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rwlock_t xrw
rwlock init(rw);
rw—>acquire_readlock();

rw—>release readlock();

—

SE=L)

= -
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, BEMEXR, EHAX=R

55)1” (readers/writers lock) SE{RIFHZEIE
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SHi#HANEFX, FLIrIUZERNEHE EIE

rw—>acquire_writelock();

rw—>release writelock():
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void acquire_readlock(rwlock_ t xrw){
P(&rw—>1lock);

typedef struct _rwlock t{ Lfl{nw =readels — @)1

TG BR X AASS H15F
sem_ t -LOCk //1%5|:F %fﬁ-l/lj(lu\ﬁlj"fﬁ //JJZBH_J”D:I??* iﬂ/iﬁb&%

g P(&rw—>rwlk); //FEHANIGFRXEVEI
sem_t rwlk; //#HANIGEFRXIKSHE \ & o W acquire_writelock(rwlock t sxrw)<{
int readers;

P(&rw—>rwlk):;

Lok //rw—>readers > 0 =& 837 rwlk 1
ala rw—>readers++;
void rwlock init(rwlock t xrw){ | V{rw—>lock); void release_writelock(rwlock t xrw){
sem init(&rw->lock, 0, 1): V(&rw—>rwlk) :
sem_init(&rw—>rwlk, 0, 1); . }
e readers - D void release_readlock(rwlock t *rw){
i P(&rw—>1lock);
rw—>readers——;
if(rw—>readers == 0){

V(&rw—>rwlk) :

¥
V(rw—>1lock);
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void acquire_readlock(rwlock t s*xrw){
P(&rw—>tryRead) ; void acquire writelock(rwlock t *xrw){
typedef struct _rleCE_t{ - i P(&rw—>rlock) : P(&gw—>wfock); -
sem_t rlock; //iER{ER{RIFE B HiIRIERIEL if(rw—>readers == 0){ i nriters g e
sem_t wlock; //GiRIEHIIRIFE S HHRIERI / /RSB X R E G iEE Bl ryR;;d)' i
sem_t rwlk; //BNIE5FXRSH P(&rw—>rwlk); //S# NG5SR XA } '
sem_t tryRead; [ EBHRANLZBIGEFEFER } rw—>writers++:
. //rw->readers > 0 @& B3 7 rwlk V(&rw—>wlock) ;
miedhau ikl : rw—>readers++; P(&rw—>rwlk) ;
int writers; //E=f ARSH e ¥
r rwlock_t; V(&rw—>tryRead) : | ,
. o I void release_writelock(rwlock_t *xrw)<{
void rwlock_init(rwlock_t *rw)<{ V(&rw=>rwlk) :
sem_}n;tggrw:>r%oc<, 8’ %;f void release readlock(rwlock t srw){ P(&rw—>wlock) ;
sem_init (&rw—>wlock, 0, 1); Bt eTaly W—>Writers——:
Sem_:!_n:!-t(&rw_>rw-l'k' 0, 1)' ; rw—>readers——:; if( rw—>writers == ){
rw_>re§ters g 0 V(&rw—>rwlk) : h
) Do Unlosol m ! V(&rw—>wlock) ;
V(rw->rlock): s



: BEEMHS TIEF e ‘ ‘ I
gineering

{ & Schof of Ttaligent Sofeware and Engineerin
S riy I-I \e = ﬁ
78R SCI0] o) 20

o EAXIA, MR—EFEBFVEHANIGRAX, BAIEBBMSHANT IG5
X, Mi#5E(starvation)

» OBERARE—TEF ELIGAEX, EA=BERtryRead, FEIXEEA
BEFE A

o XM FRAE E M Sc(Writer Preference), AN IER K I



e EeERHFS T2k
Q) ‘ School qf ﬂnw[ﬁ'gent S@Crware and fngineering ‘ ‘ I

125 $5AYSCIN3

o NIZLRZAZHIRA! BFERIERILTE I

Im 57 X

» G{a[HEEA?  ticket lock!

void ticket lock(ticket t* tlk) {

typede b sipuats lbckibickel int myturn = sync fetch and add (&tlk->ticket, 1):
int ticket; //SRIAHNRAEZES while (tlk->turn != myturn)
int turn; //ZHBIMNZENNES s // spin

} ticket t: )

void lock initl(ticket tx tlk) o
tlk—>ticket = 0;
tlk—>turn 0;
I3 yol1d ticket unleock(ticket tx flk) {
__sync_fetch_and_add (&tlk—->turn, 1);
I
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void acquire_readlock(rwlock_ t xrw){
ticket_ lock(&rw—>queue);
P(&rw—>rlock);

typedef struct _rwlock tf{ if(rw—>readers == 0){
sem_t rlock; //RREAIERIS B & BURIERID / /IR RF X R = B 1EE void acquire writelock(rwlock t *xrw){
sem_t rwlk; //#HAI@5FRXIXSH P(&rw—>rwlk); //Si0#H NG X A4 ticket_lock(&rw—>queue);
I3 P(&rw—>rwlk) ;
ticket_t queue; //43E5— oot RIRAT rw—>readers++; ticket_unlock(&rw—>queue);
int readers; V(rw—>rlock); b
} rwlock t: ticket_unlock(&rw—>queue);
= ) void release_writelock(rwlock_t *rw){
void rwlock init(rwlock t srw){ V(&rw—>rwlk);
sem_init(&rw->rlock, 0, 1); void release_readlock(rwlock t xrw){ I3
sem_init(&rw—>rwlk, 0, 1); P(&rw—>rlock);
rw—>readers——;
lock_init (&rw—>queue); if(rw—>readers == 0){
rw—>readers = 0; V(&rw—>rwlk) ;
s ¥

V(rw—>rlock):
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#include <pthread.h>
pthread_rwlock_t rw;

int pthread_rwlock_init(&rw, NULL);
int pthread_rwlock destroy(&rw);

int pthread_rwlock rdlock(&rw);
int pthread _rwlock wrlock(&rw);
int pthread_rwlock unlock(&rw);

RN

linux Fpthread BERIASS I BiEZE (L5, BERLAETIREPTHREAD RWLOCK PREFER_WRITER_NONRECURSIVE NP3 S
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https://colin-scott.github.io/personal_website/research/interactive_latency.html
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Read-C opy-Update (RCU)

o Linuxf£2002%F (A1%2.5) S|IARIFTRIRIZ G, ZEmE ZRIEAR (BRI2024
FlinuxAZF10% A E9EIERETRCU) |, BT HIECIE 2 BIRVIES B8 A
highly scalable

e XFRCUTBNERE:

- MRS E RIS, MASKEE

- [Akb1ERRE] L F =% B overhead

- BX (FERANEER) M=, RCUTHEIREFTE—LRIMNIAA

« HLEATFIMEMIE, BEfMZENELID= (read-mostly)
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A iZA“Read-Mostly”

o IRERZGIAZBIIRZ I REFE A “read-mostly” 4552
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“Removal”’fl“Reclamation” 7AiM E¥

o RCUBIZIVMET EFIEIERS, R “removal”F]“reclamation” F M Ex

> “removal’ MM ER = E—TEHREWHRETINRIS | H (FIgEF e IX S
FTEMEFTRIIN) , X TR AT EFH R R FRIRIEHTT

> “reclamation”fTExXT |[HEWERIEE X LiEMR, XTMEFEEL”, 1 8E
FALEEE R E{ERXLE|HEUE

o« B NAMEMER ‘B’ MIBASMEEIEE, MMEEEEEF, MEFIER
£ “reclamation” [} Ex = I1E H—LE A5 8] B 2K
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tail
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removal: MIE—TEIBREWPRENINNSIA, FHE5XLS|HISO#ERIIN reclamation: ;5iRIBEIE

tail
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mutex_t Lk; void foo_update(){ v01dfggo;re?d()§
b Tond mutex_Llock (&1k) ; if(p 1= NULL)
it b; new_gp = kmallocé;;ZEE;&EE;: } do_something(p—>a, p—>b, p—>c);
Tk e new_gp->a = 1; i
: foo: new_gp—>b = 2;
new_gp—>C = 3; TRIFsR RN, MAARISBHNARFRET, ®
foo *gp = NULL; foo *old_gp = gp; 1T FARE, 13EE B BOERIFEFNEARE !
S e SHNRFHEMABERT T

mutex unlock(&lk):
kfree(old _gp);
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/* WNEHE *x/
void foo_update()<{
mutex lock(&lk);

new_gp = kmalloc(sizeof (xp),
GFP_KERNEL) ;

new_gp—>a = 1;
new_gp—=b = 2;
new_gp—>c = 3;

foo *xold gp .= d4p;

rcu_assign_pointer(gp, new_fp);

mutex unlock(&lk);
kfree(old _gp);

/% XNNIEE */
void foo read(){
rcu_dereference(gp);

rcu_assign_pointer &%nE

'Cu

X

Foo kp =
if(p '= NULL)
do_something(p—>a, p—>b, p—>c);

ol

E—EAPIF

L -

~dereference 1T[E)E3E

TAPIE

g

A

J1F.

f=, fRilE

B3

5 HIERYN !
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RCURYZPRHEA (grace perlod)

o B _[rExreclamationf{T AR ] AR 1E 7R |IHEX

- EREEEE BRI

IE? PhAE HrEE #f1%E5% 7 [HEX

- ENEERBSAEN B SRMRERT, FHRRIBNE ELRESRIRA S

void foo_update()A{
mutex_ lock(&1lk);

foo xold_gp = gp;
rcu_assign_pointer(gp, new_fp);
mutex unlock(&lk);

synchronize rcu();

kfree(old _gp);

void foo read(){
rcu read lock():

synchronize rcu HFHIEELER
rcu read lock. rcu read unlock#nic T %R

new_gp = kmalloc(sizeof(xp), GFP_KERNEL); foo *p = rcu_dereference(gp);
new_gp—>a = 1; ifin = NULL)

new_gp—>b = 2; do_something(p—>a, p—>b, p—->c);
new_gp—->Cc = 3; rcu_read_unlock();

X |8]
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taPRHEA (grace period)

RCURS

TR1end:
rcu_read_unlock()

TRi:

TR2end:
rcu_read_lock() ik

rcu_read_unlock()

TRo:
rcu_read_lock()

|
f

TR3end:
.d TRa: = i’

rcu_read_unlock()

|
h
)
|
|

i
{ rcu_read_lock() ;

TRa:
rcu_read_lock()

TR4end:
rcu_read_unlock()
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RCURYELPRER (grace period)

o VIO FEREARINGI? CEEABEERBEEHETE, SNMRCUMEENXT! )
> ZRERIRCUSLIN(E1L):

- HMEE I Aread-sidedVIGFR XBIFAITRKARET (rcu read lock())

- B H fread-sidefIaFE X BIRITHFRT (rcu read unlock())

> X, 5EREWUNZEIFTE CPURLMMST—/ Rcontext-switch, il r] AR EHIFEIX
[BEE 7
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RCURYELPRER (grace period)

« MREEZAEEZE
> BARIABE call rcu () 7EM—TENERE, X1F 0] AR R F1T 50 RER
> FFE |HEVEZ 35 £, SENEARcall rcu () FyEAEIRER

e AP ASEEIIRCUNG?

» User-space RCU


https://lwn.net/Articles/573424/
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#define N 5

sem_t forks([N];
1k leftlint 1) retuen i)
TRt pight Cine i) g el G JoaNe

void philosopher(int i){

while(1){
think():
Rliforks [lleft (1)) 2/ / Pick Uip left fork
Pltorks inight(a) i/ /Pick up right Fork;
eat();
V(forks[left(i)]l);// Put down left fork
V(forks[right(i)]);//Put down right fork;

}
¥

B ARNAMZRLBERSF, A

ARV FE
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e [OJRETBCENRFEATFE RS, SWMEAZIN MRS

// =1 PIRIE
int tryP(sem_t xs){
//sem_waitRYIFPRZERRAS, WRIR[EI0, 1EEFEIFM
//BUAEEE, mMERE-1
return sem_trywait(s);

I_

}
void philosopher(int i){
while(1)<
think();

while(1){
Piforkslleftti)l):// Pick up tett fFork
int pet =-tpyPitorkslright i)l y://Try to. pick up right tork;

il GpcEl—ap) T

V(forks[left(i)]);// Put down left fork

sleep(sometime); - _ o .
lelsed — P A FNESESEMEEERENIN MRS, XENZE
y break; RAFNEF, BREIECE... H3E!

¥
eat():
V(forks[left(i)l);// Put down left fork

V(forks[right(i)]);//Put down right fork;
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FEEHMI THIE
SEthi(Deadlock) M Mk FE (starvation) &l < F- /& % (liveness) — FERIAHIEH I
BEEREE!

BILENA—T 2B RITBIANTIATT#H
B —RITRRYERIE”, EERNRGFEZS T EEA—TFEH, —
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void philosopher(int i){
while(1){
think():
while(1){
P(forks[left(i)]);
int ret— tryP(forks [right(1}]):
i (ret!l= 0)
V(forks[left(i)]);
sleep(randomtime);

telsed
break;
+
I3
eat():

Vi forkslefti)]):
VY(forks|right(i)]):

BEIRFR2— 0

B NIRERARGE T ! ERERERFIREM
=S: kGRS /AR 2
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ticket Tt turn:}
lock_init(&turn);

void philosopher(int i){

while(1){
think():
Uﬂ@t&ﬁkmﬁwm; e o
mg::ﬁ E;E&B % S; ST HEFEHRNERA T, RAZIFZS MM BEXRENIZIR?
el ks

Vi Forks[leftia)]):
Wil ferks [ Pight (i)l )"
ticket unlock(&turn);
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o BIRIM— T AHKEARE, BIRSPASIEH, BBATKSE-11TA?

#define N 5
SeEM 't capacity = N~ 1;

void philosopher(int i){
while(1){

thipk():
P(capacity);
P(forks[left(i)]
Pltorks Erightt i)
eat();
V(forks[left(i)]
V(forks[right (i)
V(capacity);

} RESHFE, —EA— M ARBIRIR
1 MTATLAE R

);
)i
-
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void philosopher(int i)d
while(1)<

think():

i Gle e (= plahb ()
Plforks|lelft(i)])5// Pick up left Fork
Piforkstright i)l )y //Pick Up right fork;

y elseq
Pltorksd rightti) [ )eyy/ RPick:Up right fork
Plkorks et i)l b/ /Pack D lett forik;

s
eat();
V(forks[left(i)

e/ Put .dewn left fork
V(forks[right (i)

L
[/ /PUt "down right fork:

RFHRSHNEEFRRS
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 What is RCU, Fundamentally?

e |s Parallel Programming Hard, And, If So, What Can You Do About It?
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https://lwn.net/Articles/262464/
https://mirrors.edge.kernel.org/pub/linux/kernel/people/paulmck/perfbook/perfbook.html

