CS d3&2|: thread2tlock

thread?2] 13 9 ) 'E':XIOHI 2Isklock
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process2} thread

process, thread TH'3

for(int 1=0; 1<5; 1++){
printf(“%d”, 1i);
}
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thread=E AF234 2 mjjo| =+

1. 8o O HhE Al 2k LHO|| 5F S X 2Ig o~ UACEH

Process 2| &I¢f 4~

ofLel Z2 S Aok 11 2 [, AerS oFX| §ie =2 M| ATH EX ST

HAE AA-S 5X: CPUS 22X &8010 Jds &JotT]!

CPU

OjALS.

e b B2

X2

CPU

OJAIS

(g By — |

S




process2} thread
thread=E AF234 2 mjjo| =+
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thread

Thread 2| =) 3
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process2} thread

thread& ARSI S Q| B
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process2} thread
thread & A2 = 2] SH
2. /0% S sUol= 8L, HFA| 10 LIE SAE Tdeh o UL}

ESAI(AEL, OfRA S)2t =25
CPUO| H|5H =M =2|C}, |4 4~74 HY!

thread SiArE X2|

T2 L A

thread
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process<} thread
thread=E AF234 2 mjjo| =+

2. 1/0%EE dol= 8, BA| $L CE SES TS
A

IREFA(AIEE, OIRA ) J2&880ol= XY
CPUG] H|6H &M 2|C}, %] A % dY!

CPU

Oi4FE X

thread CHE thread &%

T2 L AlSSE |/O2 Qlol] H=X| Q2=L}



process2} thread
thread®l S5 Ha

Sk process 22| thread==2 22 M| 22| S S S/}

thread HEa F2)

thread H 22| =2 (data, code, stack,

o200 L AUSE S8 NY)

thread H2al F2)
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thread®l 7 Ha
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process2} thread
thread®l S5 Ha

e= H2e] SIS S/oFHA =Xt

thread 2

mov Ox80 %eax
add $0x1 %eax

mov %eax 0x80




process2} thread

thread?} 35 Hy

mov Ox80 %eax
add $0x1 %eax

mov %eax 0x80




process2} thread

thread?} 35 Hy

mov Ox80 %eax
add $0x1 %eax

mov %eax 0x80




process2} thread

thread?} 35 Hy

mov Ox80 %eax
add $0x1 %eax
mov %eax 0x80




process2} thread

thread?} 35 Hy

mov Ox80 %eax
add $0x1 %eax

mov %eax 0x80




process2} thread

thread?} 35 Hy

mov Ox80 %eax
add $0x1 %eax

mov %eax 0x80




process2} thread
thread®l S5 Ha

e= H2e] SIS S/oFHA =Xt

mov Ox80 %eax
add $0x1 %eax

mov %eax 0x80




process2} thread
thread®l S5 Ha

e= H2e] SIS S/oFHA =Xt

mov Ox80 %eax
add $0x1 %eax

mov %eax 0x80




process2} thread
thread®l S5 Ha

e= H2e] SIS S/oFHA =Xt

mov Ox80 %eax
add $0x1 %eax
mov %eax 0x80




process2} thread

thread?} 35 Hy

mov Ox80 %eax
add $0x1 %eax

mov %eax 0x80




process2} thread

thread?} 35 Hy

mov Ox80 %eax
add $0x1 %eax
mov %eax 0x80




process2} thread
QI HOI} AS HHA

3% X"H(race condition)
HAO Q| Al =0 L2t Bt HefX| = gk

ol'l] 94 (critical section)
race condltlon‘é oHlsl=3c 22

M e IET RS

Ml el 2=k 5Le
DE 2™lE[HL/ 5

mov Ox80 %eax
add $0x1 %eax
mov %eax 0x80

AR o2 4AleiE| X Hf
Xt Cho| K&

== =T

S| K| O HLtS| HIHE K= X



thread lock

locke] TH'E & B} 1. $13 lock =2 thread 2!
Thread 10| lock &1 21| gdoj So{ Y

Lock (&mutex)
reeds

Unlock (&mutex)

3. Thread 10| 2= C} st 2 unlock
O|H| LH1|=0|H thread 27} lockS &S £ UM E

8 mutex: lock Ha 2,
SiZl| O] Xt20| & H U=X|E 2 YU=X|E 1| SO},
0 = X A2 7= (unlock), 1 = A1 AFE = (unlock)



thread lock

lock2] TH'E X BT

Lock (&mutex) lock2 O ZH| * 24O 21? 02 H| 2 == HO| E22 lock &N

2 threadsS 0I Iock2'=ﬂll IZH°* g 2=t

Unlock (&mutex) 3 i}

- threadt lock2 &+ O] &-d86t= H| 22 LOfL} &|=1}7?
(lock Al Al 2-d6l= overhead)

- 0§28 thread 1t & CPUOA] lockS El56l2{ 0 6= S



thread lock

lock2] 318i: interrupt M| 0§

TR S TE ) 9 £8 S 1) CPUTHCHE SHIE oFX) 2a1 2hr)

interrupt: CPUF oI S ETFEFD,
A 02 2Rz (A|EE, 0

_'

lock( ){
leInterrupts( );

Void unlock( ){
EnableInterrupts( );

¥

SHHl: CPUTLOI] THY! B X|0{1} ol2iE / SQtt AEHEDNIA SA|ol= 8¢ &8



thread lock
locke] 81: 5ILI2| flag AFE

ol =9J|0| & AF2olX] P21 HTO 2 Jock S +

Void lock(lock t *mutex ){ Void unlock(lock t xmutex ){
while(mutex -» flag == 1) mutex - flag = 0;
; }
mutex -» flag = 1;

¥




thread lock

lock2] &i: 6}LI2| flag AF2

SHIE! S= Bix FEH e R HYE|X| Xt

Void lock(lock t *mutex ){
while(mutex -» flag == 1)

J

mutex -» flag = 1;

flag = 0

Void unlock(’

¥

ock t xmutex ){

mutex -»

lag = 0;



thread lock

lock2] &i: 6}LI2| flag AF2

SHIE! S= Bix FEH e R HYE|X| Xt

Void lock(lock t *mutex ){
while(mutex -» flag == 1)

mutex -» flag = 1;

¥

Void unlock(]

¥

ock t xmutex ){

mutex -»

lag = 0;



thread lock
locke] 81: 5ILI2| flag AFE

SHIE! S= Bix FEH e R HYE|X| Xt

Void lock(lock t *mutex ){ Void unlock(lock t xmutex ){
while(mutex -» flag == 1) mutex - flag = 0;

; }

mutex -» flag = 1;

¥




thread lock
lock?] 184: peterson?| 112|S

oiLl2] flagRte 2= &= M= *—.OFHI sy o QCH
ECE W % ofL| T 2=7fol Al =25 oFAL

Void unlock(lock t *mutex ){
flag[self] = 0;

Void lock(lock t *mutex ){
flag[self] =
turn = 1 - self
while(flag[1l - sel
&& turn == 1 - sel

¥

J

22| threadBt Ot XM O 2 X 2|& o~ '%
Z29 SIEQINUAM = BE AN O E AHEICH= HEYO0| UOHA, AFE E1}

— ol=4|0] BE0|= Soll =~HolAH



thread lock
lock?] 3181: Test—-And-SetS A2t spin lock

CPUZ2| s}=5)I0] A& =

Int TestAndSet (int *old_ptr, int new){ : 2AXIE DX H23of
Int = *%0ld ptr;
) e 01 32 HALSIDH SA|0)
*old_ptr = new; MEL IS AR 6H= HO|
return 2AXHO 2 X—| E|EI C}

¥

Void lock(lock t *lock){
while(TestAndSet(&lock-flag, 1) == 1);
lock » flag = 1; flag = 0

¥




thread lock

lock?] 71%1: Compare-And-Swap& Al2¢t spin lock

Int CompareAndSwap (int *ptr, int expected, int new){
Int = *ptr;

if(original == expected) *ptr = new;
return

¥

Test-And-Set 2|2 X}0|-?
TASE X HHOR 2 GH|0|E 11| H20), 2 “= Tt ockS EUA=X| " 0 AL

CAS= 22| WS 0Tt éf (lock &= 1}

~ RTS8, O B8N0 R ALBEILS

OIF
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2 < ENQIX]) 1t H] 116k G0 E



thread lock

L

spin locke8| d&

lock2 EX| 23t thread= &AM spin lockS Soll while 22 2232 & HO|LC}
ol'd thread1f CPUE S0 2jO| g10] |2k A1

SA=¢ GT0| B o UAS: O HA| 2YE|0{0fF o= thread T} =2 H| 28 %|X| ZRSHC}

thread 3
Lock (&mutex)




thread lock

spin lock?| ¥&

243 N = M2 X||Ee £ AX|ar D E thread1 23St 1|2 E BHX| 2SI}
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54 QX o
20| L} H2, while22 H&60] 23] thread T}
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thread lock

lock®| 71¥1: Load-Linked, Store-Conditional

Int StoreCondition (int *ptr, int value){
1f(no update to *ptr){
xptr = value;
} else

¥

Int LoadLinked (int *ptr){
return *xptr;

}




thread lock

lock®| 71¥1: Load-Linked, Store-Conditional

Void lock(lock t *lock){
while(1){
while(LoadLinked(&lock - flag) ==

J

¥

1f(StoreConditional(&lock - flag, 1) ==

return;

lock &E O 2dn}?

HX LoadLinked &<

lock8| flagE 2| 1,
121 82 E':'“W CH |2}

- O T = L.

StoreConditional &£ E6)
flogE 12 YO|0| ESHC}

H 2tZ (return)
SEE CIA| Al



thread lock
lock?2] 1191: Fetch-And-Add2 A%t ticket lock

ticket2} turn (AH]) Z 22 lockE IS}
Int FetchAndAdd (int *ptr){

) FetchAndAdd& 2
int = *pLr; lock_t thread2| Atd| & Breh RH=Ct
sptr = old + 1; T

return ;

¥

Void lock(lock_ t *lock){ Flock S0l =
int myturn = FetchAndAdd(&lock - ticket);
while(lock -» turn != myturn)

J

¥
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