SE-315 - BER% (2021F )

S L ERSERE I RTE

PRER | BRI
EERBREFITE DN RSHRAT

https://ipads.se.sjtu.edu.cn



Rt F=HP

ARBRNE LEREXFHITESBARRHAREATE
FEREA LIS EEEERD ARERERTIFE AR

EREEFEEEEREED ARESHE EIEER

- RWNBEXRE . EBRBEBAFHITE A RERARA+IIRIEE
YFAETFIFEIHEEEME A FEHTIASE | BIKEAFREIEFRN
ARSI A HHEE Creative Commons Attribution 4.0 License

— SEFENAN : hitps://creativecommons.org/licenses/by/4.0/legalcode

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )


https://creativecommons.org/licenses/by/4.0/legalcode

Number of Logical Cores —e—

)[BT : SRIERESZ

. ﬁjig’l‘iﬁgﬁ%ﬂ\ﬁélﬁyfﬂ%ﬁ e ' Single-Th'read Performan(':e (10%) —v—' —

- FREEE—BRIETER o e e |
RIRISEIFAIMERE ol A0 A% b e\ |

L2
’ Eﬁi%bﬂ*glt}%&;'%?%ﬂ- 102 b ‘ 77777777777 777777777777777777777777777777777 7777777777777777777 -
ik{tl:ﬁlﬂ’r ﬁg T LI IS y A 777777777777777777

. FEBHTEHEASE | 0 A |

VED

1970 1980 1990 2000 2010 2020
Year

FERBEBREHFITS,HEGSHARET (IPADS@SJTU ) 3



B RERERF

‘ T1EE = 1000 A/EE
TSI TI0AA , FESA?

ElGAIFENE)RR

1. TAASFR, AhfEE S5
FETSE.  ( IERRIEA)RE )

LR N 2. TEHAER, XEpoLALEAT.
W : ZiZEYEAE ( BRI REIEAIRR )

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )



R HERAIAE : FeHi

\

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )



void proc A(void) {
(A);
/* Time T1 */
(B);
/* Critical Section */
(B);
(A);
}

void proc B(void) {
(B);
/* Time T1 */
(A);
/* Critical Section */
(A);
(B);

+=ERORY “HEIE" TR ZIRIFEEN
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) FEHFEERYIRE]

void proc A(void) {
(A);
/* Time T1 */
(B);
/* Critical Section */

- BHRFiAE (B);
(A);
" }
- FEAES
void proc B(void) {

- RFIFEh (B);

/* Time T1 */
(A);

* ﬂ:éﬂ;%ﬁl:' /* Critical Section */
(A);
(B);
}
T1RJZIRYZEEL
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1. BRERLE - ETEMFR (RERIT)
2. AR EFHES | RMBRBETERIR

, trylockiFfHEE
while (true) { 37 BMIR BTN EL R I
if(trylock(A) == SUCC)
if(trylock(B) == SUCC) {

/* Critical Section */
unlock(B);

unlock(A);

break;

unlock(A); ToiZIRENB |, ABATERRA

} else
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) EERIEHITERAYE Live Lock

proc_A proc_ B
trylock(A) SUCC =—p
< trylock(B) SUCC
trylock(B) FAIL cp
< trylock(A) FAIL
unlock(A) ——l
< unlock(B)
trylock(A) SUCC =—p
< trylock(B) SUCC
trylock(B) FAIL cp
< trylock(A) FAIL
unlock(A) s
< unlock(B)

tES. .. EHiRFTERERY  BREHEEERCIKE
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AeTFTHrIE R XY (Non-preemptive Critical Sections, NCP)
(Lo drE MY (Priority Inheritance Protocol, PIP)

BIEHLse Rk ETRiMY (Immediate Priority Ceiling Protocols, IPCP)
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Amdahl’s Law
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struct lock *glock;

unsigned long gcnt = 0;

char shared data[CACHE LINE SIZE];

void *thread routine(void *arg) {

while(1l) {

lock(glock);
/* Critical Section */
gcnt = gent + 13
/* Read Modify Write 1 * shared cacheline */
visit shared data(shared data, 1);
unlock(glock);
interval();

{ERMEENIRSIWIX TSR
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) Non-scalable Locks are Dangerous!*

Spin Lock —+—

4 | ! |
R . = -
S e S o e -
©O
T 25 -
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(@] O e N L S
i L I’Eﬂﬂﬂﬂi fffff Ifﬁ** fffffffffffffff
05 F A R
: : : : I -
0 I I I I I I I
4 8 12 16 20 24 28 32
Cores Number
* Boyd-Wickizer, Silaf, et al. "Nlon-scalable 321;%3&&%% J:Eh—:e‘mwg;ﬁgm Jiit

locks are dangerous." Proceedings of the

Linux Symposium. 2012.
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void lock(int *lock) {
while(atomic_ CAS(lock,
1= 0)

0,

/* Busy-looping */;

1)

}
void unlock(int *lock) {
*lock = 0;
}
BhendstIi

LockPTEEBFTIRGS
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) Al R IEETE S ERYFRE

void lock(int *lock) {
while(atomic_ CAS(lock, 0,
1= 0)
/* Busy-looping */;
}

void unlock(int *lock) {
*lock = 0;

}

1)

EhemdscH]

CPU O CPU 1 CPU 2
E— ———
\

CPU 3

EFERIN
LockFifERFITIAE
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CPU O CPU 1 CPU 2 CPU 3
- -

void lock(int *lock) {
while(atomic CAS(lock, 0, 1)

=) /

/* Busy-looping */; /// /////
} N
‘ FEE !
void unlock(int *lock) { ‘ //g//,

*lock = 0;
}

Elingissil £FHERIN
LockFTEEFITIRES
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void lock(int *lock) {
while(atomic_ CAS(lock,
1= 0)

0,

/* Busy-looping */;

1)

}
void unlock(int *lock) {
*lock = 0;
}
S)iraiSsy)

CPU O

CPU 1 CPU 2

| I I~

|_

N |\ = Ej/ g
\ ?ktb =K
ST \,j
/ I57
ES]= bl
LockFIEEFTIRS

MR- EFTHRF SR EREGETHE
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Amdahl’s Law
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Simple fix : WRITE—EFTHIEERS — Back-off 5RHg

void back off(int time) { O
for (volatile int i=0; i<time; i++) B . XHFSaekRAay ?
1 : . .
} spereeEl LA AREHOEEE ?

void lock(int *lock) {
while(atomic_ CAS(lock, 0, 1) != 0)
back off (DEFAULT TIME);

(FFBack-of £5RHE&
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) YIMIRRR T RIS

Simple fix : BRIE—EFITHEETRF — Back-off ZRE¥

void back off(int time) { == . A AP NS E
for (volatile int i=0; i<time; i++) :u\% : L&*i'_ﬁﬁbﬁq:/jélt—l_]@ﬂg?
l ; LY \
\ cparetext) KRBT ARHIIE ?
void lock(int *lock) { Z5ERNE , RRELEES
while(atomic_ CAS(lock, 0, 1) != 0)
back off (DEFAULT TIME); B AFE TR =5 |
}

* FEALAYE]

-+ BEUGIE
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Linus’ Response
So I claim:
ESCRM iSRRI
- it's *really* hard to trigger in real loads on common hardware.

- if it does trigger in any half-way reasonably common setup

(hardware/software), we most likely should work really hard at fixing
the underlying problem, not the symptoms. g fNad

- we absolutely should *not* pessimize the common case for this

*http.//linux-kernel.2935.n7.nabble.com/PATCH-v5-0-5-x86-smp-make-ticket-spinlock-proportional-backoff-w-

auto-tuning-td596698i20.htm/
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OB | ERBEE DERNE—RFITHEERF

LAMCS g+ /a4l Seftar e Ot —
RAYFRICHL HiPAEEFEET
n Tail

' /\/ NN

GRANT WAIT WAIT WAIT
ED ING ING ING
MCS Node 1 MCS Node 2 MCS Node 3 MCS Node 4

BERBIEFT  aZp)g)

*Mellor-Crummey J M, Scott M L. Algorithms for
scalable synchronization on shared-memory

multiprocessors[J]. TOCS, 1991, 9(1): 21-65. _LiBRZIEBXZFFHITE DRSS (IPADS@SITU ) 66
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void *XCHG (void x*addr, wvoid xnew_value) {
void xtmp = xaddr;
*addr = new_value;
return tmp;

void unlock (struct mcs_lock =lock) {
struct mcs_node *me = &my_node;

barrier();
if (!me->next) {
/* Try to free the lock */
if (atomic_CAS (&lock->tail, me, 0) ==
- me)
return;
while (!me->next)
’
}
me->next->flag = GRANTED;

struct mcs_node {

volatile struct mcs_node
volatile int flag;

~next;

} __attribute__ ((aligned (CACHELINE_SZ)));

struct mcs_lock {

struct mcs_node *tail;

}

void lock (struct mcs_lock

__thread struct mcs_node my_node;

*lock) |

struct mcs_node *me = &my_node;
struct mcs_node x»tail = 0;

me->next
me->flag

NULL;

tail = atomic_XCHG(&lock->tail,

if (tail)

barrier();
tail->next

WAITING;

= me;

v

0, me);

while (me->flag != GRANTED)

} else {
me->flag
}

barrier();

BB REFITE D HNRFEHRET (IPADS@SITU )
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MCS
Lock

ﬁ Tail

t ///\\\ ///\\\ //r\\\ M= EERIM
GRANT WAIT WAIT WAIT WAIT
ED ING ING ING ING
MCS Node 1 MCS Node 2 MCS Node 3 MCS Node 4 MCS Node 5
%i/E\ % E E—El/\\\ﬂl] Wé
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MCS
Lock

n Tail

N N N

GRANT / WAIT / WAIT WAIT WAIT
ED ING ING ING ING

MCS Node 1 MCS Node 2 MCS Node 3 MCS Node 4 MCS Node 5
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MCS
Lock

{'\ Tail

N N N N

GRANT / WAIT / WAIT / WAIT / WAIT
ED ING ING ING ING

MCS Node 1 MCS Node 2 MCS Node 3 MCS Node 4 MCS Node 5
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SR, EEia

TS

GRANT //
ED
MCS Node 1

MCS

Lock

('\ Tail

| /7 /N

GRANT / WAIT / WAIT / WAIT

ED ING ING ING
MCS Node 2 MCS Node 3 MCS Node 4 MCS Node 5
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MCS
ﬁ Lock
1 Talil
GRANT / GRANT / WAIT / WAIT
ED ED ING ING
MCS Node 2 MCS Node 3 MCS Node 4 MCS Node 5
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MCS MCS
Lock Lock
Tail Tail
MCSHIZEHFNTIRAE n n
75 SR t 1
MCS GRANT WAIT GRANT / WAIT
Lock ED ING ED ING
A Tail
1 MCS Node 5 MCS Node 6 MCS Node 5 MCS Node 6
v & @ SEEERNEEEA @ FauisEne
RANT
G ED MCS n MCS
@\ Lock Lock
X Tail 1 Tail
MCS Node 5 ﬁ
1
o) = @ R FCASEE N
MCSHiBA B85t GRANT WAIT GRANT
ED ING ED
MCS Node 5 MCS Node 6 MCS Node 6
@ BUERE, WRSTASE @ MERBLRTERRNES

O ‘ BABUBAES, SKEXSH
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OEES | ERBEE DERNE—RFITHEERF

Throughput (10°)

3.5

Spin Lock —+—  MCS Lock —¢—

- GEHSARSS e b
B

0 4 8 12 16 20 24 28 32

Cores Number

Non-scalable locks are
dangerous, use scalable
locks instead!
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) Linux KernelFREJRIH B4 : QSpinlock*

BRI | A
PR

BB

R

RFEES | BIEREE
{ERZEIMCSHZ LT

SR

*gspinlock: Introducing a 4-byte
queue spinlock implementation
https://lwn.net/Articles/561775/ EERBEBAFFHITESHANRRHARAT (IPADS@SITU )
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