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int num_threads = 4;
it scales= 1=
int size = 200000000;
int* balance;

void *mythread(void *arg) {
int tids= *(int *)&0are);
1/ Eid = .@.1,2537.
tid *= scgle;

foR eIt = 0t fa ST e MRy L
balance[tid]++;

}

printf("Balance is % d\n", balance[tid]);

return NULL;

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

[i@ﬁﬂ%@}oj] [i@ﬁ%ﬁ@>1J

et

balance| 0 1 2 3
scale=1
mythread mythread mythread mythread
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balance| 0 16 32 48

scale=16

balance = (int*) malloc(num_threads * sizeof(int) * scale);
// LRI Z B 3inum_threadsNZef2izTmythread, #A)5 105 BAKIZ AT [H] 3
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mythread mythread mythread mythread
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scale=1
mythread mythread mythread mythread
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1nt slze = 200000000 . NEZT \ =2 VEEEAF IR
struct { struct {
int a; // thread_o int a; // thread_©
int b; // thread 1 char c[64];
char c[64]; fnt=b: /c Ehpread 1
} data; } data;
void *thread_@(void *arg) { void *thread_@(void *arg) {
for(int i = 0; 1 < size; i++) o for(int 1 = @; 4. < size; 14+) |
data.a = 0; data.a = 0;
} }
} }
void *thread_1(void *arg) { void *thread_1(void *arg) {
for(int i = @; i < size; i++) { foRCInEelase @y d < size; 1ht)
data.b = 1; data.b = 1;
} }
} }
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struct { NEZT \ =2 VEEEAF IR L
int a; // thread_o int a; // thread_©
int b; // thread 1 char c[64];
char c[64]; Mt b; /4 ficead 1
} data; } data;
void *thread_@(void *arg) { void *thread_@(void *arg) {
int result; int result;
for(int i = 0; i < size; i++) { foRfint 1 = @5eia< size; ig#) {
result = data.a; result = data.a;
} }
} }
void *thread_1(void *arg) { void *thread_1(void *arg) {
int result; int result;
for(int i = @; i < size; i++) { foRCInEelase @y d < size; 1ht)
result = data.b; result = data.b;
} }
} }

0f
S
H
i
ot

IR HEAZ



K

> Z 1%L RE 0]

S Ey
+ RZSIETS
- ETERMNEHT -2

> Ziz MRy B4
* MR TIRA
 [E1R i
« MCSHj
s WEFANBE

> NI B R
+ JEHFARI(E )
* ELFHITGMR+ B )

> IE—ENFF1A(D]
« NUMAZ G:Z2 44
* NUMARFNE 1T

> NFE—EUERE
* A—=EIHLR
° M —EUEEEY




[+

SWERESZ% Tl 1258
> B R THB R

Number of Logical Cores —e—

B Sy IR A \ Single-Thread Sl b s
> REEET —RIEFHE RIS E T RIMEE - 5

> BITEMCPURBECRIZF R MHROMERE e
102 i/ 1
G L

ey B ). SERNE sy 10* ° i
> SEAHTEHESHEH s B
10° [~/ e ¢
10_11970 1980 1990 2000 2010 2020



L \:‘-‘ o S 8 CORE9
. ; CORE10
— . y CORES8
A ok

- L) 1924-2024

" 3 " LR R Y-

> RENEFEZERET:
» T{£2 = 1000 A\/&E
c TLHTIORAA, TBEZAK?

CORES

> E GBI o) /L
« TAANZFZ, AU, SEGEL
=1 (IEF M)
. IEJEBE Nebari A= ol (i
Be O] R4 [ojzk)

lIlnI

R EAR



FMERFES L IERZZIMR T HInEIA)E

IEf M RILE

> W HERTFENRZRFEHEIR
x EVE%%E&E%@E@%F

> {5 BB 20 R G R HTHY (0] &

RE

MEREARILE

> LI IBREI S
> TTH R I SECM T

> REH AT AR fE A

> PAETE

JRE A1

10



1924-2024

ZZ TR BRYEeERIN : 148 vs IS Tl 7<%3e

3250 7
3000
2750
2500
2250
2000
1750
1500
1250
1000
750
500
250
0 -

dup/close per second
1000s dup/close per second

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

COres cores

H AR RE SEbrfd T fRE

11



- S AR =

HintEEieIhEE (388 LER) Il £ eece
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1
D= 7
1-— = e
// ( p}+& 7] IS AT HIAZ 00 28
TNk kb \ for(int 1 = 0; i < 100; i++) {
AT AT AR 5 L ali] = func(alil, 1);
}
T lim S _; FOPCIRETE= 0y 1 <1008 At+):-of
ALFue ... Mo =7 — a[i] = func(a[i - 1], i);
}
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struct lock *glock;
unsigned long gcnt = 0;

char shared data[CACHE_LINE_SIZE]; FRBMEANEXERXI PR
void *thread routine(void *arg) {
while (1) {
lock(glock);

/] BENIG X
gent = gent + 1,
/] ViTRZAEAT o L 2 80

visit shared_data(shared_data, 1);

unlock(glock); thread _routine thread routine thread routine thread _routine
interval();

} [ ZEERZIL O } [ Zigzil 1 } { ZHERZIL 2 } { ZHEZIL 3 }

shared_data

HE=2=E L3 &fF

14




Al R E

BE HE
Throughput (106)

3.5

2.5

1.5

0.5

Spin Lock (H hg#t) —+—

v
o
SEhRiEL: fHH E
A\ s A
/ : N\H’H\L A —
4 8 12 16 20 24 28 32
Cores Number : B
e AT

- N

IR

A H A
1 B8 il 2%

1924-2024
I ¥l X B 43

15



- - 1924-2024 ———
O I = el "T" RS L LT
J: o SUN YAT-SEN UNIVERSITY

Spin Lock (H iggi) —+—
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Boyd-Wickizer, Silas, M. Frans Kaashoek, Robert Morris, and Nickolai Zeldovich. "Non-scalable locks are dangerous." In Proceedings of the Linux Symposium, pp. 119-130. 2012. 16
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void lock(int *lock) {
while (atomic CAS(lock, @, 1) != 0) SEEHER]

/* Busy-looping */;
! | |
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void unlock(int *lock) {
rlock i=50;
} 50
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void lock(int *lock) {

while (atomic_CAS(lock, 0, 1) !=
/* Busy-looping */;

}

void unlock(int *lock) {
rlock i=50;

}
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> EHESIH. t\ t JA
void lock(int *lock) { BREE! B

while (atomic CAS(lock, @, 1) != 0)
/* Busy-looping */;
} |

|| MEEREEFITIRE
void unlock(int *lock) {
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} 52
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void lock(int *1lock) { FEE

while (atomic CAS(lock, @, 1) != 0)
/* Busy-looping */;
}

void unlock(int *lock) {
rlock i=50;
}
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void lock(int *lock) {

}

while (atomic CAS(lock, @, 1) != 0)
/* Busy-looping */;

void unlock(int *lock) {

}

rlock i=50;

WEEMEERFTRS

54



af BRIt ES BRRE Tl ez

BZAETZIL O } ZAEZIC 1 BZAEIZIL 2 = (D
EIRET EJEZEY_ EJEZEY_ T%LET
[ 1
R B
> BhedikIiL:
void lock(int *lock) { ?k%gtil z////;%]( KthEES!
while (atomic CAS(lock, @, 1) != 0)

/* Busy-looping */;
} |

|| MEEREEFITIRE
void unlock(int *lock) {
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void lock(int *lock) { \‘I\//
while (atomic_ CAS(lock, @, 1) != 0) 5
/* Busy-looping */; 95)&
} | |
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void unlock(int *lock) { REHEERFR
Hloclci=10; - .
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void back_off(int time) { t t EIEEEAE
for (volatile int i = 0; 1 < time; i++) {
cpu_relax(); I
}

}
void lock(int *lock) { |

while (atomic CAS(lock, @, 1) != 0) {
back off(DEFAULT TIME); EEEEHR
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void back off(int time) { t t SIEISNSITES
for (volatile int i = 0; i < time; i++) {
cpu_relax();
}

}
void lock(int *lock) { |

while (atomic CAS(lock, @, 1) != 0) {
back off(DEFAULT TIME); EEEEHR
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void back_off(int time) { t t RIEEERE %
for (volatile int i = 0; 1 < time; i++) {
cpu_relax(); I
}

}
void lock(int *lock) { |

while (atomic CAS(lock, @, 1) != 0) {
back off(DEFAULT TIME); EEEEHR
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struct MCS node {
volatile int flag;
volatile struct MCS_node *next;
} _ attribute ((aligned(CACHELINE SZ)));

struct MCS lock {
struct MCS _node *tail;

34

void unlock(struct MCS lock *lock,
struct MCS_node *me) {
if (!me->next) {

if (atomic_ CAS(&lock->tail, me, ©)

return;
while (!me->next)
5
}
me->next->flag = GRANTED;
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void lock(struct MCS lock *lock, struct
MCS_node *me) {
struct MCS node *tail = 0;
me->next = NULL;
me->flag = WAITING;
tail = atomic XCHG(&lock->tail, me);
if (tail) {
tail->next = me;
while (me->flag != GRANTED)

J

}

me) » HTAYRFIR{E:

« atomic XCHG: xz#$iiR

64



[ ] -~ 19 _—

MCSEH: FIRISSHEMNSSEAG Il fx xes

[ ZERZIL O } [ ZHEZIL 1 J [ ZiEZIL 2 } [ ZHEZIL 3 }

BIRERF SIRERF BIRERF BIRET
Q l l l l {MCS Lock Tail]
«  DUARIEE
flag | GRANTED WAITING WAITING WAITING
next Null
i, — I Pt ¢ WAITING
Null
R SRE
SEE RS

65



[ ] o 19 - ALERL

24-2024
"T" LEE B F kS

MCS$ii: FRIVRFHAMAFEIAT

[ ZEERZI0 O J [ ZIEZI0 1 } [ ZiEZIL 2 } [ ZIERZIL 3 }

! ! !

EIRET EEREF EEREF EERET B R FRIEEH
MCSH{ R Ia %t

Q l l l l [MCS Lock Tail ]
NE Sty

flag | GRANTED WAITING WAITING WAITING i

next

Null

BN FITEAS R RE

66



[ ] o 19 - ALERL

24-2024
"T" LEE B F kS

MCSHi: fiifsaaERIES

[ L 0 } [ ZiEZI0 1 J [ ZiERZIL 2 J [ ZHERZIL 3 J

! ! { !

BIRERF BIRERF BIRERF SIREF
l a l l l [MCS Lock Tail}
« SiBAEIEE
flag | GRANTED GRANTED WAITING WAITING

next \} Null
AR 4 PSS T ¢

LB, fEikis
T—IEF

67



MCSHi: 1EREDTH

[+ - 1924-2024

"_z I ¥l K Bt

[ L 0 } [ A0 1 J [ EERZIL 2 J [ A0 3 J

{

)

-

o

next \—L

flag| GRANTED

GRANTED

ZER0pE, (&uBse
F—FF

{

{

ERER S
[MCS Lock Tall ]
« HiBAEISE
WAITING WAITING
Null STRARIESTETF
Eoid T~ = FrRESS
BRLEMNES

e
-/

SHEERT, FEESH
EE 2 REF

68



MCSi: |

P U S

Throughput (10°)

Hedth

EXREEELBRENE—ZFTNEER
T Spin Lock —F— MCS Lock —>—
3 | EMRS MW
o5 | EFBURERENIR )Z‘Q<
2
1.5
1
|
v\'\f”\tl\{-: St

0 |

4 8 12 16 20 24 28 32

Cores Number

||—|| Fok®EEEE

SSSSSSSSSSSSSSSSSSS

69



- S AR =

Linux KernelFREgnI$ " Bfli: QSpinlock limil. pas eaezs

> RIRESIE
c EERER
- RN E SR
- INBUM SRR

> IRIEERIE
- SEAEMCS g1zt
- OTY R

https://elixir.bootlin.com/linux/v5.16.14/source/include/asm-generic/gspinlock types.h#L14 70



https://elixir.bootlin.com/linux/v5.16.14/source/include/asm-generic/qspinlock_types.h#L14

A
> ZixitaEIa) @
> ZE—EM

» ETHEFXMNEF UL

> Ziz MRy B4
* MR TIRA
 [E1R i
« MCSHj
s WEFRINBX

> NI B R
+ JEHFARI(E )
* ELFHITGMR+ B )

> IE—E AN 1F1H0]
* NUMAR %2244
* NUMARRENEIT

> NFE—EUERE
* A—=EIHLR
° M —EUEEEY




AR R SRR THEG—RIE o
> SRR AN SR AR RN ER R

> MR R EIE R

> R ERAAENA:
s ZNMRONTR—ZEFTHN SN =F s EIR™ERERE
» ekt = (False Sharing) 7 Z#%IER TN EEarAY

72



=1 E (YaTs) ‘r.l.x%tu 43 1E i@
E‘F!;? u SSSSSSSSSSSSSSSSSSSS

RE 171 j(/J\jj64
>$£ff—/ﬁﬁ%§w, R EEEDTENFZE(E double num[8];
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> B KiA(0]
> ?#759‘:5%1:—'} void proc_A(void) {
lock(A);
=> // T1 hil
S lock(B);
> TRIAEIe G /] EARX
unlock(B);
unlock(A);
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void proc B(void) {
lock(B);

—> // T1 Bt
lock(A);
/] EFX
unlock(A);
unlock(B);

}
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while(true) {
if(trylock(A) == sucC) { // trylockdEFHZE, S7BR[IR [A] BBk Rk M
if(trylock(B) == SUCC) {
// T A XA
T B
unlock(B);
unlock(A);
break;
} else {
unlock(A); // JGiX3RHIB, HARETHA
}
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> 2. RAYHAHER

while(true) {
if(trylock(A) == SUCC) {

if(trylock(B) == SUCC) {
// M FIX AR
el i
unlock(B);
unlock(A);
break;

} else {
unlock(A);

}
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. BESAEZ—HRX4AE
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proc_A

BT RR

trylock(A) SUCC

- N

|5

il +

trylock(B) FAIL

unlock(A)

trylock(A) SUCC

trylock(B) FAIL

unlock(A)

IZI=
trylock(B) SuUCC
trylock(A) FAIL

unlock(B)
trylock(B) SuUCC
trylock(A) FAIL

unlock(B)
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proc_B
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void proc_A(void) { void proc B(void) {
g S ) B —_— Ll
lock(A); lock(B);
A Lo
lock(B); lock(A);
/] & IX // &I IX
unlock(B); unlock(A);
unlock(A); unlock(B);
} }
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void proc_A(void) { void proc B(void) {
e Sl
lock(A); lock(B);
ia = [/

—> lock(B); lock(A);
/] & IX // &I IX
unlock(B); unlock(A);
unlock(A); unlock(B);

} }
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* proc_A#f aproc_BRIHF R
 1tproc_B[ER

void proc_A(void) { void proc B(void) {
e 2 o
lock(A); lock(B);
A Lo

—> lock(B); lock(A);
/] & IX // &I IX
unlock(B); unlock(A);
unlock(A); unlock(B);

} }
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* proc_A#f aproc_BRIHF R
 1tproc_B[ER

void proc_A(void) { void proc B(void) {
e 2 o
lock(A); lock(B);
A Lo
lock(B); lock(A);
/] & IX // &I IX

—> unlock(B); unlock(A);
unlock(A); unlock(B);

} }
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void proc_A(void) { void proc B(void) {
e Sl
lock(A); lock(B);
ia = [/
lock(B); lock(A);
/] & IX // &I IX
unlock(B); unlock(A);

—> unlock(A); unlock(B);

} }
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void proc_A(void) { void proc B(void) {
e Sl
lock(A); lock(B);
ia = [/
lock(B); lock(A);
/] & IX // &I IX
unlock(B); unlock(A);

—> unlock(A); unlock(B);

} }
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void proc_A(void) { void proc B(void) {

e s

lock(A); lock(B);

A L)oas

lock(B); lock(A);

/] & IX // &I IX
unlock(B); unlock(A);
unlock(A); unlock(B);
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if(x > @) { o=l a i+ X; :
if(x > 0) { b= a+ X;
z =X +Y; b =a + X;
Z = X
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} else { ¢ = bifdib;
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peinth i %de sz ) ;
printf(rad;. z);
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