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[o]jpia : ARMv8 e

Thumb-2 VFPv3/v4 Key Feature ARMv7-A
TrustZone NEON ]
SIMD

A32+T32 ISAs A64 ISAs

- Scalar FP (SP - Scalar FP (SP
=F Float) DP Float)
\ AArch32 AArch64
— 4GBLAZMYYIIELEIE —
Processor cluster
C \) czzzzzzzzoo [ > Timers
. eafugiutnr 0 o, o :
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- EENEHES | —F
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) [EIG : $5ER/ARM (Exception Level)

{

EI0: RFSIER . I O N
EN: P ‘

El2: hypervisor

El3: monitor

1} <



) [GlfR : ChCoreXdEERBIAIER

T « ELO : ChCoreHHiIRPTIEF

« EL1 : ChCoreHIfJPI#%{<HS
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Rt RFHAREMMU

o It RFEHARMMU

— Ekerne{CABRRETEMEIBLEES ( FOYPIEMBULARR] )
*D%imilt‘gﬁplﬁ{ﬁ 2 x8, _boot_pgd_down

ttbro_ell, x8
x8, _boot_pgd_up
ttbrl_ell, x8

B . AaEEEkerelf{

A EIRT BRET Z IR ER AN
EIBILER R ?

tlb1 vmallelis
dsb 1sh
1sb

enable_mmu sctlr_ell , x8



#H )\ kernel
- DksEZlkernelfimainif£q

BEGIN_FUNC(start_kernel)

mov X3,
msr TPIDR_EL1, x3

ldr x2, =kernel_stack

add x2, x2, KERNEL_STACK_SIZE

mov sp, X2

bl main
END_FUNCCStaurt_kermet)




void main(void *addr)

{
u32 ret = 0;

Kernel

uart_initQ);
kinfo("[ChCore] uart init finished\n");

N arch_interrupt_initQ);
EE#AChCOre kinfo("[ChCore] interrupt init finished\n™);

- ay

- FRBOSHIZFIRSS

N ret = lock_init(&big_kernel_lock);
— Elg;ﬁl%*%/ﬁ\{'\gﬂ kinfo("[ChCore] lock init finished\n");

BUG_ON(Cret != 0);

mm_init(NULL);
kinfo("[ChCore] mm init finished\n");

sched_init(&rr);

kinfo("[ChCore] sched init finished\n");

create_root_thread("/init.bin");
kinfo("[ChCore] root thread init finished\n");

enable_smp_cores(addr);
kinfo("[ChCore] boot multicore finished\n");

pmu_init(Q);
kinfo("[ChCore] pmu init finished\n");




) X86-64RIBENITTE

- ATEBIFES , MEEHMPEFEERSEITE
- BEERSES  #H1TIRIiEi%

— SCART((16-bit)

— {RIP1EZ(32-bit)

— IA32E (64-bit)

- HFEERHAFIREI(64KB) , BISAZAIBIZERIENE
AFH

-« HARZ
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) (ERIREISEHITHA

- ARMEHIS

- X
.

RS S SCIEE AT/

A

IMEEERL

FRYARMABE(S

ChCore

&I Ehost OS_HEEIRRE ARMIEH =S

Host OS

ARM
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switch (opcode) {
case 0x10: /* SUB */
if (u) {

OPCODE_ADD -(tcg rd, tcg rn, tcg rm);

tcg_gen_add_i64(tcg_rd, tcg_rn, tcg_rm);

J
break;
case Ox1l: /* SQADD */
if (u) {
gen_helper_neon_qadd _u64(tcg_rd, cpu_env,
} else {
gen_helper_neon_qadd s64(tcg_rd, cpu_env,
¥
break;
case 0Ox5: /* SQSUB */
if (u) {
gen_helper_neon_qsub_u64(tcg_rd, cpu_env,
} else {
gen_helper_neon_qsub_s64(tcg_rd, cpu_env,
}

break;




) IRPISTRR

ct CPUARMState {

t regs[16];

64 t xregs[32];
_T pc;
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) IRPIRTF

AbstractMemory: : FYSRR) (PacketPtr pkt)

assert(pkt->getAddrRange().isSubset(range));

uint8_t *host_addr = toHostAddr(pkt->getAddr());

if (pkt->isRead()) {
assert(!pkt->isWrite());
if (pkt->isLLSC()) {
assert(!pkt->fromCache());
// if the packet is not coming from a cache then we have

LL/SC tracking here
ed(pkt);

b
if (pmemAddr) {
pkt->setData(host_addr);
}
TRACE_PACKET (pkt->req->isInstFetch() ? "IFetch" : "Read");
stats.numReads[pkt->req->masterId()]++;
stats.bytesRead[pkt->req->masterId()] += pkt->getSize();
if (pkt->req->isInstFetch())
stats.bytesInstRead[pkt->req->masterId()] += pkt->getSize();
} else if (pkt->isInvalidate() || pkt->isClean()) {
assert(!pkt->isWrite());
// in a fastmem system invalidating and/or cleaning packets
// can be seen due to cache maintenance requests




) ELES
- [ELZ : host OSHISZIH
« VGAEJR : host OSHERE O

. $2f% : host OSHYEBZAPI
- BI$HEH : host OSHYATHHR
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) PIREELIZE

- MRt SiREi
Eie R il FAEE

- IER&E

- IEANIBMBYEFIE
— IBM’s M44/44X , 1960s
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OSIEZHABA

- BERFINZABIEFISRNEAX , SRAFEAEHRX

« OSIRENIZEM ARIIEER .. ...
— ®18) . OSATEIEZE P X FHME
— Rl - HiEEiEsEWEIRmANG | FTRTCPUIEREHT

OSIH{TAME

BE . MEEMS |, 15

PBRFR S TVEREF ? ST A ?

BE . EFEET | (F

A "tE" FUEREE ?
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) RIFIF A OSIRENEEA

- ATHEMAFRBEGET. SIEEE , NA—BRAR
SIS s

* getchar () Riflfread () I53KOS1SIRANAYENIR
[EI¢ERR

- NAEERSITOSHIEIEHIEH ?
- P& (BREFERIFRSGLNEE)
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- FAlR (Interrupt)

— SR B R =SS
- 72 | FERENSRRTIES TR | IR T

- 5% ( Exception)

— BRI T = e RIS
- BFERRVAA ( System Call )
- AFPEFEKEERFREIRS
- @ : FEABEHTEA BRI TR SEX
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) FAEFRGERBHTRIXR

18 S 7;% AArch64 x86-64

R TP

24 5 (EE/FET) (nJ af*ﬁ//i\nu i )
S B ESRE =i
a ik (&RIH/REIES ) ( Fault/Trap/Abort)

- ZIBIREIR "R . "BET HAEREBEEX
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AArch64iy Rl ( BRERE )

« 855 ( Reset)
- &ZEAAINEE |, ALBITRASIGRHCPURZIL
- HAREX LEEEEEE. WatchdogZFfit sz
« FRER (Interrupt)
- CPUINSBY G St |, FTRI=BHAT
— WITHATES . SEEA R




) AArch64fy (RF ) BE

- A1k ( Abort)
— KIWHYIE S IREN B EE 1A
— WIGIRIAA RIS
- BEFYEIES ( Exception generating instructions )
- SVC : AF#ER > #F&R %R
- HVC : EFR &% -> EEEEES
— SMC : Normal World -> Secure World
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x86-64AK1E

— AIBFi | IRE ;“EE’JL:E BT Rz hlas SO EREREE | AT
SRR (0, BE. WESHY)

— AATEERR - LR ARIEER (10, RFIRIESEIR )
@ (RE=E, BZ)

— §5iX (Fault) : (IEROIRE (AJKE ) . BFEIR (AHRE ) &
— BEbH (Trap ) : TEWE | W= (int3) . R&VEA (int80)
— FALE (Abort) : " EREIR | AAIRE (=508 )
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) rhbf=HIES

Processor cluster
___________ — Timers
e, |
P — i
1
H
CLCD < : : : L
Core 1 : 1
|
'Y 17
Image loader 4
E ]
| Address decoding :
: Non-secure Secure :
4 Memory bus . __I____;
v v v v v v
UARTs )
Block storage NonRi:Acurd GIC Secure RAM
PLO11_0
= : ; : System AA I'YY
PLO11 1 Networking Virtio devices Controller £ r
PLO11_2 il Hostt NON;S:CU; Secure
esystem eripher:
PLO11_3 ¥ ° [ peripheral |
— ]
Interrupts Interrupts
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— BRERUfT
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) AArch64FRERAI 3

* IRQ ( Interrupt Request ) =

- SETl , UK bEiE ERECPURI AR RIS

 FIQ ( Fast

4ab
— /':\'Hb

— H%JEEPILHT ,
— BANEENTRRIRES _

Interrupt Request) | grpcopcise ( Interrupt
H—AFIQ Controller ) FECE

ffichs | IR

« SError ( System Error)
- [REFELUEN. BOELIERIRE , ZHRLHIE (Abort ) S5

- MNEFT

( Cacheline ) BERIZENFHRNEENRE
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) BHARIARMARERIEHIZS

. rlEEER i

HW_ICOLL_INTERRUPTO0-127[ENABLE]

— BRI AR IEESAYTNRE
SoC(System-on-a-Chip)]” &
SCHL

- FIQEE &GRS , IRQIR

BRI RHITO R

— YFreescale/NXP

+123

HW_ICOLL _INTERRUPTO-127[SOFTIRQJ

+123

OR
x128

HW_ICOLL_INTERRUPTO-127[PRIORITY]

Priority Encoder

g

y FIQ

iMx233/iMx28 & %!|51aYICOLL

ARM9

Vector Address = Vector Base Address +4 * Sou

rce Bit

Number

_IRQ

|
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) BHARIARMARERIEHIZS

- =HEEHIEE VIC (Vector Interrupt Controller)

L]

— ARM#2H

L]

— B{EAMBA (Advanced Microcontroller Bus
Architecture)SiER %

— 32MERIEFERT ( AEFRERVSIEAND )
— 16MRERRT ( AEFARBSEAND )

32



) REHETSIERETER

— FIQSTATUS[31:0] =>

Non-vectored FIQ

interrupt logic

Non-vectored IRQ

nVICFIQ—

—=IRQSTATUS[31:0] =+ " on ot iogic [
Interrup X ——IRQ0 —»
=VICINTSOURCE[31:0]==+( reques | | VectoredinterruptO | ;o ;40 |
g Vectored interrupt 1 IRQT—
ector interrup | VectAddr1 -]
| |  ——IRan—>
| | —VectAddm—{ |rRQ vdctor
. ——|RQ15—»| addres$ and nVICIRQ ———
Vectored interrupt 15 | VectAddri5+| priorityJogic
nVICIRQIN ——/ - A
——VICVECTADDRIN ——> Daisy _
3 VectAddrin ——»
<«—VICVECTADDROUT ——| chain VoutAddrout
nVICFIQIN | « -
HCLK ——
HSELVIC -/ T HTRANS
le—=HADDR[11:2] ——
HRESETn ——>|
HWRITE ——>| AHB slave interf et HRDATA[31:0] st
siave Inferiace =t~ HWDATA[31:0] ——
HREADYIN——> L hsizep:0)
<+———HREADYOUT —— L heroT

<+——HRESP[1:0] —

Control logic
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) GIC: B FhBfEEEE

- FREBITESS |, SRR ZAaARRIZ ( JIFREKIEXD
1) g

- ERIEE
- ok EIEFTETRHT. REMSER. B
- CPUEEM : A8 CPUZAXIRIATE
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) GICHIERRIR
SPI : =Gl
FAFTS CPUL AR S s

A LRERHAZI— S M, 3
2RI ARz TR

Distributora] it &I
ANUART AR

RRID : 32-1019 4096-5119

GIC

Memory-mapped

CFGSDISABLE® —»|
Distributor
a
»
=L |Interrupt ID | =
il 32-1019 |-
.
Interrupt ID
PPIs 16-31 CPU [t
Processor Interrupt ID SGI interface 7 )
7 0-15 " request .
(FIQ*, IRQ)*
| | | | | ]
| | | | | ]
1 1 ] ]
Interrupt ID I—
PPls = 16-31 CPU  |€—
Processor Interrupt ID SGI interface 0
0 0-15 request
(FIQ%, IRQ)*

interface

> Memory-mapped
interface Processor
7

= FIQ*, IRQ

> Memory-mapped
interface Processor
0

=» FIQ*, IRQ
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) GICHHERER

: FAABIZE PR

PP :

o HBENMMCEESEZ EIFABIRSEMA
- IETEIZALIE
- UNEFAERTEE ( Generic Timer )

« hlFID :

SGI

L A
RIE AR T

16-31 1056-5119

 rhiFID : 0-15

O bR

G

Processor

0

PPIS sty
Processor
FiQT, TIRQ)

GIC

CFGSDISABLE* —»,
Distributor
| —
SPIs =i Interrupt ID| =

32-1019 | =

Memory-mapped

Interrupt ID
PPls > 16-31
Interrupt ID SGI
0-15 request

CPU
interface 7

Interrupt ID I—

16-31
Interrupt ID SGl
0-15 request

CPU
interface O

L]

> Memory-mapped
interface Processor

i * }-» FIQ* IRQ

interface

7

> Memory-mapped
interface Processor
0

=» FIQ*, IRQ
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) GICHIIRHECE - AR Btimer/afl

#define GICD_ISENABLER (KBASE+0xE82B1100)

BEGIN_FUNC(put32)
str wl, [x0]
ret

END_FUNC(put32)

FERAMMIO , IZEGICHZ1FEE , EHtimer

void plat_interrupt_init(void)

{

u32 cpuid = smp_get_cpu_id();

if (cpuid == 0)
gicv2_dist_init(Q);

gicv2_cpu_init();

/* JaHtimer */
put32 (GICD_ISENABLER, 0x08000000) ;

timer_init();
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) GICHIER{ZS3REN

{EEAMMIO , M\GICEHHISTE
RERIRBHUER

void plat_handle_irq(void)

{
u32 cpuid = 0;
unsigned int irg_src, irq;

cpuid = smp_get_cpu_id();
irq_src = get32(core_irqg_source[cpuid]);

irq = 1 << ctz1(irq_src);

#define
#define
#define
#define
#define

CORE_IRQ_BASE

COREO_IRQ_SOURCE
CORE1_TRQ_SOURCE
CORE2_IRQ_SOURCE
CORE3_IRQ_SOURCE

COREO_IRQ_SOURCE,
CORE1_IRQ_SOURCE,
CORE2_IRQ_SOURCE,
CORE3_IRQ_SOURCE

(KBASE + 0x40000060)

(CORE_IRQ_BASE + 0x0)

u64 core_irg_source[PLAT_CPU_NUM] = {

switch (irq) {
case INT_SRC_TIMER3:
handle_timer_irq(Q);

(CORE_IRQ_BASE + 0x4)
(CORE_IRQ_BASE + 0x8) break;
(CORE_IRQ_BASE + Oxc) j default:
kinfo("Unsupported IRQ %d\n", 1irq);
3
return;
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2= : LinuxgyhBEribIBIES
. TERERYMEh RS S

- ERIEXHEITH
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— Top half : e/ T{F/EIR([E
— Bottom half : #ER4ME (softirg, tasklets, T{EBAFI ,
s e
lj\:l*/é%*E) Top half
Bottom _
half tasklet | | softirq | | work queue || kernel thread
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Top Half :

5 i

- &I, AF

13/

(R, R
_ IREEEE  BEERS

- ExeBE : f

RIERIREHIEEIR IR Ehandler

- EAREERR , FRLAZMAZEE (HE. FE)
- [ERARERBEAM , SEREIRSAAS R IRIERE]

bottom half
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) Top Half : 3ZFhandler
- M ESER , SNMOIRFHE—NMRQHIFREIRZ

« Z/ISR (interrupt service routines)aJPAZ&STE

—THEL

- FAESMEFVIMIZIRQAJISR
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. JR{R—LEHEHRTE AT SSRGS
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— tasklets (&37{EsoftirqgsZ )
— TAEBA
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+ XEETFaTlAgREh
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MhandlerdhiR
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- HAREELRER
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~ HEFTFESENE NHITHITHERNS
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ELOFREERITR

CPUKEFHE R

HREEELO FRIIEEIT

*LAELO -> EL1Af , jBfE

TRRERER
( Exception Vector Table)
1%EFEhandler

EL1 TR E

eret
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) RE - (BERIRTE

SENRERER | BHSERENES L T ERFEESEFSRETP

— SMESEIRES ( PSTATE ) -> Saved Program Status Register
( SPSR_EL1)

— HEFESHBE ( PC ) -> Exception Link Register (ELR_EL1 )
- FRRERA ->
1) Serror5%& : Exception Syndrome Register ( ESR_EL1)
2) Al GICHRIFFES (ERAMMIOEEY )

- R2MHMAER
- RS EFEEIIARIERFZE (ELO) Hrijla)
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) K - HAEL1

- BHRIESHENLIERRIATE (PSTATE) , HAEL1RALT
[ : RAEFRNEEE
- BAEL1RAS | #%i8st (SP ) = EaASP_EL1
- MIMSEEL AP 1%-> itk
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) FehandlerfIH

- (EESREMEEZR ( Exception Vector Table )

- BN RERIFERUNRERER

- RINAFEME ( Exception Vector ) , EXEREEB:

F 5 EhandlerB/ NG LS
— 7 FVBAR EL1E77EEh
— JEERERINEBUR T

- 28 (EL. IRQ. FIQ, Serror)
- BREREREFNRK
- REREMINNIEESAE ((EHVEIEE

\N—

=T

R )
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)

jibdt

+ 03000

+ 0x080
+ 0x100
+ 0x180
+ 0x200
+ 0x280
+ 0x300
+ 0x380

+ 0x400

+ 0x480
+ 0x500
+ 0x580

+ 0x600

+ 0x680
+ 0x700
+ 0x780

S

Synchronous
IRQ
FIQ
SError
Synchronous
IRQ
FIQ
SError

Synchronous

IRQ
FIQ
SError

Synchronous

IRQ
FIQ
SError

SERKERLERIRAS

EL1
{SEFASP_ELO{EASP

EL1
{SEFASP_EL1{£4SP

ELO
E1TFAArch64 7S

ELO
1T FAArch32JR7&
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jidt LS SELERLIERIRTS

} + 0x000 Synchronous

AArch64IRET , ELOREEFELERE -

RFRIEIREIR
+ 0Ux260 ~G) EL1
+ 0x300 FIQ {EFSP_EL1{EASP
+ 0x380 SError
+ 0x400 Synchronous
+ 0x480 IRQ ELO
+ 0 1Z1TFAArch6 4R

a © (RMFELETFX. ERER
- UHREELL
e PC <- VBAR EL1 + 0x400

- ELO

+ ( It 4=
;Fyl:ly:lr'fj- a: AArch3?2 'lklu\

+ 0x780 SError 54




) iR[E] ( Exception Return )

« eret IS
— ELR_EL1 ->PC,
— SPSR_EL1 -> PSTATE , k&
— PEZELO ,
_ ke

T

R

IREPCHRTS

ojfsE
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IR
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x86-64HIPERF1 = W IR

- HARE
- BB E T EE ERIDEEERZ

IR EEERSHhandler

- Aok

—- BEMmExRPEhandlerfiitit
« iretix[g]

- REERLTX

- MARTZSIRBIAFE

- REFITRPRER

A
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) ChCoreREREXRIE

.align

11

EXPORT(ell_vector ) €=

BEGIN_FUNC(set exception_vector)

adr x0, ell vector

exception_entry
exception_
exception_entry

exception_entry

exception_entry
exception_entry
exception_entry

exception_entry

exception_entry
exception_entry
exception_entry

exception_entry

exception_entry
exception_entry
exception_entry

exception_entry

sync_ellt
irq_ellt
ag ellt

error_)

sync_ellh
irq_ellh
fig_ellh

error_ellh

sync_elo_64
irq_elo 64
fig_elo_64
error_el@® 64

sync_el@ 32
irq_el@ 32
fig_el@ 32

error_el@ 32

Tomesp——yvbar_ell, x©

ret
END_FUNC(set_exception_vector)

.macro exception_entry label
.align 7
b label

.endm

PNRERENAERNBHEES

of



) ChCore

.align 11

EXPORT(ell_vector)
exception_entry
exception_entry
exception_entry

exception_entry

exception_entry
exception_entry
exception_entry

exception_entry

exception_entry
exception_entry
exception_entry

exception_entry

exception_entry
exception_entry
exception_entry

exception_entry

S LIRS

Iaync_ellt:

sync_ell
irq_ellt
fig_ellt

error_ellt

sync_ellh
irq_ellh
fig_elilh

error_ellh

sync_elo_64
irq_el0 64
fig_elo_64
error_el@ 64

sync_el@_32
irq_el@ 32
fig_el® 32
error_el@® 32

handle_entry

1, SYNC_EL1t

.endm

.macro handle_entry el, type
exception_enter /F RTFREEHERR LT =/
mov x0, #\type /E O EEER 2/
mrs x1, esr_ell
mrs x2, elr_ell
bl handle_entry_c /* iBACESSEINEE, SriESE
exception_return  /* BEAEAEEBILTY +/
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) ChCoreREHMEEE

exception_enter /=

.macro handle_entry el, type

REAZEHEEALLTX */

mrs x1, esr_ell

mrs x2, elr_ell

mov x0, #\type /=

b1 handle_entry_c /#

exception_retuln VA

EESR */

iﬁEﬁCiEEﬁ%hﬂiw- ‘*VET J_:[E
REPRZEHERRI LTI */

.endm

I
L

switch (esr_ec) {
case XXX:

void handle_entry_c(int type, u64 esr, u64 elr)

< ec: SEIA (exception class)

u32 esr_ec = GET_ESR_EL1_EC(esr);

: 'HL@H%xxx

.macro exception_enter

* RIFENFT TS ZPAR */
sub sp, sp, #ARCH_EXEC_CONT_SIZE
stp x0, x1, [sp, #16 = 0]
stp x2, x3, [sp, #16 = 1]

stp x28, x29, [sp, #16 * 14]
* RIF LR T TR EARIE %/
mrs x21, sp_el0

mrs x22, elr_ell

mrs x23, spsr_ell

stp x30, x21, [sp, #16 * 15]
stp x22, x23, [sp, #16 * 16]

.endm

.macro exception_exit

MPHZA IR B R T Fas
Tdp x22, x23, [sp, #16 * 16]
Tdp x30, x21, [sp, #16 * 15]
msr sp_el0, x21
msr elr_ell, x22
msr spsr_ell, x23

MPHZARIRE E M ET7Es
1dp x0, x1, [sp, #16 = O]
Tdp x2, x3, [sp, #16 * 1]

Tdp x28, x29, [sp, #16 * 14]

add sp, sp, #ARCH_EXEC_CONT_SIZE
GREENIT </

eret

.endm
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) ZGFEA ( Syscall )

- BEITEAPZRNEFREMERANIZERFTEE
IXREITRIERSS

- RREBREAPERSEMERRZENED
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) ZRRAALN - EFERNMA

R PSR T),/
R

/

SEFEEERREY
a0 : getchar()

7

/7

) {ERICRE<

a0 : SVC #0

EAFRFRZ

K.

8
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) RFRAABG - EHRE

TS
=) /
N TR d SVC ( AArch64 )

7’ / INT/SYSENTER/SYSCALL ( X86)

=5

EAFRFRZ




) RFRAABG - EHRE

N FRRERR

=5

EAFRFRZ

LiRieE<
SVC ( AArch64)
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) LinuxBYERRRER

Number Name  Description Number Name Description

1 exit Terminate process 27 alarm Set signal delivery alarm clock
2 fork Create new process 29 pause Suspend process until signal arrnves
3 read Read file 37 kall Send signal to another process
4 write  Wrnte file 48 signal Install signal handler
5 open Open file 63 dup2 Copy file descriptor
6 close Close file 64 getppid  Get parent’s process 1D
7 waitpid Wait for child to terminate 65 getpgrp  Get process group

11 execve Load and run program 67 sigaction Install portable signal handler

19 Iseek  Go to file offset 90 mmap Map memory page to file

20 getpid  Get process ID 106 stat Get information about file
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) LinuxiBIRRSEH

- FSUBERFEREFEYER, Linuxtl$ TENRENZRZRFRE
. ZSGRANSHNERREARNRRDIE
» ptrace () AJiBERLinuxFARIRFR AER
— [ ZMNAESETdebuggerd
. HOITH
— stracelBIZEFRIEE
— ltraceﬁﬂ%ﬁ_@ﬁﬁﬁlﬂiﬁ .
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) {Efstrace

int main() {
write(1, "Hello world!\n", 13);

}

$ strace -o hello.out ./hello

execve("./hello2", ["./hello2"], [/* 59 vars */]) = ©
uname({sys="Linux", node="kiwi", ...}) = ©

brk(0) = 0xca9000

brk(@xcaalc@) = Oxcaalco

arch_prctl(ARCH_SET_FS, ©xca9880) = ©

brk(@xccblc@) = Oxccblco

brk(0xccc000) = 0xcccooo

write(1, "Hello world!\n", 13) = 13

exit _group(13) = ?
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) [t : ChCoreHIfJusys exit ()

+ usys_exit : {REBSRIZIZEIRD]

void main(int argc, char *argv[], char *envp[])
{

printf("hello, world\n");

usys_exit(0);
}

void usys_exit(int ret)
{

syscall(SyS_exit, ret, O, O, O, O, O, O, 0, 0);
3
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.align

EXPORT(ell_vector)
exception_entry
exception_entry
exception_entry

exception_entry

exception_entry
exception_entry
exception_entry

exception_entry

exception_entry
exception_entry
exception_entry

exception_entry

exception_entry
exception_entry
exception_entry

exception_entry

sync_ellt
irq_ellt
fig_ellt

error_ellt

sync_ellh
irg_ellh
fig_ellh

error_ellh

sync_el0 64
irq_el0 64
fig_elo_64

error_el@ 64

sync_el@ 32
irq_el@ 32
fig_el@ 32

error_el@® 32

) Z[9Hr : ChCoreFAfJusys exit ()

syscall(u64 sys_no, u64 arg0O, u64 argl, u64 arg2, /*

u4 ret = 0;

asm volatile ("mov x8, %1\n"
%2\n"
%3\n"
%4\n"

"svc #0\n"

"mov %0, x0\n"

"=r" (ret)

"r"(sys_no), "r"(arg0), "r"(argl), "r"(arg2),
JE e B

:IIXOII, llxlll’

IIX2II’ IIX3||’ "X4”’ ”XSH, "X6"’

);

return ret;

*/)

"X7” ,

"X8"

09




) RRRAASRE

« AArch6MERFERES , MEIBIIR
— WIChCoreMI R SIS IF(E S Fes X0-XTHRZ 8154

- BERGAREERSSHUNIE ?

— (EREMRATTE S, FFEERRIBEHEISEL
- [ARE : AE=RLH

— {ERSEREFT /R Tt !

— ¥8[RINULL -> kernel crash

- IEERZAF -> REiFE
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I i ol

seeAvias i+

HEmh PRI e GiARE X TN

LinuxfERAGi% - IE2EIEE
Linux{X#EAE M e 2 S BT X R EN AP REKIBR AR #E

AL

RiE@I Il , e HIARIEEFZ ( Wis =R D EChItRZSE)

%)

IREBEELABDbUg , RIZSFTENSEEEHPIERFHE
Linux3R A 7 —LEE 344 %l ph LEiX— ha/RZii

EIZRBAEZRES AN ERESEAZEINTUEIR | RIZSHITGE
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) WEAFEHRE

+ PEABRERSENRBRERIBRIABFER (Wcopy_from_user)
- BB T SE AR B R EE

- HABZEETRRE (Page Fault) B, AZSIEERERERPC
- EFBERERNPCETHEBFIEFTRIIBER | LinuxEXXEiHTIEE
- EAET  WiRSEMHZIEBFER

il
- Linx R REWFBR TIX—E , SHTHSRERR
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) RFRAASERE

- RARASIERXEEEEFH

- @ - FINRFRARBIES
— x8612H T syscall/sysenter/sysexits{LEintH TR F R H

o ER{HL
— FFRA)ER
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) HAAEXRED

* 582.1.275 : 15HUER
- 582.37 : {RF SR
+ 5510.37 : IRERAYPERLLIE
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) FTIRIBAS
. BRGNS
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