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> %)]pé{’t o CPU1 CPU2
» rros_clock_init w0 Y
> rros_enable_tick . —
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HTW??%*E?&EI’J RROS data structures

er luLk {
resolution: KtimeT,
gravity: RrosClockGravity,
name:
flags:
ops:
timerdata: *mut RrosTimerbase,
master: *mut RrosClock,
offset: KtimeT,
next: *mut ListHead,
element: Op 1lDr<QC<RP£CEll<R|GEElEﬂFﬂi>>>
dispose: Option<fn(&mut RrosClock)>,
#[ cfg(CONFIG SMP) |

affinity: Option<cpumask: :CpumaskT>,

*1~H a1 | 1 author (Li Hongyu)
RrosCloc kCravlty {
irq: KtimeT, '
kernel: KtimeT,
user: KtimeT

ruct RrosTimerbase {
b lock: SpinLock<i32>,
b q: List<Arc<SpinLock<RrosTimer>>>,




HT%EP??@E@?&EI’JRROS data structures

R.usTlver {-"
clock: *mut RrosClock,
date:

status: i32,

b interval: KtimeT,

b start date: KtimeT,
pexpect ticks: u64,
periodic ticks: u64,
base: *mut RrosTimerbase,
handler: fn(*mut RrosTimer),
name: &' 'static

#[ cfg(CONFIG SMP) ]
rq: *mut RrosRq, :
ub thread: Option<Arc<SpinLock<RrosThread>>>,

1ge, 5-~Hai | 1
Rru5|¢ﬂ°P d {
timer: Arc<SpinLock<RrosTimer>>,
readers: RrosWaltQueue,
poll head: RrosPollHead,
efile: RrosFile,
ticked: bool,




AEhI8a4%,: rros clock init

RROSHEH/H clock:
1. RROS_MONO_CLOCK
2. RROS_REALTIME_CLOCK: Fft/E7ERROS_MONO CLOCK_t

fn pros_clock init() -> Result
pinned:

ut Pin::new unchecked r: &mut CLOCKLIST LOCK
init!(pinned,

RROS MONO CLOCK.reset gravity();
RROS REALTIME CLOCK.reset gravity();

let mut element: R lement = RrosElement::new
element.pointer nut RROS MONO CLOCK as '

RROS MOMNO CLOCK.element Some(Rc::

let mut element: RrosElement = RrosElement::

element.pointer nut RROS_REALTIME CLOCK as *n as *mut us;

RROS REALTIME CLOCK.element = Some :try new(Re ::new(element)).unwrap());

rros_init_clock(&mut RROS MONO_CLOCK, y: &RROS_00B_CPUS)?;

{| rros_init_slave_clock(&nut RROS REALTIME CLOCK, master: &mut RROS_MONO _CLOCK)|};




A Eh#]ta4%,: rros init clock

, affinity: &

rros_init _clock{clock: &m
::running inband

#[ cFg( CONFIG SMP) ]

if clock.affinity.is none

.affinity =

affinity:

::from_in

clock.affinity.as mut().unwrap(};

ty.cpumask empty().is o
ffinity.cpumask clear();
- cpumask_set_cpu(u RROS_0O0B_CPUS.cpumask_first

k_affinity.cpumask_and( : affinity, ur { &RROS_00B_CPUS
- affinity.cpumas

t tmb I

raw_spin_lock

clock.offset = 8;
ret 1

free_per_cpu
ret;

_empty().is_ok() {
::EIN )i

::It.. in online cpus(
= rros_percpu timers(clock, cpu a
init(& (*tmb) . lock);

init_clock(clock as

: clock.get_timerdata addr()
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RROS RUNQUEUES1

RrosTimerbasel

|

RrosTimer

I

RrosTimer

l

RrosTimer

RROS RUNQUEUES2

RrosTimerbase2

|
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tick¢/Jia1t
TR ESY, M FEXTE:
1. real deviceflproxy device_ERYevent_handlerE&Zg
2. inbandFJoob A irg{55 53 Bl E{aI b ERY
3. RROSHIFEEZEINirg(EEAI#AtA. ERTER SR,

int proxy tick irq;

[NE MUTEX(proxy_mutex);

AEIERSE

"PU(struct clock proxy device, proxy tick device);

t tick device, tick cpu device);

IST HEAD(clockevent devices);
IST HEAD{clockevents released);

PTNLOCK (clockevents lock);

[NE MUTEX(clockevents mutex);

“uct clock proxy device *, proxy device);

clock_proxy device {
clock event_device proxy device;
clock_event_device *real_device;
void (*handle_oob_event)( clock_event_device *dev);
* Internal data - don't depend on this.
void (* setup handler)( clock proxy device *dev);
void (*__original_handler)( clock_event_device *dev);




tickfJea1Y,: [FuaHreal device

clockevent devicesftz

clock_event_device

real_device1 JEFHEM
clock _event device | b
real_device2 CUEL
clock_event device fetten)
real device3 |

Y

clock eve ntl_d evice fokt o
real_device4

tick_device
tick_cpu_device

tick_device
tick_cpu_device

tick_device
tick_cpu_device

tick_device
tick_cpu_device



tick#J#R{t,: real deviceFproxy devicefJx %

clockevent_deviceshisE

clock proxy device proxy tick device

) tick_device
clock event device proxy device1l — tick cpu_device
clock_event__dewce « clock event device *real device1
real device1 = = =
clock proxy device proxy tick device?2 _ _
_ | | tick_device
clock event device proxy device?2 Rl tick_cpu_device
clock event device N .
= i « — clock _event device *real device2
real_device2 7= = ==
clock proxy device proxy tick device3 ) )
tick_device
" v +— I " T "
clock event device proxy device3 _-— tick_cpu_device
ct{)ck_event__dewce clock event device *real device3
real_device3 ] = — =
clock proxy device proxy tick deviced ] )
tick_device
clock event device proxy deviced o— tick_ cpu_device

clock event device

: ~« : . clock event device *real deviced4
real device4 = = =



N sMp) &&
ret = request percpu irg

TNt periodic - Linux clock ipi handler,

’ W LT

&evl machine cpudata);

ret;

tick _install proxy(void (*setup proxy) |
const str cpumask *cpumask)

rros_enable_tick truct proxy install arg arg;

ret, sirq;
mutex lock{&proxy mutex);

ret - B 2
if (proxy tick irqg)
goto out;

MDD

irgreturn_t clock ipi handler(int irq, void *dev_id)

sirg = irq_create direct mapping(synthetic irq domain);
it (WAF I(sirgq ==

poto out;
evl core_tick(NULL)

- - ' ‘ ret = _ reguest_percpu_irq(sirg, proxy_irg_handler,
return IRQ HANDLED; "proxy tick®,

Apvomy Tick device)s

(WARI ret
irq dispose mapping(sirg);

goto out;

proxy tick irgq = sirq;
barrier(); '




tick¥J%8{t,: event_handlerf9ax1{k,

> real devicetgGAtIEoobRYyHlT Linux B TALL  stout cioouevertgevita Seves
> proxy devicetg4bEinbandBI=RkT

real device FihandlerE5ciRiRE A
tick_handle periodic L Linux

HiE S EEaIaTH
real devicefJevent_handlenZ = Ahrtimer_interrupt

EVLEIproxy deviceFTisiTin

#proxy device_ERJevent_handleri® = Areal device_ERJevent_handler
Blhrtimer_interrupt

&tick cpu device)->evtdev;

rros_enable tick- :
»event_handler(evt);

#real devicerpfgevent_handleriZE 7

proxy_event_handler

—ERETEIA, real deviceP=4=RiffS, handler=FTproxy_event_handler, tat 8l = (st t clock event device *real dev)
T e EERIRT R [

*dev = raw cpu (&proxy tick device);

*proxy _dev = &dev->prox

iEHstop_machinef=Hl,
zrﬁpeﬂabje_oﬂb_timEHEﬁ; ﬁrEEa' deViCEqJEgeVEHt_hand|eﬁ§Eilﬂ proxy dev->eve nt_ handler( proxy dev

g .
rros_core tick




tick: inbandfJoobHRlTa BT FE

. - real devicefJhandler: : : : . T R dev->set_next ktime:
inbandh MEFFE — —WEAproxy deviceBl . nrimer interrupt —I2= F—iRtick#EE —» tick program event — clockevents program event —» e
SpleEiee proxy_event_handler event_handler S RS il proxy_set_next_ktime

=
b
]
b
-
-
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S Emros_start_timer
~ ({rg-=inband_timer)

Ty
-~
-
-
~

s program_timer

b
e
-~
-
~
T

~ mos_enqueue timer
gt #rg-=inband_timergeAdimerbasesE =P

-
L
-y
-
b
.
-~
LY
-

-~ rmos_program_local_fick

fTEZ1: real device->event_handler = proxy event_handler 4 l
proxy_device->event handle = hrtimer_interrupt g

~ o rros_program_proxy_tick:
fEreal_device LigE F—imlickita



tick: inbandfJoobH ¥

chETib Rt
)

handle_irg_pipelined_prepare

E=#

handle irg_pipelined_finish

HNEEHinbanddirgSE
¥

do_inband_irg

h 4

do_irg_band

|
t82=irg number, SXIhERIFEREY

proxy_irg_handler

EFproxy device FAYevent handler

- handle_irg_pipelined —& " #—»

QI

arch_handle_irq_pipelined f ==

hrtimer_interrupt

rros_start_timer
(rq->inband_timer)

inband

>

A1

—* do clock tick

FESEICPU EFIRrosTimerbase B 25 2 5inband_timer,
WEHE, BASun_queue Fflocal flagsig = FRQ. TPROXY

devicefIhandler:
RROS core_tick

—Hi%EE FRA TPROXY ™ mos_notify_proxy_tick

i tick_notily proxy( |

irq_post_inband(proxy_tick_irqg):

(tick notity pro

BTEX2: real_device->event_handler = rros_core_tick
proxy_device->event_handler = hrtimer_interrupt

wE F—MickiRE




tick: remote tick{EE/fit AR

\l
/1

-

> IRANRE: EiYssAES/ICPULE

> RARIH:
1. EREEAELFICPUL, (BEHRICPU LRI EESES S ENS8ER
2. timekeepingfJi[EL, MMmAERIZESE FAVERESAY T™— 1 date

R o
HH
\ro

truct RrosTimerFd {
timer: Arc<SpinLock<RrosTimer>>,
readers: Rros '
poll head:
efile: Rrosl
ticked: boo




tick: EBJEsAMEIFICPULRIEH

> FAFPZ&EIiEtimer: evl_new_timer(EVL_CLOCK_MONOTONIC) T
> FF7: ioct(EVL_CLKIOC_NEW_TIMER) sruct evl_sinerfd “enertd;

» clock_ioctl et s
» new_timerfd _ e e )

nt new timerfd(struct

if (timerfd == NU ")
#define evl init timer on_rq( timer, _ clock, _ handler, rq, _ flags) \ return -ENOMEM;
__evl init timer( timer, clock, _ handler, Y
: 3 e P 5 _:} filp = anon_inode getfile("[evl-timer
- — = timerfd, O _RDWR|O_CLOE
evl init timer(struct evl timer *timer, if (IS_ERR(Ffilp)) {

ict evl cloc k *clock,

(*handler) (struct evl timer *timer),
t evl rq *rq,

*name,

kfree(timerfd);
return PTR_ERR(filp);

nt flags)
nt cpu;

timer- >clock = clock;
v1 e(timer) = EVI I
timer- >status = EVL_TIMER DEQUEUED|(flags & EVL_TIMER INIT MASK);
timer->handler = handler,
timer->interval = EVL INFINITE;

evl get element (&clock->element);
\ nit '“(&tlmEFfd >t1mer, clock tlmerfd handler'J

LL, T JGRAVI )5

&tlmerfd >readers 'clock G'Lm;J;_"FTLU}
evl 1n1t poll head(&timerfd->poll head)

ret = evl open file(&timerfd->efile, filp);
if (ret)
goto fail open;

— o | cpu = rq ?
1§)\H’\Jrq_NULLI get clock cpu(clock-»>master, evl rqg cpu(rqg)) :
ﬁEL\J\@U EE%_/I\ cpumask first(&evl cpu affinity);
#ifdef CONFIG SMP
OOb CPUJ: ‘timer‘—}r‘q-= evl cpu rq(cpu);

#endif
timer->base = evl percpu timers(clock, cpu);
timer->clock = clock;
timer->name = name ?: “<timer>";
evl reset timer stats(timer);

fd = get unused fd flags(0 RDWR|O _CLOEXEC);
if (fd < @) {

ret = fd;

goto fail getfd;

fd_install(fd, filp);

return fd;



1

tick: 1. HIZigEERT st AT8], 5|A&remote tick

i#ifdef CONFIG SMP
tatic irgreturn_t clock ipi handler(int irg, void *

> FPZ: evl set timer
> BPZ: _ evl_ common_ioctl(EVL_TFDIOC_SET)
>'mneﬂd_conwnonjocﬂ return IRQ HANDLED;
> set_timerfd
» set timer_value

» rros_start_timer
» program_timer

> WNRtimerfE2BICPU_L, Mrros_program_local_tick
> WNERtimerAMEZRICPUL, Mlrros_program_remote_tick

> EHrros_send_timer ipi

evl core tick(nUuLL);

#[cfg(CONFIG _SMP)]
; n rros_send timer ipi( clock: &RrosClock, rq: *mut RrosRq) {
irq _send oob ipi(ipi: irq_get timer oob ipi(), cpumask: cpumask::CpumaskT::cpumask of(cpu: rros _rq cpu(rq) as u32));




tick: 1. HIE IR EERT "R fiE A HT(A]

F/1CPU_L#EE—timerbasefiz:
CPU1 CPU2

RROS_RUNQUEUES2
RROS_RUNQUEUESA

tic void timerfd_handler(struct evl timer *timer) RiosTimerbase2 BrosTimetiasad
AN |
=3
L evl timerfd *timerfd; i
RrosTimerfd
timerfd = container of(timer, struct evl timerfd, timer); oob read ‘ %Fﬁiﬁ@
timerfd->ticked = true; RIgsTamer ‘ evl_set_timer
evl signal poll events(&timerfd->poll head, POI . '
e = RrosWaitQueue - -
evl flush wait(&timerfd->readers, 0); '4 evl_add_wait_queue
’ gL i
¢ RrosPollHead
s , L
'
,' evl start_timer
)/ KtimerifE|CPU1SEE L
BRI =
’ v
'
s - TIMER_OOB_IPI _ -
i 4 clock _ipi_handler = rmos_send timer _ipi
F
r
: l
'
evl_core_tick N8 EperiodicAJtimer,

timerfd_handler -« SR timerb S aT _\Mﬁjﬂckﬂﬁ%



tick: 1. pin_timer

new_timerfd

HFApin_timerfdrros_move_timer, FTLA—fRASE|A&remote tick

rros_sleep

I

B EERIZEAICPUIEITIAS!

' rros_prepare_timed_wait
n set timerfd( f£5—100B CPU Ll ) _
timertd: &RrosTimerFc
value: &mut nechd set_timerfd
ovalue: Itimerspec6: EEESaICPUE
) -> Result<i32> { )
get timer value(timer: timerfd.timer.clone( pin_timer

if rros current() 1= core::ptri:null mut() {
| pin _timer(timerfd.timer.clone());

set timer value(timer: timerfd.timer.clone(), value)

rmos_move._timer

2B ICPU_LE
(EAEREEARIFICPU EEEE— NP E4UEIEATTE)



tick: 2. clock settimeZR G 7 tick

ERPSfA clock_settime RETIEAFESRGRIERT, BXENERESEIG ﬁﬁﬁfﬁHTE’%EI’J_F_V_'%EEHT@Lﬁ_'ﬂ&
EQEJZ 1'49;;351}%,\)5 SHEEEMIE TR ERI0MA, EXFiTiEEnsgskiittamid TIMER_OOB_IPI {5
STRIEAT

RROSA)ELIN, EVLHE:

(gdb) bt
#9 dinband clock was set () at dovet 1398 —
#1 oxF _ =.1nchxkumsset(}at I -876 void inband clock was set(void
#2 exfHfce1e1777bc in do 5ett1meofday54 ( -Bx%%FFFFcalladbddB}
Sk g e REHL LA struct evl clock *clock:
#3 exffffffceleisdbdc in do sys settimeofday6d (tv=0xffffffceli6dbdds, tz=0x8) et S e
at kern | 1e.c 195
## Hfc81818115c in posix clock | realtlme set { ch clock=<optimized out>,
—Bx1691692265d18F28} at kerne | 185
#5 exffffcele: 8 in _do sys clock : sei:tlme (whi “lock=8, tp=<optimized out>) return;
at : = six-tim 11879
#6 __5e_5y5_clock_5ettime (1wt ck=8, tp=<optimized out>)
at kern = timers.c:1867
arm64 5y clock settime (regs=<optimized out>) at : ;
#8 0% 10 _dnveke el regs-UnkEREERCOlaductn), list for each entry(clock, &clock list, next) {
5 -Bx+F{FF{c8115c?bd8 <tk core+l52») at : armo: 21/5yscall.c:39 [ P AL ; _' '
#9 1nu0ke 5y5-:all (regs=exfffc@116dbeb@, =scno=@, sc nr=447, syscall table=0x108) 17 CIOCK‘}'OPS'adJUSt
at arch/arm64/kernel/syscall.c:53 clock->ops.adjust(clock);
#18 exHHHfce1082a178 in el@ svc_common (regs=OxfHfcel16dbebd, scno=112, = =447, .
| e=BxHffcel0cdBae8 <sys call table») at arch/armb4/kernel/sysc: :153
#11 exffce1e82a053 in do_el@ swc (regs=0x169169e265d18f28)
at Chy/ arme erne scall.c:193
#12 @xffH{{fcel8caddsd in eld svc (regs=exfHffce116dbeba)
at arch/armbd/k i mon. C 2528
#13 exFfffffcelecadaes in el@ sync handler (regs-8x160169e265d18f20)
#14 exf{ffce1eelieds in eld 5ync () at : mEd ey .S 7T
Backtrice stopped: Cannot access memory at address BfoFFF%cBiiEchcB
(gdb)

if (levl is enabled())

mutex lock(&clocklist lock);

mutex_unlock(&clocklist lock);




tick: 2. clock settimeZz#EAR

I evl adjust timers

5| &remote tick

il t delta)

INIT LIST HEAD(&adjq);

_each_online_cpuf{cpu)
rq = evl cpu_rq(cpu);
tmb = evl percpu timers{clock, cpu);
tq = &tmb->q;
ram_s 1_lock re(&tmb->lock, flags);

J tn, tg
timer = container_of(tn, struct evl timer,
if (timer->clock == clock)
list add tail(&timer->adjlink, &adjq);

list empty(&adjq)

: try =(timer, tmp, &adjq, adjlink
list_del(&timer->adjlink);
evl dequeue timer(timer, tg);
adjust_timer(clock, timer, tq, delta);

(rqg '= this evl rq()
evl program_remote tick(clock, rq);
evl program local tick(clock);

&tmb->lock, flags);
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EEFZS: kthread run F pin to initial cpu
> B

|Z2HFE: kthread _run kthrfﬁd_rur}

threadfn: Some(kthread trampoline),
data,

» kthread_create
» wake_ up_process amefmt: ¢ strl("%s").as char ptr(),
> try_to_wake_up msg: format args!("{}", (*thread.locked data().get()).name),
» cpu = select _task rq
> select task rq_fair: SehkfazEidE
> FHFE: kthread_trampoline
» map_kthread_self
> pin_to_initial_cpu: AT {RIUESCATME, EEECPUL

2=

task struct *p, int prev cpu, int wake flags)

select task rq fair(struct




RESFRR: EEERESCHEDULE_OOB_IPI

it evl init sched(vc

struct evl rq *rg;
LNt ret, cpu;

register classes();

for each online cpu(cpu) { :
rq = &per cpu(evl runqueues, cpu); static irgreturn t oob reschedule interrupt(int
init rq(rq, cpu);

trace evl reschedule ipi(this evl rq());

if (IS _ENABLED(CONFIG_SMP) && ﬂuf_;:rAi:l+_:;;w > 1) {
ret = Pequest percpu_ 1rq SCHEDULE QOB IPI, |

return IRQ HANDLED;
oob reschedule 1nterrupt L

RQF_00B,

"EVL reschedule”,
|- &ev] machine cpudata);
if (ret

goto cleanup rq;

return 8;
cleanup rq:
for each online cpu(cpu) {

rq = evl cpu rq(cpu);
destroy rq(rq);

return ret;



BEEFZRS: RESCHEDULE OOB |PI

> WERCPU_EANEITIAGIHIN T2, M<Eevl set_reschedi®B—Mlag, £ F—iXrros_schedulelSFt &R
test_resched R ICERREEENEAE;

> rg->local_flagsHHYRQ_SCHEDZR:E{thCPUZEEreschedule; rq->f|ag':F'EI’JRQ SCHEDZxRZRACPUZEZEreschedule;

> HtBCPUMrescheduleFHA~E7foob_reschedule_interrupth b IRR TR0, MEEPRHE AT ER
rros eX|t |rq BRZSTREY

0id evl set resched(struct evl rq *rq)

ct evl _rq *this_rq = this_evl rq(); static __ always inline bool test resched(struct evl rq *this_rq)

2 lock (&rg->lock);

bool need resched = evl need resched(this rq);

if (this_rq — rq) {

this_rq->flags |= RQ_SCHED;
if (levl need resched(rq)) {
rq->flags |= RQ SCHED;

#ifde

} else

if {unllkely 'cpumask empty(&thls rq- >re5ched _cpus))) {
irq send oob ipi(RESCHEDULE 00B IPI, &this rg->resched cpus);
cpumask clear &thls _rg- }resched _cpus);
this rg-»>local flags &= ~

SCHED;

f (need resched)
this rq->flags &= ~

return need resched;

this rq->local flags |= RQ SCHED;

cpumask set cpu(evl rq cpu(rq), &this rqg->resched cpus);




K g

OH

E—

FErihERE —— handle_irg_pipelined

—& " #—» arch_handle_irg_pipelined ==

t |
I Yo 4

devicefyhandler:
RROS core_tick

do_inband _irg

h 4

do_irg_band

proxy_irg_handler

EEainbanditirgES
¥

f85=irg number, E3IhETINEREL

B proxy device_-fJevent_handler

handle irg pipelined finish p= = = = = = » o5 exit irg

inband

rros_start timer

hrtimer_interrupt

(rg->inband_timer

EFZ%: RESCHEDULE_OOB_|IPI

handle irg_pipelined prepare = = = = = = # mos_enter_irg OO0OB

—» do_clock_tick |

MESEICPU EAY9RMosTimerbasetR 28:25inband timer,
WEE, BEun_queue F&ilocal flagsis= FRQ_TPROXY

l
) }7 —-|1 EE F—iMickREE

—HIEEETRA TPROXY — mos_notify_proxy_tick

d tick natily p

irq_post_ink




K g
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EFZ%: RESCHEDULE_OOB_|IPI

id evl enter_irq(void)
vl rq *rq = this evl rq();

rq->local flags |= RQ IRQ;

1 evl exit irq(void)
ct evl rq *this rq = this _evl rq();

this rg->local flags &= ~RQ IRQ;

if ((this_rq->flags|this_rqg->local_flags) & RQ_SCHED)
evl schedule();
if (lhard B
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i, B0, W

> 80 AIFESMARIESITYEaES

> Rizie Gt AR
1. MARl E T IOREIPIZES ;
2. Rz EEEERschedule;
3. WIZBIRZRRIE ST, JEFpreempt_enable;
4. {F5HTFPEZEEHZEAEschedule;

> FPE ARt ARTH:
1. NEFERIREIRFSE;
2. MR ETRIORBEIFEFZSET;

ECPU
> EACPUL, BheiifEaftarrxits;
> EHCPU. XFAR#Zie5CONFIGHYT:
- [REX R RAFUTSCILREL;
> EACPU, HER#%IE5CONFIGHY:
. gﬁigﬁigiz&w;ﬁ%ﬁ FRIEEERME, TLABIBieiiEE B RIE A= (RESFM) ;
° D ~ :
o HEIERSHNIGFRXES EABE, ARFE— 1T, PRMEEREHAZIEH, HiE2H
17, HIE2HENIRFRXEESA LR, SEGL;




evl spin_lock & raw_spin_lock

#define evl spin lock{ lock) \

AT \
ao 4 \

-evl disable preempt(); \ Ny
ke e SN

1 while (@)

rold __evl disable preempt(void)

{BREEVLFERraw_spin_lockZ BItEER=K H T

dovetail current state()->preempt_count++;

1 lock(lock) \
VES(lock, spin lock, raw spin lock( RAWLOCK(lock))

inc _raw spin_lock(raw spinlock t *lock)

__raw_spin lock(lock);

MBOL( raw spin lock);

id _ raw spin lock(raw spinlock t *lock)

(&lock->dep map, @, @, RET IP );
TENDED (lock, do raw spin trylock, do raw spin lock);




evl spin_lock irgsave & raw_spin_lock irgsave

save(_ lock, flags)

| EUl_dlsable_preempt lock)-> : flags); | %Zlgimcplitﬁ‘ 9&;@5\ J:%ﬁj

__ev]l disable preempt(void)

dovetail current state()->preempt count++;

~gsave(lock, flags)

L1

_raw_spin lock irqgsave( RAWLOCK(]

e (lock, flags)  LOCK IRQSAVE(lock, flag




hard local irq save

native irq save()

oid native irq_disable(void)
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1. IERXAIPR=E A% https://github.com/freelancer-leon/notes/blob/master/kernel/lock/Lock-1.md

2. Timekeeping in the Linux Kernel: https://www.youtube.com/watch?v=E1uyXnOkBAc

3. Linux x86 EEBASCEL: https://github.com/freelancer-leon/notes/blob/master/kernel/lock/Lock-2-
Linux_x86_Spin_Lock.md

4. Linuxdalr. 8. 84Z/8R9% X https://blog.guorongfei.com/2014/09/06/linux-interrupt-preemptive-lock/
5. Linux AT (IRQ/softirq) &i: BEIEMRAIZSCIL (2022) : https://arthurchiao.art/blog/linux-irg-softirg-zh/
6. Linux Preemption - 1: https://oliveryang.net/2016/03/linux-scheduler-1/

7. Linux Preemption - 2: https://oliveryang.net/2016/03/linux-scheduler-2/

8. Linux R T4abIE :
https://www.zhihu.com/question/271600057/answer/15937380767utm_campaign=shareopn&utm_medium=social&utm
_psn=1771915578544095232&utm_source=wechat_session

9. hii 5164 https://github.com/leon0625/blog/issues/10

10. LinuxA#ZEIEICZFEZ: https://hjk.life/posts/linux-kernel-synchronization/



