Bl Z2apriab])
Synchronization: Advances

HzEZ5
FARKE
2026F&

A TR R e EZFEE N E




R School f ntellige ftw nd E gin.

e B SIE B
of Intelligent Software a n rin ‘ ‘ I

- BERH,

» —RKIR, ESEFUERERUINIE (EXEMAIUER—1TEINSintY B R )

S MEERAD BRI R LESZIZE ]

» (B5

« BEAEMREMESE (bW, EAREXENFEES)

> /M2 1t (by Lampson)!

s XMHESFIVERT RIS FG, BNl ERDi—ier UXINES=


http://birrell.org/andrew/papers/ImplementingCVs.pdf
https://dl.acm.org/doi/10.1145/773379.806614

e B S TIEF M
: hool of Intelligent Software and Engineering ‘ ‘ I

£ -5 &(Readers-writers)[o] &l




oY SRS TEYR
& School o Intelligen and Engineering ‘ ‘ I
1§ . E (o] 5
>S5 =] |0J &
E— NS

» SPEEBEENETHE, B —THSZSTEEFTESE TR

. EZﬁﬁféﬁEE’JJ—:ﬁﬁﬁfﬁi R ERFRANE, 12E-5E 0 X1EE BY[E T X
;Eg:jzl ‘[III:}] fin<115:1<9/\§ﬂgl::1,'\saziéﬁliﬁg)

> (HelENEZ E P AR AT R RF Z-1ZAFEER)

——

> BE—RXRABEE—1TEEFH#HIT'E5"#®#F (5-EERK)

|

> MIRE—1TEEES, BaltZlizgxs (5 XER)



oy B S TIEF M
o J School qf ﬂnw[ﬁ'gent Software and Engineering ‘ ‘ I

. |51$E’35d)5ﬁ7§ iz N0 L B RIS 0] DA RLEE 0@, (BEMEEXM, EAX=FR
EEZBLEERNBH

o NUt, FHAVZBELM—PHITVEI— “ZEEH” (readers/writers lock) F{RIFHEZEIE

> HfARAFZ T EE " ENA0RZERE, REMI]FRE —TMBBUXEE

> —RREE—T"EE"AIAFAREUHEARFAX, FELrIUZEEME R

rwlock_t xrw
rwlock_init(rw); rw—>acquire_writelock();
rw—>acquire_readlock();

rw—>release writelock():
rw—>release readlock();
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void acquire_readlock(rwlock_t *xrw){
P(&rw—>1lock);

typedef struct _rwlock t{ Lflmw =readels — @)1

\s ‘|/TJ Z‘Z(;"L I3
sem_t lock; //{&R# BEBURHI é{i&?—liilg-Zé;jj?@i&)\ll"‘ﬁ?\iﬁ’]%‘ﬁ
sem_t rwlk; //#HAIEFRXIRISH \ i e acquire_writelock(rwlock_t *rw)<{
int readers;

P(&rw—>rwlk):;

1 otk o //rw—>readers > 0 & 837 rwlk 1
s 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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typedef struct _rwlock tf{

sem_t rlock; //1ER{ERN{RIFE Biie{Eavii
sem_t wlock; //BiR{ER{RIFB B iiiR{ERIHI

sem_t rwlk; //#FHAIRFXIKSH!

sem_t tryRead; //IEBHALZBITESEER

int readers:
int writers; //MBEHANNEEH
} rwlock t;

sem_init(&rw—>rlock, 0, 1);
sem_init(&rw—>wlock, 0, 1);
sem_init(&rw—>rwlk, 0, 1);
sem_init(&rw—>tryRead, 0, 1);
rw=>readers = 0;

rw—>writers = 0;

void rwlock init(rwlock t xrw){

=

H#I;l

5 i

N =
ICES

X

4 N =

J dzlu\g 71:)\”/?_5%

AR

SCIN2

void acquire_readlock(rwlock t xrw){

P(&rw—>tryRead) ;

P(&rw—>rlock):

if(rw—>readers 0)1
// LR X B HIEE
P(&rw—>rwlk);

¥

//rw—>readers > 0 & 8%

rw—>readers++:

V(rw—>rlock):

V(&rw—>tryRead) ;
¥

[/ FEH

H 1% L 5 5RAYE

LPNHE

42?::11 X

void acquire_writelock(rwlock_ t srw){

NP ES: Sk

7 rwlk

P(&rw—>wlock):

if(rw—>writers M/ /28— 1T5&H
P(&rw—>tryRead) ;

¥

rw—>writers++;
V(&rw—>wlock):
P(&rw—>rwlk):

void release writelock(rwlock t *rw)<{

void release_readlock(rwlock t srw){

P(&rw—>rlock);
rw—>readers——;
if(rw—=>readers

V(&rw—>rwlk) ;
s

V(rw—>rlock):

0)4

V(&rw—>rwlk) ;
P(&rw—>wlock):
rw—>writers——;
if( rw—>writer

V(&rw—>tryRead);
s

V(&rw—>wlock):

)1
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an{alHERA?  ticket lock!

void ticket lock(ticket itk £k} {

typedef struety lock:ltickel 4 int myturn = _ sync fetch and add (&tlk—>ticket, 1):
int ticket; //ZHBIAMNRAES while (tlk->turn != myturn)
TR tURD; // SBIMNIZENNES Sl snan

} ticket t: i

void lock init(ticket tx tlk) {
tlk—>ticket = 0;
tlk—>turn 0;
+ void ticket unlock(ticket tx t1lk) {
__sync_fetch_and_add (&tlk—->turn, 1);
s
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void acquire_readlock(rwlock_t *xrw){
ticket_lock(&rw—>queue);
P(&rw—>rlock) ;

typedef struct _rwlock t{ if(rw—>readers == 0)4
sem_t rlock; //iEBR{ENRIEB 3B HRIEIEI / /R AR X% B 1EE void acquire_writelock(rwlock_ t *rw)<{
sem_t rwlk; //#HANI&FRXIRSH P(&rw—>rwlk); //S303 NG5SR X B i ticket_lock(&rw—>queue);
1 P(&rw—>rwlk):
ticket_t queue; //#HHEF— A ETLERINTG] rw—>readers++; ticket_unlock(&rw—>queue) ;
int readers; V(rw->rlock): I
} rwlock t; ticket_unlock(&rw—>queue);
= 1 void release_writelock(rwlock t *xrw)<{
void rwlock init(rwlock t *rw){ V(&rw—>rwlk) ;
sem_init (&rw—>rlock, 0, 1); void release_readlock(rwlock t xrw){ I3

P(&rw—>rlock);

rw—>readers——;
lock_init(&rw—>queue); if(rw—>readers == 0)+1
rw—>readers = 0: : V(&rw—>rwlk) ;

s

V(rw—>rlock):

sem_init(&rw—>rwlk, 0, 1);
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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);

N

linux Fpthread BIERIASEI BI1EE %, (BRI NE TR EPTHREAD RWLOCK_PREFER_WRITER_NONRECURSIVE_NP3igZ%
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https://colin-scott.github.io/personal_website/research/interactive_latency.html
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o Linuxf£2002F (A1#%2.5) S| ARFTRIEIDZNLS], ZEmEN 7ZRER (20244
linuxAIA A 10% A _ERIBIERETRCU) |, 1ZEIZ A HIECie 2 BIAIES B INAY
highly scalable
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o EENEEEWNNB, MEE A MNIFABERIUERCURremovalfIREF 1%

mutex t 1lk= . void foo read(){
v ’ d f dat :
St L Sl
iht a; o e LD =
I E new_gp = kmallocé;;ZEE;&EE;: : do_something(p—>a, p—->b, p—>c);
int c; new_gp—>a = 1; 5
} foo; new_gp—>b = 2;
new_gp—>c = 3; TiRiFsar M, MAASHNARFRET, ®
foo *gp = NULL; foo *old_gp = gp; TIRFEHAREE, 2E T RE TR !
e SHRF UM TRERIT T !

mutex unlock(&lk):
kfree(old _gp);
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void foo_update(){
mutex lock(&1lk):;
new_gp = kmalloc(sizeof(xp),
GFP_KERNEL) ;

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

foo *old gp = dp;

rcu_assign_pointer(gp, new_fp);

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

void foo read(){

rcu_assign_pointer &%nE

'Cu

X

Foo kp =
ifip = NUEL)
do_something(p—>a, p—>b, p—>c);

B R E—/EAPIH

~dereference 1T[EE3E

TAPI

_14‘27

A

J1F.

P, fRilE

rcu_dereference(gp);

BT

5 MEavn= !
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void foo_update()A{
mutex_ lock(&1lk);
new_gp = kmalloc(sizeof(*p), GFP_KERNEL);

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

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

synchronize rcu();

kfree(old _gp);

void foo read(){
rcu read lock():
foo *p = rcu_dereference(gp);
ifp = NUEL )

do_something(p—->a, p—>b, p—>c);

rcu_read_unlock();

synchronize rcu ZF|IHEES
rcu read lock. rcu read unlock#nic 7 1M

X |8]
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RCUNE

TR1end:
rcu_read_unlock()

TR1:

TR2end:
rcu_read_lock() 2

rcu_read_unlock()

Tro:
rcu_read_lock()

( Tea: TR3end: 'i!
.1\ . rcu_read_unlock() }

|
{ rcu_read_lock() ‘

Tra:
rcu_read_lock()

TR4end:
rcu_read_unlock()
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o YN{o]SCINFEPREARINLEI? (CEEANBEABIEZGET=, [NIRCUFSENXT! )
> ZRHPIRCULI(FE1L):
- BMEE#H Aread-sidedWImFRXBIFAITRART (rcu read lock())

- EF B fread-sideMVIm R XBIITHFRET (rcu read unlock())

> X, 5EREWUNZEIPFE CPURNMMSE—/ Rcontext-switch, r] AR EHIFEIX
[BEHE 7


https://lwn.net/Articles/253651/
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« NREEHAEHZE
> BBARIBAEE call rcou () iEM—TEIEREL, 1X4ER] PA% FR# 515 5 FRER
> FFE|HEIEE XS T, /E\ﬁﬁbiﬁﬁacall_rcu()ﬁﬁﬁﬂﬂﬂ’glﬁiﬁ

e P AEESLINRCUNG?

» User-space RCU


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

sem_t forks([N];
it leftlint Y4 retucn i)
THE gl i ) o e el L ey

void philosopher(int i){

while(1){
think():
Pliforks [left (1)l )s// Pick Up left fork
Pltorks inightta) i) //Pick up right Fork;
eat();
V(forks[left(i)l);// Put down left fork
V(forks[right(i)]);//Put down right fork;

}
¥

FABHRF: FEl
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e OB TBCENRRFEPFERS, SREARIIN MRS

// = PIRIE
int tryP(sem_t xs){
//sem_waitRYIEEERRAS, WRIR[EI0, 1EEFEIFM
//ENAEFEZE, fiEiRE-1
return sem_trywait(s);

I_

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

while(1){
P(forks[left(i)]);// Pick up left fork
int ret =-tpyPlforkslrightti)l)://Try to pick up right tork;

i Cpekl=— )T

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

sleep(sometime); - _ L .
lelsed — P TN ESESHMEEZEERENN MRS, XERE
y break; EAFNRERF, BREICE... H3E!

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

V(forks[right(i)]);//Put down right fork;
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void philosopher(int i){
while(1){
think();
while(1){
P(forks[left(i)]);
int' ret — tryP(forks|right(1}]):
i Gret!= D)4
V(forks[left(i)]);
sleep(randomtime);

}elsed
break;
+
s
eat():

Vil Forksleftti)]):
Vi(forks|right(i}]):

B NIRRRAE T ! ERERERIRZEM
RHHRAIBEN AR AP S
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ticket t turn;
lock_init(&turn);

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

think():
ticket lock(&turn);
Pl forkslleft(i)]):
P(forks[right(l])]):
eat();
Viforkslleft(i)]):
Wil forks | Pight{a)] )"
ticket _unlock(&turn);

R R PR3

AFREERRFMELERERIRERF 7, AU—HEF L

—XRRAE—TEZRIZIR! AREAB!

EERUOERAT, BAZESON

2 R [E BT IZ TR ?
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#define N 5
SEM 't capacity = N - 1;

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

think();
P(capacity);
P(forks[left(i)]
P(Forksright(i)
eat();
V(forks[left(i)]
V(forks[right (i)
V(capacity);

I
2)
)i
li) e

O RRE, —EF—TAZZMIR
+! MrIBANZ IR
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void philosopher(int i){
while(1)<

think():

1 tletttil = pight (1] )y
P(forks|left(i)]);// Pick up . left Tork
Piforkslright i)l )y //Pick Up right Tfork;

F elseq
RUforksdright(1) ] )e// Pick:-up right fork
Plkorks [deft i)l o/ /Pack Up lett Fork;

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

i 48 Put idewn 1left fork
V(forks[right (i)

L
[/ /PUt "down right fork:

S/ \HY |

RFNESHNEEFRES
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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

