
RIFESE bit A 1, FHTFAE R X 55 103 52 B i

REIS

Xf _ MASK(bit) HU, FHTAE A X 55 S

Rt %

&% value & maskvalue, fHTFEE3dLfy
5% value & ~maskvalue, FHT it Lbfr
L RA®BE bit_count MIEE 1, WERME 1,
BERE 0, PRSI —ME 2 7 Yu H
FEAK start_bit MIAAS o, MIKRE 1,
BMHERE 0, PRI —N bk 7 X 55

HRE
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__PARTBIT(value,start_bit,length) B —/MEM start_bit £z (JEN @) JFUAN
length Mz

__ALIGNUP(value,bit) & bit A x5, fRIERME bit Ml o

__ALIGNDOWN(value,bit) % bit W FXIFF, FRIERIK bit MiN o

2.4.2.4 ETXREOMIE
R DA By, AL T context_gcc.S W rt_hw_context_switch_to 5
rt_hw_context_switch, 5—#7NZEAT interrupt_gcc.S H A IBIAbEE1)E 55 o

rt_hw_context_switch_to HTEIRGHE LM, 1M rt_hw_context_switch HTHEr#T
M) BTN (RUEE R R ch ESAA rt_schedule Kig)

PAUR R HFTR TR SO 4 -

£ 2.3: LFXHKEH

A% bk FB
0x00 epc
0x08 ra
0x10 sstatus
ox18 gp
0x20 tp
ox28 to
0x30 t1
0x38 t2
0x40 s@_fp
ox48 sl
0x50 ao
0x58 al
0x60 a2
0x68 a3
0x70 ad
ox78 a5
0x80 a6
0x88 a7
ox90 s2

HR®IHRE 6
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A% 1k FB
0x98 s3
OxA0 s4
OxA8 s5
oxBo s6
oxB8 s7
oxCo s8
oxC8 s9
oxDo slo
oxD8 sl1
OxEQ t3
OXE8 t4
OxFo t5
OxF8 t6
0x100 user_sp_exc_stack

WU B SURITR/N A 264 5.

RSO IR A % 2 (cpuport. c):

K=o B rt_hw_stack_init, Z#ZORIIEERVIMGILERERE, FEBEEH L 0k
IR BE IR [F], ARURSEELE M T FHEE: 1. B LTI Ch A 725011 oxdeadbeef 2.
¥ ora A ENLFRE B REUG L, @ T RFRE H R S IAEE R TE 3. WGtk gp W
TN NZERRE 4. WG a0 FHAWMALKESE 5. WIHL epc FEONEBEANDRECEUE 6.
VI user_sp_exc_stack FBOANLKRENZAERART, HTHPEREFM syscall Mg Rarm LT
paIE: S

rt_hw_context_switch_to #:10 (fiF context_gcc.S H):

HR®IHRE 7
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‘&%—%ﬁ%ﬁ%ﬁ#ﬂm$Mﬁmﬁﬁﬁ%ﬁl

|

[ % S lwp ] T ]

|

‘ﬁEtTI]

|

| EEEAs |

B 2.2: rt_hw_context_switch_to #IIFEA

rt_hw_context_switch # (i F context_gcc.S H) :

GiE®HRE



T H Bt 2.4. BHEVFMNE

| &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 JHWNR BT (AT interrupt_gcc.S):

GiE®HRE



T H BeiH it

2.

4.

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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2.4.2.5 A%DTIIEERISSIT (page.c/h)

W% LT RedE TR PR BESESEBL T R 31

rt_size_t rt_page_bits(rt_size_t size); //HEXHO R I HB{ARZLL O N & KD 3F2489 3
$

void *rt_pages_alloc(rt_size_t size_bits); // % B 2”size_bits kK /) & I &

void rt_pages_free(void *addr,rt_size_t size_bits); ///& 45 & 3 b5 50 K s A 22
size bits k& W &

void rt_pageinfo_dump(); //4T % W & 15 &

void rt_page_get_info(size_t *total _nr, size_t *free_nr); //F R E U @ &A= H T & K

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

XER o BAKSZI 2% T RT-Thread Smart [ ARM FRSZHL, [FIRF, FAEhttps://github.com/lizhirui
/dr‘eamos_cver‘sion/blob/master‘/src/phypage.c?%ﬂjTﬁﬁﬁ&&ﬂ%ﬁ?ﬁﬁl‘Jifﬂo

X EREX XA buddy system SEILHFIHILA RS K P9 A7 25 (0] 73 BC A S A58 : 1% buddy system
) metadata EIRZEAENAFHIRITTAFN, ERAR] ;2 g, € metadata AESERTTA S,
BN E A, e LA R

e nr - STALIFHLY metadata T
e total - BTE
e mnr - metadata THE 5T

AR XL CPATAT G20 R TR

total — mnr
[——] = mnr
nr

b total - mnr WTDAERENEEE IR, W] DLEMENFTR metadata MO%E, XHE EHUERE
FN, R metadata WEER/PME, A WREL E—THTIRIE metasize,

FAT%:

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

i/ S
b4_
k+ [E] mnr
M p=0 B, HEEN:
k=mnr

Bk ANETAS:

total — mnr
——— = mnr
nr

I B& RS 11
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A TR

M p>0 B, k BN

_ total —mnr —p

nr
[FJH
p
£1=1
[
Al i 5 R AR A
total — —
LW = M =P\ 1 —
nr
AR
total — p + nr
mnr = ——
nr+1

N TR AT RESE I RT A Bk DU AR, R R TESE, IR ELE me ROTRER, XHELA p =0, FHit
EAE

total + nr
mnr = ————
nr+1

i LIRS DL, N T IRIE metasize AWSHNIAFTA KR AREIE VI, JFRALTHEIX B Bk PR
THOUURKAE, TS

_ total + nr

mnr
nr+1

XA T X AT ARSI R -
rt_size_t mnr = (total + nr) / (nr + 1);

MEAZHI buddy system [#75[A]KR 7323 sUE HOX AR 22, 3K AN & T i o

2.4.2.6 MMU ZFEEISZIT (riscv_mmu.c/h mmu.c./h)

RISC-V 0% 3 MiaTitis, 458 Sv32. Sv39. Sva8, X =4 TiAsmi4Z B X, 2% 32
fir. 39 Hrfl 48 ArEdblHudl.

HR®IHRE 12
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i+ RT-Thread Smart AIRFEHEKI HFRZERIN RV64, Kbk sv3o mEflbhkmbAE R, %
55301 R 40l ik e A B b 5 R T
38 30 29 21 20 12 11 0

| VPN[2] [ VPN[1] | 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.

B 2.5: Sv39 BAMMERIIE Y B AE 9 45H

FANGUR I 52 SCUF
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 [D[A[GJU[X]|W]|R]JV
10 26 9 9 2 1 1 1 1 1 1 1 1
B 2.6: PRI E X
H B A LR

o RSW: fREA% S AW

o D: Dirty, MXTRMITURAES NERIERS, ZMI R E AL, AR %

o A: Accessed, XMTURAERE. 5 NBIHURIRMERT, ZAI R B, ATHR G %

e G: global, M —ANTERIVERZ—AN4/HI (K1 ASID KD, HZIRIEAEM 745 5 ik &
G A, WA FRIETIINER

o U: user, 8 —ANTUHEGAEAPEUIN, ZEHEIE 745 5220, 4 sstatus.SUM &
0 B, 7 S Ay b T2 R

o XWR: Z}HIXfR execute. write. read, #H#()y 0, W /RZWA NRL A, B PPN Z5EMET
TR T ) EE H bk

e V: valid, #EH—ATRIZEEAE

Sv39 HA 512GiB MMEMIMME ], % CHF =ik, [ERZ SR =Mook, xR T
=%, BN 4KiB(212°). 2"'°(221B). 1GiB(2°30B). 4 HIi& PPN 5kfr & XN Physical Page
Number, BP)BETI%'S, 1%MH I AU K /NA R B0 IE A DU R ki, 7 B/ A7 ik DL 19 DT R /IN ] 8 Ay
4KiB.

RISC-V XMl sfence.vma 18&KH TLB, ZIES A NERIEL, #AZTA4, HENAHA asid
Ml vaddr, #H#EHN x0, WXTEEA TLB HlH -

RISC-V K] satp #F 7Fgsfrfit B b, L0 ASID SRy EMtbE, Hz T

HR®IHRE 13
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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.

2.7: satp FHABEX

Hrfr MODE FEXHUHUE LT -

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 Sv57 | Reserved for page-based 57-bit virtual addressing.
11 Sv64 | Reserved for page-based 64-bit virtual addressing.
12-15 — Reserved

Bl 2.8: sapt FFIFALHT mode FEIHX(E

ARFEAEILSLHL T a0 R LA A

o mmu_set_pagetable ¥ E 4HiI#

o mmu_enable_user_page_access ffifif S M TLTHI VI A

o mmu_disable user_page_access kAt S &M IR

o mmu_table_get FRHU4RTIIHE

o switch_mmu W& HEITLE

e rt_hw_mmu_map_init #J4A1L MMU MG

o rt_hw_mmu_kernel_map_init ¥4tk MMU PAZBRLST (3% 1GiB UL /N AL A3t bl — X —
M)

o rt_hw_mmu_map W5 T TH

o rt_hw_mmu_map_auto [H3})7 EC4)HE LI H i oL i

o rt_hw_mmu_unmap B4 MG T

o rt_hw_mmu_v2p FELHHEFE Y HhE

mmu_set_pagetable il TR ML B ML BB XS N satp FAFEAIFHAT sfence.vma
X0 FE4RSEIL
mmu_enable_user_page_access 5 mmu_disable_user_page access #il W E Y sstatus

FAAEAR ) PUM AR SIELA] 7 U PR U7 [ 4 RE M 2R RE o

GiE®HRE 14
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mmu_table get @itiLHL current_mmu_table 4R35 EFKIRTE YATAI T E.

switch_mmu 4 current_mmu_table £ )54 & 1 {E B N 2460 7R 10 bk, [H & A
mmu_set_pagetable SCHLT KM EE, @I cache MK DEHK cache [l Hr A1 TE &%
s

rt_hw_mmu_map_init HR#E45 € (k7S (856 F DL K 23 BO A (1) K40, LRI AR A 45 7€ (1Y) rt_mmu_info
ghkR.

rt_hw_mmu_kernel map_init EIIHILELAAEN rt_mmu_info &5 R4 1K) R F0 0T 26 (1) 1T TU 10k 58
B 4GiB WAFFE NAZH I — — BRI .

rt_hw_mmu_map -4 T3 H 175 PR R $OL Ik 5 P Bk DG BK

rt_hw_mmu_map_auto /il buddy system 5EAFETHEHIH rt_hw_mmu_map [KJ—/NPHESE
P58 R85 R A0\ Mk PR DG TG

rt_hw_mmu_unmap 38 7E TSR MR X R G HCR SEHL .
FIR=EAEE, FELENSEA buddy system HUFEURGE . =KL,
rt_hw_mmu_v2p 38k 7 1) U1 58 R 40Uk 2 P A () 4

iR O SEHLERES T RT-Thread Smart ARM i) SZH B .

2.4.2.7 Cache F#FHISEH (cache.c)

Sl Cache SRR, WUAUSEIUN R T4

e rt_cpu_icache_line_size iR[f] I$ ZEA71T K/h

e rt_cpu_dcache_line_size iR[\| D$ ZEA71T K/

e rt_hw_cpu_icache_invalidate ¥4 I$ F57E LTS BT B G2 A7AT A e aidb

o rt_hw_cpu_dcache_invalidate ¥4 D$ #5117 BRI 22 A7 AT 40 TE 8k

e rt_hw_cpu_dcache_clean ¥ D$ Fi57E M N AFTEHEIN R ZAFAT 2SN RAM T {R¥F Cache
5 RAM %A — St

e rt_hw_cpu_icache_ops ¥ I$ HREAEHFEME—IHHED

e rt_hw_cpu_dcache_ops ¥ D$ Hix¥fEH Mg —IAHED

e rt_hw_cpu_dcache_flush_all Fl##4 D$

e rt_hw_cpu_icache_invalidate all E&ft#EA 13

e rt_hw_cpu_icache_status FHH I$ IRE

e rt_hw_cpu_dcache_status FKHL D$ KA

HTAIK gemu-virted ARfEH] cache, DNUBLMLALHIARERESLEPRA N, TkbaAEH, DO S AR
Xt P e R EE R 1

2.4.2.8 Syscall ¥i#E
syscall Xf#: AW E 4, —#H N T interrupt_gcc.S L 4E 4, 7 — o T

syscall_c.c H c #45r, TEMZE, ad~a6 Zifiasfrf? syscall ] 7 =48, a7 fRfF syscall
IUE RS

HR®IHRE 15
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PLR & syscall MUAERFE (syscall_entry A, fiF interrupt_gcc.S):

| toillsyscallE G HRBSE ]

\-T

‘ Bt current_thread {RAF Astruct rt_thread i {E B4t I

il

¥

‘ﬁﬁwijijJmhmﬁﬂiﬁ%mﬁﬂﬁmWﬁﬁﬁ|

L 4

M sscratchEF 17 251 ERi# A Eﬁﬁﬁmﬁﬁspfﬁ#:ﬁ'/}\tﬂﬁﬁ% ] ‘ #H RIS A 0T 2

@EirspRlt1 T 17

| qaroﬁﬁ‘%ﬁ)\sp |

X

‘ﬁi?ﬁ&¢%ﬁ%%@ﬂ%ﬁ¢l

| 1177 & meni T |

X

[ 8 Fsyscall_handler

|xmé%¢ﬁﬂx\

MELT X I

b

B FRINT

2.9: syscall HI4FEJRFE

PARZE NI (syscall_handler ANH, fiiF syscall c.c)

EHRE 16
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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¥$ﬁﬁE%U|

l

ﬁtTK%wﬁ%ﬁ@4]

B 2.10: syscall % AORGAEERFE

2.4.2.9 A% tick EOMIE (tick.c/h)
SEE tick IXBNAH LLR LN E A

1. S tick A, FEAEFBIHIEA rt_tick_increase
2. SEPL rt_hw_tick_init, FIRXF tick BEHTHILAML

ARSI T =AM * get_ticks @I EHWA rdtime FBAIREIFIRFEERZRE tick {H *
tick_isr tick HWALFEFER * rt_hw_tick_init SZEL tick MIMILE1E

ﬁiﬂ‘]ﬂ[;HE?:\?5]U\https://github.com/qemu/qemu/blob/master‘/hw/r‘iscv/vir‘t.c% 593 1T15 40,
tick HI4P4i2%Jy SIFIVE_CLINT_TIMEBASE_FREQ, Ifii%¥ € X fEhttps://github.com/Comsecuris/
gemu-hexagon/blob/master/include/hw/riscv/sifive clint.h", {HN 10000000,

EHRE 17
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RT-Thread Smart 5 S % #& RT_TICK_PER_SECOND #/m NN tick %, W H 4N A1
(ms) AR A interval(ms) = 1000 / RT_TICK_PER_SECOND.

M2 e 25 R tick_cycle = interval(ms) / 1000 * freq - 1, H:H' freq = 10000000Hz,
XE freq MFAIN Hz, BIAM time 5 timecmp FHEEF|r7 AL ol f5 B — AN R R 3, RHIX B -1,

rt_hw_tick_init #UTHBIF:

1. jEBR SIE ZA728if STIP £, Kf S @ity
2. WM get_ticks JF7EIIR [AIE FFEA B BB R KAl h T RTI tick EAE A S HfLE s
sbi_set_timer

3. BN SIE.STIP, FHfIJF S &2y
tick_isr PATHIRITF:

1. M rt_tick_increase AWK
2. M get_ticks H7EFH IR [FEUE A En B2 R X fh ok R WET I tick AE NS LSS

sbi_set_timer

2.4.2.10 MAFTFSKRMBFZIFR Stacktrace 3F (symbol_analysis.c/h)

NTIHAENZ AR, O NAZIREE T R R AN AR BT S R & Stacktrace ThE, v T SEELX
LETIfE, R SR S RN ThRE -

BRIEARM T RAEER N . symtab RS, HLMAFELELL FHA R 1. .symtab f5IX
RAFET elf X, TiEFHE| binary XM, HHZWTXAR—ANESA alloc BHEMITX 2.
.symtab FIXMAMLEKN, HES -SEEHRMS, XREMH TIERFLEENE Y 0BIECT G T4 F)
5 FUNC (XRF %0 PARETUEN NONE {H7 4 GLOBAL [R5 O R 4 SCA A bR 28 F ik 42
AR HAFS)

BT EWAERE, WmE T —ANMSLFEY, ZRFERERA R AR binary SCHEIRA, 7
ST elf CHFEHIREL. symtab iIX, HHTHEMEMES N binary X1 .osdebug TIXH, T HEM
PEACHS AT AT S #AL T tools/osdebugsupport 1, Makefile <x[EIAfA:pkila elf32 Al elfe4
I AT HATREE (2958 osdebugsupport 5 osdebugsupport64).

N TSI ERDRE, ERBGE TR PR 1.2

typedef struct os_symtab_header
{
size t function table offset;//H K A 9 At (A F P XA, TH)
size_t function_table_num;//H % 2 P a9 & 5 K £
size t object table offset;//t % %k 49 s # # At
size_t object_table_num;//* % & & i 5 4 =
size_t general_symbol_table_offset;//—# & 5 (454K £ A & 5 NONE/2 % A GLOBAL 49 4+
) kW1 A bt
size_t general_symbol_table_num;//— % i
size_t string_table_offset;//F & % & 89 15 # 3 it
size_t string_table_size;//F & & &8 K/ (FF A £ 4z)

o YA - SR VI~ N
FTEPHNHETHE

}os_symtab_header;

HR®IHRE 18
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typedef struct os_symtab_item
{

size_t name_offset;// & 5 & AR A& FH & & P 69 1h 4 3 uk
size t address;// % & 5 A X & 49 3 it
size_t size;//% i 5 T R & & K/

}os_symtab_item;

.osdebug TiIkERN os_symtab_header MR, XAGERMEAE XN TXILIBELE, Ml T
AT XA ML ) s btk 7 17): 1. .osdebug Sk (os_symtab_header Z5HIE) 2. ik
* 3. WHREK 4. SR 5. FRHEEX

X HLEDR IR AN AR AR 46 BE AR S RIS IS (B size_t 4RACHIXIFFILFD ,
It osdebug T XA T BINLE: T T, 30 A RZCRE JCIE AR 21 X Sk B

PRER . WRE. SR P IEEESLHST, FERRBASHUAEERHTIE, UEE
AP R HZRFITZ A ER, HNEAA R HSEA os_symtab_item Kk,

osdebugsupport FEFHT elf XEHK) . symtab X, B A i L Lk =M M52 HIE
FX R = AR, FEAT AR R R A .

XEATHE binary F.osdebug FIXAHX T binary CHRImFEHLLE, W T elf HFpTA A
H alloc EMEMATX, HH3RME T H PR bt & N0 X bt (B sh_addr J&1), %A)5H.osdebug
1 DX bk ek 2 o kb S 5 R4 2 B R B At .

N T SEELERTIRE, AR T AR E I R ATIX, SEELRALT R XA

. = ALIGN(8);

.osdebug :

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

} > SRAM

HAopy 87K BUATIAE A AR/, WHRATX K/, osdebugsupport FEFSikE:, #idg FHIXFE:

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)
.0osdebug section is too small

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

ALLES], scons ZmiFEN#R osdebugsupport R 745D 10, HFER 7AW M,
T E A PR DU THT IR A«
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file_start_offset: 90x80200000

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

SREFTIUE LT — LR

R 2.4 FEFHRIGE XK

R EPd

0 1%

1 SRR A IE

2 elf HTGIEBATIT

3 binary XHICIEHFTIT

4 elf CAFEEHURIK

5 elf SUMFkifFoni% elf UMEAR—A elf Uff

6 elf U5 BAR A B A X

7 ToVEAE elf XMk F. symtab X

8 TEAE elf XAFHhikF]. osdebug

9 TEAE elf SCHFrP R EMEAT AT T2 LS kg bk ) (BRI alloc
JEYERD X AR Z R D

10 .osdebug X K/

F A 00 R s

osdebugsupport[64] elf L # 5 £ binary X # % %

Bilhn.

osdebugsupport64 rtthread.elf rtthread.bin

WAZF ) symbol analysis.c 5 1 a0 R Seii .

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);

B &itHRE 20
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void print_symbol info(rt_size t address,rt bool t function);

void print_stacktrace(rt_size_t epc,rt_size_t fp);

BT REER . MRE, BT SRONMEHE2ME, FIXBEERM T find_symbol_table HT
FEFE 72 R T B R A HLIE XTI (AT 5 At R a5 A AT, IR R A5 18 2 -

IZAT T HIBIE A <= 45 5E 1AL

o AZFT T I AU T A 7T 5 e T 12 B A

o FAFEL TS HIEAR ], A AT 5 IR PP 4 S fe /NI — T CLUSE A BEAR 9 I 5 3t
PR A A R I A A5 5 I 4 8 s RO

FRAN R L FRFART S, W ROk [F 2 HEEE (RT_NULL)
N INE AR EE, IX BEORH ARy SOk S iR Tl B .
get_symbol_name 2 [11] LIRIELS & M FF S 484N W F R 5 R 3R 26 B 1 755 4 454 IR [F] .

print_symbol ] DARRHELE & BT 5 Ak m) 2o £ T B H R A% 2R3 S CU AR XS 7455 (1) i 72
AN e B):

< 54 FERN > + HIHHAEN TSR

o CHHBER TR 5 WA o i)

< FFEH FRSRA >

print_symbol_info HIFHTENH — ML RKEHATTEL, WMAGTHNSE, DHFRRERR

b hE AR 2288 (Function A RT_TRUE FoniZihbxt b —ANE4, RT_FALSE FomiZ bt xd v —A4
A€/ D)

AR R TR IS, SRR R AT 515 R -

L. RREECG B, IOV TR (—RORURLS P —40, T B A
HEL XA MR T A R S M, S, AU

2. BH 1 BRRBEEE S, WRE MG, FATEIHFH 0 51 B

3.OEH 1 BAREIGEN T, WRERGIFTE, JHTEMFA RS (8 RORHR S A
O, TR TSR R, KRB AR T AR R SO 1, e,
RA IS o 155

SR b3k M S R 3 4 i 20 S R RO AT IO AE, I S TC AR, B — AN 4
BERE TR, NI R S0 LA AN S, B R EE R SR ®, R AR
AT REA R — AR Rie A, PUILFIN H AR R B3, DT E Y.

MRS BRI, SRR AR A AT 5

1. BRMNRA SR, FFTEHRITA KRBT SEE (CBRREN S AH 5, TR AR
52, XEA DRI b2 SR R 5 I E B A, WERAE, A A dr RS

2. HH 1 PRIBIGIER S, MR- RAFSR, HHTEH A BB 55 B

3. K 1 OPRIREIGERS, WERRREAT SR, IHTHHPOA KRR SE S - BOoRUN 2 H g
—%), MTERHEFFSHARNELR, X EEEAW IR SIEREA R85 M VE B, aRAE,
WA A A AT 5
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SR FH 3 PR SR 2 DR DA s Stk 7 24 S RO AT 5 AT VLS, QR DLRC ARG, BRI IR A2 — NG A
T BRSO T AT S BCE A PRSI BT SRR, HRDV R
FRESR A — SRR IIR &, RIUL RN M R e BT 53R, DT EHFERE

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

print_stacktrace HT7EHANFTENHAIREE S, ZRESEW NS, rlR KL trap I
(1) epc Ml fp ZFAranfH, MEfEARXATIRE, ZREFLALI-00 EDig41E, HUETEEDT fp ok
IBEFFR M, WO T RETCIEAEH .

XHEEERE epc MMKFTS, REET fp SHATERSIMEF, MWEEARMTR R E—ZK) fp LA
KRR R, B AT SRR, BRI RTEWANE N A BE VG N IR Ry 0 I AL .

2.4.3 lwp EEC
EHS G BRIy o DL LK B

i PEIC B & T

e arch_user_space_init Hi3¢#: &R
o arch_user_stack A3 LERD
lwp_gcc AHRHEMIEAD

2.4.3.1 wmIFELEXIER

1. AlZ&H> components/lwp/arch/risc-v/virt64
2. f£ lwp/Kconfig CFHFA RT_USING_LWP IEHIHT MK 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. £ lwp/SConscript HIA virt64 424

support_arch = {"arm": ["cortex-m3", "cortex-m4", "cortex-m7", "arm926", "cortex-a"
1,"risc-v": ["virte4"]}

2.4.3.2 arch_user_space_init i&fr (arch_user_space_init.c)
XEFEER arch_user_space_init 5 arch_kernel_mmu_table get iM%
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« arch_user_space_init Hi5i#JaHt Iwp MY DTRANME, FHEREUEHIER BN USER_HEAP_VADDR,
XFERAE X A MY R, DK TR K 4GiB IEE A EHIE] lwp TR, XA syscall
AT A BE A I b3

e arch_kernel mmu_table get #i57ik[nl 4% il £ 54t

2.4.3.3 arch_user_stack &f¢ (arch_user_stack.c)

W4y FETFEER arch_expand_user_stack, VMESZFEH PR AR R * KA
EH addr RGP FRTEREIN (B USER_STACK_VSTART 5 USER_STACK_VEND X [d]), #7E, N
WH lwp_map_user fEZ3EMMEALSEC— AT A B, MhiklEl 1, RMuR[E o

2.4.3.4 1lwp_gcc &fC (lwp_gcc.S)

X B FEIER lwp_user_entry. set_user_context 5 lwp_thread_return #1:

o lwp_user_entry #1041 5t N INIZ LR AN P SPATEET, WA P 2527 B0 S E 0 BRI 5] Hy
HE, FENR PR libe WIMATLIRHES %L

e set_user_context 4 lwp_thread return $2 0 d {77 (22 FEE AR 2 U1 B 22 FE bk
by T RAEH PSR G AR B SRR W) SCRE

o lwp_thread_return %DJ\J‘E@ syscall id N 1, 8N 0 MARFHH (B sys_exit),
ke B & RE R

2.4.4 bsp i&BC (bsp/qemu-virt-rve4)
XA IE AL LR L BR

Y PEIC B S A&

H B s i 2% SR B

UART 3Rz AL

WRBAIEEAFE 1 S B)

FRITHEZE LT, trap EOER LA stacktrace (¥

2.4.4.1 YmFOCEXHER

o HIAETREAIE bsp/gemu-virt-rved HE, EHTEIEMHKE SConscript 5 SConstruct, Jf
IEMRCE SConstruct H1ff) CPU 5 ARCH JETi

o MEBEMA, XEHEZEMEH ARM FIEEZA, HESHTIMAL LN 0x80200000, 1X/& gemu
1] opensbi Gl FHZMIAL L, NT XFWNZ stacktrace, MA TR section:

.osdebug :

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

} > SRAM

HR®IHRE 23



T vty 2.4. BHEEMAR

o il E Kconfig, 7EHrG)& BOARD virt I, ilJHik 50584k H 0

o 6% drivers 5 applications H3%, fE drivers H=EHE encoding.h 5 sbi MM
FE3Cfl, f£ applications HgH I main.c, JEAEHFLH main RE, ZREUER main A
AT R 2L

2.4.4.2 hEIEHIZEIRENER. (driver/plic.c/h):

gemu FTRAM PLIC [FEHbiEA oxeceeeee0, X HHJZEH T bigmagic MIIKBNSLEL, FokHFEM
BT RT-Thread Smart |, SZELT 40 FJLAM%ED:

void plic_set_priority(int irq,int priority);//i% & *F i £ £ &
void plic_irq_enable(int irq);// /5 A ¥ B

void plic_irq_disable(int irq);//% A ¥ i1

void plic_set_threshold(int mthreshold);// % & F Ibf iz & K {4
int plic_claim(void);// 3k B ¥ ¥ 5

void plic_complete(int irq);//:i@ % PLIC P Bf & 32 & &

2.4.4.3 UART UEzNiERC (driver/drv_uart.c/h):

XHZH RT-Thread IXZHAAYSCILE &%, FHEMA vart W&, R 2 SCHUBIAL BT AL E (1)
drv_uart_putc 5 drv_uart_getc #, XHIERIAISEI TR

o XWHAMENEEWM sbi $REEHED, MR, WT sbi RITHEHWIAHCHIEIERED, Fikibit s
AR B SR B 2R R e i R0 1 Aok S

o P EET—ANLFEAR, ZIEAE 10ms A —IX rt_hw_serial_isr, il rt-thread RGN
ZH drv_uart_getc $211, MR [BUEHIKZ S AR, IR R I\ 28 A5

o BT UART #IEHALES, RGMZFENLEE R T EAILEN, Bk, ZEHEREER S main ZfE b
=k

RIS % T bigmagic MIRHTIRANSEIL, XIRZNPEAT 1 udk, TER T gemu ) 16550 & #RIE
W% (http://byterunner.com/16550.html), B¢ MR K bWt sk .

2.4.4.4 WRENHBHIEOSEI (board.c/h)

WEBAIR IR 7 T SR A AR R R Zh A8, 51 WL, JFSSMRNIZ R S PTaRtL TAF, IXEFEER
KT LAN R

void init_bss();// #7145 L N #BSS &

void primary cpu_entry();// w4 A F N0, dHstartup gcc.ST A, HTmisitbss, X+
Wi . 4 M entry/s #RT-Thread Smart A #

void rt_hw_board init();// M B w4 0, %4 0 2 ERT-Thread Smart & 4 N 4% 4 45 1L B
WA R, RO AP B, UART. Tick. . #=H &% &. MALCcHEH, FEREWMER
Nz R &

PLF& rt_hw board init MJVE4HE TR 1. A rt_hw_interrupt_init() W1k d KiHE
2 2. A rt_hw_uart_init() #¥I4A4L UART #5#1%s 3. M rt_hw_tick_init() #%A
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ARG HEER S 4. A rt_system _heap_init() #IMEAL A% HE, P9 R% HE K6 B & A T
board.h T1f#] RT_HW_HEAP_BEGIN 5 RT_HW_HEAP_END MMEFrdhiE (XH/ME T 10eMiB) 5. i
H rt_console_set_device() WEMINEHIGH& 6. WM rt_components_board_init() 5t
CRBALVIEL 7. A rt_hw_mmu_map_init() #IEMANZITTERR 4GB =[R2 FRI4 X, R
Ox1_000000RO~OXFFFFFFFF_FFFFFFFF 8. Wi/ rt_page_init() ##4fk buddy system [¥]4) TIHLH
JuE, XEMKHE board.h TN RT_HW_PAGE_START 5 RT_HW_PAGE_END M UA#fEHudliGHEl (ix
BT 10eMiB) 9. 1A rt_hw_mmu_kernel map_init() SEMMNIZIE 4GB Mk [ A AR HL->
VIEEHEE SN X 10, $UT switch_mmu 5 MMU D)3 Sv39 HhhEH AR LR Z TR
AN MU

2.4.4.5 FhHEEZRLIN, trap FEOER KM stacktrace ¥#F (trap.c/h)

KHSLIL 7R

static void rt_default_interrupt_handler(int vector,void *param);//— /> 2k Ik a9 F w7 &
¥ A

void rt_hw_interrupt_init();//F %7 4E 4 40 45 L

void rt_hw_interrupt_mask(int vector);// W W A ik

void rt_hw_interrupt_umask(int vector);// ¥ ¥f 7 &

rt_isr_handler_t rt_hw_interrupt_install(int vector,rt_isr_handler_t handler,void *
param,const char *name);// ' b & 2 42 5 % &

void dump_regs(struct rt_hw_stack_frame *regs);//47 ¥ % & % 13 & 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 A\ o

handle_trap AbFZIRUIT:

. # scause FERIXZE—AS S SEERRW, WA tick_isr #EAR P AEERE T

2. #H 1 SAMLH scause FRARIXZE A S AW, WM plic FREUAREH W75 138 0
plic HWIAbEETERL, SR HENS R0 B A AL 7

3. HH 2 PARGL, WEHWCYET RS R, A2, R “Unknown Interrupt”

4. FH 3 BARAL, WPHIKGH 2 SRR, A=A arch_expand_user_stack ZHili#k{T
Py

5. HE 4 BARGOL, MFTERE L. R ar A i, HRH dump_regs FTENHIEH FF A48 1ME

CGEFFS5FRE) 1 MMU IRFS, FFFTEIH Stacktrace {55

=
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Varax

5

3

fli

Kendryte K210 F&iEFC

3.1 BHEZER

e

ZIEMRARIZIRAEH gemu-rved &, FIbX B FEET SR EBECTE D

HATZd ik, K210 FATTE 1.9.1 FAFBUHESEMTE (P LKA TREACERMN 1.9 R

#E), AZMVEMBUT G — R, RN — 28, DR R BTRLI e i) .

1. tlb XML sfence.vm TMARE sfence.vma 54

O 00 N O U1 b~

. PR TUENHITHEE mstatus MAZ sstatus FS2Hl, H Sv3o XM S N 9 MARIIEN

8

. HARUERT Sum MifEDY 1 WS ALVE S ASUTRE T U, e K210 fEA R T, A4

PrfE PUM, HAEON @ WfFRRALYF S Vsl H )~ il

. fE K210 ', TEPRBUN TR <5E 7 SMAZL 15 SR, BOAERIIMAT, 15 553 ARE X

K210 [ 1r/sc 824G KILRM, HEESKIA bug, HAh A §EIEFHRIER 1T NIER.
76 K210 1, Mg TiRMbEIZF /A48 2 sptbr TMAJE satp

. K210 1) Sv39 FiHuhEKE N 50 LA E 56 fif
. K210 M AW AR S A FRARENG], FEEEB s SRR RALEH SZE
. RERMIE N4, (BRI GTER AR sfence.vm 164, WRESSEGHIE IR (F g4

WAHTE MMU TISERCHTEE U I0) 7 NAE? A ), 1E1%38 2005 0 il in | fence 1 fence.i
B4 Ja, I EJTE, Bk AT R A SN LEEAN B, AT RERE sfence.vm 54 SEBRAH CRUEHT S
MIVIAEAR 2T A AR ? CHER R RS CIEEIR R, A SE ke 3, DURYE 1.9.1 iR
AFTEALFHRA B KD,  HAPRE X ME SO0 oA 240

PUF BB e 2R BRI LANB > 70 3l AT, K N LA P 3%

OpenSBI i&fT
Musl libc i&fd
MMU & A

r A ) 8 SR Sl G
PLL IXZNIERC
UART IRZfiE AL
Tick HRBhEAC
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o MR UG B2 11 SEE
o FIIMIEZESEEL. trap FEIERC AN stacktrace HF
o SD RIKZNIENL A FAT32 X RSER

3.2 OpenSBI i&fL

HTAE 1.9.1 ik, TURHURAAAUE M BIFE, DIBLT ZAE OpenSBI A AT HI4A b TR AL,
Rl K210 ASCFFE S AT, KU ZAE B FCH LA R SEBLZAL ], SCOUB T .

el github EF#k opensbi HIEAASHNEZR] bsp 1) opensbi HEH, 5N platform/
k210 Ht, XHEELEX platform.c CHHEX, MM LHEFTEOIIRECRE, REEEM config.mk,
KCFENIZR S, BGETREE bsp FEIgmiEMHA.

3.2.1 platform.c &

X MMU RO, FRE LR T A ERA) MMUTable U4l FH SRRAFEVUA TR, ARG TE
k210_final_init pREH a0 F AWML MMU BLE

u64 ms = csr_read(mstatus);

ms &= ~(Oxf << 24);

ms |= 9 << 24;

csr_write(mstatus,ms);

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

RIS S E mstatus FALTITE S &M Sv3o HulbFIFE, SR/5H% MMUTable HYPUIN
(BRETRA Y. 1GB HINATE) #E M1 A, HEA RWX BUR, RGKITEIEE N sptbr FE8, X
FERRSERL | 0x00000000~0xXFFFFFFFF ik 0 47 38 b bk 3] B SLH ik A 54— — Wi, 5 N A% 51 5.

X+ K210 Wy rEe AL, TR TR IXFER:

1. MYl RAER, WBIRA OpenSBI Wi M ZAHWIAL, fEHIE mie ZFA7as ANl (B
BN S BZEHTHBERGEFE PLIC AR pending F5i&, FIEFEFEAN M S4B,
RIGE mip ZFAFaT S BWAFhWl AN, MNimdEsflk S AHAFH ik

2. 1E M BSMNTRWARELE RS, S AT PBIREE Sk, ERNZT, A PLIC SREUSMNTH S,
RGBT PLIC HITALEESE MK, SRJETEANB R Wb BMR SE k2 5, 11 S BERE—NDRFWHHIT)E
mie ZFA7AE KA NS A A R A A T 4k SEER SR A A8 Hh

4 52Br EAE OpenSBI Hifg AN TAF 75 Hi i -

1. fERAE M EINTHBIIR %, &E mie ZFfAas AT, AERE mip FAHETM S &K
A= H B e 2 Ao

2. NERAE mie ZFATERIAINGSH WA BEAL R ALAR N R S iR A
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NT SR — B, AT E] opensBI JEEY H P lib/sbi/sbi_trap.c SR, 5E A7 F
sbi_trap_handler %, XA %2 OpensBI HKAFE Trap HIAI, 7 switch(mcause)
IIA—/N AN IRQ_M_EXT, JHilid LA MRAS SLI F iR 1) 753K«

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

N0, BAIRIFE] platform.c, SBI MRS NMEY: r7 FHESRIEY RS, r6
TG ORAER B R IS, BT RARGEAE T KA E XRGRM, X2 RG0S e
i SBI_EXT_VENDOR_START HI SBI_EXT_VENDOR_END % &E#iE, HIVi[EN 0x09000000~0Xx09FFFFFF,
FATX B R SBI_EXT_VENDOR_START 1ENY %5 .

IRJEFATEE AP RGEAR]: JF IR AN R W A OG AT AN P I, L ZhRe 5 5E LR

#define SBI_EXT_VENDOR_ENABLE_EXTERNAL_INTERRUPT ©
#define SBI_EXT_VENDOR_DISABLE_EXTERNAL_INTERRUPT 1

OEETESPHINAE SNSRI E

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;
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default:
ret = SBI_ENOTSUPP;

break;

return ret;

N T FX A RGN R OpenSBI, FAITRE 2 E L — Ntk

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

I3

ZEIAE LT AT R GER Y RIS ARG 5, DB 7 o SR B

SNJETE k210 _final_init *IF sbi_call_register_extension Xf R4 HIEATEM .

BAXT k210 final_init BB EEBSRINT:

static int k210_final_init(bool cold_boot)

{
void *fdt;

u64 ms = csr_read(mstatus);

ms &= ~(Oxf << 24);

ms |= 9 << 24;

csr_write(mstatus,ms);

MMUTable[0] 0x0000002FULL;
MMUTable[1] 0x1000002fULL;
MMUTable[2] = ©0x2000002fULL;
MMUTable[3] 0x3000002FULL;
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;

GiE®HRE

29



Wi H witkes 3.2. OPENSBI &ffit

3.2.2 config.mk &%

OpenSBI H&HIRZH firmware, X% firmware XRFUANFM T AL SN, X EIRATEH
FW_JUMP [}, J:M exs8ee3eeee #t5|F M1 (O OpenSBI Tilfd 192KB 175 [a]):

FW_JUMP=y
FW_JUMP_ADDR=0x80030000

3.2.3 SMRIFRA
N TSEHL opensbi M%iE, FRAE bsp HR FWE T — compile_opensbi.sh BIA, ZBIANE
/I
#!/bin/bash
pushd opensbi/opensbi
export CROSS_COMPILE=riscv64-unknown-elf-

export PLATFORM_RISCV_XLEN=64
make PLATFORM=kendryte/k210 O=../

popd
A e HEN OpenSBI JEID H %, ARG R EwmIFE L EEERTZM RISC-V ZEMAMEL, RGHEN
K210 ZEHyFfFaEgmiFas B A E S, S2hrN bsp H3X I opensbi Hik.

)T, 7 opensbi HEARL 1ib Al platform HANHE, HEIRIRATE FHKZ platform/
kendryte/k210/fw_jump.bin L, XANTEJE BN PHEE .

N LB EG e, RAIRME T compile.sh ZwmiEiA, ZMANKWT:
#!/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 52 compile opensbi.sh Zi¥ OpenSBI, RJGEN—/N% AR image.bin FKRIRFE
Bk BN, BEEW fw_jump.bin B ARG LGS, IS NEIEE 192KB K bk
ik,

N TR, WEAMNRS ThERMA, &) bsp H3XTH run.sh, WELITF:

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

ATLAEE R A —ANERAT, SERs BWRTE Linux BIOWLRHREE, wTULH -t SECE S ) Sl
TR, HRAE wsl H, ZBERARE A a8l )G, BRI TCIARL, By T wsl FIEWAEH,
Bt EE-t bk, s H s DR R AT

-p ZHURTHM AR BE & & S AE, -b SRURTH WAL R ERT2, Fa 1k e be RSB IR
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REHMEEMHHE sbi #2410 1ib JE, HEFEIRKTREMH, KX ERE rtconfig.py +
2L LFLAGS Z%, N sbi MIZHIBEREE:

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 '

[FI N 7O AR FE ) sbi REURAL, FHEABK bsp HAXTH driver/sbi.h X, JIA
LIRNEE SEE
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_CALL®O(SBI_EXT_ID_VENDOR,SBI_EXT_VENDOR_ENABLE_EXTERNAL_ INTERRUPT);

3.2.4 Musl libc &Efg

KH B ESRER K210 MJE TIRIFR L M EATEE KA A 2] 1r/sc $RXTIHTT 48
Bk 7 amo JFkMHER TEERS, WIMEREW malloc HHIIRILHT .

3.2.5 MMU J&ffiP

XEFEBN 1libecpu/risc-v/k210_mmu/risv_mmu.c XA, ¥ mmu_set pagetable UM TIFHR
HhtE N sptbr, [AI# mmu_enable user page access T mmu_disable user_page access [/t
TSI e BT

SRG B libcpu/risc-v/ k210 _mmu/ riscv_mmu.h SCAHE, & S ¥ B4 bk K B % PHYSI-
CAL_ADDRESS_WIDTH_BITS & 50, #R/5¥% mmu_flush_tlb() ZMEMCNIITE 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(9)

3.2.6 HRETEHIZRIRENERL

NT SEELR W A IR S, e IRATE T K210 ) SDK: fE bsp/k21@-smart H 3t AT
scons --menuconfig, ZRJEMKIXKPIEN RT-Thread online packages -> peripheral libraries and
drivers, %t the kendryte-sdk package for rt-thread, JfitN, KRAKEN vo.5.6, R)E
RFIBH, 'BEHEIIT pkgs --update HEATEMIEH .

SERJEREAA IR bsp HR NI packages HigH, AT RIEFEAMDHIES e, & EMERZH
SENMTE T HSET . git HE, FBHMEH rt-thread HE TIK.gitignore, Z#i%l packages H3
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RIS 1ib FEIFE L0k, 8% K210 53K SDK MR, 3F# % RT-Thread Smart
P AZ IR AR o

NTAERL PLIC, FATFEATIF SDK 1 lib/drivers HzEH) plic.c X, O rtthread.h.
sbi.h 5 trap.h k30, BFOARRBHEALFEZ, HEEE X—1 current_coreid() %, {HHN 0.

BEBN plic_init MR, HERERE EEX mie ZFAFM P WiIF L5 NEAE, A H
sbi_vendor_enable_external_interrupt FTHFHHT.

N TH PLIC # A RT-Thread Smart HHHES, FEIGHI— plic_interrupt_agent MREE
N PLIC AIrbWTAE S 2 [8] [ BT AL BERE FPARER AR P, iZARERRE i S SO AV EAE PLIC "R ELIE AL ERFE 7
(K4 K210 SDK H A2 RN FE Pt PLIC [ rh b BHAR Pyt 11, PRI A Ot e s e, RS 1E
plic_irq_register /5 rt_hw_interrupt_install B%{7f RT-Thread Smart FRIKIHEZEF A
25 78 1) R WS g R A AR O

HNT R sysctl X usleep BREMIMKHH, HTHATXELE RT-Thread Smart %4514
KIEF), KGR ARRMA RT-Thread Smart HIZERSpREL, X HSCI— DM usleep H LAV 2
sysctl FRER 7K.

void usleep(int x)

{

volatile int i = 9;

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

SRIGIEEL SDK RIX) SConscript, Mt & AT 14w BVRAAY SO F .

3.2.7 PLL IREhERE (driver/drv_pll.c/h)
XESZE T AL, 2508 dev_pll_get_cpu_freq 1 rt_hw_pll_init, 4% F3KE CPu
ISR ARt PLL,

XHE¥ PLLe WEN 320MHz. PLL1 WEN 160MHz. PLL2 &N 45.1584MHz, XIEF#IMA4LE
FEHEKE] K210 BT HIREITER .

PLLO fE NS A ZEm B, $24L45 cPU Rikk 12S AMWEAIME, FANZIMEI 26MHZz BBl
PLLL it eh iy AT RITARRS B, HAZAMEBRT 26M HFoh.
PLL2 Hthmf S {Ey 125 MITARm Bl S AA =ik SMERH) 26M IFPHEE PLLO/1 A% i

3.2.8 UART IREh&ERC (drivers/drv_uart.c/h)
XHEIZMARE RT-Thread UXBHHEZLH 77 LI, 2zh 2 mltn T

o rt_hw_uart_init P7EVEM S ORAEZ AR varths_init XHE ORIGEMLUER. PLL SRS,
AR MG E i

o 247 drv_uart_putc 1 drv_uart_getc, #H 5 5l#EF uvarths_putchar 1 uarths_getchar

o BTN drv_uart_puts ¥, HASCNIAH uarths_putchar
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3.2.9 Tick IENEES (1ibcpu/risc-v/k210 mmu/tick.c)

XEMBMT rt_hw_tick_init # tick_cycles i&E TR, Bt FitE TR

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

3.2.10 WRFANEMMIEOSSI

XHEAE rt_hw_board init ¥, rt_hw_interrupt_init HMHZEIMAT rt_hw pll init,
SKARUEAE AR BE R A HT B e b6k PLL, TRIEZ S PLL AR RE A #ERE IR PI46 1L -

3.2.11 FRETHESRSCIT, trap EOEECKRIMA stacktrace X

XEAWT D)

e« 76 rt_hw_interrupt_init MIEJSIIA plic_init SM¥CAM, M EFRILE plic, [HH
set_csr(sie,SIP_SSIP) #TJF S AMEAFH i sE LMEREIL OpenSBI % K& 4R H iy

o BT dump_regs o MMU 15 B, KA ER A satp MU sptbr, [FRF £ K210
() MMU - S5 T B

o 7£ handle_trap HUKALFEANEB W SCH scause 38 S AT, I SLISCH W TR
 CHSETR R Wi (5 5, 85 A PLIC FREAMBrRIS @A PLIC 5ER, 4% FRALE P
Wr, #xJ5HMH sbi_vendor_enable external_interrupt TN iSO

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 1T K210 LHTIRY, RAESTKNFEELME 7 52% (Store/AMO Access Fault), [HIh#k
YRS TN TER CEBTREM Store FH &I R, HRIEY B RIS 7 2 W dnfa] b2

S

#ifdef RT_USING_USERSPACE
if(id == 7)
{

if(arch_expand_user_stack((void *)stval))

{

return;
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}

#endif

3.2.12 SD RIRFENIEMRC K FAT32 MNHRGIERT

HNTIER SD RIKZ), HJEfE bsp HE FIAT scons --menuconfig, KKt N RT-Thread
Components -> Device virtual file system, TEHH}% The maximal number of mounted file
system F1 The maximal number of file system type #B1&ik N 4, #RJ/5J5 ] Enable elem-
chan fatfs &I, #kANiZET, ¥ OEM code page WE N 936 LI #thw, RJEHEH Using
RT_DFS_ELM_WORD_ACCESS i&JiJf¥ Support long file name ##N 3: LFN with dynamic LFN
working buffer on the heap PMEEHK A4 SCRE, IFRIE Enable the reentrancy PAfRIUEZFE
YA,

SRJG¥EN RT-Thread Components -> Device Drivers, /AH Using SPI Bus/Device device
drivers &1, J/5H Using SD/TF card driver with spi &M, RJ5RFFEH

SRJGTE driver/drv_spi.c/h F A K210 SDK ") spi BELIRRESLEL SPI UKEhENT, AHIGSE
PUATLAZ: WLIAS, X BN EERA

B S2HL dev_sdcard. ¢, LS T — rt_hw_sdcard_init, £/ INIT_COMPONENT_EXPORT(rt_hw_sdcard_
AT TR, BRIER— MRUAMVIEWFET, #2H RT-Thread Smart WAZTESIERIVILEILET AL H
ITA

RATE )2 M5Stack MIJF R, SCLK. SPIO_DO. SPI@ D1. CS Zr#lXf 30. 33. 31. 32
I0, T SD RUMUAIRRFRYE, S FEF Lhl, FUk¥ cs 46E 2] GPIoHS7 (RlE# GPIO K 7
10), JFAF GPIOHS WI#:I¥i% 10 ¥IUGik A% R, HiH = mr.

SR G AEC B I WIIR LI, £ RS VI — A EIER SPT W&, JF¥Iaf—/ sD K&
PEEAE bsp H3E FH) applications/mnt.c o' romfs_mount BRECH DN —H:E .

%
=

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

R T PRIEEESBOR A AT, X HE T EHNGIER H X userapps HFEH, £ root HFEHHE—
AR mnt B3, MBI weite_rom.sh BIAIEZIATE R k210-smart bsp HFEHFHATIZIIA, fi
— B RN TR RG A mnt 85,

T RT-Thread Smart H# ) SD RIKzhE K210 &2 — AN, Kihix Bt R4
W SD RIKsh b7 T8, BRI SC/F/74E T components/drivers/spi/spi_msd.c CfEH.

AR IR R R Z KB B e SPT #4 i # nf LRI R AT SR S 450, DR BLER 6h X A ) B o 7 T
Ab, Horp 3RS E B BIERZEM X FIEN FF ORIER, (HZATE K210 W, X2 ot B 77 i [A]
ENINEE AR R
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4.1 WHEZA

ZERAIGIRAEH gemu-rved P&, R B FEE RSB
DL B ORE U A B AN DR

e MMU J&ERC
o UART IKzNIEAC
o Tick IRZNEAC

4.2 MMU &P

XHEFEBHN libcpu/risc-v/k210_mmu/risv_mmu.h SCfF, 43 D1 SRHM €906 %X} TR IiE
SGHAT TH R, IO TR LM

e 59 - SEC fif

e 60 - Shareable fif

e 61 - Bufferable fii

e 62 - Cacheable fi.

e 63 - Strong Order f{i.

BT H AT A M ST SCR, Bt BT B AL AR, HATAE N Cacheable fi 78 X i
PITLZ S 4 Cache, Strong Order WM TR &M UL, ARORIED M2 Strong Order iff
e R, HEr HAES M coee MR AR RT-Thread ¥, & PAGE_DEFAULT_ATTR_LEAF 5
PAGE_DEFAULT_ATTR_NEXT %%, HOATOFiEIi.

/* C-SKY extend */

#define PTE_SEC  (1UL << 59) /* Security */
#define PTE_SHARE (1UL << 60) /* Shareable */
#define PTE_BUF (1UL << 61) /* Bufferable */
#define PTE_CACHE (1UL << 62) /* Cacheable */
#define PTE_SO (1UL << 63) /* Strong Order */

35



i H otk 4.3. UART IKX#hi&ERC (DRIVERS/DRV_UART.C/H)

#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 AT M ANE A2 . PTE_A Al PTE_D JEDL, {HSEIIAINE2 SE MMU BURTE

SRIGEEY mmu.c HH rt_hw_mmu_kernel map_init &%k, BTN

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 ij;

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 RRAN TUR TS5 N 454N PTE_CACHE | PTE_SHARE | PTE_BUF | PTE_A | PTE_D J&lk.

SRIGELE bsp H3 FIY board.c #f) rt_hw_board_init A%+, 7475 rt_hw_mmu_kernel_map_init
PR 5, EONML 1GB 4% MMIO MLS[X 2% PTE_CACHE 5 PTE_SHARE J&t, FINinE PTE_So &
PE, DARIER & & A2 IR E Vi1

4.3 UART IRzhiERD (drivers/drv_uart.c/h)

T HAX T4 & D1 ) UART 548 & PLIC 528 AHoCHIE I ANE 28, R hix BOR F 2672
Ry ORI A R T RE, LR R AR

o drv_uart_putc E#E:AH sbi RO

o T sbi HUHE DEUIRSIMFEIE BUG, JLiAIEMAGI UART Fifi 282 @ B U S T A 83E, T3
KR EE IR M, BRI RS Linux F4E D1 BIIKEN, HMSLHL dev_uart_getc #1

o BBEPAE —ANESIER, ZEHE 10ms X rt_hw_serial_isr, il rt-thread R4W
ZA drv_uart_getc $1, MR IR BEHIKOZ S A REEE, IR R I\ Az

o T UART WIEAILIS, RGMEENHLEAR TR, KL, ZRMELEERR] main LR FHE
=k

4.4 Tick IEEhERC (libcpu/risc-v/t-head/c906/tick.c)

HIF H AT T4 D1 M FAN BN ANG R, X E tick_cycles HI{HN 40000,
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%5
Dream0S A#zAYFEKIZFA (F B 2R #%)

5.1 ®ITEFER
ZHNEXH C EEHmE, HilSRERSE github BFEFH: https://github.com/lizhirui/
dreamos_cversion

ZAEI4 0% Dreamos, XM arch/bsp/firmware 73857 ALY, IRH T scons 1E
NHIERG, fEH T RT-Thread TR scons 4iikiia.

Hg &5 MR
%= 5.1: DreamOS UFfChH R4

Hx4 FHi&
arch CPU T8 &M M AT
bsp FRE CPU T B
firmware [i] /- H A AR A
include WAZ A S S5 N IX
src WAZIEARAS S
tools A7 T B AN 3 TR

5.2 REagit

src HETNEEWFILNXE: | X% | Hig | |-|—| |interrupt.c| WA |
|io.c| =M GHAEMI | |kernel_init.c| WEVIGHMAHL | |kernel_tick.c| PIA%IHE &R 2840
K | |os_debug.c| WIZIAAIIAEAS | |os_memory.c| WAFEEAIE | |os_string.c| —L&¥H]
WAERFIFER¥EER %0 | | phypage.c|buddy system| |task.c| fESSHEAIX | :src HRCHEHZ

PAZIRI i 7 R JLANME

void arch_task_switch(task_t *old_task,task_t *new_task);// A T arch AL % b7 4%
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void arch_task_stack_frame_init(task_t *task);// A T arch I 4745 AL 5 ol

void bsp_early_init();// A T # N A & 0 & 445 1L

void bsp_after_heap_init();// A T % w3 5 BB &9 45 1L

void bsp_after_task_scheduler_init();// A T if L & % m 4145 L 2 )G 49 40 45 1L

void bsp_puts(const char *str);//H T ®miEH & 470 F & &

bool_t bsp_interrupt_disable();// A T ¥ 7 A& ik

void bsp_interrupt_enable(bool_t enabled);// H T *F i 7F &

bool_t bsp_interrupt_handler(enum interrupt_type interrupt_type);//H T ¥ 7 & 2

NIRRT

5.2.1 interrupt.c

ZSCAFSEEL TR JUAN R

void os_enter_interrupt();//# N P b 0538 40 N A AT G AT 69 F B &k

void os_leave_interrupt();// & & 7 bf 0F 38 4= A 4 L 47 L AT 89 F B & K

bool_t is_in_interrupt();// ¥l ¥ % AT42 F & & & 4T /£ F B

bool_t os_interrupt_disable();// % F ¥, JFi& & X P B a7 &9 P B R &

void os_interrupt_enable(bool_t enabled);// 77 * B, & 2 L 2 F Bk &

5.2.2 1io.c

X EESLH T os_printf 1 os_puts, LA bsp_puts FHIOkRSHl, RIBMHERHT
RT-Thread [ rt_kprintf pRESLIL.

O

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

void os_puts(const char *str);

5.2.3 kernel_init.c

KB T =%, H print_logo M THTHIN# Logo, print_system_info A T-iHH
print_logo fTENNI% Logo, FIRIFTENAZIEA(EE, M kernel_init WA T WV, XH2EN
AIPNEP

kernel_init PREHATLERUIT:

. I bsp_early_init SERUIRIERLN bsp HIhtk T1E

. R print_system_info fTEIN#% Logo A5 H

. VA os_memory_init WAL RS

WM bsp_after_heap_init SEMMEANTC/EM bsp HILAL TAE

W task_scheduler_init 5¢mUT55 R 2$018A10

WA bsp_after_task_scheduler_init FEMUATSREEZRVILEE R bsp VLA TAE
. A task_scheduler_start jazhifE s

N o vt b W N R
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5.2.4 kernel_tick.c

X LS T N RZ I R B I R T AR FERR T kernel_tick, 1ZFRT R SIRMCHRIINAT S, REREY
HIAE 55 BRI AR ()R, AR BRI 58, W2 — R, SIS AL (8] F, JF H4hAT task_schedule
BEANAESS L

5.2.5 os_debug.c

X EESEHL T AR IS R Stacktrace SZRF, WEIEAI ML RT-Thread Smart Qemu-rve4 V&
B 55T Stacktrace FRIAHICSZINEH .

S T WO

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);

5.2.6 os_memory.c

SR T WA RS IR, HA A E — R os_memory_init, ILEH TAXAE/E buddy
system, UL IHAHT phypage_init.

5.2.7 os_string.c
BT H A NS TAE ] 1ibe FE, DICTEEESEI—LePE R4, Wi R B (BRI ZhREFINT B 2Bl 44 7
1 C BB, X EAEX I REHAT 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);

5.2.8 phypage.c

X&— buddy system HJSZEL, XHERR— N ANFERIRID 5

N WA NN RSy, BB 2 metadata, JG il 2 %dEiH, A1 RT-Thread Smart H
SEFIANF] R A 3 B R U T 1) 43 A0 2 A B3 B i B

X SeE LR
o meta_size - metadata ZEMIARIA/N (kb BRI/ 2 KR AT 7650

e page_size - TIHIK/D
o mem_size - FJHMNAFR/AN
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e page_num - FHETIMEL

RAE LT € S RE SRR TR T

memgize

age,um =
pagen Lmetasize + pagesize

i EER AT, RS R AR T Y.
RHEFW TR

void *phypage_alloc(size_t size);// W @ 5 f (H X/ A265 %, H>=size)
void phypage_free(void *addr,size_t old_size);// 7 @ # &

size_t get_allocated_page_count();//3k B & 4 B &) I & # =

size t get total page count();//i B % W @ 4% &

size_t get_free_page_count();// 3 B = A T @ % &
void phypage_init();//buddy system#1 454t

5.2.9 task.c

RS ] A e FA R B SR A SE L, task SERARRE (I T

typedef enum task_state

{
TASK_STATE_RUNNING,
TASK_STATE_READY,
TASK_STATE_BLOCKING,
TASK_STATE_SLEEPING,
TASK_STATE_STOPPED,

}task_state_t;

typedef struct task
{
size_t sp;//#& T 45 4t
size_t stack_addr;// % A2 45 3 3k
size_t stack_size;//#x K b
size_t pid;//Process ID
size_t tid;//Thread ID
size_t sid;//Session ID
size_t priority;//# % £ £ &
size_t tick_init;//41 A &9 & 1] R
size_t tick_remaining;//#| 4 B+ A A
task _state t task_state;//HE % Kk A
task_func_t entry;//HE % N
size_t arg;//HEH AN B A H
task_exit_func_t exit_func;//HE 4B H HH (A THESLEREGF R F L)
ssize_t exit_code;///t % ik i &
list_node task_node;/// % 7| & ¥ 49 5 &
list_node schedule_node;// A & 7| & F & 91 &
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}task_t;

SR I ARE

task_t *get current_task();//3K B % AT &9 1£ %

void task_init(task_t *task,size_t stack_size,size_t priority,size_t tick_init,
task_func_t entry,size_t arg);//#¥ L — AN 5 & MK

void task_schedule();//#ti7 4& % ¥ &

void task_scheduler_init();//4t % ¥4 & 2 w45 4L

void task_scheduler_start();/// % % % 3 3

P EARAEIATAE S U is,  an SBAG I BT SSAL T AW, U5 B a0 R J LA b 7B IR 21 v Dy A 35 25 AR
1 arch AT RS, BUSLEVEA arch B Q3 TES D).

if(is_in_interrupt())

{
need_lazy task_switch = TRUE;
lazy_old_task = old_task;
lazy next_task = next_task;
}
else
{
arch_task_switch(old_task,next_task);
}

5.3 gemu-rved FEEHIFEIE

5.3.1 BiELZA

AT RBETERBE, T2 firmware. arch LK bsp =9

5.3.2 firmware (firmware/sbi)

XHEEEKHM RT-Thread Smart FEEER) sbi SkCFRLI sbi #2137

5.3.3 arch (arch/riscv64)

BE WU, A& AT

R 5.2: arch HFXIHSE

A4 Fi&
arch_asm.S SIS DR
arch_trap.c ST Trap #:0
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A4 Fi&

arch_trap.h ENLT Trap ML RCEREEM, ZE5H RN AE RS BT S04
arch.c S AR SRR I AR AR T

arch.h T T UM R SR I R A
encoding.h riscv 4RIk SO

entry gcc.S JE AR

function.s AT L [FP D RE S
interrupt_gcc.S W& trap A

stackframe.h A L B SCERAE AR SR I G
syscall gcc.S HREMHBED

osconfig.h 5 NIZECE S

osconfig.py 5 WIZ RIS 3L

NHEZEAAN A .

5.3.3.1 arch_asm.S

AR T arch_task_switch 21, R ZEDKE —NSH0 NULL, W& BEREVIAFH TS
M EFEIRES LN, XA NI & R 35— MES A
5.3.3.2 arch_trap.c

A T EER trap_handler #M, X C ) Trap AFEAD, #FANZEE)SE, Bk
SAGIMER A, RN AEY bsp_interrupt_handler AFH, 40 SRACIH R ThEL R AT, 75 0 EEATHR
H, RES BRSBTS AR (B S) BLZ CSR M MMU FPIREE R, FFSITEIE Stacktrace.

5.3.3.3 arch_trap.h

X HE LTRSS BRSO
#+* 5.3: (FF LTS

{2 itk T

0x00 sepc

0x08 ra

0x10 sstatus
0x18 gp

0x20 tp
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e ik FB
ox28 to
0x30 t1
ox38 t2
ox40 s@_fp
ox48 sl
ox50 ao
0x58 al
0x60 a2
0x68 a3
ox70 ad
0x78 a5
0x80 a6
0x88 a7’
0x90 s2
0x98 s3
OxA0 s4
OxA8 s5
0xBo s6
0xB8 s7
oxCo s8
oxC8 s9
oxDo s10
oxD8 sl1
OxE®@ t3
OxE8 t4
oxFo t5
OxF8 t6
0x100 user_sp

5.3.3.4 arch.c
XHEE YT arch_task_stack_framt_init #EOMSZEL, ZSEELE S0k BN SCHRE — I 4L N

oxdeadbeef, AJ5¥ ra WENTSIRE KL, ¥ gp WENNZINERTEE $__global_pointer$,
¥ a0 HENFESANOSE, K sepc WENESAD, ¥ user _sp WENELLT, % sp fBHES

HR®IHRE 43



Wi H witkes 5.3. QEMU-RV64 “T-&HIFHI

PR R SRR B RIE AL B, B sstatus WIEEILN exeeedel1120, VMEFRIETHSVIIHIBITIE S AIF
T Ja H Wt o

5.3.3.5 arch.h

KHE LT LA KR FD 5 -

#tdefine SYNC() do{asm volatile("fence;fence.i");}while(0)
#define SYNC_DATA() do{asm volatile("fence");}while(0)
#define SYNC_INSTRUCTION() dof{asm volatile("fence.i");}while(9)

5.3.3.6 entry_gcc.S
KHESEI T REFAND, HEE sie M sip #Ai4%, AJEHCE stvec 8 Trap A trap_entry,

SRIGREH FPU B N IZERIARRIIE S N sscratch /788, ‘BB T HENERFES, HEZE bss,
BEEkN main BREUTTLEIAT

5.3.3.7 function.S

RSP SR TV RSO, HETE T RFFRE .

5.3.3.8 interrupt_gcc.S

XESCH T trap_entry A, ZREELTIE] Trap £, ARG HRF L N XTI trap_handler
A, fEACEESESGARYE need_lazy task_switch FrEFPIRAIATIER FMESVIHACEE, )5 iR ] IE 52
JFPAT -

5.3.3.9 syscall_gcc.S

XHSZHT syscall_entry, J& syscall ACFEFIAN, {HEH FT AR SLZIIZThAE

5.3.4 bsp (bsp/qemu-virt-rve4)
BEWT LA, & man T

#= 5.4: arch HFEX1HE

A4 i

bsp_init.c BSP #JUG At ek S

bsp_interface_asm.S SCEL T BSP Y MTFOCER £

bsp_interface.c SEFLT BSP A Ak

bsp.h bsp AL fE, FATEIAN bsp M ESLCHRINZ
entry_main.c & main %
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A4 Fi&

task_main_entry.c & main (ESMIAN

tick.c Tick IXBNIKSEEL

trap_handler bsp_interrupt_handler HW7AbE$E 1) SZEL
RS

5.3.4.1 bsp_init.c

HA Bl 7 % bsp_init, HETSRIAT.

5.3.4.2 bsp_interface_asm.S

XS T NS E bsp_interrupt_disable 5 bsp_interrupt_enable 11,

5.3.4.3 bsp_interface.c

X E S T A% S I bsp_early init.bsp_after_heap_init.bsp_after task_scheduler init
PLJ bsp_puts, HH bsp_early init H i tick_init ¥4tk I Tick, bsp_puts HE#EFIH
firmware HJ sbi_console_putchar Rs5:3i.

5.3.4.4 entry_main.c

KRS T main BREL HA LA bsp_init 5EE bsp HEMIAIUELL, ARG kernel init
Ja 8%

5.3.4.5 task_main_entry.c

XEAUNSEIL T task_main_entry XA~ main (SN, X2 NS T S —AMES .

5.3.4.6 tick.c/h

XA Tick XFNSLHIA IR RT-Thread Smart IXEIFEHEE] gemu-rved 14 I S50,

5.3.4.7 trap_handler.c

XHSEI T bsp_interrupt_handler HT4bFE bsp i, XHEAI T S FH Timer H1lHi.
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5.3.4.8 osconfig.h

RHEESCTJINWECESE, 250 k.

#define
#define
#define
#define
#define
#define
#tdefine
#define
#define
#define
#define
#define

5.3.4.9

OS_PRINTF_BUFFER_SIZE (256)//0s_printf4 i X X /)
PAGE_SIZE (4096)// 71 1 4 /)

PAGE_BITS (12)// 7l @& Kk ) 692489 %%

MEMORY_BASE (0x80000000)// I 7 ik At
MEMORY_SIZE (128 * ©x100000)// " 7+ & I
TASK_PRIORITY_MAX (31)//4& % #h & 2 s K i
TICK_PER_SECOND (10@)//f I 1 K& v (# {zms)
IDLE_TASK_STACK_SIZE (8192)// % IHl 4= % # K /I
IDLE_TASK_TICK_INIT (1@)// % Iil A& 4 it 1 A
MAIN_TASK_STACK_SIZE (16384)//maintt 4 # K /)
MAIN_TASK_PRIORITY (1@)//mainit % 1L & 2%
MAIN_TASK_TICK_INIT (1)//maintt % 8 5 A

osconfig.py

XHEBEMIF RT-Thread Smart F1ff] rtconfig.py, ME—ANERIMTE T, XEL T —4 FIRMWARE
ZHMTHRE firmware K1,

HR®IHRE
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NSRRI ek 47 RT-Thread Smart (1) K210 “F&BEHAMIKIFEF, WS iEE—
UBiE S A S 2500 micropython %,

WAZ T T, 24k4:s2Pl Dream0S, LATH [F) % G5 AT 2USLBL R S AR RSO R Gep R, FFLL task
I 5EM. Process. Thread WIME&MEE, RN Session HISCHFFLARAIRE B R44%, R ZEN
ANZ RS FE, DAL g, R PERES .
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