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H b2 S P LURRARSAS . B IZ PR BB RARA R S 4 L EAF 21 . 1148
U HERR R T, BVF A DE P TAE TR N o IXARE DL, A
IS SRR T IXRE R BT LR, RIS AL AT EE A TT
RELRNG . A FEARZ TR F AR, R e 2Oy .

Special-Furpose
~—Env Producive
for User 1

Special-Purpose
Environment
F’md uctive for User 2

LJHEF e General- F’ urpose L.Iser 4
Environment

Special-Purpose Environment

Productive for User 3 Special- F’urplae

Environment
Productive for User 4

1.4 fEA: 77 5 U 2 TR A Al
AN, AEVEZ AR, Az R R R R 2 0], A R LUK E A7 AE T S
(1o i, SHET Mtz iz b — /N B B = i i, AR TS 4T A, BRRRR T
W E] FAME REAAR 2 SLAh 1 o DRI R ATIAE HAT U AR B 3T 2 A 2
HEFT . XM 1.4 s X, AL, 2, 34 TR NI A5
JSRF FE AT 55 o 0T TR ket e B AR = 3 I 5 B, 32 T o e



RN PR IFAT i FE

JURS, AT AR A, 0B i JoAh B

/N 1.10: IXANPARECAISE Y AT AL T SESEpR AT I U T ?

AL, —ANIEAEA T LIRS I RGEA KT Re RO 7 2 1455 1
WU, S BRI TE T AR ARy, O B T e

TIPS AN IR N AT R G AR B 0SB sl (B, EREEFIE
Y, C, C++, B Java), ol & —Lehhgilis (flll, Haskell, Prolog, a#
Snobol) WIE 1.4 RO X, IXEES PN ESTAEHEF 1, 2, 3, 4
HANIE G o WAt Ud, AR T4 4 IR 5 B UL, REREH e, b
A 7 2R (el T T AR

BATENZ400, AT MERE . A2~ R0 A M2 TR 28 B 5, 1
1, S RHEATIR N IS BT R o 1K e AT T SR AR R TR T

1.3. FHTHREREN L E

FE5 FEIFAT VLR S 0T, DI AAR B Oy BT TH B N AR 4
WSS 1.2 Wi, JHATH SR B ERE, A%, UG,

R DI SE B, RBEOT R B IS Hbs, JAb HARIEr Ak n] LA
IR O A AT T SEEAT B 0 A6 B2 & ISR 8 23 HOGTE M RE T T A4 T
i AL, AT U SR A PR RE I T Sz o A RN s S AL S
S8 358 18 PR 2 B B

v IBAT AN R S
v BT AT A AR S N
v R ERAT Y BT IZ AL

1.3.1. lsm A2 sEfL

2 S AT LU G A HI ATV 5 ATIR 2R R S B Rh 5 58, IXAKAS T B
F RS54 o

WEARARIIRE PP s 20 KA I35, s O R4, — Nl HAT 2K
s, AR PP RAT TR, SRISAEBIAHAEE T (01 bash) J5 50
E BRI, AR TIAT . LR, XA INE AT USRI
BULRBEH LA o

R LRGN, SR B S AT 2 NIRBOX R RE R “ ) A
JRIIFFAT e WhSE, PrridAT SR AER SR, Wi T AAEHFE, CPU 45
2 RS AE ALV SR I 4 2R L, DUORBEIN T A 3% DIERAE . (2, XM
HH AT AR, AR EE LT B HOME SR REG TR TERERTT .



RN PR IFAT i FE

1.3.2. (EREMERIFHITREG

H AT IEAT 84 T n] LU i T e RE R e, doe R B0, web S
7%, UL map-reduce 38855, flan, —ANEE B2 o /AN P SE At —As sl
PIAbBRRERE, REANEEREAE A SQL WEH), ARG AR R RHERE FIHTHUT. H PR
Fr R B4 o e 1, 1 9% 28 280 22 ) 47 5 A B BT AT () AT RN AP ) i

RAX R R e ae, B0 T B0 AT . (R0, T
FAE L HE W UE AT, DRA AT DA 35 sk I e HE

1.3.3. 14REMLIL

BWE 21 eI, CPU HIMERERE 18 M AR K. EXFENTE R T, 1
TN D RE 0 T S KT RS BEREAT AR . IRAE, PR JR s AN A FH T3
TR AAAE R R, KT ) B 8 ot A7 2 BE RN AN AR (R P B R U, AT
W DR, I T A R R LA B M T

BB, PEREALAL vT LD BRI FE DL R ATk BE

MR KT, AT 51— MhrERe Al 8 44T R AR
HAEASEE, MR GG . (B, BATRIRFRER, Ok FIHT
THRPEE ST, 5 CPU MK A RIE L . AR AT AL, AR I BE
TR IRH) .

EH— i ANFEPRT S AR TERERIT. HAT T E BRI FE L0
betan, U IRIFR A6 2 g5 22 IR )0 S A RS DR B R B« 7EIX A oL T, ik
IR PAEZ CPU FIg T A KT Res e R SEBR b, W ERE IE AR X
—ANBERE AL BB R B SO, FRAT RO R P S A AR R . AR
PRI AN T 22 BRGSO EH DA XA SO R A3 /N (PR e R BT,
B, WERTTRERINE, 8O S A 2 1 .

/NTAIRR 100 A A R L 2% BELAS A 8 I CPU s ket Re e It 2

HATEARZE— M HUIACEAR, (R EIHAZME—HEAR, [FIRAZ X
PR S S EBIE o 988, IRIREP R 2 JEAT A, A AT T R R RS
S Ut At B AT T BB R — R A A it

HATWH S FRARTE %, AR | XA . “ B4 1k I-AT T
A E s 7



AR IAT RS

L4, R AEHITRIZEREER ?

TEE B RS HATTHE R, A AR S AT E ARG A
SRR, S IAT U A R R A=A 2 X T IRATFFZEA T
WIAT U E R RE, NIV SRR ) A8 F 55 22 AT AT [F) 55 52 2% ()
YEo DRk, SR FH A 5 5 H07 23 R Al R 1R R ) S5 R 7

Tl A, AALE: LI NRAT A 22TVl it & il 1) T -Zh VR
5% (xie.baoyou y¥: A RAFMZ—F (BUALTF2E)). BARA LT NFAT M
HAT VRIS, AR TR ROGE IS %, FECARER AT R 5
Gb, g AN AN BRI R AR R ARG, AR A E) (L
W 10%) 2RI . RV RER N2 1) 22 MR i 2 S R A Y,
F e A NPy 1) ek A& RR A AL I 31— A 10%2F 7~ 242 7t .

PRI, BRATT IR A [R] 1R 7 ¥

—ANIXHEA 7202 5 15 BRI FATRE P B AT 55, X AT 550 T e 1t G e
KUEATTEN . XA, BATHLAETEAS—/NE 5 B MBS R T R R . X
YCAE S50 R 4 45028, il 1.5 prow, BN kAR NI & 15 2],

e
S -EE
-

K 1.5 JHTIFEAES 2 L

-

Productivity

1.4.1. T{EHE

LA FILES ATV SR 2 WERAEAE — D A, A BRI R
RERL A~ CPU HRAT, IXE MU SAT e S o (2, 73 B e 22/,
tedn, AR BaRIgida, < SEBPHATIER . EARRW
MO0 N, It RES R e A FIRESE, DR AL TR fE -

JiAh, TAR W] B 3 8 R R A AR ARG B 2. — IFATRE P e
i 2SIt L[R5 1 it LU 2 4 (1 Ab B S 4 Ry A



RN PR IFAT i FE

TN BBy T 2 L BB, R — AR e MERREAANLH, 4
At B A AR I B KRB AT (02, TR H S5 RTFRY, A4 5%
WP R EO™ =M REIR L.

1M H, AT AR B LR, RO AN R o o — S R,
L4 CPU cache 7% (i), aniit 2 HIZR 2[RI 44T, CPU cache ¥4t th, 5lidit
i) cache miss, MIMPEAGTERE. M I34b—Tr A, K&K ek N E
THELAT /0 4

/NI 1.12: BT CPU cache XAk, A7 ToAMIE L8 R 25 75 2 pRAIFAT L 2
N2

B, AERIHAT SR S RS IR P (PP B, S B0 A DLBEAR, B
AR 2o AEHARSA AR R RSO0, SE/INRRIR 2 (Al S0 I 4, S )
WEHRAR o U AT VU T R K R L B R IRAS ), AN #0 d FAATR
TR, TR TR, nERDRER BT v R ME LLERAR, AT SR FH A
XF/NBPARZS A3 0] o e BB TSR IR IO P AT 32 3, B il il <8 4 T S AT
fil 7 %o FECL BRSSO IEAT bR LR E I . TR AR TS
MBert, 32 1 TARERREEH TN AR TR RN R G5 4 AT HA S L (1) 4

1.4.2. FiTpaEs

25— D RE P HERE , PR TR T E AR B ST Vg ) B XL 5%
R B WA S5, (AL TTRE L CPU, WAF CHLFE cache), 1/O &4,
ks, SCfE, DU 2 AR

AN IFAT U7 )4 1 TR U7 1) R 1) SR e A5 32 BT SRR AL . Ee
FEVF 2 BRI, ASHAR & (1 Uy () el i Tk s, (H I RE AR fe Uy
RN B AR, LW 5INE BALIENLH]. POSIX &FEM sy, 45
AW 5 (SQL),  BLA S R4 Ry bl = R RS0 s Y FA4T C, 424 T K&
V5], AR5 S AL 3 45T SR I R s ), DR D ez R A e 2 S 5
ERSS LBLI

FCAR R AT U T 42 53] [ A e R G o lp e U7 1) B39 o IR ip U A2 b A 22 14
[l A HLE I S AN R AT S AR R St 1, C 3 B A% 3, e, =55,
SUHTEL By, IR rAsi, IREHE TR f B IFAT e R
IS ARS8, RIS IR . XPHESL 4 SR ZE VR A0 R 7 2 K 2 [A)
AU EERS, LR AR+ 2555 A7, (HIZLETHE AR X T 1 1R v A o



RN PR IFAT i FE

1.4.3. BESEIRNSH

Eﬁﬁm#ﬁﬁ&ﬂ%% B TR IEAT L, B DAL A B ) s e i

i 53 )5 B ERAE AN R R A R I 4G AT A o [ U X LA 1) (R s, mf

R LRGN, Kﬁ%m%@ NUMA 45 506, CPU . jn) (=A% 5l
PRZEFE), ULIM, cache ZEA74k, [FI0 JGivh (Y SEAF], B ARSI S X 2 R) g g v
bttt %W%F%MM“@ﬁm®%

BEIR A3 FA OB A, bedn, BUE VA E RS AR AT, B, BUE T
FECREREAT 430, 0 s M v S5 AR 1) 4380 5 00 45 ) B VR R s S5 i B4 . Tl
an, b SRR R e 2 O AR e T ANARTE B0 — 28 N B R G . HERE AT

RESS TS IR 2 B B, Bl BN ] 238 431X
BRI FNAE T AR APE BEAE YR IR S 2 s S AL A A Pk

1.4.4. 5S4 H

R AE LW SR R AL, RS e, BOE HAR IR A PR B ARl
TEREW L BB AR E R BCE AL PRI, 280 o B 5 5 IX el 4T 2208 - I HL
it EEAR G 5 — PRI, T8 7 2 B U R AR O, T
Rt ERYE HAREELE, XS cache 2 A, REUHINEGH, BH A B EBUE AT
REAREA

FERLERE LT, BEAE AT B BN o — P2 1) T o0 1 55 il P2 A e U, I
an bR Y

1.4.5. ‘H&FEH

S IXDURH D RE A FEAVE Y CRTFMAEAE D), (EAF 1) TRE S B L A X
serfie. Lo, Bl IrAT s 5B e A o 1 LU A A A B K, AR A
I3 BN FRIA GRS 5 Ja o 5080 70 X AN Ze R TEA T SR USG5 R D 2 e A AT
B, WE 1.6 Pron. JPAE TR KEAMBEATH L8, BE& D THIICIRES
RN, BEMHE A 5. R, AT EURAN R B, HE A4
FEERYL, P9I ARl ] 3 X SRR, ] DUORR St R ko



AR IAT RS

K 1.6 JHAT AR S5

1.4.6. IS MEMRINATXS X FAUESS I TST ?

RGN, JTRE R T A PR EAE 55, (HAEI Al —Lu3A 5, AILL
WA A SIS B AR SQL,  FEARSIL 10 BN K A ity Al
Z AT I AR A REAT F B AT AR

X 4 ML S5 L IAE DT (AT G RE TP AR BIL K, (R IRAN SR T A b 20T
TISEPUR AT S5 o BIAE TFAT RGO e, BORAT R, AT mT LASHL
X 4 MAESS 2Ok A sh1E.

NI 113 AT TR Fo A b e 2

1.5. AP SIE

EARFAE AN SRR T i A &, AR, Aot — AR
Z T R BRI T M BATHRAGED TR LETA X, (2 BeAT i I
W A RS L P Kb sl DR BRAT I o D) A (R BATT 0 52 1 P TR B =
T WVFRUEAT R, AT 282G 20 2 N, RE EATHREIEARA TN
BRI EARF T

1.5.1. /\ja)&x

N B A YRR BN SCHISR I, B Al S BRI R
AN, AN, R EX RS R IREEMXAFIRGHI AR, Bk
HIER TR AP TR EE o TR, B3 A SR AE RO JIAE IR S8/ ) B, A
Ko I 551 R AEAR N, XFEA 15 26 AT SR SR BEAR K [P T3

SR/ )l (1 255 5 ) DAAE PR SR F R



RN PR IFAT i FE

/NIETRE 1.14: XS/ R) ) SR AR L ?

/NTRIRR 1.15: A7 580N (] FUBLT- A2 A0 13 1R A B T AN AR R A 3 o B IX
P ?

/NI 1.16: IXLEEN ] AR A IR AT A= ?

1.5.2. BERIERS

AP dEAS, WO T LA git #1#) CodeSamples H 5 T 22
etan, 78 UNIX R4 E, ARATBLiE:

Find CodeSamples —name rcu_rcpls.c —print >k 5@ 7 344 reu_repls.c, 7F 8.3.4
S B AR RGEAT N E A AR R T

AR AS AT LLAE

git://git.kernel.org/pub/scm/linux/kernel/git/paulmck/perfbook.git $£31, git A< &
AFLLYE Linux ZATHRP 4R E] . PDF WA BLor R 7 30, A2AE T DA iR

http://kernel.org/pub/linux/kernel/people/paulmck/perfbook/perfbook.html




RN PR IFAT i FE




AR IAT RS

2. BMERISI1E

RZENME B A, 76 RS8R ALy B A A R BT
S INFERS . Ak, 7R3 R AR RS SRR () A2 35 0 R AN 2 R T ke
I, XA T o AT FEOGEIE WA RGP W R FEAE TR, N
W R T UL AP AT R U R, AT R 2 A5 B, TG
Hennessy Fi1 Patterson (148 L3044 £ hil [HP95] -

/NRIRR 4.1 A FEAT AR DR B A e b A S B PR AR R e 1 2
WS S T S e SO AN R R B, TR, TR

2.1. A

I ARSI T SR GG T, ARE S 1k NSRS CPU P et
BAE— ZIE T E _EZER, W NPT, SR PRI s LT

T 2 R
CPU Benchimar k
“Tvac komeet -

T
§
!
[

2.1 CPU [P tEMERE
BARA — 28 LR T CPU AR HENN A e % ik CPU A R F & W R ER AR O,
FE AR P A IS, L — i A BRI R . FREE K E B4R, Bl
JUHAFIR] CPU (N B EEM e A T BRI AR A, o A0 T AR 27 o iR I e AR 4k



AR IAT RS

2.1.1. CPU fiik&k

fE B2 80 SEARHT, SUMRRAE FERAEAL B 1~ — SRR 20, /DR
&, RS AEAT 3 NI BIEDRGE A AR @ . BRI e, Eithal
90 SEACKIIMAHEZLAHTR) CPU W LARIIN AL B2 25454, I — ARG “UiK
27 R CPU W ERINAR UL, K 2.2 s TIX Bl 2257

ﬁ:&“" f :}.?CH:'_ CLoC .-:4"_-':5-\'-

r.?ﬁ, i | I\L._-‘. SARCHE 2y ETALE il |
I'i"n "} 5 T :.rr-:_-' & . -I-,. . .
i — = P o
.-_.'I.‘_- - j 7 f -_I" '._I -

] Y =0 &
_\fgl i {'| Ay ™ -l
" R (LS
T 5? Ao 5
l., :I?F?;L il-i:_lr-.rr L-:’I- £ _,: 'I: 2\ ll. <
! L Y I R "j-l - ] : j \ y
| Illl '.r'\lll ADED wH _ .II || | I._, ;"I
W 7 JI] WS rddp £ \"l., : If. Y
B 4 LN
§ ol =5
.~

% 2.2 3 CPU FIIH CPU

A KK CPU AELA B AL RE, w7 B8 P25 i B mT Tl i) 425 i)
o A T B K BEMEIA P HAT IR, 7T AR AR M, b R AR
o ) B AR SRR . BRI CPU W] LLUIERGTRINAE K 2 B, ACHS
TR LRG3 SOE ) . BRI, /KEE AT BL— AR FFEWRIRA, CPU
ERISAT o

F—J7 T, WRFEF A VFZ IR, HAFM U ER L R s B0 TH a6 5
IR AV 2 N 5, BRSO AR W] LA | AN R R SERT SR, 171X L850 5
HRAT B EAT W FH 1 R A BRI AN RS, BRI CPU AR ME B3 56 A AN T BE Tl e
A3 SCHE R o XA CPU A SRR EAT 212 LLANIE 43 38 1] 1R 7 [ I
B MR M—— T LR PP (R 4 AN v] Fil——CPU & f5 4 . 7EIX M
FEBLr, WKZHE 1), CPU 5 ZEA R MK ERPR IR S48 78, O K b
ik CPU [yPERE, U Ay —4f.



AR IAT RS

/€ 2.3 CPU 1t pipeline flush
NSRRI, K Ee R AN L ME— 2 I CPU AT PR REIIBERG . T —
R TR A R R T

2.1.2. IF5|H

71 F AL 80 AR, Tl AL FEES A7 L E —AMEL I I [A] EE R AT — 45 F8 A 1 I
[M%. 76 2006 4F, [FIFE2 A7 O], Aad 238 o] DAAE I BE R () AT B
SR ETAIRS . XA ZE T RIE T B /S TS CPU VR 1Y K R Kk
o WAFPERE IS IR, AT ER S BT AR RN R . Eedn, 70 4EAR
I TR A A 4KB 47 G2, /& KB, A MB, HJjjl$E GB 1),
Vi 1) 5 AN JE . 31 2008 45, CPU B ik 54K T LUK I 5L JE 9 U5 1n) 1¥) 4KB
WAE, B RAEJL GHz I BRI R4 L. 3152 B S 13 480 M3 X AE )
WAT, (EAATIRAERRIEIX AR N A7k “0 2% cache”,

BRI T ML R R TSR A7 R R H 8D T N A7 D7 Il 3R, (R VA
JEE TSI P 5 U Rl A e Lk A R B KA o AN, — Mt [ B AR
TXRE PR A (1) A A7 I A A i ¥ DA SO —— B8 5 A AR I ] il 1y,
B S AR E PTINAE T, A2 ?




SR

Kl 2.4 CPU i N 1751
BRI, IR o), AR T R S CPU PR RE ) F 2 3% .
FILAE A b, BATHFERE T CPU 76 LR FEARAD op AT I 25 B 1 1 RE Mt
Z RN CPU A RAA MO REBEAG, FoA AR T i i 5 rh g ik

2.1.3. [RFIERIE

Ferp— PR ie ol 7 AE . TS AR R B CPU itk 2k |
() RSAT S ITE g ER A P 58 T FEREAE B v RORS 5 e vk B, 4K CPU
A TR Z AR R S WK T BOEX LU B AR RS ot 11, BT e 4 S b EAS
ST ARERMEUIRE, R AT LR R UK S JIUAE R S 5 i 2P Al
DU — 2% sl R 2D 56 Al o



BSR4

5 2.5 CPU #3887 1A
JEF 4R A T BE S L B
AR, SR EAEEE TR TCE . T2 T R 2
FERF 2 AN EARIC R I, CRIEIE A ST, K250 CPU #4117 Rk .
WAF BRI ME BRI N R 2 —, TR e T HA .
NI 4.2 A ARERINLES S VXS 2 AN BE 0 AT IR TR A 2

2.1.4. RIFFERE

WAE DR R EE 2 A5 750 12.2 TR s C e T T — Mg B Y 2 T A
I 51X

1 spin_lock(&mylock);

2 a=a+1;

3 spin_unlock(&mylock);

4R CPU BT 4% M LR i A) MU P4, A8 a” S AE ¥ 15 81 “ mylock”
RGO R In—, XEE MBI a” MEMHBA—E. 4 TP
FIELPPAT, SRR I 2 20 5 0 AN U A7 BRBE o T P A D B 1)
YERI 2B 1k CPU O THTHERE MBEAT BEL AT, BT AN A7 ek J L8 = %
fik CPU THE, W s,



AR IAT RS

K] 2.6 CPU i P A7 )it fit

2.1.5. Cache Miss

X 2 R Y R UL, AT NS b 52 CPU 1 BE$E T+ —— Cache Miss”
IEQATSCER R, DA CPU A K7 5 14 Ryt 2 A7 oK A1 e LA ) AL A0 1)
LKA PERERG ST . (HJE, CPU RS f7 55 EXT 2 CPU [RIB ) il (1AL &
BRI A CPU AR AR AN, AT ml %A R A K S
fib CPU Bt s AEIXFMEDL T, AR RAFAE T Al CPU IUANE 2T CPU A7
T, XS EAC = B Cache Miss (REAR A MLk C.1 1), W EEFTR.



AR IAT RS

E‘,AL HE* '
! pMISS

TOLL &

& 2.7 CPU &8 Cache Miss

2.1.6. 110 B4

GeAr ARl LA CPU Z W) 1/O #4F, XMWz AN i fIRAR Y 1/0 #2
YEZ—o WO AR M. KEEAMS, B ORI AR, 110 #
VEXSPERE MR M 2 KT 2 A LA BT SR 2R A4 Fh st i N TR



AR IAT RS

I 2.8 CPU %545 1/0 58 1%

S N AE R AT A A R R A X AT I — AR 2, 3
Z WA RIAT U S IR AN A B LG A7 A iy b SR (5 0, 1t 23 A O FAT
TR AR T RE A X 4 015 SiE 3B o T R A5 U (A0 JEE 3 40 T A A Tl A AR
Wr——AE FATRR T R BT AR o [RIE, TR PR T4 o ST R SE B LA Y L
e OB IF S50 JHAT R — AN B2 H AR R RE DX — R, LUk
VgAY R B H .

8K, Ui 1/O HAE 8 TYEREREAS IS — U7 1, Ui 1/O AT XTI RE IR 52 e 4 E 1
SRS 7M. I EE R e P X

2.2. 7

ARG BER HIT B (0P RER A (1 S B TFAH . AN AESLZ R, e B X
WA R SR — HIIAIR, N — /N % A T e ik



AR IAT RS

2.2.1. EMHARREEN

CPUD CPUA1 CPU 2 CPU3
Cache Cache Cache Cache
Inte rconnect Interconnect
e =

Memory H| System Intercon nect |H Memory

ja/ \‘-ﬁ
Inte rconnect Interconnect
Cache Cache Cache Cache
CPU 4 CPUB5S CPU B cPU 7

Speed—of-Light Round-Trip Distance in Vacuum
for 1.8GHz Clock Period (8cm)

K 2.9 RGMEK R

R AN )\ EAL R S . BN E A A CPU %, R
i H B O SR ZAT, S NIEAT A — N LR, AN P AN % T BLH
FHIEAS o 76 B O R G B ] DAAE PUANE A OB, SO A7
HERE K

ARl “ORAEL” NIPAIAE RGP, AR WN T NAE R —AN 2 11
TN AT, KN A 32 F1) 256 AT A, 4 CPU M A B — MR
BT MR AEA P, D2 e TR R B AT R CPU il 2R AT
[FIFEHL, CPU 2 4785 h B — MEAF A B AN, AL & T i 1 2%
PR LR CPU Bl ZEAT, LU IR A Tifth CPU A A RAF L1145 UL

tean, st CPUO 7EXf — N RPAT “ LRI (CAS) #AE, MixiL
TR AF AL CPUT [End A, s RAE LN @ iS4 F 741 .

1. CPUO fa & AHh s e Ar, WA BN Lk

2. SR B CPUO R CPUL (1) TR, £ £ CPUL (1) AN b =y T 28 A7,

WA B Ak
3. R AI ARG B, KA AL =N, AL CPUG
N CPUT7 FTERIE R .

4, ERPEE K B CPUG Al CPUT I FLICRELER , £ A IX A~ CPU Y s 2247,
{£ CPUT7 [Pl e A7 h $R B 25 A7 2k

5. CPUT ¥ LeA7 £k RILZh P | i B, ¢ HRH B & a9 A7 22
yeas
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6. CPU6 Ml CPUT ) H.IRBIHURE 22 47 2 K ik 45 R 48 BB .

7. RGP G2 A7 26 ik eh CPUO Al CPUL 1 FLERAR R

8. CPUO HI CPUL ) LIS B 27 7 2k ik 45 CPUO 1) A S 47
9. CPUO ILAET] LN mid 22 A7 Hh (AL AT CAS #-1E T .

/NI 4.3 X ANEALE SRR B 2 G0 ] fg B A 2R ?
/NI 4.4: A2 2R CPUT s 2 A7 v 2R A7 4k 2

2.2.2. H{ERITFTEH

The overheads of some common operations important to parallel programs are
displayed in Table . This system's clock period rounds to 0.6ns. Although it is not
unusual for modern microprocessors to be able to retire multiple instructions per clock
period, the operations will be normalized to a full clock period in the third column,
labeled ""Ratio". The first thing to note about this table is the large values of many of
the ratios. —2E7EIFATHE > AR L)W WARAE T a0 BRI R . i AR G0 R I
JHI A 0.6ns. EARTEIUAR UL L3S T AR B0 1 retire 2 4548 2 AV WL, (H &
TERFGHIH =51, AR AL 2] 7RI B3, BRAE “He”. kT B3R,
S A B HE AR B AR AR K

Table: Performance of Synchronization Mechanisms on 4-CPU 1. 8GHz AMD
Opteron 844 System

Operation Cost (ns) Ratio
Clock period 0. 1.0
Best—case CAS 37.9 63. 2
Best—-case lock 65. 6 109. 3
Single cache miss 139.5 232.5
CAS cache miss 306.0 510.0
Comms Fabric 3, 000 5, 000
Global Comms 130, 000, 000 | 216, 000, 000

BB LT ) CAS AR FE ML 40 24%0, B 60 AN i 0. 3X HLA) “
UFIGOL 7 AR R MR AT CAS B AEK CPU IEMF 2 5 n— MR AL & 1)
CPU, FrLIX M HIZEAF 2 D4 AE CPU A7 17, SRfblit, self 0 R
BiIRAE (> “round trip X7 QAR SRIBCBUNIBE = OB THATE IS 60 4450,
L 100 AR Y. IXHLA “ IOl RWGE TR B B A M C A
SRIONUREFRUBK) CPU BT (M R 22 A 1o BURAT L CAS 384 AL, 2
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AR TR ESHR 4l A b R A SR

LR AR A T AR HE 140 g8FD, B85 200 ANIHBl A ] o T EEAEAEA BT AR N A
AR B IHAE 1) CAS $84E, THFEAHE 300 ZhFD, Bt 500 AN 4 & 0. ABARIX
A, FEPAT K CAS HAERIIFIAI BL, CPU nf LT 500 4 il e 4. X EW T
G0 R P B 11 )= PR A

/NRIRR 4.5 BT 8 SR ORI R E B L A A A ABAT T R T
L6 LR AR REEEYE e 2

1/O BEAETFRIE R, —4cmitthBe (2 i) JGERd s, i Infiniand B¢
H ARSI interconnects, & HIM TRAEIR KA 3 ffb, 7EIX MR CPU A LA
AT 5000 45454 o F T HEBIbRIE IR A5 9 28— M 77 2 — SO il i AR B, X T IF
PN T GEIR . 28R, WIEREE S S BN AEIR , BRSO Ssh R — R EK
Wt 130 25, XA T 2 424 Bl

/NF 4.6: IXEEHCERIE AR REAA R EAN]?

2.3. MHRIR B

B A JUAE AT V5052 21K DG I 1 2 D PR B JR e A (R 24 4, PR R e Ay
R HRZRERE PP Refe T (B n “ ok ;487 [Suto8D Mg 1, WEE? 2 it
(BT o AT T ot A 20— SO Rl ARt T SR FH R I8, X8 ik ] LAty Rk S
TR B “ k427,

ANiE, FESCHRRAR T L R I R M R RS o OGRS R e
FEEE R — AN R S A BRI . wnEs? 2 TR, 75— 1.8GHz (4
JAEAR, SR BEfE RS iR FE K2 8 JE K . 71 5GHz I e I, XANFE &
BB 3 K o X AN IR BT NI RN R GERA PR UL, 18 K/ T A

FERERE ), T AERE T RS )0 B L S0 TR 612 3 31 30 %, and common
clocked logic constructs run still more slowly, Eba, WAES T 2R EK R IES
RGN SAMEL 31T, A A HRAH AP ERAE A . BUAE, AR AN 15 FE H 1 3K
Bl e B HAE S MR AR R 5 — /NS, il CPU I =47 W) fry i
o

Ank, BDUF CEERREARERLERD HAR BT DI — 15 B
3D L,

AR T8,
ROk 1,
LRSS,

O AT E A

S A
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72T TR/ 10 ot 220 B A IR e R
2.3.1. 3D £hk

ANia, T IR A 3 ) R el I 3D AR Ry KRR, IF
HabZ i an A= IR AR A AE 3D AR I E K ) . A ) R
BT AR SRR, Bif 2 RIS, AEUEHRMASA. i
AR ORI S AR A T AR AR R 3, SR BB B A DRI BGRTA T . i4h, Fildsk -
RIX LG ARA KT RELEPE AR HIRFREG K, Q[ S se A ST IRE X Al e
FRIREI ) . X EE D, B GE E Jim Gray f%3§ ) smoking hairy golf balls.

2.3.2. FitARFIFF L2

PV I3 « 1 W 2 A RR P S T R T P BEAS TR (LD ATBRIADE
M, (2) YRR T A P AHIE AR T e 2 id X A R, A
—BERF SR AT I R SV - Q] B P AR AR PR

e — AR I A IR IS — PR “high-K” #8568k, X
FARERE SEPFER A BE A AU N R 25 1) U P o XA R A7 £ — 28 1) 2
7o IRIME, B BELEWT AR F [ AUHHERE 25 S AN SR R s vk, R
G AR B e A ot/ Pl o I S S d S R RS SR A i VAR S U B S L
JREICH R OGS, Wi BEAAE 2L IR~ AR B AdE AT

A MRR O R R IRk, AR T LURE AR NG 2 1 A
e, ALZITNEILAE TS B

BAREHE —MRAEES LRI BRG], (H2 PR v 2 1R 2 BTl T 3)
(FI J8E , 1 DG, 75 SRR R Sl i) 171 U2 B2 hOEE 1) 3% 30%.
EF B 0] ARG R — PR T T B sk FE U7 i, JF HAR Bl AR
PR S B I ) BETE AR K oS3 h, AT L8529 F o Rt 21
PR 7 PARITES F T PR AR R, DR D o B3 (1 e e I 31 302 T4 ) 60%
W% o EARITIEAFAEN AN UG HU HDCHH e, o H T BT
TR

XA UL, B R A7) B 2 U 1) S P e LA, A AT b B0 VA A ik 5
H DR R K A AE AR 32 PR T A R R DG

2.3.3. THINE:S

HI3EH CPU SKRARBEIEAN TR, 305 2oRe K R R I T R BE R FE4E only
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tangentially related to the problem at hand.tbtur,  245%F— X ) SBEAT AT RBUERAE I
WA CPU — Mol H— AN AR T H B (RO RIFIRD) o X R A ffhh . 1
IR TEE W OB [ IE R ) TF R AL, XSO F AR AR S P i S ke i A i
JTCHT: BIEM bR &R A S TR e G, R Evert—A
& F T 1) 3fed s (K 3 S L B I A A B e S A5 g

XA AEAR 22 75 AR AL B b IR ) 454 1) JU IR o 3K 454 m] UJR] I 45 4
ZAEHE,  Beil T S D R A 2 T FE IR A T4 o

AN, A FIREAE AT DL SEAT O REAT IS5« R4l R4 s 2w/ fif i
VP2 AT o ATAERE, KPR ETA R RN AR
HNUR G T 2 ) A, RIS 2 W5 R RIS AR o SRt b S A T
& S AR & AR 1Ak, RIS XL T TREAF SO iR W T, XA R B I
up-front it % A e 2L 88 2 I H - 5 B, 1k - AN ERAR G ] DL
i1 =5 S RN w2 o o S R T I S TN SO 0 W B e s 2 RO R e S P G
(GPU), KEALELE (MMX., SSE FI VMX $54), LURAHINT IR /N (1) in
EURC S

ANk, BEAG RO 2 A R B R R AR TR 45 A, BRATTAT LA 22 A 9 T -
AP EAE 1)L FHRE AR 25 R

2.3.4. MENFHITE

HARZ K CPU LTI AR UF T3, (HE g R T LRI
HATHHENLC AR T8 ML T IX B AR UL — S8 F B AT A8
LIS, Sttt MTERIERGCAIER T, WaoHMT 4R, Jf
1R AR B B AR G AT BUE v ST« IXSS A ) AT AR kB AT mT
REIE DL AT MR | 408 TR K — Bk

WVFERH WG] R IAT R AR BRI E BLAR S ENRLRERE P ANF], JFAT
RABEE ARG RPUAATE S B5, I ARHTT R A0 1 5 R Hodhs
Vo FEBERI R BT R GE D, A Bl P IR A 2 A B AT o DA
eis TR ARE I I EOR

2.4. BHK 1T Implication

2.1 R R CHEE, RO ETBRE 7 I SR R . T R
KRG BAVES—FIFATTH R T CAS Mok AT 2R i . Bt
BATIBAR ML REAGE S B Sy B 202 AL 2RSS, A CAS #fE— iy
LB GAF A A o BE— AR BON REAEAS CAS I AE R A I A 75 240 ¥ 300 4470,



RN PR IFAT i FE

KSR PAT JLANVF £ transendental BREL T o LA — AT IS [V AELE CAS il
FEAE B X WEMEA A CPU N RFBATIXFE—NIHTIR P I, A
LLHL CPU RGIBAT — MHATHATRE P I BE R

e R RGP &5 JE 2 FERRS, Bk S A5 B A 1) GBI (] mT e AL T
B A B AT SRR I R R IR U] T AR K T AR R I A 4
VERZIE AT e GEMG? D

/N 2.7 BEAR AT AR R BB EAUN Wt 55 51, A A AT A
HE?

X —RNAZAET T - HATEIE LU R AN R U U ] RIS AT [ 28
Pt o BT I ZERE RIS T B, bon i 4dt . Bielisr Hoe i Bk ik, A
FEFP I PERE R AT ek s B0 . T 5 2, ARELE BT (M AT PEREFI T 9 2
PE, EMSE AT EIE RIS L, NGO IR B g A AL, AT
(R FFAT BRAFFNIRGG, B AT I B 4 i OV FRAT IR R T S A AR I Il

I FR R ] DA T R AT SR i e A
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3. ITH

AFEREIAGA T L IFAT IRV HA T, 2R Linux R4 L1
R AT AR TR 3.1 W ihd TIIASE =, 3.2 1ifid 17 POSIX API 2
FRN 2 R AR POSIX 2efs, fie)m 3.3 TiFA 11 #:4F

T AN T FURSR G TREEPE A2 SEVE I N 505 WS % S0k, R
TR YA L] S A AL X2 TR

3.1. (IRIES

Linux shell JAIATE 5 H]—Ff ] S0 XA R THVERL BT T4 . Hodn, fRBR
AN fi compute_it (TR, TR LIRS EESAT IR A T SR
CF
compute_i1t 1 > compute_it.1l.out &
compute 1t 2 > compute i1t.2.out &

wailt

W DN P

cat compute_it.1.out

5 cat compute_it.2.out

95 VAT 2 4T )28 TR AN 2], & E IS SEBIAE S B 18 AT,
3 PR R ) B — N SCPE . 2R 3 AT SR I ST SE e, 5 4 AT RIS
54T BT I HTH - PAT S5 R an &l 3.1 o : Compute_it (AN SEG] AT HAT
wait 7EERAEAT SE B R 0], ARSI AT cat A o 4h

ANEIRB 3.1 TSR XAN BEEFE T shell A FEAS & 2L IE (I HATFERE | X sl
WA 2?2

/NI 3.2: A %A BE B AR AT shell A ? WikA, EAH?
REH, At

ST, make JASTE SR 1> KBTI, AT DASE E A R i R o ]
AT Z DA jobe EbT, N make -j4 KA Linux WH%, (S8 a] LLR I
AT 4 DIFAT IR R

i B IX AU B R ) T RERG AL ARARLS , JFAT O AR AN RIS 4 52 % s DR HE

/N 3.3: HZWUREE T A ) AT G AR X A T B, AT 4GB T ST LAb
RV ?
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3.2. POSIX ZiHg

AN AT POSIX M55, 462 N H 1) pthreads[Ope97]. 3.2.1
WG T POSIX (1] fork)VFIAN S5 iE, 3.2.2 WA T LG @AY, 3.2.37
44T POSIX locking HLiEI, #5251 3.4 1R R T Linux A% HIZS IR A

3.2.1. POSIX HFE R FEEHE

UEREE IS fork() IR TE AN, ST Kill()JsvE s, i nT LU exit() R v B 3l
o AT fork () MBEREABPR AT G BERE () “AQCHERE . AQCHERE AT L I wait() it
SR T HERE AT 2 R

TR, AT of B4 AR L B o SIS0 N A T X S i i I, 3bw]
RET L BRMG 5 SCIFRRAT . ILE A7 B AL B Fh 55U S8k, el
THERRZ LIS S PAT R E AR N IR, 3B AT AR SO0 T REREZE 11 1 J5L AL
XEERE OGN A WZ AR AR SR AR i 2 et . MMESRIS 2 M R, &
= A[Ste92] 2R 15

1 pid = fork();

2 if (pid == 0) {

3 /* child */

4 } else 1t (pid < 0) {

5 /* parent, upon error */

6 perror("*fork');

7 exit(-1);

8 } else {
9 /* parent, pid == child ID */
10 }

Kl 3.2: i H fork() it
IR fork (AT 2R BT I, —IRESHERE, oy — e TR . fork()
IR PR T ALE I 3 X X ARG &0, il 3.2 Bz (forkjoin.c). 55 1 4794
17 fork()Jstif, JHASHBAR & pid AR B . 25 2 47K pid &8 0, W2k 0
W& T RERE, JFAREEHATES 347 a1 ST ud ISRE, et a] LAY exit()
JRTE R L0l R/ T 0, MEACHERE R R R, 55 4 ATR A fork () FH & [ (1)
BRRAY, FE2 5-7 ATFTENEE SR IFIR o R pid KT 0, W fork() e Lh#hAT, AQif
FEPATEE 947, LRI pid G5 FREFEHERE ID 5,
1 void waitall(void)
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2 {

3 int pid;

4 int status;

5

6 for (G5) {

7 pid = wait(&status);
8 if (pid == -1) {

9 ifT (errno == ECHILD)
10 break;

11 perror(C'wait™);
12 exit(-1);

13 }

14 }

15 }

3.3: ¥ wait())5iiE

ACREREIE T LU wait() i RS Ay TR AT e . Hag, TR RIE 2
LEAE shell JIAS A T & B o —L8, BB RECH H wait() R s s — A ke . &
AT LA wait()d 25 pl— A2 waitall () ¢ p5 %, Wil 3.3 7 (api-pthread.h), iX
A~ waitall () b8 25 (175 X5 shell A TR 1) wait —#F . 28 6-15 1T AR A R AT — IR,
BRI EREPAT S IR 55 7 AT A wait()JsUiE T 4A PH 28 B 31— Fidk
PR H, EIRPIFUHER IR ID 5o WS A-1, I U wait() Bk
Rt FEBAT e . BEE 50 9 TR EX AT erro 2754 ECHILD, XK A
AR T, FrRlss 10 AR AR . ASRIUTE, 25 11 FN2E 12 4747 EnAl 8 9F
B

/AR 3.4: wait() J5 AT L BIX A S 2R 2 A A AR B shell A () wait
—FEg?

1 i1int x = 0;

int pid;

2
3
4 pid = fork();

5 if (pid == 0) { /7* child */

6 X = 1;

7 printf("'Child process set x=1\n");
8 exit(0);

9
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10 if (pid < 0) { /* parent, upon error */

11 perror(**fork'™);

12 exit(-1);

13 }

14 waitall();

15 printf(Parent process sees x=%d\n', X);

3.4 L fork() QY& HIHFEANIEF A 17

AR SO TR EA I A, RS, &l 3.4 Ty
(forkjoinvar.c) Fim. FHFEAESE 6 1T A4 R A8 a x WK 1, 7628 7ATHTEl—4%0H
B 7R 8ATIR M o SCHERE NG 14 47 TFAG AT, S50 TRERESS I, 7650 15 1747
Y, R4 RAR S x {EIS L 0o Hathan T

Child process set x=1

Parent process sees x=0

/N 3.5: fork() AN wait()id A 14 1% HLI I A v 2

AR R FAT TR EEIL A7, 1X02 3.2.2 IR ZEUR I . L= A7y
AT AT E H fork-join KK IHFATE A% .

3.2.2. POSIX ZF2RVCIEEF IR

1 int X = 0;

2

3 void *mythread(void *arg)

4 {

5 X = 1;

6 printf("'Child process set x=1\n"");
7 return NULL;

8 }

9

10 int main(int argc, char *argv[])
11 {

12 pthread_t tid;

13 void *vp;

14

15 iT (pthread_create(&tid, NULL, mythread, NULL) I=
0 {

16 perror(“'pthread_create™);



RN PR IFAT i FE

17 exit(-1);

18 }

19 ifT (pthread_join(tid, &vp) 1= 0) {
20 perror(“'pthread_join');

21 exit(-1);

22 }

23 printf("'Parent process sees x=%d\n", X);

24 return O;

25 }

/&13.5: liif pthread_create() 417 [ 46 F 2L 2k 177

DA PO FE, T2V pthread_create() 1%, tbiifE 3.5
W5 15 4717k (pereate.c). pthread create()) 55— AN HUE HR 17 pthread_t 574
FIFRER, HTAEBCH E A LR LRE ID 5, A NULL S50 — i
fR1n) pthread_attr_t Z5F 4%, 28 = DNSHOR K ZLMH 1R E (EA1
i mythread()), )5 — 4> NULL SHUE 15345 mythread()f S5

FEIXAMI) 1, mythread() H4% 5L return 1, H 0t AT DR ]
pthread_exit()45

/NEI R 3.6: 41 R &] 3.5 1) mythread() i A B REIR [F], A4 B ]
pthread_exit()?

%5 19 47 1) pthread_join() 5 i J& Xt fork-join ¥ wait() R4, ‘& — EPHZE
B tid AR AR E P ZARIR 0] o 2R IR 147 PR T 2, B4 H] pthread_exit()iz Al
B I 2R T2 R R [R] o B R 3R [MELAF TBAE pthread _join() ) 2 — M4t
KSR, RFEIR [PIE B4 4525 pthread_exit() IR [FIE, A JELRFETZ
PRIECIR [P R, TX R o) e R e AR e 3R

Kl 3.5 P HIRE R ot an s, BT AN SRR AL N AR

Child process set x=1

Parent process sees x=1

THELEE R, XM N O A IE H— AN 5, B — O — MR
X R ARAAT— AN ZRE A AR B AR T D) — 2R e O AR R PE I 5t #4s
PR R “datarace” HIfEDL. B C 15 FEARIE HI I data race B4
IR, P DABRAN 75 B — L Bk e A A e U, thnn B —ke 42 31
RN B 1

/NN 3.7: WS C 1B 5 /E data race IF AT ARIE, MAT4 Linux W8
LA A% datarace We? UREHERS 5 URIR Linux WAZ S MR Do L 2 2
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3.2.3. POSIX #if

POSIX }iyu e VFFEF: B M “POSIX 817 kil % data race. POSIX {45
JUANEE,  Horh Rt & pthread_mutex_lock()F1 pthread_mutex_unlock(). iX
B SRR 2R pthread_mutex_t 4. 2B A A RN A6 4
PTHREAD_MUTEX_INITIALIZER 5¢ 1%, 803 i pthread_mutex_init() J2 15K 2h 245
SIBCHFRIAGA o AT R AR R BT

pthread_mutex_lock() & “3REL” —AN45E 48, pthread_mutex_unlock() i
TR —ANMRE R TR I S U AR R I I B AR, BT —
B — NI NMRE N Z) “Hf 7 — R e 8. thn, Wi —x 4%
SR A ISR — 40, A o — AN RE S Pk R, YR
B S RFR —ANREROZ 8

/N 3.8: W FRAT L 2 AR [F] I SRRl — e B R B AT A2

pthread _mutex_t lock a = PTHREAD MUTEX_INITIALIZER;
pthread _mutex_t lock b = PTHREAD MUTEX_INITIALIZER;
int x = 0;

{

int i;

-1;
-1;

10 pthread_mutex_t *pmlp = (pthread_mutex_t *)arg;
11

12 1T (pthread_mutex_lock(pmlp) !'= 0) {

1

2

3

4

5 void *lock _reader(void *arg)
6

7

8 int newx

9

int oldx

13 perror("*lock _reader:pthread_mutex_lock™);
14 exit(-1);

15 }

16 for (i = 0; 1 < 100; i++) {

17 newx = ACCESS_ONCE(X);

18 iT (newx I= oldx) {

19 printf(""lock_reader(): x = %d\n", newx);
20 }

21 oldx = newx;

22 polI(NULL, O, 1);
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23 }

24 it (pthread_mutex_unlock(pmlp) = 0) {

25 perror(*'lock_reader:pthread mutex_unlock™);
26 exit(-1);

27 }

28 return NULL;

29 }

30

31 void *lock writer(void *arg)

32 {

33 int i;

34 pthread mutex _t *pmlp = (pthread mutex t *)arg;
35

36 iT (pthread_mutex_lock(pmlp) = 0) {

37 perror(*'lock_reader:pthread mutex_lock™);
38 exit(-1);

39 }

40 for (i =0; 1 < 3; i++) {

41 ACCESS_ONCE(x)++;

42 polI(NULL, O, 5);

43 }

44 iIT (pthread_mutex_unlock(pmlp) != 0) {

45 perror(*'lock_reader:pthread mutex_unlock™);
46 exit(-1);

47 }

48 return NULL;

49 3}

K13.6: I JFEI{ I H

Kl 3.6 Prfdt FHARRS (lock.c) JE7R T 1X M BLAHHE R Bt/ sike . 56 1
1758 SUFHIEAAL T A4 lock_a 1) POSIX 4, 55 2 47 30E X T — ALK A
lock_b. % 34713 XIFWIHAL T — M R E X.

o 5-28 175 X T BA%L lock reader(), fERFA arg 45 5 M8 B A2 BRI 4 JR AR
X ME. 55 10 176 arg 4N 5 7] pthread_mutex_t (455, %iR4HRE /S
WAL 2y pthread_mutex_lock()F1 pthread_mutex_unlock()F A 2%

/INEE 3.9: WA AAREEE S 547 lock_reader()If) S5 15 B 57 48 1)
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pthread_mutex_t 4542

55 12-15 73R T 48 %€ 1 pthread_mutex_t £, o ArE 28, a0 2G5 R
JPiRH . 5 16-23 T HE R AR x MIE, WIS & A OB UREEE T B R . 2 22
ITREIR T 1 2=, bR R AL v L Fas e R4 . 5 24-27 1TR
Ji pthread_mutex_t 8, 5 F— R B UAE, WRAHRNFEFIE Y .. &5,
5 28 47 [ NULL, /& pthread_create() it 2K (IR [RI{E 270

/NB) B 3.10: FERGREURUBE I/ pthread_mutex_t #5225 PUATAURS ! H %
A A IRERE IR T EE R ? 2

P 3.6 155 31-49 17 )2 lock_writer()e& %k, (EFFH T8 E K pthread_mutex_t Ji&
FE P 5 4 R AR e X A . AT lock_reader()—FE, 5 34 17K arg HE AR 1)
pthread_mutex_t [RIF5%51, 2 36-39 AT 3RIUIRE A, 5 44-47 AT REBCZ 0B, 4
FEAT XA, HTE 40-48 473 I04x R AR 5 X IR, BERIS I #RIERR 5 2240

1 printf("'Creating two threads using same lock:\n");

2 1f (pthread_create(&tidl, NULL,

3 lock reader, &lock a) = 0) {
4 perror(“'pthread_create™);

5 exit(-1);

6 }

7 1f (pthread create(&tid2, NULL,
8 lock writer, &lock a) = 0) {
9 perror(“'pthread_create');

10 exit(-1);

11 }

12 if (pthread_join(tidl, &vp) = 0) {

13 perror(“'pthread_join™);

14 exit(-1);

15 }

16 if (pthread_join(tid2, &vp) = 0) {

17 perror(“'pthread_join™);

18 exit(-1);

19 }

K1 3.7: fEHIAA TR R C 7

Kl 3.7 s T —BAT lock_reader()F1 lock writer() ({1465 B, A2 R #
A48, lock_a. 2% 2-6 17— HAT lock_writer()I 26, 28 7-11 1T
B — AT lock_reader() £k FE. 27 12-19 fT25 R AN FEIR ] o 1ZARHS B B
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AR

Creating two threads using same lock:

lock_reader(): x =0

IR Ay A 2 R 048 ) [R)— 32431, lock_reader()4k FEIGV2:E 31 lock_writer() 26 Fe
FERFE B 7 A AT AR 5 X F P R

/NI 311 “x =07 2Kl 3.7 Fron AU v B E—ry s g 2 Wi,
N AT MPEAE, EATREs A4, A

1 printf("'Creating two threads w/different
locks:\n"");

2 x = 0;

3 if (pthread _create(&tidl, NULL,

4 lock_reader, &lock a) = 0) {
5 perror(*'pthread_create™);

6 exit(-1);

7 s

8 if (pthread_create(&tid2, NULL,

9 lock_writer, &lock b) = 0) {
10 perror(“'pthread_create');

11 exit(-1);

12 }

13 if (pthread_join(tidl, &vp) !'= 0) {

14 perror(“’pthread_join™);

15 exit(-1);

16 }

17 if (pthread_join(tid2, &vp) !'= 0) {

18 perror(“’pthread_join™);

19 exit(-1);

20 }

K1 3.8: (A TSR EHIA CHd o B
K 3.8 o T BN AARHE i B, AN I I Y H 1R & AN [R] 43 - lock_reader ()
2R lock_a, lock writer()Z R lock_b. X HRARAS Fr BL 4 i R

Creating two threads w/different locks:

lock_reader(): x =0
lock_reader(): x =1
lock reader(): x = 2
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lock _reader(): x = 3

T AN SR AN F B8, AR R B E %, BRI RT PARIIS AT
lock_reader()ix & 1] LA W, lock_writer()f7ifi I 4 AR & x IR APIRAS 7.

/NIl R 3.12: AT AN IR ()t mT e AR AR 22 REL, a2t 1a)n] LU 2167
IR AR o T U5 — AN S AR LF I AT RE P N 12 R 1 B3 A A ) )48
DLIEF G X PR AL ?

/N R 3.13: 721 3.8 Al ACEG H, lock_reader()BE{#UFE T A lock_writer()
AR EE ? i EE, AR ARE? WERANEE, AT AANEE?

AN 3.14: SRS B 3.7 ARk )R AR x, AT A 3.8 FLEED:
Wit E? 2

BAR POSIX T FBULAAIRZ WA, HEARWAHINIRE LR T 5%
TS A, AEAGR ZENS DL N XS JRUB AL T T — 1R R 24 POSIX 1)
BE .

3.2.4. POSIX E5 1

POSIX API $24t T —Fhisz' 54, H pthread_rwlock_t KA kKR, Fl
pthread_mutex_t —#F, pthread_rwlock t 1 7] DA Hy
PTHREAD_RWLOCK_INITILIZER ###&414H40, 34 i pthread_rwlock _init() it
EEIAYIIEL . pthread_rwlock_rdlock() i 153K EL pthread_rwlock_t 24,
pthread_rwlock_wrlock()3RH & 154, pthread_rwlock_unlock() J5i i £ SR U
HEAE R I 2 BT — AN 45 ¢ pthread_rwlock_t (1540, {HEIN AT I £
MEFERFA 4558 pthread_rwlock_t (281, 2 /DR A & RERHA S8 S Wit

EyieE g i EETiupi [ s e e RS WS NE 4 §b4: ) - PV a0 I e K = 2
o, BEE BT AR BE L B R BURTS 2 g M, BN LR BN E X EC A R T
RN Z K G — NSRRI, S8 RVHE R 2 8 H s R R IR
BB AN TATT T EE AN TE B BB EIG n T 2R R .
pthread _rwlock t rwl = PTHREAD RWLOCK INITIALIZER;
int holdtime = O;
int thinktime = O0;
long long *readcounts;
int nreadersrunning = O0;

#define GOFLAG_INIT O
#define GOFLAG_RUN 1
#define GOFLAG_STOP 2

© 00 N O 0o & W DN P
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10 char goflag = GOFLAG_INIT;
11

12 void *reader(void *arg)

13 {

14 int i;

15 long long loopcnt = O;
16 long me = (long)arg;

17

18 __sync_fetch_and_add(&nreadersrunning, 1);
19 while (ACCESS_ONCE(goflag) == GOFLAG_INIT) {
20 continue;

21 }

22 while (ACCESS_ONCE(goflag) == GOFLAG_RUN) {
23 iT (pthread_rwlock_rdlock(&rwl) = 0) {
24 perror(“'pthread_rwlock rdlock™);

25 exit(-1);

26 }

27 for (i = 1; 1 < holdtime; 1i++) {

28 barrier();

29 }

30 iT (pthread_rwlock_unlock(&rwl) = 0) {
31 perror(“'pthread_rwlock_unlock™);

32 exit(-1);

33 }

34 for (i = 1; 1 < thinktime; i++) {

35 barrier();

36 }

37 loopcnt++;

38 }

39 readcounts[me] = loopcnt;

40 return NULL;

41 }

K13.9: frEsEGHn PRI CIE o f)
K] 3.9 (rwlockscale.c) f7x T —Mif i 58t vl R MER ik, 55 14T 20k
BB IG5 2 471 holdtime S B 4 AN LR FR 54 B B BT s 1],
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5 3471 thinktime S £ HIR UL 5 BRI T — VORI S 82 (M [ [RIFE, 26 4
1758 LT readcounts 4L, REANEE SRR SRV 1 I EURCE R, 26 5 47 e X
A% nreadersruning, TSI 1R SE SRR AT I TR PRAT

5 7-10 475 LT goflag, T RGN TFARLE 4. goflag (AU
GOFLAG_INIT, A A& as)E, wE AN GOFLAG_RUN, /5
4 GOFLAG_STOP k2 AR FiEAT -

55 12-41 4758 X T reader(), At E L. 18 AT 5T IEG N
nreadersrunning {E, HREREIEIAEIEAEISTT, 28 19-21 T38RI 46
ACCESS_ONCE() J5i 5 5 18 Zi 1PE 7 71 B X8 B4 45 2 HX goflag A ——5 Wl 4 i3
AR T MBFIEE goflag FIMEEA SE

o5 22-38 AT IR PATHERE IR . 5 23-26 ATHRBUEN, 25 27-29 474F — B IR
SE PRI T) 18] s P 3T 8 Cbarrier ()4 BH 12 B 3L AL TR RS, 28 30-33 47
JRCB, 55 34-36 4T 7 BRIV T A5 A — B € IS TR (R R . 565 37 AT 4Bl
RIRHL

o5 38 AT R HR B IR E I SE - BN readcounts[) 52w W A 2 R T %
540 1TIR M|, SEARARZERE.

1.1

1

09

0a

0

0e

05

0.4

Critical Section Perio rmance

02

0z

01

(8]

o 20 40 =] a0 100 120 140
Mumber of CPUs (Threads)

Kl 3.10: BB Y RN
Kl 3.10 /2 MAAII 5 5, FERRAMZ s /MR ZRFE 1) 64 7% Power-5 548 F3k
1T, BEANRGAT 128 NMRAFTT LK CPU. 76T A MR thinktime Z3#5 4 0,
holdtime Z £ () HU{E M 1000 CEIF1#) “1K™) 2 142 (EH i “100M™7), K
AT A U
i
NL,
N JEZRFEE, LN A& N ANERFEIRIUBI I B, LY A2 BN 2R R R U A3 B
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FERAR PR BRI AT Rt 4 T, A B Y % —E oA 1.0,

IEAAEE R LRI, eSS ATy R AR U ERAR, i S NN T
Wit WA AR SRBOX A8 e, XMV 120 B 1 A7 AR SRR A A e A #1022 B
#r pthread_rwlock_t IR 4514 . DAk, — H.4x38 128 NEAR Rl I 2RI S
PR, B AIKEEL AR LIS BEFT 28 1) pthread_rwlock_t 514 .
I RIS AR AT BE L P AL ZI SR 1, de {305 1 S R W) o A0 554 FoA 127
AR HOR Ja A RESR GBI 190 CPU H RELLIX R L AR 13 ERE o

/M) 3.15: Isn’” t comparing against single-CPU throughput a bit harsh?

/N 3.16: T 1000 A0 Tilm A R B DA TN T o AR IRARH
—AHRXPMFZRIEA, W RA LR, RazEA?

/NFRLBR 3.17: /2] 3.10 i, BRT 100M LAA (g H A i £ #R HE AR 245 AH
Mz, AR, 100M [HhZR7E 64 A~ CPU B JF4h AN f 25 AR 26 . 5341, 100M
HIZEFT 10M 2k 2 [R] P [A] B s /s T 10M R0 AM 2k 2 TR] ) 1) b o A At
kAL, Afh4 100M i< aitk A=) ?

/A 3.18: Power 5 L4 JLAERTHINLAS 1, IUAERIRELFE AT HEEE P . IR
NI AT A AR 1 0 2 1 ) s BN 7

JUEAFAEIR AL, AR ZAE O DI BBk T2, bedn 245 s ik
AT RSEIR S B 46 11O I o B8 DY B S J\ERe S 4 — LR B B A0

3.3. [RFIR(F

K1 3.10 B, BEE BT IX /NS T IR, B RIX -, IS AT
A A FBOR R LR /IR T X . BATE S Wit —M s #4E T, K 3.9
W5 18 1T11__sync_fetch_and_add() % . 1505 H 30K M —ANSHE8 3
BB —ANSE S HE B, IR BIILSE (78 3.9 [R5 5 rh g 2% 1 ). an ik
H— W R I A st [ — N AT sync_fetch_and_add(), 2% & O {E 2 046
PR R I )

gee G PR PRt TV 2 M ) 74, A44E__sync_fetch_and_sub().
__sync_fetch_and_or(). __sync_fetch_and_and(). __sync_fetch_and_xor()#ll
_ sync_fetch_and_nand() & i, XL AR [ ZE00) R . WHERIR— 8 75 28
wPEE, P LM sync_add and_fetch(). _ sync_sub_and_fetch().
__sync_or_and_fetch(). __sync_and_and_fetch(). __sync_xor_and_fetch()#!l
__sync_nand_and_fetch() )& 1% .

/NERR 3.19: XU A D EAE AN ?

X B T M) C LRI A At



RN PR IFAT i FE

__sync_bool_compare_and_swap()F!__sync_val_compare_and_swap(). *44% & [
H 5 ¥R ) oldval AHEERF, XM J5iE B 30K newval 524545 E A& . bool A
M B AEERAE DI 0] 1, A R IR [B] 0, bean 2% & BRI € (1) oldval
ANFHEEIN o val RRAS I i 78 778 (1) JsUE 25 T4 22 1) oldval I, 2 [ 2% 1) i ff
R ERAERAT L) o ATA 0 B — AR B HEAT A 1) D745 A 0 T DU EU B A4
()77 I, MR X b, IR “ B IR ACH# ” (44 72 universal 1],
EAR bool FA I B T A N v s S vy o “ LUIRIFAS #0300 5 mT AR b HoAt
JAFERAE R BEAE, AN 1K 28 Jgl A0 A AR S e v R RV e A T TR
"], [Her90]

__sync_synchronize() Ji i & —A “WAFBERE”, e BRI gn 48 A CPU X5 4
FLFPPATIO N, TEWEE 12.2 T ATie . TEREEEOUT, PR g e X 5 4
AR T, CPU AR AT LALR B, b alt s 22400 H barrier() i i, wlifs K]
3.9 5 28 AT A AR MBI T, N 2k g B s AMAL A WAE DT IR 54T T
B AT LA H] ACCESS_ONCE()J5tih, ik &l 3.6 2 17 45 8kE. PN Jatih
AN gee HAEGRAL, &R DUMR B il X b H A% S .

#define ACCESS _ONCE(x) (*(volatile typeof(x)

*)&(X))

#define barrier() __asm__ _ volatile_ ('':

""memory")

/B R 3.20: BEARIZX L Ji 1~ $R 4300 1 Ao AR A 2 4R ELBSCHF I AN I 14
Ly A EATREA R I RS PENE ?

3.4. Linux PN#Z92E{l POSIX BY#4(E

AR L, IS PR AEZ s R /T, ZeFRaedt, B, Al s Al st
T CEA AL T o P, XL IR 2 AR R . HITE G 5 S X 2e 454
A3 W, AR I SRR, 3 BRI A R DR SRR i b 5 3R A T L () P fe
Ebdnl, gee ) sync i JEEEAR PRt memory-ordering [E X, IX BRI
TSI E SRR AL, RV 2 A TR B memory ordering 15 SR

7% 3.1: POSIX Jii#%-5 Linux P14 R H0XT I 46
Categor

POSTX Linux Kernel
y
Thread
rea pthread t struct task struct
Management

pthread create() kthread create
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POSIX
Locking

POSIX
Reader-Writ
er

Locking

Atomic
Operations

pthread exit ()

pthread join()

poll1 (NULL, 0, 5)

pthread mutex t

PTHREAD MUTEX_INITIALIZER

pthread mutex lock()

pthread mutex unlock ()

pthread rwlock t

PTHREAD RWLOCK_INITIALIZER

pthread rwlock rdlock()

pthread rwlock unlock ()

thread rwlock wrlock()

pthread rwlock unlock ()

C Scalar Types

__sync_fetch and add()

kthread should stop() (rough)
kthread stop() (rough)
schedule timeout interruptib
le()

spinlock t (rough)

struct mutex

DEFINE SPINLOCK ()

DEFINE MUTEX ()

spin lock() (and friends)
mutex lock() (and friends)
spin unlock() (and friends)

mutex unlock ()

rwlock t (rough)

struct rw semaphore

DEFINE RWLOCK ()

DECLARE RWSEM ()

read lock() (and friends)
down read() (and friends)
read unlock() (and friends)
up read()

write lock() (and friends)
down write() (and friends)
write unlock () (and friends)

up write()
atomic t

atomic64 t
atomic_add return()

atomic64 add return()
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~_sync_fetch and sub() atomic sub return()
atomic64 sub return()

~_sync val compare and swa

p(
~_sync_lock test and set() |xchg() (rough)

cmpxchg ()

~sync_synchronize () smp_mb ()

Rlt, 2% 3.1 Hhgefit 7 — NIRRT YOG &R, R POSIX, gee J5UiE T Linux
PIAZ A T P RAS o REUERIXT N DG R AR MELS HY s BRA Linux PAZAT 25 Bl 854 (140
Bl RBURIE, gec WAARZ Linux WAZTASBE A IR T4 . 48R, —
Jrl, P AP ANTT 22 Linux WAZ T & AR A . Aget s, [R5y —
Jiifi, gee MR FERE R T LA E B2 empxchg ()R AR .

/NIEDE 3.21: Linux P RZ X0 R fork() AT join() 1 2414 ?

3.5. BFN I BE—Za0aNiksE ?

IRIEAI e, WAZAERESE R TAE M T Ak B i e — A~ wilgnrLl,
RGBT WRIKIEAY, HE2EH shell AR SIHATH . 412 shell i
A1) fork()exec() FF 44 (FE Intel XUA% ZE 10 AN H 5 17 511 C F2 7 5 B KM 480 = F5)
KK, IAAE CiES I fork()AT wait()J5iiE . 0 X L8 5B TR oAk (B
NI TR TR 2L 80 D), I AMRTTRERR 2L POSIX LfR e Jniils, EHAiE
(IR S At D Bl T4 A o R POSIX SRR A J i I TFA TR KK (—
AR T =90, AT EALT A 8 mAWAMEET . Adgicd, RN E
5 R AL B 2 L AL = A7 (0 2 e R AT 24T

28R, SERR S AN FL IO TR AR, o S R AR e 5 A X T
PRI, ACOE A R T VR E B LA IR s R AT LR, B — e T KRR R

WX ).
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4. 11484

THEHLREMU G B, TRV R B R i BRI T o AN AE— G R
MILZ N A 2 Wb S R Lm0t H scalably RITHEC 7588 HATAR M It Bk 1k
St 2, VHECHT R B S R ] PR ARG AT AT LA I A R FEAS 1), g
G A B A IR R A M b S 2R R )20 SR T DRI, TR AT R R B
ZUSSE R

AT T VFZE M TR DL TR B PRI Hoal i R v Ak (Ho
HOG, AERNVCE B G EARI At EniE 2 b7

N 4.1 B AR RO Y e T BOX A ? FEsak LA T
CIRREA AR DTV, vk, BRIt s g ?

AN 4.2 PSR SO R, (BB i ZECER N B T (R R 4% 41
SHH (B B ITTED g, IOCATRER ARG AEE A CPU sl
BIE o BATEHE— DS — & KB HLA] DAE— RBP4 — 1 7 AN ROC, T
ARG RE A 5 MR R kv A SN

AN 4.3: RIS IR 25 23 FO K H BRBIAEL 1)l ABCBE PR T 24— > 20 T
SORECH TG XA VO RS 1R S5 23 IE R E H B HBR ) (LB 4 10000
Ao TATTEBE— AR X e gy 1) A aiy R A, ARANA Dy bR, 1A
“LL PR BRABIE AT LT o

AN 4.4: RS IK) S5k 2 PO R H BRABIEL )l ABCBE PR T 24— A 2 e
SRECH TG XA VO KBS 1R S5 73 IE R E H OB HBR ) (LB 4 10000
Ao TATEBE— AR X Lo gy 1) A iy IR A, ARANA Dy i B, JF HJL
AT I TR 22 DA AN GTRAE AL o JRAT TR 2D AR s B AT T R RS A 1
BTN T EEAR K 0, Lot BRARSA =D ADNESHAEM A, 50 ATLOBE S48
AN N AE

/NI 4.5: TIRZER 1O BT VRO B BRI YR — AP
R AT Bt A i 2 1) 5 V280, SRRl LA Ve - T I m] DL 22 43t A2
B REBAMMAEH MR, ) OB R iER, KRas v
JHAIN A L2 A B

ASTE TR 233 (RS g [ 25 3K 8 [
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4.1. A AFH R EAANE ?

long counter = O0;

void 1nc_count(void)

1

2

3

4 {

) counter++;
6

7

8

9

long read_count(void)
{
10 return counter;
11 }
K41 E#Ei

L BRATI T S IF 4R, bhwn & 4.1 thgh i — N R
(count_nonatomic.c). FATLEEE L AT THEES, FRATAESS 54T eEln 1, Al
L5 10 AT E M. AT A bLax A5 a7 5L 2

RN BT AR I B, MO Mg H, BN R G,
PERE IR LT

AREIENFE) 0t s R TS TR AL A b, B R R
PAT—23)L, —ILIPA T inc_count() % 100,014,000 I, {H & I 4T B (1 1E
U 52,909,118 EARITAMELAE TH AL AUSAT — @B, AH A BEAF R T b 2L
1)

/NI 4.6: ++HERVERTAE x86 EANZE 237k —A> add-to-memory 4544 ?
JAt 4 CPU il G A7 A U AR U 11 ?

/NI AT BRZEEA 8 AT EURRERA R, Ul A S O T . H2
WA LA D E MR A — A INNFEFE, Rl bug A A#S AT LA 2

1 atomic_t counter = ATOMIC_INIT(O);

2

3 void inc_count(void)

4 {

5 atomic_inc(&counter);

6 }

~

8 long read_count(void)
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9 {

10 return atomic_read(&counter);

11 }

K Aa2: [ E% 5

FERATH R de I NS R R AR, a1l 4.2 (count_atomic.c). 2 1
ITREX T A&, 285 AT N 1, 55 10T R AR R IE. Bk
AR TR, PTLH AR R . AL, BPPHATAENE 2L 1 Intel XX
A b, 2 FAT BRRE FLE I, e AR IR T B SR 6 %, A PSR B RS
‘B AR T A S 10 1.

4.3: i1 HEAE Nehalem HL2§ FRI3T @1

IXFRERE P BE AL A RE, 28 2 BEEA TR IX 0L T, R H
PEREREAE CPU FIZEREAN 03 hnm B FRIX — i seth 2 antt, Wil 4.3 fros. 16
KR E T, x il E KT R AR SE R M T i R Sk B AR MR RE . EIXREI
Sk, CPU FIZFEE H IR AT R 1) T 41 FH FR LR I IR A A R o R — 4
JR PR R I ST A B R AR R ANERARY,  JF HAEAREE N CPU J5 7875 Al

/NBIRR 4.8: Rt 4 x il B BATAE y=1 I 55X M ZAHAT ?

AN 4.9: ER R T H R SRR fE AN S ERAG PR AR AR
{EDO B SRAN KIS, BB TR 7 HER AT 52 br TAE, AR E e T 20
FU A TREDCO WAL R PR — a2



AR IAT RS

preY|  [pre cinck I i
h che ICach a[:yﬂ
ct h Inte E
AN 7
Memory |w=—=| g : gl |=—| Memory
s ™,

ct h Inte ;E ; i;;!
h chq ach am
v v | e

K 4.4: H4 )RR H#RA4E B 3SR EdRE R
K 4.4 &5 —MeRET AN A. A T4 CPU A RIHLa 1 n—A4
frE R, W AR BN ZAF LT 20 T CPU [A&HE, i 2085 ks
IXFIAEREA AR, I FECT B 4.3 TRIRDRE M RE
TR PR RE T SX MOV T DURE S X AL R S UK N AEREIR
/N 4.10: {HUE T4 CPU Wi AN RE T St B R 4h e, A T i
FIX TP R A JR AL SR R 2R AP R I 7 22

4.2. FELTITELES

AT ALEH LA Gt T B ds 1 5, VRO O SR T, (HAk D4
e, AT RRAATE . GEvh v s H Tl /N ) 4.2 v i) 4 28 3 SC 2]

el

4.2.1. %1t

Gt T R LA SRR S Ry A B (B e N Zis AT, A
CPU —%), Prllg AN B vk 2 . AR L a8 et f 45 5 4t
SRS 02 I A SR v B L T BT DD o IX AL 5.3.4 1 HeR 511 Data
Ownership # 2.

/NE]E 4.11: Butdoesn’ tthe factthat C” s “integers” are limited in size
complicate things?

4.2.2. B TFEEERISCIR

SRR AR RN AR N, AR O EOR YRR
(B Czent 70 0F HAsed 1, Bk 3= SRR D
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ANRIE 4.12: B ? 7 ? XA PREIZLFR AN
1 DEFINE_PER_THREAD(long, counter):

2

3 void inc_count(void)

4 {

5 __get_thread_var(counter)++;
6 }

7

8 long read_count(void)

9 {

10 int t;

11 long sum = O;

12

13 for_each_thread(t)

14 sum += per_thread(counter, t);

15 return sum;
16 }
K A5: FETHAHHIFFLLFEL T T 2 s
IXFE—N A AT DU B e — ) R e R 5, Wil 4.5 Frzs (count_stat.c).

AT T — N, WE—E2RA ) long AR FETHEUES, THEES 4 70y
counter, RAHGIEIN(%).

55 3-6 A gt B s R, A ] __get_thread_var() i i 2 € A 2 HTIEAT

ZEREXT . counter BRI G . RUOMIXASICE L REHI NI ZRREIE O, AR I 1 (1)
AL T .

55 8-16 1T L it A as M- B s 8, i for_each_thread() IR i ik [ 24 1 iz

ITIPTATEeRE, A per_thread () i 25 SRIGIR € SRR (T2 - AR A ] LA
J5 7 MU A BOE RN 51K long 43, JF LW Z6#ET gee AIH 171X — x5, BrlA
Tl BB E R T, ARELTINR TR,

/NEIRE 4.13: REN, gee IS VA oAb ERE? 2 2
/INFFR 4.4 & 4.5 FRIGRELRFE counter AR L WA M) A4k 1) ?
ANBIEL 4.15: K 4.5 R — AN s, Mg EAE?
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e | T o 1T i TR o |
Cactdl| [lcachd|| |[ICachd] [ICachd

Inte rconnect Interconnect
b =

Memory -'i—Ii'-| System Intercon nect |-'i—3i'- Memory

7 ~

Inte rconnect Inte rc?n nnect
=m] [l |[F=m e
Ggd| [kgod|| |[leard]| [leod

4.6: JEREAE 75 B EHE R

ZJEREA I inc_count() R Hi i SEHTE 2R In i e Y g . i 4.6
ZrtFi ks, S BUEEEAS CPU v LLHRE Mg I B DR AR B A0, AR
FACHY & DT B AN T N LR SIS o EJEIXPIAE “ 587 By Ay
W, TEAAAE RGN, ook “3i” BB R . N5 R —Foris,
REAEOREA BB M9 PR RO [RI N, Jaeb el A= AR o

4.2.3. FER—EHISCH

— R OREE “EOET” AT REME R [R]IN SCBR T S MM RE I A g —
BRI K HT— 1 A T B VA SR ORAIE IR [P R AE read_count() PR AT HT—
ZI 0 FRARTH ZUE AT read_count ()t 5¢ FEIN () BARTH B 2 1) o &5 R — 20k
[VogO9]4&: it T —Fh g5 — 2L A f%3E: AN inc_count()Rsf, 1 read_count()i &
SR IA A B .

FABERL LS — DR B R “ ek —8E 7. (HRERY S A
B H RS, P DL — AN 2R 0 TR R R T B I T BB AR 0
g RS . e PR T U ) 4 R TR B . R 3 IR AE SR
P R A T, AL — B EEERERE, 2R s s & s IE
W E——IX e I AT A XA Ay “ B — 3 1R B

1 DEFINE_PER_THREAD(atomic_t, counter);
atomic_t global_count;
int stopflag;

void 1nc_count(void)

{

atomic_inc(&__get _thread var(counter));

o N O O b WDN
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9

10 unsigned long read_count(void)

11 {
12
13 3}
14

return atomic_read(&global _count);

15 void *eventual(void *arg)

16 {
17
18
19
20
21
22
23
), 0);
24
25
26
27
28
29
30
31
32 }
33

int t;
int sum;

while (stopflag < 3) {

sum = O;
for_each_thread(t)
sum += atomic_xchg(&per_thread(counter,

atomic_add(sum, &global_count);
polI(NULL, 0O, 1);
it (stopflag) {
smp_mb(Q);
stopflag++;
s

return NULL;

34 void count_init(void)

35 {
36
37
38

NULL) 1=

39
40
41

thread id _t tid;

if (pthread create(&tid, NULL, eventual,
0 {

perror(“*count_init:pthread_create™);
exit(-1);
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42 }

43

44 void count_cleanup(void)
45 {

46 stopflag = 1;

47 while (stopflag < 3)

48 polI(NULL, 0O, 1);
49 smp_mb();
50 }

KIAT: ZETHAHIFFLE R4 R — 2 2%

4.7 (count_stat_eventual.c) "' JE/RIXFI LI 26 1-2 4732 T ERERVHEA
HIN B R AR A R AR &, 5 3476 X T stopflag, M TH#HIRFER (A3
AR LR P B RS VB0 - 55 5-8 4711 inc_count() B ZU A 4.5 HR )[R 44 b5
B—FE. %5 10-13 471 read_count() ek %5 {77 B b 1 [F] 45 5 global_count FRI{H .

{HIE, 2 34-42 1711 count_init() R AL G & T 2 15-32 171 eventual )42, 1%
SR [ BT 2e e, H atomic_xchg () eR 5k A AN 2 RE IR A R VB3 (004, K93
F= A I SN 2045 & global_count 7. eventual )2k FErE &R IR AEEE 2 ) 2545 1 =
Fb (BEAFIEELKD . 55 44-50 471 count_cleanup() e 01 ke IR e 45 7R .

ARIPVEACSEBERL R RS T H P E R () [RI I, 73R PRI Ze M IV 5B v 25k R
H o AR, X ) S U e R S O P R R (1) s v i () S O 4
__get_thread_var() J5i i A BROE I )55~ 4 VE AN B A - B T R 2 R KA
TE 1) CPU kit 4 FERT .

/NI 4.16: R A4 K 4.16 1) inc_count() 7F AT H R HR 4 ?

/MBI RR 4.17: ] 4.7 1¥) eventual () R 250 IR BN 42 SR B R 15 2 1R 4 Rl —FF
JSCA VE RE A0 2

/NI 4.18: B 4.7 1 read_count ()3 [FI At THIE 2 75 2 AE Lo RE U i AR
13 BACRAN AR 2

4.2.4. BT BEETERISCI

FIBHZ, gee FEt T — AN TR REAE i I__thread /A fig2E. 1€ 4.8
(count_end.c) & T XAFERSEIMGE T, EAGETHHBER AN BED g,
T ELAFDGS 315 B (R R J 7 F oK UE) L P BT wir kP Re i %

1 long _ thread counter = O0;

2 long *counterp[NR_THREADS] = { NULL };

3 long finalcount = O;
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4 DEFINE_SPINLOCK(Ffinal_mutex);

5

6 void i1nc_count(void)

7 {

8 counter++;

9 }

10

11 long read_count(void)

12 {

13 int t;

14 long sum;

15

16 spin_lock(&final_mutex);

17 sum = Tfinalcount;

18 for_each_thread(t)

19 it (counterp[t] !'= NULL)
20 sum += *counterp[t];

21 spin_unlock(&final_mutex);

22 return sum;

23 }

24

25 void count_register_thread(void)

26 {

27 int idx = smp_thread i1d();

28

29 spin_lock(&final_mutex);

30 counterp[i1dx] = &counter;

31 spin_unlock(&final_mutex);

32 }

33

34 void count_unregister_thread(int
nthreadsexpected)

35 {

36 int 1dx = smp_thread_1d(Q);

37
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38 spin_lock(&final_mutex);
39 finalcount += counter;

40 counterp[1dx] = NULL;
41 spin_unlock(&final_mutex);
42 }

K 4.8 BT RLREARNSIH TS

0 1-4 4T X T TR AS B counter SRR FETT A28 AR B, counterp[] %4l
FOVFERFEVT R A7 o H 2%, finalcount 788N 2R R H B v 58 20n 21 A
H, final_mutex A Z 00 TH 0 SN IR ZEREATR H IR 2 o

/N 4.19: A2 BRA TR B AN BB AR R B AL FE T 58 2 h
fI4 gee AL N per_cpu() R iE—FE 1K per_thread()4% 111, iE£RFERT LA
B2 5y M7 [l 1 M 1 g R R AR 2

BB U 14 inc_count() R B & i o, LR 6-9 17

& read_count() B ORI 2% — £l 56 16 AT 3R B 5 IE AR H I 2
FEELF, 35 2L ATROREL. 28 17 AT WIdA ik COR H E R I R R T B i fl, 2
18-20 T KL AEIBAT AR I BE R VH A R it . s, 5% 22 4T 3R [ R AT

/NI 4.20: AT A AT EAG H R B R R T Bk R K] 4.8 1
read_count() & 5 1 52 0 s R A 2

% 25-32 17 /& count_register_thread ()&%, T NEFEAEVT M H QR THEES AT
TR e o % R B A R L, counterp[ 504 HP ) G 22 45 1A 2 R () B
4 FE47 & counter.

AN 4.21: AT A FRAT 75 EEAE K] 4.8 1) count_register_thread () B8 0k B8 ?
XU AN S5 BN LA A 7 — P e A0 B AR S T SO Ho A Ze P15
XAME, P LX N % — N A, X 2

%5 34-42 47 /& count_unregister_thread ()%, A2 A FH it
count_register_thread () 2 B 2 FEAE IR H I 40 75 B30 A iZ pR 8. 26 38 47 3R A,
5 ALATROC, U HER: T BERE 1M read_count()[A] i S A5 HEFE o
count_unregister_thread()fJ 1500 25 39 17K A2 B AR FE v B0 2142 J/ i)
finalcount ., 2% 5K counterp[124H 1) . 76 25 & A NULL . Fifi J5 1) read_count()
PR W LR SR AL & finalcount BLARBR AR BIVHEE, I HLAEF7 )
coutnerp[]Z 4L AT LAk TR H 2R AR, X RE il BESRAT IR A 1 45 3

XA TR B BPE R L AR R A A 4F, IF HARREZ PRy
&, S, HRIEF G —N2RB, BEReAE, YRR R %=,
RZ, ARG T O (e, KA ZEvt v Eds SR e vk 4, R
DTS, G4, ARTTIEEE TR TR R e, RO FER AR
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LR LR AR B T
ANFUEE 4.22: ARGF, (P Linux PORAE BT CPU AL AS I 34 R LI AT
FIBURA . ot 40 P s R T I At ? 2 2

4.2.5. 1118

R RRSEELE R, R RIFATIZAT, ERE e ARG T R B
FE AL B ETERE.

NI 4.23: JURAEMRISCHR A, B A GRS BN GETT R ST B
PR B JERAT A AT X3 ?

/NFIRR 4.24: FE IFAUR MPTA LRGSR, AR Z NS e PR K
18] o AT BATAT AT PR RELE R NEAE BRI S Y™ et A, RN X REE TR P fE
AT FEPEAR 45 B 2

TS SAST RN 2 BILAE AR I A2 e IR 3 AR B T A 1) /N T b OG- R 2 4
TR R i T

4.3. 1A LPRIT#EE

AN KT BURNG SE PR A . L, A TT AR A0 1)) 1o 4R 21 1) 45 74
I BC AR, b BR e, R BAR T SR — A O MG EH TG KRB ki
AN R, PE, el 100000 FATTFRE PR BOX Lo g R (1) A i AR &
i

4.3.1. 1®%it

A A Re ST E R THEAS 1 U7k K 10000 ) BRI T 35581 93 4 B~ 2k
R, ARG RS RE—A[E E N B SR . a4 100 NEefe, RS RE B
— N 100 AR R T IEIE o X RO VA TR L, R SO N A A, (R T
ETCVEAC B — P IS Ol G B — RO, B ) — DR
[MS93].

— 7T, WRERERET A S AR — 2 1, 84— BEAR S L e AR TR
ST ECOG TR, T — EAER BN SRR T K o B AT 5y — 5T
U SR BB S5 M AR RELE /0 Bl B 1) CPU i—43, CPU it 7 B4 HiAth CPU 1)
THEES, XS RIRZ AU BB R TR B0k, BRSSO ANA—, 3
{1175 2/ add_count() A1 sub_count()>k#& 4L inc_count()F1 dec_count(), Fij P41 B& %k
HE 1A 1 Ab BEAR K 54 o
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fi i 5 2, AR 2 A 5T TATHAGER v Es ) &g 42206 . (HE,
AT LR B 06 I, IRFEAEE R R OU T, AR TR B S
AR, M BOE 2T DAERERE AR i3 . 4.2.4 TR G TGS 7 B4t T
— B R AEZT PG BER Y T R AR R A — A A R 2
ar, SGETHER I THEEME N, AR I A R Es . OSBRI R
IHAE T RIS AT R GETHE N4 SR I G v HE, AN S S5 X S 2 FEaR
Y E S, we want threads to pull in their own counts, as cross-thread accesses are
expensive and scale poorly.

SR N B N 1O VA TR R iR 2 o B2 A Ee Ry NS Y i - € s L
IS, FAT e — DR T B s i R (B XA BRI, iy
H OO E4 Rt b 28R, FRATANGE HL T ER b £ 20 TiC 45 R I 19 0 v
B FRATTIE AL IBAE G R R TR Y D v B o PRl AT 1 200 ke D v A IR
SRt B, WA TR R AT RERE R 0 LUK . (B2, R BRI
g K, M LT W IR R A AR R LA T B s th AT, ot gs JdT] ik
T REFRIPEREFI AT e o

MBS A TR BT, 3K R E S RO R, ST
1122 B U BCAT SR (A5 AAS LY TT A, T A8 K HEAT B8 BERRAE A5 XA T K%
DT A R BRI D .

4.3.2. BBV LRI #RES T

1 unsigned long _ thread counter = O0;

2 unsigned long _ thread countermax = O0;

3 unsigned long globalcountmax = 10000;

4 unsigned long globalcount = O0;

5 wunsigned long globalreserve = O0;

6 unsigned long *counterp[NR_THREADS] = { NULL };
7 DEFINE_SPINLOCK(gblcnt_mutex);

K49 [ R X
Kl 4.9 2SR T e 2R S A A iR . RFZRFEAR & counter il
countermax % [ % MW 2R FE AR TS0 2s A £ es E R . 26 3 4719 globalcountmax
AR F AR 1 EIR, 55 4 471 globalcount 75 H & 42 R 1141 2% . globalcount
MIBEAZEFE ) counter Z Mgl & 1E vH B IME . 25 5 1711 globalreserve 7% & &
T R A2 18 countermax [ AT, X EEAR I [H] 1) 0 2R L] 4.10,
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Kl 4.10 fij B b PR VHEES € AR 2 [A)R) OG &R

1. globalcount #iI globalreserve [ 41/)T-%&F globalcountmax fJ1E .

2. PR countermax {H ¥ SR /N T-45F globalreserve F1H .

3. BEANEARI counter /N T A5 TZ LMK countermax MK .«

counterp[ 1221 K BN JC E H5 [ % N 2R FE 1 counter 285, )5 » gblent_mutex
H e R 42 R &, alaE U, BRAEZAESRIL T gblent_mutex i, 15 0JA
eV [ B8 AT AT 4 R A 1o

1 int add_count(unsigned long delta)

2 {

3 iT (countermax - counter >= delta) {
4 counter += delta;

5 return 1;

6 by

7 spin_lock(&gblcnt_mutex);

8 globalize count();

9 if (globalcountmax -

10 globalcount - globalreserve < delta) {
11 spin_unlock(&gblcnt_mutex);

12 return O;

13 }

14 globalcount += delta;
15 balance_count();
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16 spin_unlock(&gblcnt_mutex);
17 return 1;

18 }

19

20 int sub_count(unsigned long delta)
21 {

22 if (counter >= delta) {

23 counter -= delta;

24 return 1;

25 }

26 spin_lock(&gblcnt_mutex);
27 globalize_count();
28 iT (globalcount < delta) {

29 spin_unlock(&gblcnt_mutex);
30 return O;

31 }

32 globalcount -= delta;

33 balance_count();

34 spin_unlock(&gblcnt_mutex);
35 return 1;

36 }

37

38 unsigned long read_count(void)
39 {

40 int t;

41 unsigned long sum;

42

43 spin_lock(&gblcnt_mutex);

44 sum = globalcount;

45 for_each_thread(t)

46 it (counterp[t] !'= NULL)
47 sum += *counterp[t];

48 spin_unlock(&gblcnt_mutex);
49 return sum;
50 }
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K411 [ E R EGES I JRTEE pR

K 4.11 /& add_count(). sub_count()#1 read_count() & %k (count_lim.c).

%5 1-18 1722 add_count(), KdE:E MIMH delta % counter . 25 34THIAA
£RFEIK counter A& R4 AL U8 1) 25 1) 45 delta, W1 AT, 26 4 471k counter il _L- delta,
%6 TR ). X 2 add_counter() I RIg B A5, AR FERE, oI LR
e, AL il AT cache miss.

/NI 4.25: K] 411 A 3 AT AT A AT A AR A AAHTE
TATIX AN B E ) T8 2 W T AN pRod g 412 2

3 1f (counter + delta <= countermax){

4 counter += delta;
5 return 1;
6 }

RS 3AT IR, FAT 12017 n) 4 JR AR de, Xt o SRS 7471
gblent_mutex 8, a0 SR e, 7058 11 AT RHOZ 8N, 5 WILE S 16 AT BB 1 .
%5 8 4T1M M T globalize_count(), fn& 4.12 fion, ZREUE R AEAKAS &, 1R
PR B R A R, X T R . GIDEE R, EACE
RAG 1Y) 55 9 47 RIZE 10 47Ky B G 1) delta e AN REM R ghHEDs, /N SRR
R SO e B 4.10 AN LIATEZ (A ) i BE 2 o WUERBAIAT delta 2R/,
55 11 ATRE I gblent_mutex 8 (HIT 421t ), 2 12 4TIk ([F] 1 RIRA5R.

W AT LS Y delta (K7, 25 14 17 M\ globalcount 7k 25 delta, %% 15 4714
H balance_count() (4nf&l 4.12) k54 /A s LA i (el i B e
(1) countermax LA Jig 3 nT DLE B dE AP RE 12D Gl DARIE, SRt NP
EIIALEE, 2 16 17 R gblent_mutex 8 (R L& $¢1d), HJas 17 1771k [F] 0
RN o

N 4.26: Rt afEK 411 H, globalize_count() ¥ AF£ AR H 3k 0, H
& HI R B 45 )5 11 1) balance_count()E T A EAI1? Af AN HiEA R AR AR R
fH9E 07

5 20-36 1711 sub_count() M counter "k 245 52 1 delta. 25 22 174 & 2 e
AR ZS delta JG 215 KT 0, WURGE, 58 23 AT HATIGEIRAE, 56 24 1TiR
[0 A 3. XA sub_count()FIEREE K42, 1 add_count()—Af, X4 E 1 IE
ANHATFER ERAE

1 static void globalize count(void)

2 {

3 globalcount += counter;

4 counter = O;
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globalreserve -= countermax;

}

5
6 countermax = O;
7
8

9 static void balance_count(void)

10 {

11 countermax = globalcountmax -

12 globalcount - globalreserve;

13 countermax /= num_online_threads();

14 globalreserve += countermax;

15 counter = countermax / 2;

16 if (counter > globalcount)

17 counter = globalcount;

18 globalcount -= counter;

19 }

20

21 void count_register_thread(void)

22 {

23 int i1dx = smp_thread 1d();

24

25 spin_lock(&gblcnt_mutex);

26 counterp[idx] = &counter;

27 spin_unlock(&gblcnt_mutex);

28 }

29

30 void count_unregister_thread(int
nthreadsexpected)

31 {

32 int 1dx = smp_thread i1d(Q);

33

34 spin_lock(&gblcnt_mutex);
35 globalize_count();

36 counterp[idx] = NULL;

37 spin_unlock(&gblcnt_mutex);
38 }
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K A12: i L IR 203 9 D) pE ek 4

W RTGVE R 082 delta J5 KT 0 2K, SRt N5 26-35 AT (123t 17
T o NS R4 200V 1) 4 Jrp kA, BT LASE 26 73R HX T gblent_mutex 81, 1t
5529 AT R ORGSO BUETEEE 34 ATRE (RIS ). 5 27 4T A
globalize_count(), 4Nl 4.12, F— G FLR M TREEAR B, R T EE2)R
BENIME. 5 28 ITRT AT AU B delta v, WA, 25 29 1T R
gblent_mutex 81 (ZFi#22d) JFAEHS 30 AT [A] R

/NI 4.27: add_count()H 1) globalreserve X kA IAF], k47K 4.11
1] sub_count() B A X FATTAF 2

ST, WA 28 AT K ITHEAS NS delta 2508, IS ALESR 32 AT44T
WL RAE, 95 33 4T1M ] balance_count() (WLIE 4.12) KB4 AR B RIAF LY
B, 55 34 1TR4I gblent_mutex 81, 25 35 473R [A1 .2 .

/NI RR 4.28: AT AP 4.11 HREEE] AT add_count()FT sub_count()? kA4
AN 45 add_count() 4L — > E 2

% 38-50 171 read_count()iR [P[THEL A (G THE . PR EAEES 43 173k
gblent_mutex 81, 7EZH 48 TR AL, FRIE T 55 add_count()F1 sub_count() 4= Jm #4
VEZ A BB U5 0], I HLE AnFATT L3, b e R0 g fR b AT 7 B 7R3
5 A4 ATHIRARAL T A AR B sum, ¥4 globalcount [RMEINZS ', SRJG 5 45-47 171
PEIRTTH AL FEAR 5 counter R AT, 26 49 4T 3R [RLEUFIR{H .

4.12 vhJ& add_count(), sub_count() il read_count() {5 FH 21 i) 5 4

55 1-7 47 /& globalize_count(), 1% YT AR RRERE VI AL, 18 g
)R AR R IE . T BRI, R BUF A SR T R S UHE, T SR TR
MHMEEI TR 5 3 AT RN counter A8 & 1% globalize_count |, & 4
115 % counter. 251U, %5 5 47 M globalreserve H i 43 £ F2 A% & countermax
(FME, % 6 1775 % countermax. HEHiA i [l 4.10 f5 Bh T AR A o £OR
balance_count()p&i %, a2 T £ FH K%L

% 9-19 172 balance_count(), ] A Hh 15t A& globalize _count()f#) Jsz [m) #47
BB B TR counter AT countermax AR & (] IR 250 M ) globalcount
H1 globalreserve), DL E: 2 add_count()F1 sub_count() ) Hs B 445 1. Al
globalize_count()—#¥, balance_count() AN H 4 s Sl 2 11-13 1T 5
AREEFEM T EESMEAE globalcountmax H (LB, R A 1 globalcount &Y,
# globalreserve, oK vH5 H MBI L AL FE coutnermax. 25 14 47X}
globalreserve fCFH N R #E . 25 15 178 AL FE ) counter ¥ & 24 0 % countermax
R a{E . 25 16 1Tk A J2 75 globalcount 1] LL#% counter Jik, W1 ANE, 28 17 17
FHN H sk /D> counter. d5c 5, JoiRka A S Ranf, &5 18 47X} globalcount AT AH W
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(iR

%5 21-28 17 /& count_register_thread(), AHTEIEM LR ERE . ZREAE
gblent_mutex B ORI T, &7 LR 4R 17 5T B ZERE Y counter AR & I HRET N
counterp[[ £ ZH i % V.G 2 o

5% )5, 55 30-38 1742 count_unregister_thread(), 455 HIEHR H A 26 R RS
5% 34 4T3 gblent_mutex 8, #5 37 AT R, 26 35 471 globalize_count()
TR LRIV EESIRAS, 2 36 1775 KR counterp[]HH X AN ZEFE I T2 o

4.3.3. XTEER _EPRITEMERAYITIC

A THERSL 0 I, i B FRTH S 24T A 3, HAE add_count() !
sub_count() iy PR IH 6 478 H 1) LA R A W I AEAE— LS TF RS . (H, RpLRfEAR s
countermax {5 H1 2 W] add_count() B A 7+ £ 2% 145 1 25 globalcountmax {1 izt
I AT RE R M. [FIAFEHR, sub_count()7ETHE#S A THEZE A 2 0 Bt ml B 2R

T ZENT, XEEATTEAZN. BE globalcountmax AN J&— AN 4Bl
(1) ERR, — Mty — U Bl R 7 B o — b BRI ABLRE 1) 5 i A R R R R AR
= countermax [FEBEIN— FBR o XMESHAE F— 158

4.3.4. 1Kl EPRITER=EAISCIN

1 unsigned long _ thread counter = O0;

2 unsigned long _ thread countermax = O0;

3 unsigned long globalcountmax = 10000;

4 unsigned long globalcount = O0;

5 unsigned long globalreserve = O0;

6 unsigned long *counterp[NR_THREADS] = { NULL };
7 DEFINE_SPINLOCK(gblcnt_mutex);

8 #define MAX COUNTERMAX 100

K413 el [ FRTT- 2075 & X 93 4
R A SEBARAS Ccount_lim_app.c) AlE LT HIBFRAHG (K 4.9, K 4.11,
4.12), XHHERIIRZENHS T . BT MAX_COUNTERMAX LI4t,
4.13 M 4.9 524 —F:, MAX_COUNTERMAX ¥ & T #2545 & countermax
() Ee K S VHE
1 static void balance_count(void)
2 {

3 countermax = globalcountmax - globalcount -
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globalreserve;

4 countermax /= num_online_threads();
5 if (countermax > MAX_COUNTERMAX)
6 countermax = MAX_COUNTERMAX;

7 globalreserve += countermax;

8 counter = countermax / 2;

9 if (counter > globalcount)

10 counter = globalcount;

11 globalcount -= counter;

12 }

K A14: YTl L RT3 191 # ek 20
R, Kl 4.14 F11E 4.12 F1fF) balance_count() )L T-584—FE, BR T4 54T
R 6 4T, WAEFZFEARE countermax #4011 7 MAX_COUNTERMAX BRI o

4.3.5. XTI EPRITELERAYITIC

IR SRR N T AT AN RROAS IR BRANHER R E , H2 At
KT A A5 52 KM MAX_COUNTERMAX #4 S E8— &R 43U 1 0
RN R AT, X U i) A H BT AR Sy o B 2R R B, AR
AR IIPA TR B — A PERE R AT ek i, AN, FRAT 1T i s N ax A i)
W, SELE AR E BRI

4.4. FETR L IRITE4ES

N T RARATE TS5 0 5% TS5 46 43 O A H RS A PR (v 5 1 /)8 I 8T, AT 175 22
—A LR VHEES, B RERS O B A TE AT I v PR . — s R SR )
5 4& cause threads that have reserved counts to give them up. 5 —Fh 72 K R
THAE. MR, R FERESRIg RIS, (25—, WERE S — R AT
NA RS TEBIET .

4.4.1. [RF EPRITEIREA9SCIN

SRR, MENRREEFE A, 752 A 3B FE M counter A
countermax A& 5. I FIMHE S XN L E S IFN AR E, i, —A> 32
PrFAS 1 16 7403 counter, i 16 A48 countermax.

1 atomic_t _ thread counterandmax = ATOMIC_INIT(O);
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2 unsigned long globalcountmax = 10000;

3 unsigned long globalcount = O0;

4 wunsigned long globalreserve = O0;

5 atomic_t *counterp[NR_THREADS] = { NULL };

6 DEFINE_SPINLOCK(gblcnt_mutex);

7 #define CM_BITS (sizeof(atomic_t) * 4)

8 #define MAX_COUNTERMAX ((1 << CM_BITS) -

9

10 static void

11 split_counterandmax_int(int cami, 1int *c,
int *cm)

12 {

1

13 *c¢ = (cami >> CM_BITS) & MAX_COUNTERMAX;

14 *cm = cami & MAX _COUNTERMAX;
15 }

16

17 static void

18 split_counterandmax(atomic_t *cam, int *old,

19 int *c, int *cm)

20 {

21 unsigned iInt cami = atomic_read(cam);
22

23 *old = cami;

24 split_counterandmax_int(cami, c, cm);
25 }

26

27 static iInt merge_counterandmax(int c, iInt
28 {

29 unsigned int cami;

30

31 cami = (c << CM_BITS) | cm;
32 return ((int)cami);

33 }

K415 Ji 7 LR ol 2045 8 X 928 &l ] 2R 44
— AR PR B b PR s BT AR AT In) R BN 1] 4.15 B

cm)
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(count_lim_atomic.c). HAERIA FI%5E, counter Al countermax 2% 2H A 56 1
1THY counterandmax A5 &, =7 /& counter, iK1 /& countermax. %48 & 2R
M4 atomic_t, SEBr FaEH int KEOR.

% 2-6 174 globalcountmax, globalcount, globalreserve, counterp il
gblent_mutex 132 X, P AR & A S 4.13 i) —Ff. B 7ATEXT
CM_BITS, X3 counterandmax ¥ iz s I BT v (1) bit £, 28 8 472 X T
MAX_COUNTERMAX, {3 counterandmax [1] =437 5% & A 7] e 875 1K) e KAH .

/NI 4.29: ] 4.15 HHRES TATIEIR T C ARTEIE—4% 2

% 10-15 1742 split_counterandmax_int()e& %, M atomic_t 1)
counterandmax A% & H1 i 2R Ay int (177 16 A7 R 16 A7, 55 13 75 H
counterandmax [#) 751 16 17, W45 R4S 4 ¢, 5 14 175t counterandmax RIS
16 fir, R4 R4 2% cm.

55 17-25 1772 split_counterandmax ()R %, M 21 1745 32 A48 & s U
PR 23 AT ZAEIRZSE 25 old, SRJG 1SS 24 171 split_counterandmax_int() 73
fiAZ AR -

/NI 4.30: BESR LA —A counterandmax A5 fe, T4 Kl 4.15 THR A 18
ITibE AL — MR

% 27-33 17 & merge_counterandmax() & %4, 7] LAE 1E 2 split_counterandmax()
P B . 26 31 AT NS ¢ AT em 43 5% counter AT countermax, #4'&
1A FEE— int, ARJEIR |45 5,

/ANAJ R 4.31: AT 4P 4.15 F ) merge_counterandmax ()i 7] int 1T A2 HLE
&[] atomic_t?

1 int add _count(unsigned Ilong delta)

2 {

3 int c;

4 int cm;

5 int old;

6 int new;

~

8 do {

9 split_counterandmax(&counterandmax, &old,
&c, &cm);

10 if (delta > MAX_COUNTERMAX || c +

delta > cm)
11 goto slowpath;
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

43
44
45

new = merge_counterandmax(c + delta,
} while (atomic_cmpxchg(&counterandmax,
old, new) I= old);
return 1;
slowpath:
spin_lock(&gblcnt_mutex);
globalize_count();
it (globalcountmax - globalcount -
globalreserve < delta) {
flush_local_count();
it (globalcountmax - globalcount -
globalreserve < delta) {
spin_unlock(&gblcnt_mutex);
return O;

}

globalcount += delta;
balance_count();
spin_unlock(&gblcnt_mutex);
return 1;

int sub_count(unsigned Ilong delta)

{
int c;
int cm;
int old;
int new;

do {

cm)

split_counterandmax(&counterandmax, &old,

&c, &cm);
if (delta > ©)

goto slowpath;

new = merge_counterandmax(c - delta,

cm)
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46 } while (atomic_cmpxchg(&counterandmax,
47 old, new) != old);
48 return 1;

49 slowpath:

50 spin_lock(&gblcnt_mutex);

51 globalize_count();

52 it (globalcount < delta) {

53 flush_local_count();

54 if (globalcount < delta) {
55 spin_unlock(&gblcnt_mutex);
56 return O;

57 }

58 }

59 globalcount -= delta;

60 balance _count();

61 spin_unlock(&gblcnt_mutex);

62 return 1;

63 }

KIA16: J 7 LR Eas . ek £

4.16 J& add_count(), sub_count()F1 read_count()Z 4.

% 1-32 172 add_count(), Zf 8-15 /T2 & IR 42, 55 8-14 AT PRI 1%
LT — AN AcH (CAS) IR, 58 13-14 4T(f) atomic_cmpxchg() S i AT
SEBRI CAS. 55 9 AT K 4 RTZE A2 1) counterandmax A8 -7 B FEI¥) counter (7
¢ 1) Ml countermax (7r cm 71D, FFUIR{EMALT old. 2f 10 ATAG &AL K BF L 1%
T RET YN delta CEUNOREGRAE i D), WRARERN, 5 1L TR
PR Ae . WERVTLAZEG, 2 12 474 B8 J5 11 counter )5 K (1) countermax
A I AR B new. 25 13-14 171 atomic_cmpxchg() 18 H 3 HL R 1% ZE FE 1)
countermax Fl old, 4nHECAE KL, A2 H G RERES new. WURLLE D), 5
15 47IR[FIL,  A5 WAk S AT S 9 4T HIFEI

/N 4.32: et ] 4.16 ZF 11 AT HRAN TR goto J& AT A R ? IRAMEE %
Wi break "4 ? 2 ?

/NI 4.33: A4 K 4.16 (155 13-14 471 atomic_cmpxchg()2s 2k Me? Fedi]
FE55 9 ATHUH old B L5 mT vz e e !

¥l 4.16 156 16-32 17 /& add_count() (112 4%, H gblent_mutex 8R4,
ZBIAEER 17 AT3RHEL, 7058 24 AT R 30 TR 56 18 471 H T globalize_count()
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BRAL, BEARZREMPR S AR E8s . 28 19-20 17R & M ii M & R IRAS e &
4 delta (A1, G RANGE, 25 21 471 flush_local_count()H it 5 e Fi 1 A HIUIR &
FillE 204 R v B0k b, ARG 5 22-23 AT HOFTR 20 5 AT LAAR AN delta. 4 RIXFEIL
JEANT, A 24 17RO gblent_mutex B (ATTHIEEL), RJGTESE 25 47k M) 2%
W

W AT LAl delta [R1E, 26 28 177K delta In&4x st as . wninl L,
5 29 1T R HEUR S A HIARES, 2 30 TR gblent_mutex Bf (RTTHIFEE), &n
55 3L ATIR AL .

K] 4.16 [1)2F 34-63 1742 sub_count() e £, 2544 Al add_count()1RAH14 , £ 41-48
Tl — kAT, B 49-62 17— AR MR AT . AREINIZAT M TAE L 45
BB KM T

1 unsigned Ilong read_count(void)

2 {

3 int c;

4 int cm;

5 int old;

6 int t;

7 unsigned long sum;
8

9

spin_lock(&gblcnt_mutex);

10 sum = globalcount;

11 for_each_thread(t)

12 it (counterp[t] !'= NULL) {

13 split_counterandmax(counterp[t], &old,
&c, &cm);

14 sum += C;

15 }

16 spin_unlock(&gblcnt_mutex);

17 return sum;

18 }

AT Ji 7 L IR £ 1 1 ek 4L
4.17 f& read_count(). 5 9 473KHL gblent_mutex £, %5 16 /7R, % 10
47 J] globalcount (R W1 R 1L SR 3648 B sum, 5 11-15 1T G HOR AR L FE T A% 1
i E 03] sum 1, 55 13 47 1 split_counterandmax () i %5 23 il H 55 26 R - B ds FRAE
e o5 17 473 [B] sum.
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static void globalize _count(void)

1

2 {

3 int c;

4 int cm;
5 int old;
6

7

split_counterandmax(&counterandmax, &old,

&cm);
8 globalcount += c;
globalreserve -= cm;
10 old = merge_counterandmax(0, O0);

11 atomic_set(&counterandmax, old);

12 }

13

14 static void TfTlush_local _count(void)
15 {

16 int c;

17 int cm;

18 int old;

19 int t;

20 int zero;

21

22 it (globalreserve == 0)

23 return;

24 zero = merge_counterandmax(0, 0);
25 for_each_thread(t)

26 it (counterp[t] !'= NULL) {
27 old = atomic_xchg(counterp[t],
28 split_counterandmax_int(old, &c,
29 globalcount += c;

30 globalreserve -= cm;

31 }

32 }

33

34 static void balance_count(void)

&c,

Zero);

&cm);
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35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

66
67

int c;

int cm;

int old;

unsigned long limit;

limit = globalcountmax - globalcount

globalreserve;
limit /= num_online_threads();
if (limit > MAX_COUNTERMAX)

cm = MAX_COUNTERMAX;
else
cm = limit;

globalreserve += cm;
c = cm / 2;
if (c > globalcount)

c = globalcount;
globalcount -= c;
old = merge_counterandmax(c, cm);

atomic_set(&counterandmax, old);

void count_register_thread(void)

{

int idx = smp_thread_id();

spin_lock(&gblcnt_mutex);
counterp[i1dx] = &counterandmax;
spin_unlock(&gblcnt_mutex);

void

count_unregister_thread(int nthreadsexpected)

{

int idx = smp_thread id();
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68
69 spin_lock(&gblcnt_mutex);
70 globalize_count();

71 counterp[i1dx] = NULL;
72 spin_unlock(&gblcnt_mutex);
73 }

K418 Ji 7 L [RTT 275 9 ) BE kA 47

4.18 JETfE PR %L globalize_count(). flush_local_count(). balance_count().
count_register_thread() A1 count_unregister_thread(). 25 1-12 17 /& globalize_count(),
M= AN RAS R EEARMALL, BR T2 747, K countermax 73+ /% counter Al
countermax.

% 14-32 1772 flush_local_count()fPAHS, K T L6 T2 M AR T ZE IR A IR 4
4 Rt Ees . 5 22 47K 2 globalreserve [F{E, FH e 15 OVFHAM R FE £ s i1
B, WRAARV, 2347 RV, 24 T — R AR & zero,
KP4 0 [ counter A1 countermax & FF it J5 MBI 45 zero. 2% 25-31 4T R 1EHA
W I 2. o 26 ATR A T AT AR A TH IR, WA, 5 27-30 17
H AT AERAS T EUE, R JEROIRESEI 00 2 28 47532 Hh RSB 53
fift A counter(Jai A8 & ¢) Al countermax (JRik AR & cm) . 2 29 1T AN LR FE 1 counter
hn3 globalcount -, % 30 47 M globalreserve HHi#2: A2 F5 i countermax.

/M) 4.34:  What stops a thread from sim- ply refilling its counterandmax
variable immediately after flush local count() on line 14 of Figure 4.18 empties it?

/N 4.35: 241K 4.18 T2 27 471 flush_local_count()7Ei# 2 counterandmax
AN, JEAABHIE T atomic_add()Ek# atomic_sub() R A5 )
counterandmax 2% & [ T4 ?

% 34-54 17 /& balance_count() s £ (1) 4CAS, FIA A A 26 FE 1) A H
counterandmax A8 & . IZER BT — MRCAS I SEARARL, R T 75 22 4b #E5 JF
J& ) counterandmax A8 5 o X IZACAS IR TEGH 2 Bt B 25 1B iR > T, o 56 4T
FFURTE count_register_thread() e& 2RI 2 65 17 FF 45 110 count_unregister_thread ()t &
EEH T

/NI 4.36: BESR atomic_set() it TR At A7 T8 245 i€ (1) atomic_t Y, 14 4.18
145 53 47 1#) balance_count() % 3% 1) flush_local_count(), /E4EA REIE ffith 5
WAL Ee ?
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4.4.2. FEF LIRITEEEA0TIC

R AN EIEARVFE S H B E RS 1 BRIV, (HR X ok
TR AR IR IR, AP BR AR W] AR T, BUARAER Y IR
PRI FUVEFIN, (RO BRER L “BeU” Mk BE S L S RS AT A T
AT 5 Ak 2 R SO AR Z R B G o JE b — Bl AR o DRDA A5 5 A B e mT
LU T S S B R i) B RS0, Br LU AN 2 r 84 7, TR —
AP

NI 4.37: (EEA 5 AL BE B R BE S AE IS AT IR B Al CPU BT
EE ST D0 A AN 5 2 D1 SR A A AL A7 B R ORI e R AT PP BT 2 R 1045 5 AL 2
PR K2 TRV (10 ) S ey 2

4.4.3. Signal-Theft EFRIT#ESHIIRIT

4.19: Signal-Theft IRZAHL

&1 4.19 72 Signal-Theft JRA&HL. IRASHLIM IDLE R&TFFLH, 4 add_count()F
sub_count() & IRZEFE A M VBRI 4 JRTH B 2 RNV AS JE DL NI SR 1R/
X IV [P 02 T B AT K BN R R theft IR W E ) REQ (BRARZFEE A T, X
FEE i B 5 5 READY ). WA 7EISIH M 123k 13 gblent_mutex_lock Ji5, A 14
M IDLE ARZSHe A ARG, B hEg a3 s o SR 180l i A% ) RN e 8
IE—AME T, X P RAE 5 A P bR ik & AL FE 1K) theft A counting R . 41 theft
REANN REQ, MA(F T AP A A R SR IORES, N AEEFIR ], i theft
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REN REQ W, WH % E T counting A8, KUMATLIE EATHRIERS, 15
5 AL BE R HCKS theft RS E N ACK, 1A /& READY .

W theft RS ACK, A4 W AT POH B 42 A4 B theft IFRAS, i+
WOE TR PR E I, 2% theft IR E 4 READY.

— HAS MR R I FEAN LR FE M) theft IRZN READY , X B 1238 42 A7 AU X
IR T E . SR 12 B AR SRR 1) theft IRV E N IDLE.

/NRIR 4.38: {EFE 4.19 1, T4 REQ theft TR IR Mk (4 ?

/NRI R 4.39: 7EF 4.19 H, 43l % E REQ Rl ACK theft IR 1) H /214 2
AT AR FEIX PR R ARSI ? IXFETC IS AL MM 5 A B bR 04 S TR
HERAT, SEHE AN AT LURRIRAS B ) READY .

4.4.4. Signal-Theft _EFRITE428AISCHL

#define THEFT IDLE O
#define THEFT REQ 1
#define THEFT ACK 2
#define THEFT READY 3

int _ thread theft = THEFT_IDLE;
int _ thread counting = O0;
unsigned long _ thread counter = O;

© 00 N O 0o~ W DN P

unsigned long _ thread countermax = O0;

[
o

unsigned long globalcountmax = 10000;

=
=

unsigned long globalcount = O0;

[EEY
N

unsigned long globalreserve = 0;

13 unsigned long *counterp[NR_THREADS] =
{ NULL };

14 unsigned long *countermaxp[NR_THREADS] =
{ NULL }3};

15 int *theftp[NR_THREADS] = { NULL };

16 DEFINE_SPINLOCK(gblcnt_mutex);

17 #define MAX_COUNTERMAX 100

/1 4.20: Signal-Theft /- fRi1 #0458 X 1925 &

¥ 4.20 Ccount_lim_sig.c) E7x T FET signal-theft V1 #% 1 S BT 75 10 £

ke B -7 AT LT _E—1Pr vt per-thread RSN T HPIRSEM A E. 5
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8-17 AT MIZ A S BLELSRAL, 8N 1728 14 A1 15 47,  SeVFaRe v il iFE i

countermax Fil theft A 5 .
1 static void globalize count(void)

2 {

3 globalcount += counter;

4 counter = O;

5 globalreserve -= countermax;

6 countermax = O0;

7}

8

9 static void Tflush_local _count_sig(int unused)
10 {

11 if (ACCESS_ONCE(theft) != THEFT_REQ)
12 return;

13 smp_mb();

14 ACCESS_ONCE(theft) = THEFT_ACK;

15 it (Icounting) {

16 ACCESS_ONCE(theft) = THEFT_READY;
17 }

18 smp_mb();

19 }

20

21 static void flush_local _count(void)

22 {

23 int t;

24 thread id _t tid;

25

26 for_each_tid(t, tid)

27 if (theftp[t] '= NULL) {

28 iIT (Fcountermaxp[t] == 0) {
29 ACCESS_ONCE(*theftp[t]) = THEFT_READY;
30 continue;

31 }

32 ACCESS_ONCE(*theftp[t]) = THEFT_REQ;
33 pthread kill(tid, SIGUSR1);
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34 }

35 for_each_tid(t, tid) {

36 if (theftp[t] == NULL)

37 continue;

38 while (ACCESS_ONCE(*theftp[t]) !I=
THEFT_READY) {

39 pollI(NULL, O, 1);

40 iT (ACCESS_ONCE(*theftp[t]) == THEFT_REQ)

41 pthread_kill(tid, SIGUSR1);

42 }

43 globalcount += *counterp[t];

44 *counterp[t] = O;

45 globalreserve -= “*countermaxp[t];

46 *countermaxp[t] = O;

47 ACCESS_ONCE(*theftp[t]) = THEFT_IDLE;

48 }

49 }

50

51 static void balance_count(void)

52 {

53 countermax = globalcountmax -

54 globalcount - globalreserve;

55 countermax /= num_online_threads();

56 if (countermax > MAX_COUNTERMAX)

57 countermax = MAX_COUNTERMAX;

58 globalreserve += countermax;

59 counter = countermax / 2;

60 if (counter > globalcount)

61 counter = globalcount;

62 globalcount -= counter;

63 }

/A 4.21: Signal-Theft [ fRi1-2045 191 2T B R4
Kl 4.21 WoR T 41 T35 per-thread A2 & M1 4 Jaj AR 5t 2 (RS F 250K R 2 5 1-7
1742 global_count(), A2 F I szEl—#F. &5 9-19 474 flush_local_count_sig(),
B O O R B S A PR e A 5 11 B 12 4T RS A theft IR 250 REQ,
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WRAE, AW ASAHEIRA, 5 13 172 —MNHNAEBERE, it theft 25
(RS SR AE Z T HAT o 56 14 47°4% theft JRASRE D ACK, WA 1547 K
IMACZEFE I PRIR BRAT A AT, 25 16 178 theft IRA W E N READY.

/NBJER 4.40: £E1E 4.21 [ flush_local_count_sig(), M4 2]
ACCESS_ONCE()#+3: %} per-thread 2% 5 theft ffiEHR 2

%5 21-49 17 /& flush_local_count(), H1fEesteii i, Rl A i i A Tt
o o 26-34 AT R IR AR A A HOTH B 2R BV (1) theft IRES, [R5
ZERERIE MG T 5 27T AT AT AAEAE R . AT AFAEIRZeRE, o 28
TR AT SRS SR AT A T 8, WA, 26 29 1TR T A2 1) theft
RABE N READY, 28 30 ATBRE ARG 25— kA, % 3247H
MATEFEN theft IR E A REQ, 2 33 174 Ui Kit—1AME 5,

INERR 441 EIK 4.21 R, AR A 28 AT VG IR HABZE R countermax
AR E AN ?

/N 4.42: AR 421, AT ASE 3B AT AR YT RE, SRS A COK
—MES?

/B R 4.43: 18] 4.21 PSR LAAE gee T POSIX RizAT . 4 R EHH A 1SO
C bril, b7 LMLt 42

5 35-48 1T MG S AF A L A2 A B READY IRZ, AR5 07 BUERFE T4
o 36-37 AT Bk AT AAFAE L RS, 2 38-42 AT INE I S5 M AT Z FE 17 theft IRZ&
A2k READY . 2 39 47 Mt el oe S e BHZE 1 20, W AER 40 17T HIWr 4 fE i
BERA A, BB ALATERRIAE T AT R 43 4TI, ZFER theft AR
AULZE READY, i % 43-46 ITHHATOI. 55 47 TR LR theft IREWE
[5] IDLE.

/INRIRR 4.44: FEBE 420, AR A AL AT EERT IR S ?

%5 51-63 17 /& balance_count(), 12 Fif 151 T-2548L0

1 int add_count(unsigned long delta)

2 {

3 int fastpath = O;

4

) counting = 1;

6 barrier();

7 if (countermax - counter >= delta &&
8 ACCESS_ONCE(theft) <= THEFT _REQ) {
9 counter += delta;

10 fastpath = 1;
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

}

barrier();
counting = O0;
barrier();
iT (ACCESS_ONCE(theft) == THEFT_ACK)
smp_mb(Q);
ACCESS_ONCE(theft) = THEFT_READY;
¥
if (fastpath)
return 1;
spin_lock(&gblcnt_mutex);
globalize _count();
iT (globalcountmax - globalcount -
globalreserve < delta) {
flush_local_count();
it (globalcountmax - globalcount -
globalreserve < delta) {
spin_unlock(&gblcnt_mutex);
return O;

}

globalcount += delta;
balance_count();
spin_unlock(&gblcnt_mutex);
return 1;

int sub_count(unsigned Ilong delta)

{
int fastpath = O0;

counting = 1;
barrier();
iT (counter >= delta &&
ACCESS ONCE(theft) <= THEFT_REQ)
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46 counter -= delta;

47 fastpath = 1;

48 }

49 barrier();

50 counting = O;

51 barrier();

52 iT (ACCESS_ONCE(theft) == THEFT_ACK) {
53 smp_mb();

54 ACCESS_ONCE(theft) = THEFT_READY;
55 }

56 it (fastpath)

57 return 1;

58 spin_lock(&gblcnt_mutex);
59 globalize_count();
60 it (globalcount < delta) {

61 flush_local_count();

62 if (globalcount < delta) {
63 spin_unlock(&gblcnt_mutex);
64 return O;

65 }

66 }

67 globalcount -= delta;

68 balance_count();

69 spin_unlock(&gblcnt_mutex);

70 return 1;

71 }

A 4.22: Signal-Theft LR 204509001 9%k 40

4.22 f{1%5 1-36 17/ add_count() e . 55 5-20 1T e Phidiis i, o 21-35 17
JEM R, %5 5 4TCE per-thread A5 f2 counting 4 1, XFEATA 2 J5 A2k
FERIAE 5 AL PR HOR 2 B theft RS ACK,  TIANE READY, X fe VR PR
FEAE AT USR58 e 55 6 ATBH I Zm iR as BT BRIl A OR PR B AR PAT R A
SAEYEE counting 2 RTHAT. 55 7 AFRISE 8 ATHL AL 75 per-thread B AT L7840
add_count() 945 56, LA %R 75 4 i B AT AT AT I 2EHEAT 97 B AR, SR 48 3R 2,
5 9 ATHHMT PUHUEAR I IR, 5 10 AT R WIPAT IR R R A7

Jeie BN F M 2 R T, 55 12 47 BH 1 2 3 8 0T PR B A AT AR L AL
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ZJE A 1347, SRVHEM G 4R HIE T AL B ek B AT Of R AR . 26 14 4T 1 — Ik 4%
1B PEARELP LA, ARG 5 15 AT A2 15715 5 AL BB BUE IR K theft ARAWE N
READY, WL, 45 16 173 AT— S A7 B B, B RAT A B ISR 17 17805 READY
RAEM CPU, HEER ILEE 91T IR . WA 9 AT I DU B AR DA AT T
M2 20 473 A1)
1 unsigned long read_count(void)
2 {
int t;
unsigned long sum;

sum = globalcount;
for_each_thread(t)
if (counterp[t] '= NULL)
10 sum += *counterp[t];

3
4
5
6 spin_lock(&gblcnt_mutex);
7
8
9

11 spin_unlock(&gblcnt_mutex);

12 return sum;

13 }

/] 4.23: Signal-Theft /- fRE1- 204517152 ek 51

), FRATTHE AR 21 AT T AR AU R AT . 18 IH R AT R 48 1 A0 2 BT 8] 1
RABL, JIr LK E R 23 Bt B 25 50 /R 2k 2] T o [AIREHE, 28 38-71 47711 sub_count()
BRI add_count()—FE, FTLAXT sub_count()RI 4T B4 T, 18l 4.23 %)
read_count() 1) 73> #7088 45 152

1 void count_init(void)

2 {

3 struct sigaction sa;

4

5 sa.sa _handler = Tflush_local _count_sig;

6 sigemptyset(&sa.sa_mask);

7 sa.sa_flags = O;

8 if (sigaction(SIGUSR1, &sa, NULL) = 0) {
9 perror(‘'sigaction™);

10 exit(-1);

11 3}
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13

14 void count_register_thread(void)
15 {

16 int i1dx = smp_thread 1d();

17

18 spin_lock(&gblcnt_mutex);

19 counterp[i1dx] = &counter;

20 countermaxp[1dx] = &countermax;

21 theftp[idx] = &theft;
22 spin_unlock(&gblcnt_mutex);

23 }

24

25 void count_unregister_thread(int
nthreadsexpected)

26 {

27 int i1dx = smp_thread 1d();

28

29 spin_lock(&gblcnt_mutex);

30 globalize_count();

31 counterp[i1dx] = NULL;

32 countermaxp[1dx] = NULL;

33 theftp[idx] = NULL;

34 spin_unlock(&gblcnt_mutex);

35 }

/] 4.24; Signal-Theft [ [Re120a5 19814614 ek 54

K] 4.24 [¥) 565 1-12 474& count_init(), & flush_local_count_sig() >4 SIGUSR1
(45 5 Ab B R 5L, il flush_local_count()™ 1) pthread_kill()ml LLif
flush_local_count_sig(). ZeFEiE WA AR 5 2 B i El 52840, BT LOAHEAT]
Ml B 48 30 T

4.4.5. Signal-Theft EPRiTE4E81718
signal-theft ()52 B 7E F 1) Intel Core Duo ZE30 A b J5 1~ 4 () S Bl e i 435

[EPNPRIEe/ TR
H TR IR AN 2212, signal-theft SCEL/E Pentium-4 Zb3 g8 b LR 74
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RGN 2, B2k, ZaUK5ET 80386 [N FR 2 AL B A% 2R Ge 7 It 1A SR
HARRIE SR, et TR AR R PE R B2 4R T o W AR5 e e A VR RE, IR EEAE S
B 08 85 I FH R PP 1 AR e B o i i - Bt

R M AT A BRI AP I S — AP B A TR SEUAS T LLRE
P ELACE AR R R

NI 4.45: QUERAEEL AN HG RS 1 IRRG A _EBR Vs, i se
B2

4.5. 5KV FHITITERES

BEOREE 4.4 RS EIRTHEES O SE AR A M, EE an Rt s i S
TEZMIEAS), K IRV st A T, IEmGEvh3 110 vk i I vk 2
— ko JBEITATT—HOFA IO AET 2 DU, XA GETHE AR T T AR S )
HOPHARK. IR FATIHES 31 WIS 11O Beae U7 ) v H0n) . 15 fn) IR 3
FERR T A NAE AT SR B o8 LA Bl 58 AN T, 1 A g A M A 5 S
R LY o

— PR B AR PR IME IS, A TR I AR KR “ w2287 CEL T 10 42,
TR B R B %, AhvH s T VAT . 2 NSRBIy, oh e
Mgk “MZEfa”. Gevtea )Lk PR 2 AR F ARSI, AH X Z /i BT V7 il 1
GuihHIAT LLA I AT

/NI 4.46: HAT N b AW ZE IR TE A N, TR AT A i 2

AR AW 22 i T B s BEA RO M, (HIX FUZ S 31 DU Rl @k 110 B
V7 1) o H ] R B ke g o 2 il e I, FRATT AN 75 2 A = RS
(1) 1O Vi i) IR E, 38 77 2 NIRAE T UG B RS U7 G K o —FP g o i) Ipi2s A
SEOB v H IS A B S B BB, AE BT B0 N [ — B S B S A PR
7 110 FACES G T

1 read_lock(&mylock);

2 1T (removing) {

3 read_unlock(&mylock) ;

cancel_i10();

} else {

add_count(l);

read_unlock(&mylock) ;

do_10();

sub_count(l);

© 00 N O O b~

10 }
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5 VATIRIGRA, 28 3ATHISE 7TATREE . 2 2 TR B 2 R R A
WIRSE, 5 SATRMGEEL, 28 4 /THUGH /O, B3 bl (T 04T — L 7E K Bk B 4%
I N AZR A o WRANE, 28 6 AT G vs el vh 45, 26 7 AT R i, 55 8
ITHAT 110, 28 9 AT U7 1) vt 4

AN 447 TTEAGEE T ISR 80 IREBut AExk? 2 2

PR AR
write_lock(&mylock);
removing = 1;
sub_count(mybias);
write_unlock(&mylock);
while (read _count() = 0) {
polI(NULL, O, 1);

1

2

3

4

5

6
7}
8 remove_device();

9 LVATHRIBUS B, 28 A ATREI 2 2 AT R WP SR I ek, 55 5 B T AT
INERF T 1O #AETE Lo f 5 58 8 AT AT AL T AE 4K L B A5 i /7 EEPAT I 7 % T

(=
/NFIRR 4.48: WIRUEHSMRSE, T E G BP0 ?

4.6. FHTITEENTIE

AT R TG B GE IB I R . v EetEy PERE. W REME. CHESE
(FI++R AT AN BEAE 2 e REACRS b ORI s B n] S, X AR B st 74 Ak
REANGS, W Mt 2E . AEIRIER T — RIERF AT OU R YERERT AT PR AR
v S

FEAL: Zif i A5 Powers FLAS FHIPERE

e R R

1# 64 1%
Count_stat.c 422 40.4 ns 220 ns 220 ns
Count_end.c 4.2.4 6.7 ns 521 ns 205.000 ns
Count_end_rcu.c 9.1 6.7 ns 481 ns 3.700 ns

RALGW T =M gt i BRI aE . =P SEALE R T S B AR AT
NS RERET) - per-thread A2 SIEHL IR SEHT v B b Uk AU K S BL AR %2
(BRI B R, JF BAEA 2T B AR ™ B E 4 o IXFP 5S4 n]
LA 8 T/ AR ik g, Wiak 4.1 kon—Hk.
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/N 4.49: FEEK 4.1 19 count_stat.c —HEF, FRATOTLUER], FHHEUN
PEREREAE SR BOG M 2 h ™ he . IXE AT HENE? S 2, Znm
per-thread 1128 B £ .

/MBI 4.50: % 4.1 EIGETHTH B S 0 B i S M R SE AR B AN A
AU 4.1 Wl fa —HFR SR 0l s 5, e REA A ?

Kl 4.2 2947 BRRVEEEER I YERE . X E RV BRI PR KA R T AN
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9.7 ns 517 ns 202.000 ns
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Count_lim_sig.c 444
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5. HEFIFL G
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K 5.3 2Rk, Bl HA 4 A A 5 ALE A5, IXRE AT LS G 1 5 1
HIEAR . e LI EA DG 22K G M0 37, ks N /i i85 22
EH XX T WERPATE E XK RN IR T, 2 ATALRERIIN s . 554
B Tz, BAE SCT A BLARGR XL, IXRE AT PARI I S e T80, Xl i fh
T RBURRE IR o

AN 5.1 P GONAR I RO AT S AR 2
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DI E A LRI R . AR PR R Geh, “ Bl e 24—
PRI 8 R 2 5 i — R YRR AR AR R A

NER 5.2 B4 “ORFIFATAL” B “OKAPT AT AR IR ?
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5.1.2.1. AFPREFB

Lock L Lock R
Header L |=—> H=ader R

Lock L Lock R
Header L IU I IEI Header R

Lock L Lock R
Header L == 0 Je={ 1 |+ 2 }=={ 3 |=+Heaserr
5.4: i A A T BN T8I K X A 27

AT TB0E — FE RN BRI INE, 0T am A SR —A22

T A T AR I — AN A T8 s 5.4 Pros. B2, R NER R

UL AT B e AL DI, ABRVE B S kKBRS . X ESEH T

BRATAT — DN ICEAMUA R TTRA S, IEE S /el A LA AR T 3R « XA

TuHZEE TR BT, WO A TERVER, AR TR, R

AR EBNVEE . BEARGIEIXFE PSR T REN, B2/ ENG 5 FHEFIK

T, JCHIEAE NS 5 — 3w (0 T A s 23 L BA A BE IR o] 58 AN —FRF R 17 DAL
—MERRIR I DL Pt DU I I P L8 2 FE AR R T %

5.1.2.2. E-&XiRA5

Lock L Lock R
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B 55: STA RIS
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bEtn, FESRICA T AT S 3R U T8 1 FEAE [)— 0 BA A7 _E Y A 1 R ) 22
DU AT BLE AL 2 M ASCHEBEAN LTS, AL A S e m A
FIF o FERRIREERIE T NI 51, ARG DL T a2

LR A TUL BEOPRICAE T8, Fopris B AE A 59R 0

2. SR T8t

3. PP I AN MBI T A .

4. BERAREMICE.

5. R

/NER 5.3: FER A XA A SLHL A, QR B AR O SR U A2 ) A
72, MAZEAIP?

HOF-F TR A T RE SR A ST RAE AN BT K IR 3, I AR 9 I 1],
117 HARERAF S A MR RS, I/ B0 CAE S BEAT ATl BARIXAE 221500

MR R T, AR RHIMEL, AR SR R I EHE.

5.1.2.3. M7 X RAF

W 35 7K Z 2 53 B A 30 5 A 10 e ] PR R AT 280K vk o vl IR 0 3 AE BA
SRR B YRR U5, SRR DA XU B HEA TG Ay, IXAEE—
ML NI 508 0, 55— D MATLBEA MBI LS 508 1.
HAR AN AT A e MBS e = WL g 5 (-1, -2, -3, .0, M
Fots NATLEN AT — S Oe = M AS I G s MBI (K 5 (2, 3, 4, 0. K
fie, SEhr EAMFIER GRS, JUR NS SR RS A E .

i.nck 3+

Index L Index R

Lock L+ Lock B+

P 5.6: i Xk BA 41
FAVH—ADBRY 22T MR, 50— DR A T MR, #5551
RIS LIS A BER . 1] 5.6 o 1 DU A SR (M s 45 M . 2 2Bl 1y
B ER, J 7@, RAERUEER B AR M Arl, RS CF
PRECEFER D) BHRMASRIBGE L — 1,
BEANIG A HERA S — WIS, FEX B, AEAMEERHS holds every
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fourth element. & 5.7 thifg i pg&sr 2 “R1” TR NGB RERE, 6F
ARSI, PRSI A BER 2. B e R0 20 & AT = AN e WA BA
IEWE WLRBIAREE,  NAREIR] T e IR RS, (R IG A A S & JE A
1T o BIH R 5B A 4 = AN Je 3 MZEJINBN, 1T 53 A —AN Je 3R WA AN BA

HR A o
L

DEQO |DEQ1 |DEQ2Z2 | DEQ3

P ‘ b
Index L Index R
R4 R1 R2 R3

R

DECQO | DEG1 | DEQ2 | DEQ 3
h f
Index L Index R

R4 R5 R2 R3
h 0
I )

LD R1 L-2 L—-1
h d
I )

DEQO | DEQ1|DEQZ2 | DEQ3

Index L Index R

5.7: $fi N\ Ja [R5 7y X A 31
MES.7 hf)a— RS T BLE 22 BAERIERR PR “L-27, ib/AET
IARR IS A EE 2, UEIZEER IR “R27. {ERXMUIRET, JRAM A NBA
PERA N BNERAE W] BE 2 S BG5S 4, (HRXM 84 i 2B T BEAE m) DATE {3 ] B
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R7 | BB | RB | R4

Lo | R1 R2 | R3

L-4 | L-3 | L-2 | L1

L-8 | L7 | L-B6 | L-&E

4 5.8: 12 IR MG Ay X BA 51
5.8 o T 12 DMIosm WALl — T 4 A IFEATIG A A I X BA 71 o
1 struct pdeq {

2 spinlock _t [llock;

3 int lidx;

4 spinlock _t rlock;

5 int ridx;

6 struct deq bkt[DEQ N BKTS];
7}

5.9: ZETEHIHIH AT X i A EHE 57
5.9 Bor TR C i 5 Bl gify, R A struct deq SRfe i A B
Wi AF S o XA B S O H5 2R 2 AT AE T8, 28 3ATHIAE T Mhw, 2B 4
ITHIA T8 28 SATHIAE T T bR, LARCER 6 4T HOMS Ay Jo B2 1 (a7 BR800 S A X
BABUELZH o i P B AR S 2 SR 2 A TR T8 B A R RN 5547 2 Kt 4 false
sharing Chttp://en.wikipedia.org/wiki/False sharing).
1 struct element *pdeq_dequeue I(struct pdeq *d)

2 {

3 struct element *e;

4 int 1;

5

6 spin_lock(&d->1l1ock);

7 i = moveright(d->1i1dx);
8 e = deq_dequeue_I1(&d->bkt[1]);
9 if (e = NULL)

10 d->lidx = 1i;

11 spin_unlock(&d->11ock);
12 return e;

13 }

14

15 void pdeqg_enqueue_I(struct element *e, struct
pdeq *d)
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

41
42
43
44
45
46
47
48
49

struct element *pdeq_dequeue_r(struct pdeq

{

void pdeq_enqueue_r(struct element *e,

int i;

spin_lock(&d->1l1ock);

i = d->lidx;

deg_enqueue_I(e, &d->bkt[i]);
d->11dx = moveleft(d->11dx);

spin_unlock(&d->1l1ock);

struct element *e;
int i;

spin_lock(&d->rlock);
i moveleft(d->ridx);

e
if (e = NULL)

d->ridx = 1;
spin_unlock(&d->rlock);
return e;

struct pdeq

int 1;

spin_lock(&d->rlock);

i = d->ridx;

deqg_enqueue_r(e, &d->bkt[i1]);
d->ridx = moveright(d->1idx);

spin_unlock(&d->rlock);

deq_dequeue_r((&d->bkt[i]);

*d)

*d)
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K15.10: FETHEHT 1T XK 2 B Y SEBA €1

K 5.10 Wos T ABNFIH BABR L. D SR b fE A FHAE b, DRUR A T 11
VERR YR T /e T

%5 1-13 172 pdeq_dequeue_l()phi %L, ML HBA, AR pTIR B4 E,
ARG AT NULL. 56 6 473U T A e, 28 7 4T TS EE B N hx. 26 8
AribseE BN, R 9 AT A BLE AN NULL, 5 10 f7E 308 9 22 T R AR,
ANEEER A, B LILATRC, RS WR Sl A I0E, 8 12 TR FIXAN
#, IR [FE NULL.

%5 15-24 17 /& pdeq_enqueue_I()pRi %L, MAUNN—AFEE 05 . 26 19 173K
WA T8, 2 2047 pick up Z2F Fhwo 5 21471k cEMATAANBL, #EAN—AEL
2o F N ARFRIC X BAS o 55 22 4T OB AC T bR, SRR H 23 ATRE U

MU FIFBN—HE, A TARAE T8 4 &R0 I ) 2 TR A E IR

ZINIRL R 5.4 WA i (R X A1) — A (R Ak ik 2 i g, At 2
WRARE, KA AR ?

5.1.2.4. FHX[FIZ|IEE w5

AR PRI 2 525 X A A, 26 A ] — T BB P A L A AR AR 2 BA 1
IR Y- 2 El el I

/NEEE 5.5: b JCERBEAN AT ? XA R T VR R e AT
W2 2 2

FHEE B3t e 7y SNSRI S AR B AN T Bt ANt ] DR
TARAE XU BA B (R SE 3 L

1 struct list_head *pdeqg_dequeue_l(struct pdeq *d)

2 {
struct list head *e;
int 1;

spin_lock(&d->1l1ock);

e = deq_dequeue_l(&d->1deq);

if (e == NULL) {
spin_lock(&d->rlock);

10 e = deq_dequeue_l(&d->rdeq);

11 list_splice_init(&d->rdeq.chain,

&d->ldeqg.chain);

© 00 N O O b~ W
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35
36
37
38
39
40

41
42
43
44

spin_unlock(&d->rlock)
s
spin_unlock(&d->11ock);
return e;

struct list head *pdeq_dequeue_ r(struct pdeq

{

struct list head *e;
int 1;

spin_lock(&d->rlock);

e = deq_dequeue_r(&d->rdeq);

if (e == NULL) {
spin_unlock(&d->rlock)
spin_lock(&d->11ock);
spin_lock(&d->rlock);

e = deq_dequeue_r(&d->rdeq);

if (e == NULL) {

e = deq_dequeue_r(&d->1deq);

list_splice_init(&d->ldeg.chain,

&d->rdeq.chain);

be
spin_unlock(&d->11ock)

¥
spin_unlock(&d->rlock);

return e;

void pdeq_enqueue_l(struct

struct

int 1;

spin_lock(&d->1l1ock);

list head

pdeq

*d)

*e’

*d)
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45 deq_enqueue_l(e, &d->ldeq);

46 spin_unlock(&d->1lock);

47 }

48

49 void pdeq_enqueue_r(struct list head *e,

struct pdeq *d)

50 {

51 int 1;

52

53 spin_lock(&d->rlock);

54 deq_enqueue_r(e, &d->rdeq);

55 spin_unlock(&d->rlock);

56 }

K 5.11: & IFAT X A A ) S AR D

5.11 Jgrn T IXA S e sUSEAN], &S HUE AR RR, By
PLIRAT 120 PR % (& pdeq_dequeue I()F1 pdeq_dequeue r() =<,

/NRJRR 5.6: AT A S A AT X A A ) SR ANRE &0 R 2

K] 5.11 %5 1-16 17/ pdeq_dequeue OS2 E0. 55 6 1T3REUAE T4, o 14 17
FEIB. o 7 AT 2l R BAF ) A 2t 81— o3k, ey, Beid %% 8-13
17, BHGRIZIoE. &0, 55 9ATHRIBCE T4 55 10 47 NBAFI A i 2 H 1) —
MICE, B UATRA TSP RRITE=E 2 AT, 56 12 77R0hH T8
RAWIE, R mEE 10 /7P TR

5.11 %5 18-38 17/ pdeq_dequeue_r()[FSEHL . A2 B —#F, 25 23 473RHUH
T CE 36 ATRIBD, 2 24 AT MNA T-IIA I F—A oz, aREy), Bk
L5 24-35 17, HELRIMIZIGER . (HRRUWIRS 25 17 KA ICR A LU A, T
N 26 ATRICE T, 56 27-28 47 U 2 NP SR BUE TN T4 AR5
29 AT HF— IR A T A —A 03, AR 30 47 AHLAS ikl ik
Wy, #3147 NAET-BF (R U — e Ay —Ius, 38 32474 A
FEFI P IR R ICRmB A T &5, 5 34 TR T8,

/NI 5.7: At A 5.1 TR 29 AT EE AT A HRAE S i ?

/Nl 5.8: WLAHEM A, Ao TN E L ZE T L B A, A
B 5.11 PR 26 17 6 AR T-BUE A2 2

%] 5.11 F1 55 40-47 17 5& pdeq_enqueue IORISEH. 25 44 473REUA T H e,
5 A5 AT U R A NS R A TFBAA, B Ja o 46 ATREIA g8t . pdeq_enqueue_r (
T 49-56) Y SEILAIIERARL
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2x WY REREST, DN L REAT AN SR I A AT AR, St e+
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5.1.3. X T &SR AIRNTIS

5 5. LL AR, ST S SO R U A I B 52 “ARF IF
T “HARIFATA” IR AR, RS T 0 (B
e . A BUmBAAI SELE “HE AT BE “FIE” ks,
A HHE N AR B o) — DR IR 2 DI &1, IR EE 2L
VERFATITIRLEE (IR

NI 5.9 HR BN BAZ B A5 X BA A AT PR 7, RIVAE FRE s A2 K
ANHEINEIAE R W I A XRE?

AN 5.10: ATBAT MLk, REIFARIAL B X BA A1) 2

XA 7 Bon T BIHEIAT A BB KRB . (B, X1k i sk
ZNEAF AT R P B v HEN, R — 1R iR e i

5.2. IRTTHEN

BL2 WHEHT AT H AR PERE. R AIE A (HEIE T
SETEGH T HE R FLIE I S st Frh et IO ARG R R AT 55
FESLS T, IR SEHE N 22 AL SRR B P o, X T BEBE T3 /N0 AU 732K

XY U ] ARG A R S B R BE g, KX S8R AT A A, X ERR
“Biti” [Ale79], [GHIV95].

BT =907 A H AR B v AE R s | 564 4 | 525 Lh e A ek o

DIk sy 1.2 5P yE, VERERG IS 48 B an itk 22 I TRV RURS ) AT AT 40
TR o I3 )58 SRS AT R (MR AT RRCAS BT 7 SIS TR, b B AT AT it
NS R

T AT T—AN TR KU, 35 TE 214 CPU HARELLFE TR,
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Gl oAb A 2 P RE R T R
TAHE-FRP R, HABIEE . AR, ANalied . ANal R K TR 7
SEANTG BT [FP R o DRI, ATy FEAEIX 28 i | CGEAE P 1) cache miss.
HEAER . NSRS . SR FR A RPN AT BERRSE ) (1 I R) S A2 X2 5 58 B
TAEEA B B )8 o B A S AR I [R5 T4 5 1 S X AR R R4 2
IR ER, SR FIX Ge A 2RI RIS . TAE-FE AR 5 AP %
RIS A K
B-HHER: b HUH AR A5 S 2 R A #, IF H AR RRT)
AU IR TE SR AR, DA S 8 AP TS B AR SR BRI S22 (0 D T4 o X A2 5
HTEE 25/ A2 P EA, PEILEE 4 iR
Rt FATRR P LOAR R T AT RE P 52 20%, I RN AT FE 3 22 LI 7
PATIEPYEY 2R, BARXEORSTERLO S DL CH R B4 iAunt) 2
R RIREE Sy o FATRET B30 LR R AP IR W B Bt I 5 X R
ol DA B BRAB 55 1 % 1) f
SRR S 2 Pk 0 40 i3 T B g R T R R AE P AR A o DRI, ARAS TSR mT DAY
S B TS AT AR A8 S B H RN, DR A D A R A — s R B T 3 U X 4
Z I RRRG )y o BE—20 8, AT v REXH P PAT R P AT — e R Ak, 1X
FEIEATAL BRI . S 2. Wiss 1.2.0 WWFTUt, JRATH AR Z AR i — b,
I B N H T CPU S AL .
XECHEN G —e, HFEPIA R T e KRR BE R o J7 =/ MERIAR T A 2T
—2, PTRAATF N B AT I A UEN AT HOG R
TR, IR LEUE I TR UL ) — 3 . 20, g B S (R
0Py, SO TAESU I4axt Tk, s P “IBIT 5D (“ R U4 /b LR
> 1 A TR web st 7.
PRAFIZ SO BT AHEN 2 TR PR DG 2R, AT AU IAT R (0 & AN ek B+ H
1. FEPAEG X T Ae i ek, B AE g sl K . 3X & Amdahl 52
MR, X E B AE—AN I 2 B A —> CPU HEAIE S X 1 )5
58
2. FERPAEREA TR A AT RE 9 (IR [R] A 250K K/ T CPU S (515,
PRIA X FERS N CPU 2 H A figik 258 Effine . Ebandr 10 4~ CPU I
AT IR HUREAE OCEE (I X A2 /N 1720 [P a], I AR etk A
if.
3. FEAANVTIR ORI 4 CPU RIJELE A% Inid (R Lira], Wi/
T H CPU 3 H . CPU HURI S () ndi -z 7] (1) 2= fhdk ok, CPU AT H]
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4. QT 0 R AR A e AT TR BRI SR X R U A AR, B4 i
FPIBAT 1) dse T el A 18 FH O 26 S0 (1 80 CEb Gy bk NI 31X
i A A RCU B FRLRE R (1) e vh——Lh AR IS 0D

5. W SR S X U SEX 1 JsUE R BT RS AK, T4 IR s
AT I BRI 2 B IR 7 B HAT AR BE, Lol A 13 5 8 20 8. RCU
G EAC TSR

6. 1IN AP AR S X BRI S X R SR TR BT RO, I A S 4
etz T5, AR FIEAT WA I M2 e 38 e e AT s
i, i S 8aiE RCU,

7. XFREEIN SMP PEREMICS), Lhini DB e R, A e I N A TA]

Sequential |
Program |

Partition Batch

Code |
Locking |

Partition Batch

Data |
Locking |

Own Disown

5.3. EZRIE

K 5.12: Wil #5800
K 5.12 R ANEREE RSP E TR IR . B FrIE R #H —T5 N Ak
ik FLH B, ANk IHAd LR R 25 7 Xt A 2R ) A
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5.3.1. BRITIER

10000 P17 T 71T 1T T 3
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3 i e ]
o * 1
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P~ o o ()] ()] (=] (=] ~— —
()] ()] ()] [=p] ()] o (=] o (o]
Year

€ 5.13: Intel AbBEEES ) MIPS/I AT 2 A5 £ i 3

WERFE AL AL BEES FIZAT R R0 t, IF A S HALERE . i aliad h kit
PRREFP R AEAS H, S A8 mT DLAEARAS b B 1R 1R 20 B v M, S B e AT T s R 11
FHAE A I 29000 A NP IR B R A o 1 A R e A 3 itk . 3
&, BEE 2003 4ELLSK Intel CPU f#) CPU MIPS A Afri 8 18 K- 5k B 5 1, WLIA
5.13, JbjGESENPERE, BL R SR AT R . ST ETREMESS S
P FEEBJLTA CPU A A SIRPYS S, (HEHER Paul &fE—&
MAZEE A R FX A1), SMP A3t nl e bR IRA K . o — AR 22
TR g A UK MY (1) s Fr i, il 5.14 iR IXF K& S 82 2R
G, IXFEA REA R A A AE 2 A
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5.14; LIKMA % v.s. Intel x86 AbEE2% (11 B
TR, RIHFAERIZE N AZAE RN R T 2 4 )y U . il —ik
Y], WUR AP AL PSS BISAT ARG, AR A SMP [R]85 i 15 (1) T
BN ST ek v At T HE RN o 13] 5,15 v v A R A AT (1) ) B 2 e i 11X — R
1 struct hash_table

2 {

3 long nbuckets;

4 struct node **buckets;

5 1

6

7 typedef struct node {

8 unsigned long Kkey;

9 struct node *next;

10 } node_t;

11

12 int hash_search(struct hash_table *h, 1long Kkey)
13 {

14 struct node *cur;

15

16 cur = h->buckets[key % h->nbuckets];
17 while (cur = NULL) {

18 if (cur->key >= key) {

19 return (cur->key == key);

20 }
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21 Cur = cur->next;
22 }

23 return O;

24 %}

KI5.15: HITHRIIIG 75 7 18 E 57

5.3.2. XISt

AR R evh, ST A RB. 78 O iRy AR AR, mr L
IRZE 2 A FE P v DLAE 2 b BEES BasAT . Ry R — ML s, A
B PERE LK. (HE, PR HERMEFSEmAX EPATIEZ IR, X
OSB3 T KR Z R .

1 spinlock_t hash_lock;

struct hash_table

2

3

4 {

5 long nbuckets;
6 struct node **buckets;
7
8
9

¥

typedef struct node {
10 unsigned long key;

11 struct node *next;

12 } node_t;

13

14 int hash_search(struct hash_table *h, long key)
15 {

16 struct node *cur;

17 int retval;

18

19 spin_lock(&hash_lock);

20 cur = h->buckets[key % h->nbuckets];
21 while (cur = NULL) {

22 it (cur->key >= key) {

23 retval = (cur->key == key);

24 spin_unlock(&hash_lock);
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25 return retval;

26 }

27 cur = cur->next;
28 }

29 spin_unlock(&hash_lock);
30 return O;

31 }

K] 5.16: JEFRIDE IS A5 R AL R L
BRI, St A AT —/NBCHRAT I AR Il A X R, B8 R e 1t 2SR AN
(IRE)P AT AR B o S PP 0, ACHE B o] DAL R 3 A 1 B, R R RERROA
AL, WK 5.16 . {HAE, R 5.15 AHEL, hash_search() M\ faj Hff)—4T return
T 34TSR, B AR IR B i R SR U

K 5.17: #i3%

HH, ARRBBICILAEZ LR “Bi5e4”, —F2A CPU JF & Vs il A —HE8i
THEOL. BB —HENE T (BEE BT —HERZ D [ SMP BT i e hed b
RORBIERE R R AT AN ER, Wi 5.17 iR,

T W) L) — AR P T TR I« KB

5.3.3. £3EH

1 struct hash_table

2 {
3 long nbuckets;
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struct bucket **buckets;

spinlock_t bucket_lock;
node t *list _head;
10 };
11
12 typedef struct node {
13 unsigned long key;

4
5
6
7 struct bucket {
8
9

14 struct node *next;

15 } node_t;

16

17 int hash_search(struct hash_table *h, long key)
18 {

19 struct bucket *bp;

20 struct node *cur;

21 int retval;

22

23 bp = h->buckets[key % h->nbuckets];
24 spin_lock(&bp->bucket_lock);

25 cur = bp->list_head;

26 while (cur = NULL) {

27 if (cur->key >= key) {

28 retval = (cur->key == key);
29 spin_unlock(&bp->hash_lock);
30 return retval;

31 }

32 Cur = cur->next;

33 }

34 spin_unlock(&bp->hash_lock);

35 return O;

36 }

K] 5.18: FET-H B A R R AL
VF 2 BR S5 /ERTT LAy 8], BRI REN R  — 3 H R 8. KRR
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SRAFA 4 — U L REPAT — /NI T DX, (EE 00 4504 11 45 A58 20 T BRI 1 T DXk
A PAFFATHAT T o EBTE G D Z0BRARIN, A FEES A S 2R BRI, ] LT H
Bt BR B R — P K A2 BRI NI 5 X ks b B e 4
Eetur, 4edriG 525 TH i) per-hash-bucket I 71X, Wik 5.18 ik, ANidiXFhy g
PR3 ity SR ) 2 B2 VR iR w80 T 8ok £ s 4544 struct bucket.

K 5.19: FudEa

FE 5.17 7RI Kk R TIA, Bdmaisrsk 7ANE, WK 5.19—75Jf
TR, XS ERAE ERE A AT 3R . SR TP R, Sequent 758
(¥ DYNIX F1 DYNIX/ptx #:4f R g KA H T Hidf 8t
[BK85][Inm85][Gar90][Dov90][MD92][MG92][MS93].

ANi, H LRI N BN AT DAIE B, P40 OB AN BB CRAIE— D) X
IRER. RIRERI RS DO 1 SMP R . Hetm, Linux WAZ4Ed T —FlSe-fm H
KIZEAE (A “deache™ . ZZZAEP AR N4 HEAA 0 H M8, (R
M H B4 H RS 1 B G AR T HAb & HE A Gl [ 2], XK 33852
CPU e ix Bedh 14 H W8T, S5 Kl 5.20 TR If s & .
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K] 5.20: st 0 in) 2

TEVFZAEOL T, T LABRTH SRR DBt SR I, St il = mT L
SEATH KIS (& Linux A% 1 deache —FE[MSS04]) . dia i & H 170
GE A R— R R 451, 38 H TN 4% B R AN 0 45 1) 1) S0 26 7 X A v
Dlo 2.6.17 WX task list w2 Jo # B 5, RAMESEHHEA LA CH)
proc_lock % .

TEBNA I Beai i, i B0 H B Ptk A fer DR UEAE &SRBV I I 00 | 45
FIA S FERAEAE . 8] 5.18 T IRARAL A i B BN 5 A 70 L I ELK AN IR W A
W, e T Ak . HE, XMTIEANE TS A RO/ IN AT AR R DL, T LU
WA E AU ARG O, 0T B L T BORBH 1 5 A5 A A0 A A SRS X B
I A PR T

/NI 5.1 USSR B RN, AT 7 Lk 5 A A R e ?

5.3.4. #UERTEN

Bl I BUNRAL SRS H CPU AN BB 454, IXHEREAN 2R
ICPU ] AAEAS AT [FZ TFAS IS 00 T 05 IR e 74 (EEWIRERE A
i YT o5 A RE B (A, B AZRE A 2Tk RSB — . B
I, R A TR SRR BIRAY, IXFRERE B LLARE A 1944 SCIAT 3R,
o, Ji UL, KRR BILRE A oK

el I BUE RRAR AL, (22NN AR+ .

1 ARfTHBER 4> CPU B MR Vs R (42 (C Bl CH++HP1) auto
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i) HJE TIX AN CPU B X AR .

2. P E VR SEBIAT N R T BT ST AR AT H R A L
R FHRE 23 W, AT SRR AR MU R e k. KRR
SRR A AL 3 DA S BT R BT A e S 12 5 |

PR AT I o
3. ZHRINE W R TAREAERE— BURHE S AU TR, DAIE 2P AR L 1
AT

MRS 2, SefemliE CPU L IKIEAS 2 i B A S 28 P AT A T4 o
AL, W RAE ] ) fe 22 OB LE 4 > CPU liAT, IR ATXAS CPU sl
TR, AT e U 5.20 HHISREIE DL A, AEANTEIL IO,
ey A BT LA 2 BEARERE, AUt v LG 5.15 1 B B R 5] 5 —
FERT A SR DU 3 Rkl “ I R4 407, IOl IR 5.19 BT
N i

o3 A EE FTAT AU S R E AR R BRI, RS DL R, DT AT ERE
LIRS i bR =Kii P/ S R €/

5.3.5. SRR SRS

AT AR BRI R IR, R AR n) SOk BRI e o X £ AN
BN R IR 2 7] DA AR5

AT T2 M OG T R AL 8 2 TR R g A, Lo I e — A
K4 R, 5T MM BAS. MIM/L BAA .

CATTARBIE

5.4. FHTIRIRERZ

AR B A BEVE 2 FURDRE I BEVE R 2% AEVFZ IGO0, ZE KB T A i
—/NERO A A [Knu73] e B LA AT AANERE TR AT L

R AT PR AR BRI i AR, AT REHL AT A LA 0 T AR
Az, [FIRA BT SR P ORI S e M NP — i, A K
BATT BT, SRR I AR B EOF T . @XM I R 1R, &
TR R AT ERISS T
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Locking

RCU

IR

eader/Wri te}

’ Parallel
Fastpath
\

Hierarchicalx
Locking

i

Allocator )
Caches

=

K 5.23: FRATHRE KR AR B BT
HAT P AR S & T PRI L E RSt (ORI AR NILAR D, PRI
N T PR . AT POE RS AR S 45 6 T FeAb e o R, L]
5.23,
1. BEEH (5.4.1 TR,
2. Read-Copy-Update (RCU), ZEfE G 8iH mtE e &M, KA
983 WA, AEPALSKHIATIRATHR,
2088 ([Mck96]), 25 5.4.2 1t AT/ 4.
B 247 ([McK96][MS93]). 4 5.4.3 T3k T N 4.

5.4.1. IE58
rwlock t hash_lock;

1

2

3 struct hash_table

4 {

5 long nbuckets;

6 struct node **buckets;
-
8
9

¥

typedef struct node {
10 unsigned long Kkey;
11 struct node *next;
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12 } node_t;

13

14 1nt hash_search(struct hash_table *h, long Kkey)
15 {

16 struct node *cur;

17 int retval;

18

19 read_lock(&hash_lock);
20 cur = h->buckets[key % h->nbuckets];
21 while (cur = NULL) {

22 if (cur->key >= key) {

23 retval = (cur->key == key);
24 read_unlock(&hash_lock);

25 return retval;

26 }

27 cCur = cur->next;

28 }

29 read_unlock(&hash_lock);

30 return O;

31 }

K5.24: JET BN 7 KPR %

W FD RS T LRSS AN CLLnfe A T RDRE 4740, JFA R
—/NBEE X B SR, ALk IEAT A T DL v k. 5
HHMHEIF, SEMN 55 MEF. K 5.24 B8 T AR s B
S

25 B AT R IR — T ] B S48 - Snaman[ST87]4 A T —Fh ik M il JE
XTRRB, T 6 M, EFZER RGP . 5 6 Hidk— b4 T maim
EEH V2 IE4E S

5.4.2. EEAd

struct hash_table

1
2 {

3 long nbuckets;
4

5

struct bucket **buckets;
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6

7 struct bucket {

8 spinlock _t bucket lock;
9 node_ t *list_head;

10 };

11

12 typedef struct node {
13 spinlock _t node_ lock;
14 unsigned long key;
15 struct node *next;
16 } node_t;

17

18 int hash_search(struct hash_table *h, long
19 {
20 struct bucket *bp;

21 struct node *cur;
22 int retval;
23

24 bp = h->buckets[key % h->nbuckets];
25 spin_lock(&bp->bucket lock);

26 cur = bp->list_head;

27 while (cur != NULL) {

28 if (cur->key >= key) {

29 spin_lock(&cur->node_lock);
30 spin_unlock(&bp->bucket_lock);
31 retval = (cur->key == key);
32 spin_unlock(&cur->node_lock);
33 return retval;

34 }

35 Cur = cur->next;

36 }

37 spin_unlock(&bp->bucket lock);

38 return O;

39 }

] 5.25: FHF/ZREEHTIG A 718 R 75

key)
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JEBT TR (AR RS AT BN TR (R RFAT— JERDRE L R, A2 0 e 5 47 4
R IB . B 5.25 o T FATI G Ay AR R W R R B AAseil, At
AR Tz VAN RS i BATMS T RIS 0BT, T EABRAT I RF
A /NBUR T RPN, fi] SR B B vk ) B g o ELYE e Ak

AINEIBR5.14:  WERREOL AL E SR s

5.4.3. KRDECRET

AR T — YR AT AR RS, T Be i e K/ N N A B
245 Bk IL[MG92][MS93][BA01][MSKO1]1%:45, k¥ 2 I Linux N #%[Tor03].

5.4.3.1. FHATHEIE DAL ja] T

AT PIAT- 53 T 25 B T 1 49 AN ) R0 7 5 T 155 . B A T P A7 20 B R
BT, FIAEANBRARNS LT A6 250 3 A A Z TR R i

A — AN B3 T A EE T A BB R P —— 1% R 5 137 B R N A7 4%
M CPU #kilsy, XFERRAS CPU 8 H Al —1r. i, %A% 2 4 CPU I
2G WAF CRIFRIEAE R 7 HIX & L —FF) o AT LUAREA CPU 44 1E 1G N AT,
XFERES CPU 0T LAVT )& T F S BII—F- 47, Teaumet, LA I8t
ORI AMERITT S . ASERE, IR SR ) L, an R — RS,
il CPUO 2 ICHTH WAE, ik CPUL BESUITA AT, TEAEAE /=3 -1H ol g 2
AIREI, IXFERIALRLT .

AW, AR, 52 B KB S A R a4 A IR S
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5.4.3.2. RIESECHIFHATHRERZS

gl | | B
=] [ {Code Locked) ; =
& Y [
3 > > o]
B B
E E
(I} L
e S et P — i
! i ! i
|
i| cPuoPoa [ +" CPU 1 Poal | |
! i ! i
! i ! i
! i ! i
| |

S N e e e i e e

Allozata/Fraa
Kl 5.26: 7 Bi#s S A7 M2 K]

LA R T SRS CPU A — HOBE P ) N AE R G4, DLBEAE Ry P
AR, RIS — B K A 3R S P A A R RS 1 P AT, 1% P A7t P AR B
e T B IEATAT CPU Al AR, FRATIZ 41 CPU G247 ] LA AN N £
PR/ R FEXUZ R GeH, WAEBRI B an & 5.26 fror: 454 CPU
R ZZAF I LN, 1% CPU BT N A7 BB IR 1) 4 R g2 A7k, 284D, 4 CPU
GeAE M N I, 1% CPU 224 Be i) N A7 & A R GE A7t rh B HE R 1

5.4.3.3. HIELEH

#define TARGET_POOL_SIZE 3
#define GLOBAL_POOL_SIZE 40

struct globalmempool {
int cur;

struct memblock *pool[GLOBAL_POOL_SIZE];

1

2

3

4

5 spinlock_t mutex;
6

7

8 } globalmem;

9

10 struct percpumempool {
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11 int cur;

12 struct memblock *pool[2 * TARGET_POOL_SIZE];
13 };

14

15 DEFINE_PER_THREAD(struct percpumempool,

percpumem) ;
Kl 5.27: syl S5 450

Kl 5.27 2 —A “BrR A" BT ETES5H . B 5.26 4R 57t
globalmem =28, 25717 strcut globalmempool, A4 CPU {2247t 2 4§ CPU
A7 8 percpumem SEHL, 287k struct percpumempool. X AN EE 45 R — A
pool B, ENTRI NAFHIIRE A, MR 0 FFea M HIHA . XA, i
globalmem.pool[3]°4 NULL, JBA M NFR 4 TR B #B8 8 NULL. cur “F-B
£0.5 pool 20 H T hrds KIAER ICE, R-1 RonPrf pool ALK A7 . A
globalmem.pool[0]3!] globalmem.pool[globalmem.cur] (T3 B G A 2R AESS, T 3l
PR AR A

(Empty) -1

o

5

5.28: )AL S it 2]
X pool Hidls Sk A UL 5.28, 1 Y/ 1 AUEE pool “7 B i HE
FER ARMTRTTE 8K cur P B RO T ACRARZE TS, ORI T
AR NULL 454 . BARATLEIE NIRRR, (HOR T E RO 47— 2
Jit: cur 7B FEAR SR A b A

5.4.3.4. ZHECERE

1 struct memblock *memblock alloc(void)
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2 {

3 int i;

4 struct memblock *p;

5 struct percpumempool *pcpp;

6

7 pcpp = & _ get thread_var(percpumem);

8 it (pcpp->cur < 0) {

9 spin_lock(&globalmem.mutex) ;

10 for (i = 0; i1 < TARGET POOL_SIZE &&

11 globalmem.cur >= 0; 1i1++) {

12 pcpp->pool[i1] =
globalmem.pool[globalmem.cur];

13 globalmem._pool[globalmem.cur--] = NULL;

14 3}

15 pcpp->cur = 1 - 1;

16 spin_unlock(&globalmem.mutex) ;

17 3}

18 if (pcpp->cur >= 0) {

19 p = pcpp->pool[pcpp->cur];

20 pcpp->pool[pcpp->cur--] = NULL;

21 return p;

22 }

23 return NULL;

24 %}

K15.29: ZML 1T G 7 PR 4L

75 &1 5.29 Haf LU F) 23 it 55 %% memblock_alloc(). 55 7 473545 24 i e R 4
LRRGARM, 3 8 ITRE A E T .

WA, 5 9-16 17 2R M4 R G A7 L H N A7 B L R 2R R A7,
55 9 ATIREL B e, 2 16 TR A BEB. 5 10-14 47 A SR G A7t rh BUH P A
B, BRREERA A, HEGEBREEAAMIAR] IR RN CElD B80S 2R
MFEIS A 1L, 2B 15 AT R FR AN cur F-BLRCE N A /N,

Rk, 3 BT EREBEE AL R LN, MR, #19-2117
B —NAAEPGR P o as, 2 23 RPN AFRER AR & .
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5.4.3.5. BEHEE
1 void memblock free(struct memblock *p)
2 {
3 int i;
4 struct percpumempool *pcpp;
5
6 pcpp = & get thread var(percpumem);
7 if (pcpp->cur >= 2 * TARGET _POOL_SIZE - 1)
{

8 spin_lock(&globalmem_mutex) ;
9 for (1 = pcpp->cur;

i >= TARGET_POOL_SIZE; 1--)

{
10 globalmem.pool[++globalmem.cur] =
pcpp->pool[i];

11 pcpp->pool[1] = NULL;
12 }
13 pcpp->cur = 1i;
14 spin_unlock(&globalmem_mutex) ;
15 }
16 pcpp->pool [++pcpp->cur] = p;
17 3}

K15.30: 77 AL as ZEAF 11T FE IR 1R 47
] 5.30 52 WAF BRSO pA K. 26 6 AT IR I R RE I A7 AR B, 28 747
R A LA IE AT i T
WsE, 5 8-15 AR R R AT i I A AP BRI R G, 2 8
ATANGS 14 473K B A T8 . 2 9-12 AT SR N AE S A HI S 22 4> R 48 At
HIPEIN, o 131K R AF Y cur FBORCE A& iR/
K, 55 16 1R MIKIDRE TR P AF R TEON BRER RE SR A7 1 o
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5.4.3.6. TERE

K1 5.31: JrRCas2fE 11k fe

K 5.31 ARSI PE BESE, 76 1Ghz (434~ CPU 4300 bogomips) (X% Intel
x86 AbBHAE 1517, B CPU IMNZAE R Z T LIRS 6 MNAEE. 71X
benchmark 1, REANELFEE LI —HNAEL, RN, —dNAEIEH LA

“OMRLISAT KL 104 - Won e x il o y Bl S 70 i 2 FL R 5 B ——

R IBEATEA N, “+7 KB T RERKEIZITE R

MR PUR B, AT KA 6 ZHiiA by e rt, thRetdE sy,
AR MIEATREERT 6 LUG, TEREJFIRARMHICT, ¥R h i, BT,
¥ TARGET_POOL_SIZE ¥ & F 2 1 KR & B2, 218 (e 70 S8 B P AR 2 2 il 3
X R[MSKOL], JUIL@&MAEAREPKkIA K. i, fERZHRE T, ¥
TARGET_POOL_SIZE %'& 4 100 jE 1R AL, IXFE AT URIER 99% (1 i [R] A2 A
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MRy g, A S B A U AR B AR TAE B RRCAS, RO B T
TPERE. TEH U DL G B, IE R AT AN T B AT 1

/NAJRR 5.15: 8] 5.31 AEAE— AN PERESR TR B =AM FEA TR s AT
KB, Ebhn 10, 11 f1 12, RthaAixafi?
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5.43.7. ESEHAFRET

FATI “DLH” FPrFC A AR T, (2 ISt b s v LAy g
JEIXANTT 5o

T, FLSLI YR B 75 ZEAR BRSNS SN, AE “Be R HhLRE
SIHCE E KN o — i EEARIRAT I 2 PR I — SR A1 [ e /D A, 48 M iCE
DLAAlT AR AHAMIEE o, Eean 1980 AEARIE BT Y BSD A7 73 Bic#s [MK88] . iX
PR G BEM IR RN 27—~ “globalmem” Az 5, [RIFEXT Y. )8 1 42
FEpp—AN, ISR SEELRER FHE R, ek “BoR” B i AehE 8t .

LR, PRI RG] LA WAF I IS, IX SR X L8 R G2 RE
Wﬁ&ﬁé&%i%ﬁﬁmﬁ,wmﬁwwﬂoﬁﬁ%é&ﬁ%%%%%,ﬁ
P 20 —Bh Bt IR KN —AN 1

=, HAETEINAALRIRI NSRS, WAE TR0 N B R
G BLR . X — AT LB RO T AR LR SE, (HA T LU ARS8 . 1
X — 101 A A R AR B0 5 A2 T LA 1, RO AR B R SR g8 AR 2D ik f0X
— 2 M [MSKO1].
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7%

5.1 FSHF RT3 Ay
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SR NIRRT S K A7 BRIBHE A SR
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HeE Mo oot K AP BREAE B

RANTF AR R BIARGEAL

5.5. riﬁblu»l:l

@@@ summarize performance of the various options. Forward-reference to the
RCU/NBS section.
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6. 14

FEIE 25 LRI R IF AU tH s, B Py R NI A 0, B 4
FIFE RS PE . B4 (luyang ¥E: lock convoying, 2[RI SGZK 2k
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4. AEARAZHT JLTP P IS AR AT RE A AR N, i A2 2O 9
AR MERNTE My S (1 S AR5 5

5. PSR4 MRS T 2N AN, BHENT TSGRk I T e
ATE K AR I T .

K 6.2: Bil: SKLIL & TukfE?
AT L H — AR IR, T R n] 88 G BT Aty SR 1) ) R

6.1. £1F ( staying alive )

T VR R BRI LR, DRI T35 A AT PR TF 5 o
A R RIPIEAT . TR L IR, R
AFRIERE.

6.1.1. FEEA

FUA R A AT — S Z AT 2D — JUBIN DA R A B B il ORI e
FEAT IR 55— S8

WARERZ AT, JEBi— EHRRSE . B TR B 2R s, WA e ml
DISRIR BB, EE 55 A B0 e REAE S5 Rk U2 B 1 e RERE AR B wir, S8
PR TBOAE o
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[ Lock 1 j
Thread A %[ Lock 2 ]

V
[ Lock 3 j"‘r Thread B

l/ A
Thread C %[ Lock 4 j

4 6.3: JEEEIA

FATTAT LUTAT 1] R RSB, 7 AR B AE, Wilsl 6.3 Pras. MBide
o) ERE IR B SRR R E R AT 7B, tn, Zofs B AT 2 R 4. AR 28
HIF kR SRR SRR AU B, bedn, Zefe B 45458 3 BT

ey s R E B — A LLERIZEBUEIA . 7K 6.3 1, JEBUEIA LA
B. #{3. &FC. B4, K5 XIMIFNZFEB.

ANEIL 6.1 (AR SR UL T RN R AT 20— 08, RIS
FERZRERE B AT 1) 5 — 188 ARE A HIE X A — M3 2

BHARA S A, LB e R S8, TLMER AL, (BEXM s
IRE AT RN — N ERRE, BEA GBI ZRE T k08 AR AR
ol i BT 55548 Zy AL T LAY, LIRS A AT N, TR Py X 2 TR R AR i ) L 22
ER

DRI, AR R 5 B e A o e S U B = s, SR,
FAFBL IR HEBUIN B

SEHBONBES, ZIETLP SR . 7R 6.3 T IRATTRT LU BT N B
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IXFE R SRR O AR IOK S 5 AH [R) B8 305 1), AN SRV PR ROt . A
B 12U THIIEE S, RUOA e AE R B 4 I SR ISR 3, IR G S BUE B & A=

Fr—omii, (RSN S, SEELP SR e KRR, &
I T 2R A i 1) S5 4 [Cor06] -

1

N O O b~ WN

spin_lock(&lock2);
layer_2 processing(pkt);
nextlayer = layer_1(pkt);
spin_lock(&nextlayer->lockl);
layer_1 processing(pkt);
spin_unlock(&lock?2);
spin_unlock(&nextlayer->lockl);

4 6.4: Pl /=S4

(BRI AT S BN A5 . IXAE LS e e i, bl #E90 SR K
LB, IROCHREX K IR JZ AR 5 2N, B el it
WAL ZHFFA 1) HBERSOT AP b %1%, K] 6.4 A — A SEBi g p
o RSCAEPMSUH T N _EAE R AGER, A2 PR T — R BB TR SCAE P
WO AT EAGRIN, 2423k U, 18] 6.4 th2g 4 AT (R 3RIUBHRAF0 3:30

HeA .

© 00 N O O & W N P

retry:
spin_lock(&lock2);
layer_2 processing(pkt);
nextlayer = layer_1(pkt);
it (Ispin_trylock(&nextlayer->lockl)) {
spin_unlock(&lock?2);
spin_lock(&nextlayer->lockl);
spin_lock((&lock2);
if (layer_1(pkt) = nextlayer) {
spin_unlock(&nextlayer->lockl);
spin_unlock((&lock?2);
goto retry;

s

layer_1 processing(pkt);
spin_unlock(&lock?2);
spin_unlock(&nextlayer->lockl);
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4 6.5: L S AR G AL

A 0 3 S SEAN PR TR o I — BN S5 ), HE A 77 B4 T LA 4%
PEHOELF SR, il 6.5 B, S5 6.4 rhIL A& EUZE 1 MBIAE, 555
171 spin_trylock() A 45 BRI o 12 J5 78 70 B0 R] ] I 57 RIESRIUBE,  AEAAN AT
INFANSRECET,  3%[7] 0,

W spin_trylock() a2, 28 15 47872 1 ACEE T4E, &S], 25 6 /7R K
B, S 7 ATHAE 8 AT HIEM BRI . ANSEMRE, RGP REH 2 R4
%% CEb4n Ethernet A1 WiFi), XFE layer 1() ek B0 ZEA T 4% ik £, X Fhik b
A AT RECAL, el 2 R AT R BNy o Fr LSS 9 AT WA H gk 25 i ph e 4%, i
RAEA, AR TR

/AR 6.2: &l 6.4 3 6.5 AT REATHE 2 Al 5 ?

/N 6.3: b TR IEA, B 6.5 AR I S s M R E A e 2

FEFELLIFOUT , BB AT LR, XAE i e 1 8. (Had, HiEid
H—UF B, B LL ensure that the needed data structures remain in existence during
the time that neither lock is held. % 6.3 T isfig 7 Hrh—MFB, F FH7EE )\ &=
AL

6.1.2. ;5

BARFA L — A R S JE B, A TRl . BEE 6.6
PESE IR FRG] T I o 2] S T — A TR RS 7 AIE, HRELL R
FHAF M
5 AT LRI 1, SR )5 1R A do_one_thing().

o 18 4T4k R 2 SREUET 2, #RJ5 M do_a_third_thing().
AR L EIERIA 2, tHT40E 2 DR M RN
2 2 WEERIET 1, T2 1 e R fm RN
AR LR 1, AR BkAE 2 retry,

CRFE 2 BN 2, ARG BREL 2 retry.

R EAWREL, EBEIE .

void threadl(void)

{

retry:

spin_lock(&lockl);

do_one_thing();

if (Ispin_trylock(&lock?2)) {

spin_unlock(&lockl);

N O M WON P NO OB WDNPRE
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8 goto retry;

9 by

10 do_another_thing();
11 spin_unlock(&lock?2);
12 spin_unlock(&lockl);
13 }

14

15 void thread2(void)

16 {

17 retry:

18 spin_lock(&lock2);
19 do_a third_thing();
20 it (Ispin_trylock(&lockl)) {

21 spin_unlock(&lock?2);
22 goto retry;
23 }

24 do_a fourth_thing(Q);

25 spin_unlock(&lockl);

26 spin_unlock(&lock?2);

27 }

/NERE 6.4: K] 6.6 T RNE I AR 3 A 2

YU SRR 2Rl Her)idul, TEBUE VAR — Ml B a0, I erii i
INE

6.1.3. A~

N/A

6.1.4. LR
N/A
6.2. HIHYZSEY

BT 2 DBIIA, BEHOR R IRRRIZ M, AN RERIA 1 2
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Aho FHIENVHE T H R (3 6.2.1 7). 5481 (%6 6.2.2 75) F1 multi-role
B8 6.2.37),

6.2.1. BF#
N/A
6.2.2. 5
N/A
6.2.3. Beyond Reader-Writer Locks

VAXCluster 75241,

6.3. ETHHIFEEIE{R ( existence guarantee )

AT I — PSPk ik S S B AFAEFH R (existence guarantee) [GKAS99],
EFEA RE AR XA 1) 7 2l NBR — SR R TR i S LA 22 A it s
AT S o AEAEFR RN T 508 70 #4100 2 h B 5 1 FH VSR B X b L A
HAH. kR AR R A 25 2 s e & i e 2, &l 6.7 Fr.

1 int delete(int Kkey)

2 {

3 int b;

4 struct element *p;

5

6 b = hashfunction(key);

7 p = hashtable[b];

8 if (p == NULL || p->key != key)
9 return O;

10 spin_lock(&p->lock);

11 hashtable[b] = NULL;

12 spin_unlock(&p->lock);
13 kfree(p);

14 return 1;

15 }
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6.7 BAAFAEIE R I REEOE TR Bl

/NEJRR 6.5:  WURIE 6.7 5 8 AT th A TAMIBR K e R A SR P AT HR
BAIR?

/N 6.6: Kl 6.7 S HHITATES&KM?

1 int delete(int key)

2 {
int b;
struct element *p;
spinlock_t *sp;

b = hashfunction(key);
sp = &locktable[b];
spin_lock(sp);

10 p = hashtable[b];

11 if (p == NULL || p->key != key) {
12 spin_unlock(sp);

13 return O;

14 }

15 hashtable[b] = NULL;

16 spin_unlock(sp);

17 kfree(p);

18 return 1;

19 }

4 6.8: i K TR AFAE R OR AR R 70 22 B

i DA ) L 1) SN F — A R G A B, AN IS A A AR B
CHIBE, il 6.8 fun. 51 SRVIESRIDUGR M el e R R EN (38 1017) 2
BRI E BT (B 947 BUARIZ T VAAEHEE 00 35 0 AN 7T 0 31 ) 0 5 4 B
U TS R A AN AR R ANRE, A2 A R AT AN B e R T U AR R
PR, Bl BE ST R R B ) LA AR I, Ao A Il T o X8 i) i 2 AT
DU, S5 b, IR SEAR ok R A R BE T80 R A = 55 A A7 S B
[STO5][DSS06]. )\ Tk Flib S A7 AEAH LR (1) T BTV
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7. $0EFEE

CPUNMT: 5 IR 4 R 240

Function shipping vs. data shipping.

K. ARG 2D vs RRAEG 20?2 ZHE, Mz, . &
I A ik 2 oA ?

map/reduce HIZXFR ? Vi B A% !

TR 6 i) 7503 7 SRR B B P BOR A LA 7 v ik B lan,  work-stealing
WA . WVFAAE D BCR AT URHER,  BAR TR LA 3B AN .
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gpusi

8. FEIRALE

5 TAERI SRS il BEAE NS Z A7 AE T, HE B L+, A4
IR FZ WS AE A AT BB [KLS0], [Mas92]. & M ATdmfEat 5 T
VEJ7 A FEHERN . 51 TH%0F RCU.

8.1. &

HPC Ui ) B i o

8.2. 5| FHLTEL

FHTHEORER—AN X Gk 5 FH BREG Bikxn Gd FgeoRe i, BARIX &t —
FIMES FARTR AR, AR WP RORE P2 . 5, WA KRS
PERTREAG IS AT E S VT o (HR WURXT S T W S arRE s, B4 ]
BHL L5 AR SR | FH st 78 b b iR g ?

X IEA ] A LN T RE A %6, AUdE:

1. FEERAE S VB 20 AT — b TR 2 A . Tl HEE R I B

RZ, KRZEERW L L ZEK.

2. A 0 WS I vHE eI 5, VA E S TR 0 A g3k
BOBr S 8. — BAREG, 51 AT DR i 4 JoAth S ik

3. XN GAIRMEAETEARLR, XAEAEATA A SEAAR SR E S | IR Ik 2 JC vk
JEON % AFAEARORAR A2 i H B AR A kel JF HASAESE 8.3 715
e FEF], RCU AT AELFAERLR,

4. NN ZIRUER R A AAAERER, SRR 5 | IR AT B I i 28 2
Ky o AL AEAEAR AR W] L & N AE A B B 4, 0 mT LA Linux
M%) SLAB_DESTROY_BY_RCU H#E#4t, W% 8.3 15w

R, AFATHAAE AR LR L], AR e CSERR R S 1 22 4 (1) ORAIE
BT AAARE 5 PRI 5 R RCU —2,  IXFEBRATT A = A4 51 F 3R
FMT, BB SR RCU.

/NI 8.1 Ry AN ] B ) LU AR $e e AR S B 5 | FH R EE 2 1K ]
CURTES | FHVEEOR R 0 I 3RIES
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2 R85 H B im0 SC B2 0 5 | SRIBCRIRE O 5 2 [ (K [R) 252, AT IAT L
PO RERINLTIAL T, Wk 8.1 P R g AL A L JLAS KSR
#8.1: GIHTHEAIED L

it S
B - CAM CA
IR A AM A
RCU CA MCA CA

T E, AT R T HRAE, NAEBRRE B R BRI (-7

A N A BB ) Js i B (YA

JRF 4L AR N AEBR R (“AM”).

VT 5, A8 RIS FH T B VR A £, 7RI (6 FH A A7 BB (“CAM ™).
SR RN R T ERERE S (“CA”D,

JRF UG RN IR PR RS Y, AE SRR SE A F oA A7 R i
(“MCA”),

H2, BT Linux A% T IR [RE I SR 3R B S A2 BRRE, DT AR
TR E AL S N AE R . (R, 2R “CA” FIl “MCA” 5 “CAM” MI%:, XFf
SR FIRTPURIERL, “27, “A”, “AM”, “CAM”, % 8.2.2 TiZt T 35251 it
0 Linux J5Uf o B85 B30 45 H—RUidk, 7 LG5 | SREBURIBE I8+ 23 S
%, MRDRER AL HER R 0 X—1H0L FrtEae.

o ok~ w D

8.2.1. 5| FHIT#EREIAISLEI

% 8.2.1.1 AR T R R R (¢, 2R 8.2.1.2 Wik T AT N
BB IR 80 (“A”), 5 8.2.1.3 Wil T FRHEH A F P A7 B B (1) ) 1~ -5
(“AM”), 2 8.2.1.4 T IR T K A FURE JBC A FH 9 A7 BB i) St - B (“CAM 7)o

8.2.1.1. fRiHTH¥

struct sref {
int refcount;

void sref_init(struct sref *sref)

{

oo O~ W N P
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7 sref->refcount = 1;

8 }

9

10 void sref _get(struct sref *sref)
11 {

12 sref->refcount++;

13 }

14

15 int sref _put(struct sref *sref,

16 void (*release)(struct sref *sref))

17 {

18 WARN_ON(release == NULL);

19 WARN_ON(release == (void (*)(struct sref
*))kfree);

20

21 if (--sref->refcount == 0) {

22 release(sref);

23 return 1;

24 }

25 return O;

26 }

K 8.1: g A API
A PG W ANt R A AN A2 B, 7T LU AR AR BORURE 85 | o
Ko AR [l JUBR I IS DL o AEIXRHESL N, SRS o] LA I 7 #84E5
KGN, POV T B RO/ NAFBERE L 745 RIRH 12 PR 2510
o RO T BHE GRS 5 T B SNE PRI LA IR A DL, XA AEAS
U — X R AFEE (AR T BTG 55 . B 8.1 'R T i H i)
AP, ARSI fa] S AR I 1 5 v Ee—— AR ] #5780 LF-#2 open-coded..

8.2.1.2. JFETFIHHE

struct kref {
atomic_t refcount;
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void kref_init(struct kref *kref)

5
6 {

7 atomic_set(&kref->refcount,1);
8

9

10 void kref _get(struct kref *kref)

11 {

12 WARN_ON(!'atomic_read(&kref->refcount));
13 atomic_inc(&kref->refcount);

16 1nt Kkref put(struct kref *kref,
17 void (*release)(struct kref *kref))

18 {

19 WARN_ON(release == NULL);

20 WARN_ON(release == (void (*)(struct Kkref
*))kfree);

21

22 it ((atomic_read(&kref->refcount) == 1) ||

23 (atomic_dec_and_test(&kref->refcount))) {

24 release(kref);

25 return 1;

26 }

27 return O;

28 }

K] 8.2: Linux W 1%IT) kref API

i s O TR RS O, AT CPU UG R — AN A e RIS 1 -
X AR A CPU G — S it B S RIS, [R]ISf fe v oAt CPU AT 45
SE I 2 AL BE R B o CPU Jim K= 2E 1 110 completion AP bk %15 7] %%} % . CPU
TENE N G A 3 oy A SEAR T BT, 02058 LUK AR 44 SCRE— N0 51 . 78
Linux A%, kref [ i mlod X mrg L VH 30, il 8.2 k.

A BCIE DR BT A 5 VB, P AR B i 8, XA T Res
PIFIANAI ) CPU R b3 N5 F vH 5. SR 3K P 18 /ol e %, — % CPU
AJ DA R I SRECS | 8, s e ATV ER IR IR T v UE “37, Wi e AT 1R 4 A
A, IBAHFAT B EUE “4”, ARG S g VSt . (RS TR0 3
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EAZZES, XL T Hd—3m. B, T hnfn v Zas s b iR
WAL S TR A

WEOR T B B8 RCU RY, A A M FHE WAL T (LUK
SRR g iEdR A, I BB AT LART I — X R AE R I AT a2 RCU, i
PRPAZIE J5 L2 FT A 4 HT RCU B8 ) lim AL AT 58 5, RCU JERH B 23 S it P
A T WAL BB AR I gm etk . RI0E,  an A CPU (RIS R8T S5 i A
S, 9B B AR SE )5 BT 4 CPU 3B HYEATT RCU i3im il S X 5 A £ T
8

/NRE 8.2: AT AXFG AT LRI e : —A> CPU B T feJm— A4
MG, %—A CPU SREUN % 51 2

kref ik SO —A 1A 5, WA 8.2 FEE 1. 247Hr. %5 % 8
110 kref_initQ) BB ECE RS HIA640 4 1. IX BT 2, atomic_set()J§5iiE K& —4>
il B AR BB R, I 44 AR T AR I B 2R 2 atomic_t, AN 45 B 1 #R4E .
kref_init() bR A0 200 GAT S R A, U 2 20 1200 SO HoAth, CPU 1)
L2 T

55 10-14 1717 kref_get() s £ J0 4% (b I 734 vt 2525 148 - B8 atomic_inc()
JRE I P& LR AR PEas i, (Had T kref Jih & 76 SRl
Herbr, IFH Linux WA M9 PR FEA AT AT ES BB IR0 AL, DRt e i 08 B R R
e —FEM .

55 16-28 1T (1) kref_put() &%, 5 22 /7K A TH A E AT N 1 (AR
VEIER I kref_get()), sk 2 23 47 IR T Mok D THEE8 ME J5 1% (5 0 0o £EPIFRIE
LT, kref_put() iR H T #5852 1 release BREL, k[l 1, A C&HAT T
PREEME . A5, kref_put()iz |7l 0.

/N 8.3: WL 8.2 R 22 AT IR A A5 AR, A B RE LR 23
AT IR 2 45 5 e ?

/INiE) R 8.4 141 8.2 U 22 AT AR B VHE AL 5 0 L IR R E e g

8.2.1.3. THREMAFRFRERIRT

Linux P £ 90 4% F2 R 7 S50 U FR%5 P PR SO e R H FRI 847
SEPRISEELE T A A )Ly AT ST struct dst_entry 51 H T G A 21X
AR, Wil 8.3 Pror.

1 static 1inline

2 struct dst _entry * dst _clone(struct dst _entry *
dst)
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if (dst)
atomic_inc(&dst->_refcnt);
return dst;

o N O O bW

9 static inline
10 void dst _release(struct dst _entry * dst)

11 {

12 if (dst) {

13 WARN_ON(atomic_read(&dst->__refcnt) < 1);
14 smp_mb___before_atomic_dec();

15 atomic_dec(&dst->__ refcnt);

16 }

17 }

8.3: Linux %1 dst_clone API

WA B 45— dst_entry 951, AR LAE ] dst_clone() 1%,
GBS S — AT T, R e I6 S WAz h I A SE A . A TR Ca R il
T—"N51H, dst_clone() AN ZLHHATATA] N A7 DERE . ¥4 dst_entry f& 825 TLAh 5K
PRIAT R S5 75 ZE N AE bR, RS DL e, AW R LN A B bE, A WA
Bt B L Hik NAEAL 3 dst_entry FOEFEF T,

dst_release() J5 i n] LAZEATATEAEE HR i, I 13 T fECE R T dst_release() (1)
2B dst_entry 5RO H . PIAESS 14 47 1, dst_release()
JFUERS T — AN NAEBERE, LIRS R A CPU (L 3UAT

WHVE R, A dst_clone()All dst_release() KR FE DA AN 22500 N A7 bR, R
BT AT IX P A O (R A8 T

8.2.1.4. WRITERIEER N ER RT3

S VR IR EBUNURE B0 DLOF R TIX — SRS 0 1 51 v =2 ek i
BOLIR G HITH SRR A A L5 T IV SRR E ) 0, X IUAE ] L2 421K
BRI B T o BN AT 8 Ay BAE B AR AT N SO A — ks o
BURBRIERAE, P DIRIBGER A 205 M & A i s T2 508 0 AR & . 1%
R B A2 S B —#82, W RPR.

/NE R 8.5: At Ak B G IHIVHEUE T 0 BIERAEANRE S — M i 1 if-then”
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HEAWE, 7E “then” B8 H IR 134 2
Linux P %17 fget()F fput() il g T X A XRS5 v 2. 1 8.4 J2 &8 it %]
I AR
1 struct file *fget(unsigned int Td)
2 {
struct fTile *fTile;
struct files struct *files = current->files;

file = fcheck files(files, Td);
it (file) {

3
4
5
6 rcu_read_lock();
~
8
9 if (Yatomic_inc_not _zero(&file->f count)) {

10 rcu_read_unlock();
11 return NULL;

12 }

13 }

14 rcu_read_unlock();

15 return Tfile;

16 }

17

18 struct file *
19 fcheck _files(struct fTiles _struct *files,
unsigned 1nt fd)
20 {
21 struct file * Tfile = NULL;
22 struct fdtable *fdt =
rcu_dereference((files)->fdt);

23

24 if (fd < fdt->max_fds)

25 file = rcu_dereference(fdt->fd[fd]);
26 return Tile;

27 }

28

29 void fput(struct fTile *file)
30 {
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31 if (atomic_dec_and_test(&file->f_count))
32 call_rcu(&file->f _u.fu_rcuhead,
file_free rcu);

33 }

34

35 static void file free rcu(struct rcu_head *head)

36 {

37 struct fTile *T;

38

39 f = container_of(head, struct file,

f u.fu_rcuhead);
40 kmem_cache_ free(filp_cachep, ¥T);
41 }
K1 8.4: Linux 1% fget/fput API

55 A AT I fget(Y I — AN 1) 2 Hr BERE I SO R AT R TR BT, %K AT BEAE
AR, 55 6 4T71R M reu_read_lock(), #EA RCU il AtIX o 5 44T
il call_rcu () J5 1 FH 1) 19130 bR Z50KE 428 Ji5 2165 S 1 reu_read_unlock () 5¢ B AT

CREI T 10 /T8 5 14 47). 56 7T ATARIE S AL fd 5758 SRR, Ak

XNV struct file Z544,  SCHRIR ST N A0 G 5 0F. WERE € SRR 7747
FE— R CATIF AT, A2 9 47 225t 7 R A — A 5 v #. nias 9
ATHIRAE R, A% 10-11 1T3B H RCU 25 i i A X, 3R, Wi Les 9
ITHIIRAE L), B2 14-15 4B H B B b lln DX, 3R [0 —AMi 1) struct file 1)
TRE .

fcheck_files() JstiG & foet() M4l R 2. %R EAT ] reu_dereference() JsiiE oK
MR RCU RIFIIREE, T2 JaHIM oI GX KAl DEC Alpha 2 3§
1) CPU b= Aa— AN WAE SRR, AEXAPHLES AR OB ALE NI AT ? 2 ).
55 22 47481 rcu_dereference()>KARELTE [ AT 55 24 1l O SCAF B R R U FRER, 25 24
ATRE AR B SO RR A IRV N o WERAE, B4 55 2547 3R iZ struct
file U455, 4R )51 rcu_dereference()JRiE. 2 26 17i& [ struct file FIFRER, 1
R 24 ITHIR ARG, A X B ] NULL.

fout() B R JC— struct file 51 . 56 3147 sl vHuig /o 4L, kA
WG IME N 0, FBAZE 32 4T1R M call_rcu() B AR struct file G call_rcu()
HASEER 1) file_free_rcu() %D, A T Y1 TE AT RCU 13 I
AR PAT B EA R A S8 AR 04T RCU Bl 5 X A AL AT
SEEEMII RO “grace period” CPUHESS 1), i, atomic_dec_and_test()
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JRTE RS AN DR . AR TRz bR IR0, ROA struct file A {ET
A RCU Lyl S IX 58 5 A RS, (HAE Linux 7, AR P xR [RIME 1
Jir 7 PR A A AL N AF DR B

— HARAE R W52 e, 55 39 47 file_free_rcu() R B3R struct file fI354%F, 5
40 AT RO IREL

ATTFEA AT Linux ERLNAE RS, 16 WEFXT page 44 1)
get_page_unless_zero() Al put_page_testzero()eA %, LAAEL N P A7 LS 1K)
try_to_unuse()F1 mmput() B% 5 .

8.2.2. 3Z¥55|FITENRY Linux [RiE

75 BRI P 1) Linux PARZ TR LT 3%

atomic_t: AR HERER 32 A7 2880 E X

void atomic_dec(atomic_t *var): AN E PN A7 BEREE P L gn i s LAk 1

JR - B s | e

int atomic_dec_and_test(atomic_t *var): J& 75 S, g R L

0 MLRIF] true. 755 A7 Rk oF HL I Egm e asth, &Ml REik5

BAE BN

void atomic_inc(atomic_t *var): JR- PG, AT RN AT bR EL
25 2 e A o

int atomic_inc_not_zero(atomic_t *var): &g S g RAS

H 0, MALEMEINERIE] true. ZERES A WNAEDERE, FFEEE RGN ids

Pk, A5 21 R T A AR

int atomic_read(atomic_t *var): & [H]5 | TF RN REEE . XA R

THAE, ATENADE, AT LSS LRl .

void atomic_set(atomic_t *var, intval): ¥ 5B & E N val. %

PRAAN I T4, AT NAEDERE, WA AR g B it .

void call_rcu(struct rcu_head *head, void (*func)(struct rcu_head *head)):

TE 4TI A AT RCU 32 8mIm A X 58 5 I H func(head), ANId call_reu()

JEE ST BIR M . 5ER, head M # fE52 RCU {547 OB 45 i) —

AN B, func 8 R T2 B0 45 K 1 R K. A call_reu() 2134 F func

bl T R T i T R 9 2 P B 8 S A O S B o

R AR B g A — AN SR Y

type *container_of(p, type, f): 25 HH45EF p, FR 2R type [M%dE 4514

M BCE, AR [l e EE S R I FRE
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® void rcu_read_lock(void): #ric— RCU il F X (K P46

® void rcu_read_unlock(void): #ric—4> RCU ifilifi AL X (1459 . RCU 2
Uil S X AT LAHR S

® void smp_mb__before_atomic_dec(void): R 7Ei%F & I atomic_dec()
JRTE A T NAEBERR, AR g PRAR AL LA A, BT B
BAE.

® structrcu_head: FT RCU JEMMHESE I B 454, R ERER S A UL HE J
RN %o 3HAE A5 RCU ORI B &S 454 1 — A B

8.2.3. TTEEBE LI

TELH R MAR T, (AR A TFEUE S0 0 Mg & B, BN ie
IHFE, 4edn—ANRE CPU BUH RRT S5 TH AR A H . W% D.1 il +,
CPU tH s N T RCU o 1277 V] LAIRE S /1 18 i sl gl 2> - 250 o 5 o 4 1D Jie
TR WA bR, RIS B R SR AL . S4B
synchronize_srcu()iX#E 1) Jstis, e S o B0 0 IS 17022, X
AT EANIE G TSR BN 805 | v 83 6 AN T bk 5 1 H
HHUEE N 0 AR EEET.

8.3. Read-Copy Update ( RCU )

8.3.1. RCU EH

AHA5E# . Paul E. McKenney F1 Jonathan Walpole.

B NI—H08 (RCU) & —FiFHLH], 2002 4 10 H 5 Linux K
o RCU RVFEERE T LAY SRR A I F R AT, 1K — R T TP I AT 4 ek
R LRI R R TR AT, IEA DR RS B b & 53, 1S Bl
TERAGEH N RV RN, M T X B HAE, RCU 4N 212
ANWRCAS IS A DR LA DR A — S0 RIS ORAE A BT >4 iy s i X #R AT 58 B e
AR S . RCU & I T R0t H o T4 R, R R AT RSO
FIHTRRAS, 10 F 28 J5 TH A G2 B BEE T AR o IX SEH LA 2 Ho7E 15 i A1
SR AN LA, Ak AR R . AR A (lenaEe H N B, RCU
T i 1) BR K 50 4 R TT A

/ANFRE 8.6: AN AT DALk FNE 3 R R AT A ?

FRIXH, el am, “9U5s RCU &4 7, i &% —AMm# “RCU
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BATAE? 7 GEAFLELLEUD WIS IE, B e RCU ARTRE LA ). ASHTEL
T35 I FhEEA PR AT IR L e L, i PR 7 K AU P AT AT AP IR A
FOPT A AR . fa g R

RCU th =ML HLa &, 26— DHLBH A, 28 AR, %=
AR E AT RIASZ IR RHEANMIER TP, 26 8.3.1.1 ik 7 A& Ai—ir
BAMLE], . 25 8.3.1.2 Tl T A 5545 ©AA ) RCU 8 KA s B
o5 8.3.1.3 i T WA 4EYFTUL EOHON I 2 A, SR VFIT AR A RTINS
#AE. BJReh 8.3.1.4 X RCU [AEALEEAT B & o

8.3.1.1. RA—ITHHLH

RCU ) — >S8Ry 1 2 v P22 A 4 fe 8t , R ods ek IE 12 250 RCU
I — B A AT—AT PR BT R AN . 28001, BTG {E A
NULI {42 Jm a4t gp ILAEIBUESS 10— AW Bo O F e A RO Ects 45 0 . 335 I
8.5 P MAHS F Bt (A — 283 Y 1 B4

1 struct foo {

2 int a;

3 int b;

4 int c;

5 }

6 struct foo *gp = NULL;
7
8
9

/7~ . . . *

10 p = kmalloc(sizeof(*p), GFP_KERNEL);

11 p->a = 1;

12 p->b = 2;

13 p->c = 3;

14 gp = p;

K8.5: “RA” HIHHREIH (Aza)

AR, KPR TG R IE S PR 25 A CPU 244 IR AT 55 i DY 4% T
En) . AR gp IMRAEL AR AEAERIARAE p IO & BCZ AT, B AJF RIS 3 3
RHTLEA AR o 3X LT A7 BE B R ORUE FHE RN R AR, W] YA B R 3 ) K
s LUMEFH T I 44 ) o T LUK L ERATT I — ) reu_assign_pointer () J5 844 A 17 5F B £
ek, RN RATHIE o I8k E PUAT AR R X
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1 p->a = 1;
2 p->b = 2;
3 p->c = 3;
4 rcu_assign_pointer(gp, Pp):

rcu_assign_pointer() “&An” —/NFr4it, sk g i M CPU 7524 p &
FBOWE G 1520 gp THE.

AN, HURAE S AT I AN, DR R 538t 75 AR UE S U o 1
B N5 A

1 p = gp;

2 1f (p '= NULL) {

3 do_something with(p->a, p->b, p->c);

4 }

EYAUSE LR IF A Z RNE AT, i35 g, 1k DEC
Alpha CPU[McKO05a, McKO5b]#L#% I, 14 i3 H 4mi¥ 2% value-speculation AL,
2xik p->a, p->b Fl p->c MMEAE p WMEZ BT IEE (luyang: ANEREAE, Kk
EFRIEAT T ) o VLR S Bh4m 1% 2% 1) value-speculation AL IS HL 4 28 5 ML &2 313X —
T, M giEds 22050 p->a. p->b. p->c WI{H, RJ5 212 p R SEBR{E R
KB G PEAS AR M2 5 I o XFP ROt aridE, B8 At T, (H2
XA Sz HEAE profile-driven FIALALH .

AR, AT AE G B2 1 CPU )2 17 BH 13X 1 B iR 44 « reu_dereference()
JRTE T SR A7 BB AR A I PR s e 2 ks 21X — H 11

1 rcu_read_lock(Q);

p = rcu_dereference(gp);

if (p = NULL) {
do_something_with(p->a, p->b, p->c);

}

rcu_read_unlock();

rcu_dereference() i FH —F “AT 1 7 ) IRk BUER e R IAE . PRIUE 5 2211
il | A AT LA AR IR “ kAl ” 454 (reu_assign_pointer) FiHEAT M 46
k. rcu_read_lock() A1 rcu_read_unlock() & H i€ 7 Z 1T X R TEE LT RCU {3
g IR SR . 5 8.3.1.2 R SR EATNEE, AiFd e, XX JRiEAL
H g P 2E, WARLPHILE list_add_rcu() I IF R IAT. Fsz b, ERHERE
CONFIG_PREEMPT ¥ NAZHL, 100 I i 5t pR

o 0B~ W DN
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\_.. mext | | next | | next | gl | next
] prev ™ prev prey prev

'

K 8.6: Linux [FIfEFEER

A ™ B > C

8.7: fiifL#IRI Linux #E&

HARFE L | reu_assign_pointer()F rcu_derederence() J A T4 38 AT- (] fe AR
Z A% RCU IR IEAR Sk, AH S & T LR S, Bk
rcu_assign_pointer()F1 rcu_dereference() 5% & ik NAERFE ) RCU A8 fA——HR]]
Linux #EVEER I API 7 Linux A PR XURER (12244, JEHEESE struct list_head
Rt 4% struct hlist_head/struct hlist_node. [ —F & 8.6 fi7x, 4% TAL%5E
Tk, Wk TARKRBER TR . P RIRIE LR, PrLLE 8.7 Hhgh th—Fh i
WK IT

1 struct foo {

struct list head *list;

int a;

int b;

int c;
};
LIST_HEAD(head);

© 00 N O 0o &~ WD

/~ . . . *

11 p = kmalloc(sizeof(*p), GFP_KERNEL);

12 p->a = 1;

13 p->b = 2;

14 p->c = 3;

15 list_add _rcu(&p->list, &head);

& 8.8: RCU KAtk

4 8.8 JE X R AR AT KA BB 1

55 15 47 20 B[R] 2D WL ey L R 2 B RO K ORG, B 1 22 4% list_add ()
S I R AT o ANIE, [R5 FEANRERHLLL list_add()¥I 52415 RCU (24 I K0T

W —A% RCU R4 FBER A, 1R B
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rcu_read_lock();

list_for_each_entry_rcu(p, head, list) {
do_something_with(p->a, p->b, p->c);

}

rcu_read_unlock();
list_add_rcu()Jstifs [ 45 52 FUBER KAl T — T4 H, IRIEXS

list_for_each_entry_rcu()wJ LT [ 2 [F]— I 4% H
ANE]B8.7: Gtk list_for_each_entry rcu()WIfL5 list_add_rcu() A H0ATHY,

list_for_each_entry_rcu() 4 & H BT R ?

a A W N PP

fiest | o lnext | o lnext | .| next
prev [ prev [ prev

A B C

189 Linux (L6 PERER

Linux LA XUEER . HOIRES &L MEiE R, XEMWE BRIk G m 85—
ANTREE, AL MBI ZE AN, & 8.9 fron. I HIAI 2R (4 F )
LAY /D 7y & () hash bucket 2020 —F BN AF I #E. NITHTIT—H#F, XMPRIRIEK
FRIUT ,  HO AR IR —FE i &8 5, LA 8.7

1 struct foo {

2 struct hlist_node *list;

int a;

int b;

int c;
};
HLIST_HEAD(head);

© 00 N O O b W

/7~ . . . *

11 p = kmalloc(sizeof(*p), GFP_KERNEL);
12 p->a = 1;
13 p->b = 2;
14 p->c = 3;
15 hlist_add_head_rcu(&p->list, &head);
/& 8.10: RCU L A7 fit#
7] % RCU LR B HLA 2 A ATBT 76 3% A1 [ A AR A+ 0 2R 1L, LA
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8.10,

MZHT—HE, 5 15 47 W25 KR Rl LI b an R AR

W52 RCU LR BB S R FNTT B A6 PR AT X il s

1 rcu_read_lock(Q);

2 hlist_for_each_entry_rcu(p, q, head, list) {

3 do_something with(p->a, p->b, p->c);

4 }

5 rcu_read unlock();

/NiE] R 8.8: WA AFRATEELE hlist_for_each_entry_rcu()f& ik AN HRE!?
list_for_each_entry_rcu()# R &,

% 8.2 /& RCU MRATAINT B J5 il , 53 AMEAT— AN HUH R AT S ih .

#8.2: RCU #4517 i I i

84t rcu_assign_pointer()  rcu_assign_pointer(..., rcu_dereference()
NULL)
R list_add_rcu() list_del_rcu() list_for_each_entry rcu()

list_add_tail _rcu()
list_replace_rcu()
M4 hlist_add_after rcu() hlist_del_rcu() hlist_for_each_entry rcu()
¥& hlist_add_before_rcu()
hlist_add_head_rcu()
Hlist_replace_rcu()

IR, list_replace_rcu(). list_del_rcu(). hlist_replace_rcu()#1 hlist_del_rcu()
XEE AP I T — s 2Rk o RTINS A fiE 22 4 FRURE JBONIAE R 450l N 5 1) 25080 76
R RAVE A REENTEAT NPT B2 R T A AT DR s TR 5 2

X8 )RR LE B S /N T BT B

83.1.2. SHDHH RCU HEEPIToLE

MIIEAT K, RCU st — s Rr F AR . 8%, A1R%
FoAb g 77 AT LT REE R SE 40, tetms I vk s, S5 8, 5555, RCU
(s Al K2 AR TE e nT LAASEAF (Eblar) 20000 FhAS [ =4y, 1 G5 X i 25 B
EREATR AR, MR RO PERERIE N, X REPERIBRE, =2k seet
Yyst, AT AR R R £ B S5 A A S SRR T B DA ) AL

7E RCU [l 77, A FYIRR ) “RCU #miln 51X 7. RCU i3 i 5
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X M rcu_read_lock()J5iE T 4G, FIXS M [ reu_read_unlock()5iiE 45 . RCU i3t
I DX AT LR ES, ] DAL — KRS, LB LA (AR5 AN 25 PH 2 5l AR
CHARA —FPY SRCU[MCKOB] {47k RCU 27 A VFARASE SRCU skuillfi FIX
HFEAR D . W RIS I e 2y, S AT DAE ] RCU LS5 ATl ARG 1 56 i o

RCU i ik [A] FeHh fff o X LT I 58 1, A 58 /% T XA D05, sk
D HPEg bR T B Ak

Reader | | Reader | | I Reader |
| "
| Reader | [Reader]| Grace Period
/ Extends as
| Reader | | Reader Needed
| Reader | Reader
Remaoval Reclamation
Time ==

KI8.11: A FIRCU LA

Je A 8.11 iR, RCU & —Ma54r AT I RCU 1l X AT 56 FE I U7
2, X HHIPAT 58 e AR A I S B AT BN AR . AT R, AR
MEFAWITT 4R J5 A R B H) RCU Bl 5 X 259 e 2z U0 1 ) 45 e 4k

FHNARAD R T RCU SRR (1 3E A S

1 PR, Heans &b i — oo s,

2. SEFEPTH CA M RCU Bl X $0AT 58 58 CLLinffi A synchronize_rcu()
JEE D o IX FL I B 2 5 2L RCU 23 I F X TGV R R KI5 o6 2%
HOESTDAEIS
T, EEATRE NI A i B T R
struct foo {

struct list head *list;
int a;
int b;
int c;
};
LIST_HEAD(head);

© 00 N O 0o A W N P W

N
*

*/

o
)
ol

= search(head, key);
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12 if (p == NULL) {
13 /* Take appropriate action, unlock, and
return. */

14 3}

15 q = kmalloc(sizeof(*p), GFP_KERNEL);

16 *q = *p;

17 g->b = 2;

18 g->c = 3;

19 list_replace_rcu(&p->list, &qg->list);

20 synchronize_rcu();

21 kfree(p);

/18.12: R RCU F ey

Kl 8.12 s RIS J B 17X —1d B, Hr o B a 1R R IP 0+

5519, 20 Fl 21 4TSI T WA SR B =AU . 5 16-19 47 1E 41 RCU 4
CBL—# DI——00r): fEAVFIFAR “BL” MR, 25 16 17 “#£ 017, 28 17
1947 “HH7,

synchronize_rcu() )5l 5 — IR G b EA et S5 W 2% RCU 1
Uil S X Se R, I BAIRATZ /B 2 —4F, rcu_read_lock()F1 rcu_read_unlock()
JstiE i e RCU Bimiln F1X, WA AEARFE AN AL, 200 I i L R AL 2 R

X EA—ANNEFE, BT reu_read _lock()F! reu_read_unlock ()%l 5E [ RCU £
PP S I XA SO VFRH ZE i R . BRI, 4 3EAS CPU T LR e, k.
ITRESE PRAEAT AT Z ) RCU B3l S X A 58 i 1o IX SRR H A
CPU C&HIT R D — IR B3O, 4 “Brfi” ZHi RCU Bl St IX 15 &
HOALPATRET, XMWt EWSE synchronize_rcu()rJ LA 22430 T,

Rk, £ RCU synchronize_rcu() m) DL A B BRAR B R 1A ER) G ILBE )5
(155 8.3.4 75 “TrH” RCU HSEIL):

1 for_each_online_cpu(cpu)

2 run_on(cpu);

XL run_on(¥ TR D) BIFR i CPU |, X 4viiiilix CPU K AE—IR
R ScY e, Xk for_each_online_cpu()HIMEFR, BEAS CPU #<samifil kA4 L
NI, INTTARIE T BT 2 R RCU 23 I AL X #8 O 4 4R B SR AT 52 ¥
FARIXAN ] 7 VEAE 15 8 RCU B2 3 I F DX IS A% (48 7 (0 A% A28 gl it
A& %} non-CONFIG_PREEMPT il CONFIG_PREEMPT WAZ A %%, (BT
CONFIG_PREEMPT_RT (-rt) SEmf N AEAEH . Brbd, SEmf RCU AEH T —Ff
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BT - 77 [MeKO07a] .

R, SEBRTE Linux WAZ IR SEILEE S 241K 22, DR i 75 2240 3 7 - NIMIL
CPU At b FH LA = 5 5 P AZ 0 BRI 1D 1) 80, 7 FLIS SELRAIE R 4 (R e AT
PR, S RCU SEPIE DA S5 HR AL K47 1R SE IS I S 56 7, Il LESE AR 146 Ay (1)
SEL CRetn BETASPRATAE) Bk T .

EARXT synchronize_rcu() IF1SEILEME S B MR ARG, (H2IEFLE
FCAth i) 8o Lhdn, 763 D7 EAE RS IE R BRI EER I, RCU S BRE W 14142
XA ) AR F— 1T AR .

8.3.1.3. 4P EITHEFMNEHEZAIRA

ARTTHG s RCU AT 4 iR 1 2 NheAS, IR AL F i i) o At
PN 5~ 5 AR B i Ab T RCU sl S XN, B2 5 | 1 B8t oo 28 i
TRFFTEHENE o BB — M) T o THER TR IOMIER, 26 M) 1 Ror T HER TR I
B

Bl 1. FEMIERERE 4 AR

FEITUR “MIER” XA 5 LA, JATESEE 8.12 (195 11 2 21 A7 Bk
T AT

1 p = search(head, key);

2 if (p '= NULL) {

3 list_del_rcu(&p->list);

4 synchronize_rcu();

5 kfree(p);

6 }

XBARIS K 8.13 By R R . R TR T =AM ECA iR
FBra. by eI, Ao EEKR RCU BFH LN IERFHZICENGIH. BT
B AV TiEEEE R, ZuE TS AR AR SR 9 SRR
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1.2,3 _""" 56,7 _""" 11.4.8 ‘

1.2,3 56,7 — ™ 1148
synchronize_rcu(}

1.2,3 56,7 —* 1148

1,23 - 1148

/18.13: RCU MEER kL3

S5 3TN list_del_rcuBATIE G, “5. 64 77 JuEMEER T HMER, W
Kl 8.13 28 —ATHn. BRIATEE A BB S HHEFL, Prolisecd it g
M RER . X LIRS A TR WL, WA T REE A IR MER K JC %,
KT AR IATL o AN, MG AE R H5 1) B N R G FRFR £ 5 A IR AR 3 (L
w, HTFW. ECC WAFHTIREE L E T CONFIG_PREEMPT_RT W% H 14t
), BUE AT RELEMBR R IR WARER CR IF(E . DRI, FRATTHEINAE P AN RRCAS T
R, —MAI0E “5. 6. 77, H— WA, JE “5. 6. 77 Ml fuba, &
Wi Al REIR e e, RSB Ce BRI e 51 .

WEE, AN ARVFEIR H RCU s A X 50497t 5 “5. 64 77 175
Hlo Bk, —HZH 4 471 synchronize_rcu(#AT5e 5, Iy AT 5238 AR 2 ARAIE
CaPATE, AREFHAEHE I HIZouE, WK 8.13 i =Hi M4l /r. XFf
FAT A2 T ME—RRA I BER

IBIF, ez “5. 6. 77 AIRL R T, Wil 8.13 Wi e —Hi R, X
FEBATTLER T 703 “5. 6+ 77 MIMHIBR . AR i 1 R0 3K il 76 35 1 4t

BlF 2. TEBHEEPETZ A RA

TETFUG “B#e” Bl 720, Jess REEEE 8.12 s i 5 JLATAS:

1 q = kmalloc(sizeof(*p), GFP_KERNEL);

2 *q = *p;

3 g->b = 2;
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N o o b~

g->c = 3;

list replace_rcu(&p->list, &qg->list);
synchronize_rcu();

kfree(p);

[
e ]
EEXNN g B NN

— O

R
[ e e[ ]

L e

-ft-
[z [ eea |~ van |

/A]8.14: RCU MaEF & #HoCzE
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FER MRS QISR E p #BAT “IHER” 11 h—FF, Wikl 8.14 15—+
TR

MR —FE, TR AT IRE T B as by co AEAMITER
ANEE ATRRIEAE S, RS AE A E S EHE R, i A a5
AN R I R IAT o IR IA TN T R AW, IR T )G RS A
AR kIR E

NI SCHEIR T uE “5. 24 37 Wi kou s “5. 6. 77 IR, AT
5 L T BEE WX P AME L —A

%5 147 H kmalloc() 73 it T 2250 3R, Wikl 8.14 5 —HF s, i, &
AEHFA R CE ST (AR ERR), HHZIcEERYImHr (M
[IRSE TN

W2 ATBIH R RIS H e, WK 8.14 HEE=HFR. FocRIRIEAR
REB R H U], (H2CEWinieT .

55 34TH g->b IMETEA 2, 28 4 476 g->c MEEER A 3, aifsl 8.14 Hhif
PUHEFT 7 o

DA, 55 BATTFUR T ¥, AR LR LT E LT, Ik T
grte, il 8.14 FHAH R, UL, #RMAMAIRAT . RN
AREERIICHE “5,6,77 GRAEBEZ AN, MHEEHSEGINItE “5,237,
AN i 1 BT DGR UFATATT 3523 S e o B — AN e lF i

K45 25 6 1T synchronize_rcu() ) [al, DL ) B 45 0, BT 7E list_replace_rcu()
ZHIHF RS M O 58 e Rl AT il REFEA 0 “5,6,77 51 RIS fR
IECZEH T BN RCU Bmi AL X, ARegkESFFa 5. Fik, AEaT
AT B SH, anE 8.14 S SHELR IR . IXFERRATT X 2 T
—PRAMEER, JUEHBcE S TIHGH.

G TATHY Kfree() e a, BERBUECA T 18 8.14 )5 —HERIFE T

A E RCU & BRI #1911 5 44 19, {H2E RCU 78 A% 9 =22 0%
IS5 8.3.1.3 71 ] LRI BR 1 —FF

Wit

RIS AR BN TR A AR R T AR B, X R M A RN )
2 NS HMAN RN R .

/NAIRR 8.9: W BB SR 1T, VFE T AR I RER B0,
%S A ?

/NN 8.10:  EAT RN Z|— MR BE £ /DA RCU WA B 2

XA FA 7R T RCU BB el A FH 2 /M RAS, AR 38 JE R IS DL
LCARAMPATER . MR, FLERICIEUE AL B Z AN AR . 7884 R7E RCU



RN PR IFAT i FE

WK T X S [MeKO04], (H RGBS T AT RITE .
8.3.1.4. RCU EAlp4g

AR T RCU SN =N AL

1. WS IEr s i kA ——1T B

2. SEfFUA RCU BH AR, LA

3. YEP AR AEN],  SRVFEAS S B (IR HoAth Jf & RCU 524

AT T AR -

/M) 8.11: reu_read_lock()F! rcu_read_unlock() Bk A4 A e A FHZE,
RCU (88 # 5 425 ik RCU B4 4545 ?

X =AY RCU A A5 B8 v LAFE A RSB I s, sl AN Ay =CH 20
B X PP AT DLSEEL A PR T RCU SVE ISR,  FRATTLE R I /N1 41
Hrp—#B .

8.3.2. RCU FHi%

AT ME R RCU RS, DAKAE SRR RCU 1 AA B R R E—15 1 i)
Atk RCU? 7 R4 RCU S I H 2 B3 A BIALE], I AFRAT T 56
EF RCU HIXELHLHZ M FR, W3R 8.3 Pin. LR 83 Fidlw N2 )5, H
8.3.2.8 WHHT T — k4l

#8.3: RCU M
EE 8.3.2.1
2 BRH 5 | v S 8.3.2.2
Bulk 5[ VL 8.3.2.3
55 AR bz 3% B 2% 8.3.2.4
FELERR 8.3.2.5
R EINE 8.3.2.6
LRBYER 8.3.2.7

8.3.2.1. RCU RIEEHKERE

WVFAE Linux WAz RCU 5 WLV HT@ w2 AR B8 by K 2 B e (1 0
B G T PORAE IR EIFRCA 2] RCU XA, disk BAE Bl
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TAERYIY, RALSIEH RCU SEILZ Ak S0 T — M348l brlock 4RV .
4 brlock JEAARS ()RR TR #4 RCU S2Bd 7. sz b, 7E brlock R 5
—UAERII RCU B H TAIE=4ET o WA, REANEF KRR !

RCU FHisz 5 8 fpe S BRE IR AH AL AR AE T 5 A0 RT ELIFAT AT () 152 e 5L X
S b, ARSI, SEan] LUNBLE] F D ) 3525 81 API SR RCU (1)
APl Aid, S5, XFHA 4 nE?

RCU ML S AE T ERE BP0, A SENHAEIR . 8% RCU A — pi i
i, WA SR IR PAT, L RARSE g RCU 133 ] LA FH2E 1E S8 A5
S 5 SR AR S R, I LL WL R R S 38 v DA i J L2 F0 o X BEq a5
R S T )N AT R

PR

K18.15: RCU FH# T 55 BT 5 2 PE RETL F5

RCU #HA: T3 B8 1) sz otk ge A%y, LI 8.15,

AN 8.12: T XIMRAHAEFRANAS RCU 7E 3GHz [ i f A 191 th skt 2 ke 3 300
FeFb CBE: EAL/r2—F, 10 6 12 07D A 100 KR (B EJky
Z—F, 10 415 W) ITTAY?

R, A CPU L5 4tk RCU 18— MR 4, £ 16 4> CPU Lit's
Btk RCU B8 = ANBm . 5 A %, RCU St JE AR UT o 75 _L i i Mo+,
B R M2 LT 72 K11
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A18.16: 1/t RCU FHES T3 5 HE T H: GE L F
SR AR A 5K 1 CONFIG_PREEMPT W%, HLSK RCU {58k T 135 4l
— B =N, Wi 8.16 TR iR R S BT CPU £ H 1R 2 i (1 B ih 2% .
RCU iR 4 LT — 4 /KP4

KI8.17: RCU L G811l R X I I P R LR

MR, (R 8.16 H, HHTAILSEI I S KR, S E BRI RE b SR
1o BEERAX G, RCU MEREILAWM A2, /LK 8.17 1f) 16 4> CPU
MRGEH, y ARG S JSUE I BT, x AR I A X KL .

/NI 8.13: S £ rwilock (1) T4 FHAR L0 2 Bifi 45 11w S DX T4 36 K i B 2

A2, FERRZRZEMH (LTI & RCU Bmiln A XD #RReTE
JL=ZHNTERG P EUXANE5 30 RCU 2 H FIH .

AN, AT SHE, RCU e IR iE A FE RS 5E8 .

5T IEBE
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BAR RCU {E2 B i) TAE S TP fit 17 B2 itk re sy, HR4EH RCU
R 2L HARENZ B AT LA T s LA R P o IR 4 T A e ) SR U T RCU
B R T AN ZE . AN ABE, HERA S EEEE, Pl RCU 32 I i i AT i
(A2 E 1o XA AT RCU 1323 J5l 78 AN AT REZH AL B A

/NN 8.14: RCU 3 it 1 G TR e ) A7 1 A 2 4 sRfiAy,  WiRArgiql:
FP ot AR ?

RCU 33 40 TAEBI BE ik T — AR A 2R, RCU 18 ] UG A5
FH A RCU BB o 715 8 b 22X oA 02538 A . 1E4T RCU 1
B FE ST HAD Fr Bedn R s

1 rcu_read_lock();

2 list_for_each_entry_rcu(p, &head, list_field) {

3 do_something_with(p);

4 ifT (need_update(p)) {

5 spin_lock(my_lock);

6 do_update(p);

7 spin_unlock(&my_ lock);
8 by

9 }

10 rcu_read _unlock();

1T, do_update() & EB R R AT, R AE RCU 13w A ORI R HHAT

RCU e T AL IRty R ) — NG R e RCU AR AR AL e g S i
) LSS o Eean, ARALZEZR i RCU B o LI E A e 2 RCU BE B 3R I
ST o B o SALL L, ARG e 4 1) BB 2 VA BHLE S AR 2E 400K RCU 3278 1E N RCU
2 i X

SR IEIR

R RCU sz Bt 1 BEAS B it ANPBHLZE , BT LXK S8 Js A7 A5 AR AR 1R S IR B3R
TN, W ETHT R, XA R IR L R AN 52 5 RCU 152 i T A A O 1)
PESE S e 5 o

B2, RCU b3z 3 BRI S8 S e Il m,  Eotin, 7E454F RCU
R 3 2 o N BEL 2 1) B AR S SRR, A i-rt AL IR A 55 4% RCU 5% FH 3¢
X LU RCU fLAE 4 [McKO7d, GMTWOS]fi# ¢t »

RCU #&#& 5E & I KIAT

BRIoh RCU B2 REAS H e thANBHZE, IE R4 RCU B 8 A AT AL R

(rollback) =¥ 1k (abort) [, bk RCU i3 MIEE B 4R i) LA #h,

1T. XA RCU B A Al fe Vs inl N8, &A1 T e RIMEHE A5, JBie 0
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XA T R AT AT RELE B B G K

A, AE NGB RN St Bl A — S0 TH KR ARANE ) . W) 45
HI A AN B 1o [RA % P ) BB ) 8 S = I BN ) 4 Be Bk 4 e &
ge OJUBEERJLa 8D, BrlAZR G0 ] RES AL 50T BIK 5 (1 Banta) A /528K 4 5L
RBVEF R RS o TR AR LR AR IR OCRE B B iRt b S AN AR L I
H, BFh RCU M H ] LLAE L7 55 1F RCU B2 PAT 58 SRR Ol N kA, Fn LA
RCU B 1] s LB 5Bt R 8 S L WL S Jm i ek, Q] 8.18 P

| rwlock reader | spirn rwlock reader

| rwlock r}eader | spin rwlock reader

| rwiock reader | spin rwlock reader
spin | rwlock writer

1
[ RCU readef [RCU reader| ROU reader |
| PBCUrgader |RCU reader| RCU reader |
| RCUreader| |RCU reader| RCU reader |
| RCU updater|
1

| Time

Update Received
/A18.18: RCU L2 5 i 7k iy I 1] _F 1 HE 4

— B BB, rwlock )5 e Jm — M SE B ATANREAR e AT, Je 28
g /e S R e e 2 it AR RE it . ANid, X — B ARAIE T 5 22 vl LA
BRI, B RS ERE . MR, RCU 1335 REE B4 A0 A 2 B ZE,
XAt AV RCU 133 v LASE PR WL SR IS B . 4R, DRI A 13 0 B 7 R
ITES T %, LA RCU B #F “nlRe” FH WEH G MME, wihEh =
ANEE S Z ATl ORI RCU 3. AR, F—omil, HAAS 6 RCU
B ARE “ARUE” B EIEF S, W& 8.18 Fian.

faf L, SR RCU St 7 ANFEIIORIIE. eS8, (HEEEZ
JE FFUR I “ORAIE” REFE BIFTE, /RS & EAE F R TH6 I 50 4 ml fig
DA, WA RER ILIAME, X T S B g 15 4 W — MR %
H2Z M, 78 RCU T, EHHE SR A TR EE# “ORE” Geh MBI,
FE SR E TR 5 A 52 I B8 A Al BeE W, AT aeE WIAE, X R
ENTling I

X B OCHE S, BARBR e /e T N RGO Va5 S B ORIE T — 2k,
R X — S S AR It A A — B AR (1) e h) TR, 135 B LAk
T S TH A AR AR, SR P i — 3k

SR, (R E R TR EAFE LIER LA —SBONIH S s . 2isig, AR
2 Bl IpydnT DLBE G X Bl — SR TH 2 [McK 04, ACMSO03], A 26 7V e 2L T4
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8.2 LRSI L.

AR SE S RCU 323 7T DARH ZE St se i [ e &

TEBE G 32 28— 4492 RCU[GMTWO08] (LT 5% D.4).
SRCU[McKO06] (JLFff=% D.1) LA QRCU[McKO7f] (JLIfI=% E.6), ZEEMIH
B AT IR IEAEREA T HP A A R 3Y), BIAE v A S6  A 4% DR Dk 25 5 0 e R 30
56 BT PHLZE A 2 it . S RCU w] Lhidid A call_rcu() &4 synchronize_rcu()>k
WEGL I ), B SR A RCU A5G e kit 4 [McK07d, GMTWO08], Aid iy
VRAE 2008 AT AL T SRR AS - BUARAT U EE1HE SRCU Fl QRCU MALAE g7t
A g AT SIS AR AT WIS 1R 5 oK

FESEUF LA =R RCU AR A A

Fx T QRCU FlZf 8.3.4 5422 JLAY “BTiH” RCU SEHL, RCU PUHER #<s
TELLUF LA 2D o BARA — L6 TF- Bon] DU BRI A IR A R )8 3, Lh i
AT BEIHE ] S8 11 Ceall_reu()AT call_rcu_bh(), (HAZM IR EH, X
RCU i FHAE B8 & 2 B 1 i) 2 s Al

EEHE RCU R

RIS, K S Bk RCU AEH 9, Qi 8.19 %1 8.21 Fir,
XEEH K F Wikipedia[ MPA06] .

1 struct el { 1 struct el {

2 struct list_head lp; 2 struct list_head 1lp;

3 long key; 3 long key;

4 spinlock_t mutex; 4 spinlock_t mutex;

5 int data; 5 int data;

& /* Other data fields #*/ [ /* Other data fields =/
Th Tk

8 DEFINE_RWLOCK(listmutex); 8 DEFINE_SPINLOCK({listmutex);
9 LIST_HEAD (head); 9 LIST_HEAD(Chead);

K819 FFir G854 RCU: £

1 int search{long key, int *result) 1 int search(long key, int #result)
29 2 {

3 struct el *p; 3 struct el #p;

4 4

5 read_lock(&listmutex); 5 recu_read_lock();

3] list_for_each_entry(p, &head, 1p) { 6 1list_for_each_entry_rcu(p, &head, 1p) {
7 if (p->key == key) { 7 if (p->key == key) {

8 *result = p->data; 8 #result = p->data;

9 read_unleck(&listmutex); 9 reu_read_unlock();

10 return 1; 10 return 1;

11 } 11 }

12} 12}

13  read_unlock(&listmutex); 13  rcu_read_unlock();

14 return 0; 14 return 0;

15 } 15 }

K8.20: JFiE G4 # Ay RCU: HF
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8.3.2

R o P Sl RCU S I U A7 5

1 int delete(long key)

2 {

3 struct el *p;

4

5 write_lock(klistmutex);

6 list_for_each_entry(p, &head, 1p) {
7 if (p->key == key) {

8 list_del(&p->1p);

g write_unlock(&listmutex) ;
10 kiree(p);
11 return 1;
12 }
13}
14  write_unlock(&listmutex);
15 return 0;
16 }

1 int delete(long key)

21

et B S L

16
17 ¥

struct el #*p;

spin_lock(&listmutex);
list_for_each_entry(p, &head, 1lp) {
if (p->key == key) {
list_del_rcul&p->1p);
spin_unlock(&listmutex) ;
synchronize_rcu();
kfree(p);
return 1;
}
}
spin_unlock(&listmutex);
return 0;

A18.21: JFEL G Hk RCU: Wk
TEAN AR Lo ] RCU Bt 58 c gl T ATTEH .

2.

RCU 2 — P52 FRAIKI 5 v+ EL

BTl RCU i3 J&

] DR AZ BRI 5 T EL— PR T o En 2 RE 1 T ARy B

1
2
3
4

rcu_read_lock(); /* acquire reference. */

p = rcu_dereference(head);

/* do something with p. */
rcu_read_unlock(); /* release reference. */

rcu_read_lock()J5ii8 Al LB SR EC p 151, PRI 7E reu_dereference() by
p WAE 2 J5 A FFUR 0 LA R A TE TR AE BT 1K reu_read_unlock ()2 T 5E . IXFH 5|
FHH BRI L 52 BRI, N FRATTR SR VFAE RCU il AL X A BH2E, AN R UF
B —MES I RCU Bl St X AL 1B 45 ) — ME 5

ANE EIRPRR, A AT L2 4 i i B pe

1

N O O b~ WN

spin_lock(&mylock);
p head;
rcu_assign_pointer(head,

spin_unlock(&mylock);
/* Wait for all
synchronize_rcu();
kfree(p);

NULL) ;

references to be released.

*/

1 p WAE A head BHLE TATATHRIBCRE RS p (951 FH ##4E, synchronize_rcu()
SR AR 5 LRI

/NI 8.15: {H

A A
ey

XA AT S RCU &P B A A U A
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e fE RAETHAF?

4%, RCU Wl USG5 TS

LKML Fxf b ke, 2 8.2

A T R
0000 g—1—T1 7 1 T T 1

— i K‘K

.§ 1000 | Ex}{x;@% refent

; - ¥

8

=

E' 100 E_}é_

o r

@

=

g 1{. :_J._I._L_L 1 rmj_
1 | | | | | | |
0 2 4 G g8 10 12 14 16

Number of CPUs

/18.22: RCU 557t #nIttREHL
R AT IX AR ? FRFF— IR, o IR e PERe, Wikl 8.22 ok, I
HE— R B7R T4 16 > 3GHz CPU ) Intel x86 £ 4% KA i ¥ .
/N 8.16: A4 B T TFASTE 6 A cpu Zi A I — s NP2

12000

10000

Overhead (nanoseconds)

o

2

4

10

Critical-Section Duration {microseconds)
/&18.23: RCU L3/ JH5T- 2y my i ] FE#¢
I H, ARS8 FF, RCU ITEREILIS T EORIE TRAE MG X, Wik 8.23
HI) 16 ARG s. sk, ARS8 FF, P2 R (BLRCENUEIIME
1] RCU B3 i S+ X)) #BAE JLZAD A 58 i
B, fEREE RCU IR T REAN BRI ELln, fEFZ 500 T, £ RCU
e I DX A A L AR P e BAT TR AN H AT o B R AR BRI [R]85 )y
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VR, TR B e R S A AR e | B 5T e
8.3.2.3. RCU Z—# bulk 5| Hi+&HLH|

HTHT AR B R Bk, ARG 5 | HIvH a8 8 B i alias — A 8l 45 i A Tk
o AR, YE KEARFPEREHE S5 R —am g T, iE R 8as
SIRTHEI A Gk m] “Ie b, XM RAFL: “InRe” S5 H I RGPERE

F, RCU 48 f g s om Js i AoV s AR LA B H g, B0 U R AAS 2
BN PEREE W, XAEFF RCU W LUME N — ML P8 11 “bulk
reference-counting” Hlil. A/HEAR RCU (SRCU) [McKOB]HJ L% 52 FAAMT- 55 b
IAE s BLIE AR P REA — AN S T IGO0 GXARIPERRZE 1) (H2XMEH
BERIR I 5, — MBS B ALY 5 — 51, ZETFER—k 110 i3RI |
H, S8R5 206 BV 11O 58 J i £ I A 2 ek B BB B0 S T . () | SRCU 11
SEILAT AKX — R4, (FUE AR SE B e ANE R I A — N LA O

4K, SRCU 5k T2 F LI BRI 42, RIEEAL IS 25 %) W1 srcu_read_unlock()
(1) srcu_read_lock() I3 [FIfE, LA S AEAT: v 1By b BE pR 250 NMI/SMIT &b B pRy AN
HEVH M SRCU J5iiF o SRCU MBI £xaly A2 A 1], i fo] S 4 b Ard P S i) 1,
XYM G5t .

8.3.2.4. RCU 2% ARk EI#% (garbage collector)

G MATRITF UG > RCU I, AR LR WIS “RCU A s 5 m]fie
7o KPR, A S S I R T

W% RCU Shidl Hahhliiss (GC) IR M ELF/rERE, RCU K
LA Bk PR FL GC, {H)E RCU 5 GC HJLAA: (1) FEF R %T-5)
Fe AT i AT CARDSCHs e B s g5 0, (20 R b T shbn U v LA AR 51
) RCU 323t il AL 1X

JUEAEAEIR G 72 5, PR IRARURR BEATY SR AE 945 5, BT a2 /b —fs B
WA BT RCU [ SCHR Y 28 0 A ik AN BIARABLRE o ANkl P i i 56 — i
RCU HIHLHIAIE F by g g sk ab BRARAE A ] AR5, Riim— e pt 7—HpeE
IS8 2% RCU (1) 572

8.3.2.5. RCU 2 —MRULFAEHRK %

Gamsa et al.[GKAS99] [t T A7 /E4H LR, Jf Bk T o] F—Fp2R4BL RCU 1)
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PLHR AL A AR, 28 6.3 i ie T il i Bk S A7 Ae 40 fRIE AT XA F A
AR Z AL . WFATA 32 RCU OR47 K TC 3R AE RCU 33 Il X 4 g i)
IR 2 B8 73 AE RCU B Sl F X R 22 300 [l (R UEA7AE

1 int delete(int Kkey)

2 {

3 struct element *p;

4 int b;

5 5

6 b = hashfunction(key);

7 rcu_read_lock();
8
9

p = rcu_dereference(hashtable[b]);
if (p == NULL || p->key != key) {
10 rcu_read_unlock();
11 return O;
12 }
13 spin_lock(&p->lock);
14 iT (hashtable[b] == p && p->key == key) {
15 rcu_read_unlock();
16 hashtable[b] = NULL;
17 spin_unlock(&p->lock);
18 synchronize_rcu();
19 kfree(p);
20 return 1;
21 }
22 spin_unlock(&p->lock);
23 rcu_read_unlock();
24 return O;
25 }

K 8.24: il IR I FF 4L #5035 4
§18.24 Ji£7R T 55T RCU WAL P LR A ] 18 ik ARG A5 2 M 55 76 25 1 BR iR 5
AR U R B A 6 AT A AL, O 7 ATEEAN RCU Bzimil A X o 2R A
9 1T RIS A5 X N (M A5 T (bucket) %S, BE Hd o0 A2 FoA AR EE M s
(AN, S5 10 473 Y RCU BEsmif 7K, 25 11 173R B4
/NI 8.17: AN 8.24 H A 9 ATHER T — AN TC R AL FA AR EIMI G
MoeE, M%EAIR?
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WSS 9 AT HIMA false, 5% 13 AT SRMUH From (1) B e, SRJEH 1417k
JCE AR IE TN E . R, 2 1547 H RCU B2umlif fX, 28 16 17\
AR TR AR BN C S, B AT ATREBOBE, A 18 AT T LT DA AEAE )
RCU il S X IR Y, 28 19 AT RGN MIBR e 3, B a2 20 AT IR M1
W 14 47 AW R I TC A TS A TR, A% 22 TR, 28 23 1718
H RCU Buiglifi Ft1X, 26 24 473 [F1RT 158 LU BR 1% 0SB -

/MR RR 8.18: A fH A&l 8.24 55 15 4T AT LAFE S 17 AT RSB A i i RCU
2 I X 2

/NI 8.19: AT A& 8.24 5 23 AT ANREAE S 22 AT BB 2 Hirwiak th RCU
2 I X2

O T RES I, XA A R 2R 8.3.2.7 /MY “RCU J—Hp 4%
Rr s EE A 7R FAR M T IRAR K o A0 R i 4 R BT P f % L L 5
6.3 T L T AA AR AR TR 4T

8.3.2.6. RCU 2 —FrR{tFR L NI TiE

1R 22 TSR T BB E 0 e RCU e it AL X 5 | F e e 42— 2L,
HEHAR R BAR T UL T o Hef)ihul, HEGMRMAAR, JoBiEknT
DA SRS B4 0 70 e J0At xS G5 | B T DURE O J87 20 i s AELE WA FoiF 26
BRI . X R CORIEY, FEEEARSCRR AR “ RI IN AR (type-safe
meomry) [GC96], ELHI— R MIAF/ETHOREE ST — 2L, DRl ibe Ak D Ot 22 TR
3, R A [N AESEVEAE Linux WAZ R KR 2 slab 2847, 4%
SLAB_DESTROY_BY_RCU #ric & [ TFRIAH KR A7l ik RCU K TR slab
RIS RGN AT FEATA 2 10 RCU 2l S X RF LR, {F A RCU W] LLAR
IEFT 7 SLAB_DESTROY_BY_RCU #ric HIELEA ¥ slab ST AR 1E %
slab o, EAREF 2L

/AR 8.20: WIRAEZ LR, BEAN LA KW RCU 32l 71X,
HEAAEATAT I 2 R Geh B/ —ADNEFEIE AL T RCU B I S M 2 X A2 BH AL
5 N5 SLAB_DESTROY_BY_RCU it 1 slab [FI 2 R G5 N A7 2 AN i ik
OOM N4 ?

XL — AT T — NI UE AP BR, F T WU IR 5 | P 25040 &5 R it s
BRI [LS86 &5 2.5 170 X PRI R B R A 45 R (1) — 58 70 A BE OB il -
I3 WO PR NG o 30 T AR AT R A B AR AE DR UE AN B g HHEAR PR 1K) Buge

R, EARIE T 2R 2 A R C B SRR AR — PR AE IS B IS 5t M AR A 2L (H
e AR I U SR AT A AR R . FE S A L RS T
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8.3.2.7. RCU B—FEHFHEYERKTTX

71 8.3.1 T TRATHEIT RCU () — AN A1 & 5547 RCU B2 45 R 1) J5 % . RCU
s K2 AL, o2z —mld RAVFEAEER BT AR HD SRR, AR
A LRI A A, BRI C RO MERE NI IR B AR aeeily
S AR R A I AR R L 1 S 1 i)

TEAF T, AT RN synchronize_sched() IRz i AS CALFEAR 1FH Y, 4%
1B IR TE ) W ik SIS AN ET R T (NMID Ab 3 e B A8 T, i
BRI, XA ILRME . X MOTVERERR A “ 4l RCU” [McKO04], Linux W%
Z AT AT T X

“4if RCU” ik AL T

1. oAy, Eeln, OS Xt—~ NMI S O

2. HRPTH EA MR A X e B (LbanfEH synchronize_sched() )=
T o X HL SR Ab 2 J5 821 RCU 2ty I 7 DX ARE ] AR WAR G K 2R
JEHIFET

3. HETAE, tbhn, REIFRISEAR N 5E AR .

AR HER R ) Linux WAZ B Tl . 8 T x4,
timer_stop() &% £ FH| synchronize_sched ()iffi PR LR TBFH S B8 P52 1, P A IEAEAL
FLI) NMI AR R 2 28 5E . 6] 8.25 XA i 4 Ji5 1R 4R

1 struct profile buffer {

2 long size;

3 atomic_t entry[0];

4 };

5 static struct profile buffer *buf = NULL;
6
7
8
9

void nmi_profile(unsigned long pcvalue)

{
struct profile_buffer *p =

rcu_dereference(buf);

10

11 it (p == NULL)

12 return;

13 it (pcvalue >= p->size)
14 return;

15 atomic_inc(&p->entry[pcvalue]);
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16 }

17

18 void nmi_stop(void)

19 {

20 struct profile buffer *p = buf;
21

22 if (p == NULL)

23 return;

24 rcu_assign_pointer(buf, NULL);

25 synchronize_sched();
26 kfree(p);
27 }

/% 8.25: JH/RCU 2575 NMI 454

5% 12 44758 T profile_buffer 2544, (75— AN KNI — N EK I AT,
55 547 % L T #51M profile_buffer [F454%r, X BURB A IR E HEAT T WIa1k,
i 10 WAE I B A TEIX

55 7-16 175 X T nmi_profile( &£, £t NMI i ab 2R 0 H o 1% pR B0
SIS AN S A P o 7 A P e B B, AELR S iR B304 S 45 %2 cache miss.
ECC Hiix, LhIME [ — A% JCAAE (2 FE 4 by i o) IS5 R 3 58 . 26 9 4T
i rcu_dereference() i 15 K3k H5 7] profile_buffer i AMIREN, XFAMMUE A T
ifi & {r. DEC Alpha LI INAEUFHAT, W5 2 Hr& A 7 Be profile_buffer, 25 11
TR 12 ATIE H, WS40 povalue B H VG, 2 13 fl 14 4T3 H . B0, 55 15
T8N A2 %L pevalue Sk T FRIF) profile_buffer T . &R, profile_buffer 45
PP size fRAIE T pevalue AN buffer TG, RIAE S5 buffer
Pl T8/ N buffer 2 Wt

55 18-27 47 X T nmi_stop() %, #5157 IR Vi) (LA IE i
I8 55 20 47 3KHL profile_buffer fRFR%ER, WitkEA buffer, 2 22 f1 23 1T1E H .
I, 55 24 17%4 profile_buffer 1F5%F & NULL ({FH rcu_assign_pointer() 515 7E
557 EIA LS - AR UE P AZ I Vs 0D, 55 25 474554 RCU Sched IR 145 34,
IR TR T A A T4 Ay (AR ——0FE NMI A B R B——45 . — Bk
AT RIS 26 4T, TATR 0] LORAE Jr A 3K E R 45 10] [H buffer #5411 nmi_profile() SZ 4
IR T o BULERT L2 AR buffer T, XA kfree() R iF o

/NiE] R 8.21: i nmi_profile() R ] AR N o B A B AMA BELETATTIN
il 1E s TAE?

i1 S 2, RCU il profile_buffer sh A U1 # A8 15 50 i) B0 (S AT LRI i 4
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5, B nT U BICRATEE T A 2D H2, RCU MWL e i =
KB, IEWZ H LA N

8.3.2.8. RCU H¥:R4

RCU %0 LS HE LT DIRE ) API:

L T Inog ol i R A ——T B .

2. PO RCU SN TTE, LKk

3. HEPZIRAIIUEN], (1SR RCU 23 1 A N AN 23 5% i 5 48 38 K4 B

o

WL UL, 7E RCU Z bt B S S g0 (M B8 A6 )& T Ref,  Elnnmr JL 15 71
MR8, SIS EE LR . EgE—20, BN Linux #hX 44k42 % RCU
BT 2 2 A KBNS, AR ILA ) R 50T 8 21X FF .

8.3.3. Linux N#Z=+ A RCU API

AL Linux 2T APLAE AR B iy RCU, 26 8.3.3.1 1411 |7 RCU
(s pem e APL, 45 8.3.3.2 i8I M T RCU [0 B Ai——iT MRS A 469 AP, 4
Joi, #5 8.3.3.4 WHER T ESTERITEL

8.3.3.1. RCUE —/FLF5E APl J&

XAt a0t RCU” XA, B HEEM HIZE RCU 2 —FiE Linux W% T
1) APL, 3% 8.4 13k 8.5 7))l ik 45 T A AT HERR RCU FI AT REAR RCU 111454 RCU
BB AR AP, 3 8.6 FIH T RATAT I AP,

#8.4: RCU [J3-1FF 11457 API

£t RCU RCU Sched
H 1 HRAHTHA K7 1k- DDoS ¥t LR AR SR Y
i . NMI
NN ATEN 2.5.43 2.6.9 2.6.12 2.6.26
B R E rcu_read_lock()! rcu_read_lock_bh() preempt_disable() rcu_read_lock()
rcu_read_unlock()!  rcu_read_unlock bh() preempt_enable() rcu_read_unlock()
(G ESPEEY)
B R e synchronize_rcu() synchronize_sched() synchronize_rcu()

(F) synchronize_net() synchronize_net()
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JA £ 3L RCU RCU BH RCU Sched SR RCU
5 o SR v call_rcu()! call_rcu_bh() call_rcu_sched() call_rcu()
(RP/E1RED
BB R e rcu_barrier() rcu_barrier_bh() rcu_barrier_sched()  rcu_barrier()
€ ZSAEND
KA ZEMHNF  SLAB_DESTROY_ SLAB DESTROY_
BY _RCU BY RCU
T2 3 PR 1 ANHEFH ZE ANGETT Wy ANBEFH 2E H e B IR
B
B T4 A ATIHE A5k BHATIT BH A ATHE Y RS
7 (#£ No-preempt ({F No-preempt N J&H W/ FF 1B
W% TG TTAD BN D)
REPEFwTH KT KT 4% XTI 4%
DL R A E R L2 L2 JL = JL =
Non-preempt-RT £ it RCU RCU BH £ it RCU A4y RCU
SEI,
preempt-RT Ay RCU SZi RCU FEFTH CPU gt  SZif RCU
LI T JE

A A WIRIE Al RCU, 84 5 R SR )33 8.4 1 —Fmhiy, 1%3%
d (45— FZE A 45 T Linux PE% RCU APL T (AN L. Fotar, i a6t
PRE Linux WAZ A6 RCU EEAUROG IR, T84 “RCU Classic” it — A
M nl, PO E RN MRS . S — T, W R B RCU B S, T
2 “SRCU” 1 AP dgefif B 4 ARG I8 m] LA A A T 468 5

RS TN RCU RBER T, XJUANERATLLEME A NS % .

/NI 8.22: A4k 8.4 AL T ARG —AMmls (“17) 2

“RCU Classic” —71%} M ff1/& RCU 54452, rcu_read_lock() !
reu_read_unlock() L RI4) t RCU il SIK , AT LA o %o I 1 ) 25 )
Wi J5 T synchronize_rcu() R ¥ 5 5 synchronize_net() & 55 455 4 1if IF ZE AT
[¥) RCU 53t lfi PR H o AR5 IR ORARE R 70 S 20 1) S o S v
call_rcu() 7t Jm SEF DA JE 0 45 ok s 1 e 280 e i sk 8. b, call_reu(p, f);
CEARTE 148 SR 30T RCU [ F(p)o 2475, L4148 call_rcu() 145 Linux
WRZASERI,  5 BEAEA FT A R S8 L RCU [HR AT 58 B [MCKOTe] o Bhi i 2
reu_barrier ()5 MEENIX— nle TR, £ERYSE D.2 Fil D.3 ik ) Il ) )2 2%
RCU[McKO8a] £l thJHF “RCU classic” i X .

BeJi, RCU & A] U] FHAE A 2242 (1) )N A7 [GC6], UL 8.3.2.6 7. & RCU
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it , KRB NAARIE T 45 € B35 70 R AL RCU By St X 1EAE V) 1) &
A SRR, AR LT RCU FIR B2 N 17, 0
SLAB_DESTROY_BY_RCU #4i#:4+ kmem_cache create(). f3— AR E %,
SLAB_DESTROY_BY_RCU A~£:BiL it kmem_cache_alloc()7 R 557 43 e Wil 4
kmem_cache free()B TN AF ! F+52 I, i rcu_dereference iR [7] 1) 52
SLAB_DESTROY_BY_RCU Fric a4 & ds 45 14 mT Ge B i—— 5 o il =
K, HE2AE reu_read_lock() Ry F 2 Mk, 52 A,
SLAB_DESTROY_BY_RCU ] LLFH 1I- kmem_cache_free()¢r RCU Ak 4 31 45 o
ZH IR [PV ECHE 25K 1R 58 R TRUR) slab 45 R4, — 1) ih,  BARER U3 T e R
JR——HEH L N IR, (HE S IR AR DR B AR

/NIB) R 8.23: HETuAn] B 1 G BRI RH ZE 1) synchronize_rcu() 1A FH 7= A= 1) 8 K
RCU ¥ Il AL X ?

/N1 7 8.24 : synchronize_rcu() API 2545 T CL A7 AE 1) T A BE pR 20 5¢ A%
Xof iy 2

7E “RCUBH” —#=, rcu_read_lock_bh()A rcu_read_unlock_bh()Xil/rH T
RCU £l X, 11 call_rcu_bh() 75 J& £2 (IPLHE & 3 25 o 5 U FH 2 2030 AT 16 pR 25
WHVE R RCU BH &4 A5 11 synchronize_rcu_bh(#: 11, A 52, W
—MIRE S

/NAIRR 8.25: WA G AT B S R AT 4?7 LanfE A reu_read_lock() A
rcu_read_unlock() k!4t RCU 2umlle A 1X, (H &2 J5 XA call_rcu_bh()2K A&t
RCU [m]i{?

/NiE] R 8.26: A A T Ab B pR £ T LA e 7 B xUIY reu_read _lock_bh() i
PR, X

£ “RCU Sched” —#%, JFrfiZE b+ 51 AP #RAIAE T —A> RCU 13l 5t
[X_, synchronize_sched ()25 £ %5 B[] RCU A4 A 3145 7R . i% RCU AP A 7E Linux
2.6.12 I AAZIR), B8 I synchronize_kernel() API 43 G EIAE fr)
synchronize_rcu() (£ 8t RCU) #I synchronize_sched() (RCU Sched). 17+ = RCU
Sched JR AR 72511 call_rcu_sched()#% 11, ANidfE 2.6.26 BRI T —/4~. A%
Linux #EX B8 32 SRR, DT X 28 AP #2324 75 B T .

/NI 8.27: Ui SRR A48l RCU Classic Al RCU Sched 23 & AEAT4?

/AN 8.28: ARKUL, BEANEEMKEE synchronize_sched () R&E T A 24 11
BT b BE PR AR S5 A, R 2

“Realtime RCU” iX #4457 # Ml RCU Classic —F£f) API, ME— 1) [X 5] RCU

el A DR DL, BT DAAESRER B e P 2E . Realtime RCU ¥
JL[McKO7a].
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/N R 8.29: AfT4 SRCU 1 QRCU /b 5725 1) call_srcu()zk call_greu()
B
#8.5: HJMEMLRCU HI4E15 52/ API

JE SRCU QRCU

H 1 ] AR ) 1523 ] IS 1) 52 8 R T 11
DA &

AR 2.6.19

B IR srcu_read_lock() grcu_read_lock()

srcu_read_unlock() grcu_read_unlock()

5 0m SR synchronize_srcu() synchronize_grcu()
(R
BB IR N/A N/A
(R /B
B W R N/A N/A
(ERAFEID
R Z LN
32 U R ANATE ANATE
synchronize_srcu() synchronize_grcu()
I T 44 fE RS JFRIE A X AR J T B 1
A Bk
¢ 2 B i T4 N/A N/A
P A HIREIR JLt-ZF0 T N L+
Non-preempt-RT SZI} SRCU N/A
Preempt-RT SZH1 SRCU N/A

#* 8.5 ) “SRCU” #AIH T —Fi L1 RCU API, SLVF/E RCU i3 9 i 5t
DX AR CAH 15 TE LS DD . 4R, 78 SRCU il A IX o4
synchronize_srcu()2s ‘30 H AL, BT LA 4 . SRCU 52 Hi$2 2|1 RCU
SEHA — SR, R A SRCU 20— sreu_struct. IX R 2k 7 B
1F: SRCU ik s Fi X FH ZE 5 HoAth AN HH < synchronize_srcu() i o 34k, fEIX
it RCU Az 44, srcu_read_lock ()i [ FREL 06 25 4% 45 % 3 ) srcu_read _unlock() -

“QRCU” FHH T 1 SRCU 54 —Ff API [ RCU SEBL, (HEZ& L[ T4 X%

A IS AR AU S i T ik, PE K [MceKOT7f]. AT SRCU —FF, 7E QRCU
B s S X A$H synchronize_greu() & S8 A JRALHL, Pl iZikE . B4R QRCU
WAL A B Linux WAZEI, (B4, QRCU stME——FhHUE R
AACT =2 RN OUHE IR I N % 2 RCU K.
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/NiE] @R 8.30: MR O T W LAYE SRCU 523l X H 22 4 (K44
synchronize_srcu()?
Linux WAZILZESIAT 125 RCU SEIRECH 1k Al By D IX N E ik &
A EEAR B, UEYEAE T Linux WAZ 52 S U = RCU 23, DA AP (B
A RCU Classic 1 Realtime RCU JL=2[RIFEK) APD o ANid, Flis /8t i) APL—FF,
201> RCU B AP IE T5 52 /N0 RS B A3 HT o
ANFI ) RCU API AT LUARE E AT ) RCU 1 Sl S DX 06 Zi S L )
forward-progress PRAUEFIEATTTERERIX 48, WIF:
1. RCU BH: &3l Ft X 2R ARAEER T NMIAT IRQ AL 2 e £ LAAM ) forward
progress, {HAGFEH F K. RCUBH Z&4 1.
2. RCU Sched: iuilifs S X A Z0ARAEER T NMI AT IRQ AbH ek £ LA )
forward progress, ffHE#H . RCU Sched J&4% )R .
3. RCU C(classic F realtime): i3l S X UUARIERR T NMIL IRQ. #KH
T Ak B R BRI S L SE R S T 45 (FE realtime RCU #1) LLAME forward
progress, HEHH W, RCU &I,
4, SRCU 1 QRCU: il A X A{RIUE forward progress, [ AFE 64145 7F
SRR I IR DT SR B 5T B, - I IR 3 2635 v s DX N 12 A AN I 5D Y 5
B (AT REFE ), SRCU FI QRCU (1136 il HH 4% [ 5 1 sreu_struct B%
# greu_struct & o
)ik, SRCU M1 QRCU LA SVFIT A B iE BAT TG B R v A eAT TR
591 forward-progress f4:3iF «

8.3.3.2. RCU #1H RAi——iT R FRA %S API

FIEME, TRIHE RCU KA T— T FFIRA Y 5 18 T 2 i i
T RCU &4k, IXFpILPELEFRA T/ Rt 00 T o] L AR 2 A0, 31X — s
T A2 B BLE APLE H 3K . RCU K AT—1T [ AP RIS 25 2 31 18 Ho At
API P AR SRR, IXREZE TR Linux SCRFIGERE 20 A CPU 22454 E 1IN
FENFURE R (5 10 R [Sprod],  Linux A% T &8 il LU FAE ] RCU.

#8.6: RCU f9&M——i] i Al A 27 API

KR JFiE BANAKRE T

3 PR List_for_each_entry rcu() 2.5.59 faj #4584 (alpha
I AT BE
[59)

2 J&i4f James Bottomley it B R FHIXAIFAAR, 10 AN A2 ) 5t 5 AN H AT forward progress f#iF .



RN PR IFAT i FE

R List_add_rcu() 2.5.44 pEA
List_add_tail_rcu() 2.5.44 W A7 Bt e
List_del_rcu() 2.5.44 8 FL 4R 4
List_replace_rcu() 2.6.9 W A7t i
List_splice_init_rcu() 2.6.21 DU F S A 3R
WM A4ER  Hlist_for_each_entry rcu() 2.6.8 faj #4584 (alpha
i NAEBE
)
Hlist_add_after_rcu() 2.6.14 W A7 5 B
Hlist_add_before_rcu() 2.6.14 W A7 BB
Hlist_add_head _rcu() 2.5.64 N A7t e
Hlist_del_rcu() 2.5.64 ] FL 4R 2
Hlist_replace_rcu() 2.6.15 AT R Fi
W et Rcu_dereference() 2.6.9 fij #4554 (alpha
e N AR B
)
EikiEilas Rcu_assign_pointer() 2.6.10 AT R Fi

FHHIZE—5 APLAYEA T Linux 1Y struct list_head g3 XUEES
list_for_each_entry_rcu() Jstifs LA 2 22 4> (1) 772Uk [ %2 RCU LRI EERR, RIS
SR 3 [ B I I R AR BT AR U RS DL AR . 7E9E Alpha &
ZJETEFR T list_for_each_entry() B AN = A2 5l i RARAR I PERE AR T o
list_add_rcu(). list_add_tail_rcu()F1 list_replace_rcu())5i & #5254 JF RCU RCAS KA
L, ARZAESS P LA bRl KB A7 BEE RS . list_del _rcu() B [RIFF

list_del_rcu() 54 prev $5%F, 1 list_del()2> [7]v5 4% prev F1 next #54t. #)5 .
list_splice_init_rcu() 5 #& F1'E [ E RCU AR SSABL, H I 5717 AN A 01 1) 4
B o XA H il RCU 338 76 58 4 5 HE R S I S I R W 45 K e
ARSI 3R 1R 308 ) —— W A BX — 55, RCU i R 85 E A1 i .

/NI 8.31: A4 list_del_rcu()BEAT RIS 4% next 1 prev #5412

TP EE 2% API H #2275 T Linux [ struct hlist_head Z& %5041 % . Struct
hlist_head Lt struct list_head #5125 — i (b 75 2 18 HU i B — AN PR gR BT 18 S0
XL RS R P 18 KEEN AT . K struct hlist_head Ui 5 9FE RCU fiiA
{156 2 [7] struct list_head J5iE 25 LI5C R —FE,

TG —2K APl HEAEH THREE, XXM 2 RCU -3 AR R HE
JCEAEAEE M, sz RCU R A ZHAIH . Reu_assign_pointer() J5i i ffi AR 7F



AR IAT RS

9L b, AT AR R B B 2 AT AT W) aG A HOR 3 RO AT o [FIAE M,
rcu_dereferece() i 1 J5 S FR A 5 | H AR 7] LYE Alpha CPU |75 UL R )
rcu_assign_pointer()Z BT HEAT #4646 )45 R . 7EF Alpha CPU I,
rcu_dereference()ici sk MR LE45 g 5 | FH IRIFREN 252 RCU TR

AN 8.32: JEH KRG, AT JE T reu_dereference() K FREN 0 — B
rcu_assign_pointer() 5 Hr. IX AN (51 St 2

/N i) 8.33: X Bk [y FHHE T I v v LALE BT RCU AP S5 R A
XA AR ?

8.3.3.3. RCU [1J API 1] UL FZEf[ 4k 2

NI

(A

()

reu_read_lock
reu_read unlock
rcu_dereference

IRCY

00—

RCU List Mutation

RCU List Traversal

ign_painter()

= ¢all rcu

T

synchronize_rcuf)

¢
/18.26: RCU AP 11 FR#

4 8.26 7 T HELE RCU AP ] LUR]T-HIREE Y A% 3455 . RCU i3 Jit i ] LA
TATATIAEE, AHE NMI; RCU mutation A5 5 OUHE R I JEUE v] LA B2 T NMI
CLAMPATfI A S s RCU [RIZDUHE W st s Hae H T30 R B30, RCU [y [ B
FJFIEALES list_for_each_entry rcu(). hlist_for_each_entry rcu()%%. [RFE,
RCU [#) list-mutation J5{iZ €04F list_add_rcu()~ hlist_del_rcu()555¢ .

TEVE R I E RCU API &P R v A2 vT LU e r),  Eean sreu_read_lock() Al LA
FHE reu_read_lock()RE R 3.

Process

reu_acs

8.3.3.4. 4, RCURERMA?

RCU (A% AN & — PSRl A SRAE 1 A AT AT B S4BT RCU B2
e HEP AR APL g2 B, SE AR BUIFE RCU 22 A 5 405 B
r AR, PN S STV AAE I ORSEAE R T A A . ERE oD,
X Linux #EX 234405 RCU - 0BT TR 2 2 ANKEIPREE, AR FAR I [F) 25 i
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T R IXFE
AR, X RCU TS & R EICAFE T A 18 52X 28 AP Re i I 3
HE, SR 2 Ak, BB %% RCU, 375 22— RCU 141 7530
DRI N — 19K 45 th— R B 2 PRI RE ) #A Wr in it Be 2 X RCU 523

8.3.4. "ItBzI(" AYRCU I

AATBEV “ BN RCU SEIUAS N T o stk e s s 141
e by MBS N T RIS T . A, ERFEEXAE 1. 2, 3. 4 M
8 FA —/MEIE MM, SR A BT AN B AR T TR Lehr 2L S

AT LMBEPAEAEARLR [ SRR A, - T — RINE A B34 1 RCU S
55 8.3.4.1 WL T A TR B AL AL RCU SEZHR, 1S 8.3.4.3 FIJJiE 8.3.4.9 ¥
T BT ST free-running THERK R RCU 52, Ben, A
8.3.4.10 17 XA BEAT ik 2 9151 H BEAR) RCU SEL N % HAT 1HRF I

8.3.4.1. E T8I RCU

WV B A B RCU SEIA & 8 T, an /& 8.27 Jir 7= (reu_lock.h Al reu_lock.c)
FEATT B SEBLH, reu_read_lock ()3 HX—H4x J5) H @81, rcu_read_unlock()FEJHCE!
1M synchronize_rcu()3k X H EBIA 5 PR

1 static void rcu_read lock(void)

{
spin_lock(&rcu_gp_lock);

static void rcu_read_unlock(void)

{
spin_unlock(&rcu_gp_lock);

© 00 N O 0o & WDN

[
o

11 wvoid synchronize_rcu(void)
12 {

13 spin_lock(&rcu_gp_lock);
14 spin_unlock(&rcu_gp_lock);
15 }
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/418.27: ZE T4 RCU L7

IR 4 synchronize_rcu() R 7E3REUET (BRJGRBO PAJE A 4RIA], BT LLAE BT
A2 W R AR RCU B2 IR FLIX 52 i HT, synchronize_reu() /2 AN2xiR Bl iy, PRHiX
F5E RCU HIE o 48R, — M iumim A X A L BEfT —A RCU & #EA, X
HEAR Fnf L2 R RCU B H A T« 5341, reu_read _lock()F1 rcu_read_unlock()
R AE T A S RO ), 523 (1) 85 A\ Power5 k% CPU L[] 100 4470 31 64
MRS L 17 2 A%, ERT S, Al 381 rcu_read_lock() & it A
JERURIA . BeAk, OB A8, Frl RCU Bl A X ANGEIRE . e )m—
s RN EIF R RCU BB #RAE AT DAL — AN A LA HE Y], HE i S
PUAE R R AT T, PRI Gy 3L =0 S5 30

/NE R 8.34: A4 8.27 [ RCU SEILHLRAE B s Ao H B A RCU
S ?

/NEIRR 8.35: A4 8.27 1) RCU SEIUA B8 ? IXFF RCU 14
AT A EE R T o

AR MEAR G XA S g FHAEAT AT — AN ey, (HE XA ST — milf 4 mT R
RAEJLT A PSR B AMUntk, SRIREH 4 CPU B1ali & 3 5 811
SEDLA ¥ 22 T Linux 2.4 WAZH .

TN AR CPU BIUNERMB IR : BRSBTS

8.3.4.2. ETHLEVM RCU

% 8.28 (rcu_lock_percpu.h Al rcu_lock_percpu.c) s 7 — R T AR R4
HISEI. reu_read lock()F1 rcu_read_unlock() 73 7l 3 BRURURE 5024 B 26 R 108
synchronize_rcu() B £ 4% MR T 8 — sSKURIRE IR 26 RE R B . XK, A7
synchronize_rcu() TG I ik 204 T 1 RCU 523 ifs X, 4 20£E synchronize_rcu()
SEAHTIR ]

1 static void rcu_read_lock(void)

{
spin_lock(& get_thread_var(rcu_gp_lock));

static void rcu_read _unlock(void)

{
spin_unlock(& get _thread_var(rcu_gp_lock));

© 00 N O O & W DN
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10

11 wvoid synchronize_rcu(void)

12 {

13 int t;

14

15 for_each_running_thread(t) {

16 spin_lock(&per_thread(rcu _gp_lock, t));
17 spin_unlock(&per_thread(rcu_gp lock, t));
18 }

19 }

18.28: F 4L FERCU L

AT ZEA S AT SR VE IR R I RCU 323, R IRHEE  1 A B A4 Ry T
REXE R IRIZE 8. AN, i3z FF8T SR Ik RHE 140 hF0, 2 CPU %L
HohZ /b, IGAARFFE 140 ghF0. Aid, 7o 145 I7E AN Power5 FRA% 111
600 440 E 64 1% R 40 LI 100 R ANAE,

/N 8.36: W1 HL7EIR] 8.28 [RIA 15-18 47 HL, JLRHUIG B, S5 F R
A8, IXFE RIS I — e 2 e an XA IR IE, AT 1 I 2 AR
AR Z

/MR RR 8.37: &1 8.28 KIS RS kE S AL BN ? WILRE, AfFARE? Wi
g, WA AARE?

/I i) 8.38: i i 1] 8.28 (1) RCU By LU 32 W H 1 J5U3 , bl i POSIX
L, SASTEE?

ARIPVEAEFLO RS DL AR R, JCHE RPN T A Linux 2.4 W%
fifi FH[MMO00] -

)G BB TV AR RCU SEIL ve IR T 386 T80 S IR el o

8.3.4.3. ETIHHHBMMHH RCU LI
1 atomic_t rcu_refcnt;

2

3 static void rcu_read_ lock(void)
4 {

5 atomic_inc(&rcu_refcnt);

6 smp_mb(Q);

7
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8

9 static void rcu_read unlock(void)
10 {

11 smp_mb();

12 atomic_dec(&rcu_refcnt);

13 }

14

15 void synchronize_ rcu(void)

16 {

17 smp_mb();

18 while (atomic_read(&rcu_refcnt) = 0) {

19 polI(NULL, O, 10);
20 }

21 smp_mb();

22 }

/K18.29: (EH #4271 H T 27519 RCU LB

K 8.29 J& —FIFH TR E 2% — A RCU S (reu_reg.h Al reu_rcg.c). AJjik
FESE AT X T —A a5 w88 reu_refent. reu_read_lock ()R H 3014 it
5, REPAT —DWAESERE, BRI T B2 5 A N RCU il A X . [7]
FEHb, reu_read_unlock()SEHAT — AN AFBERE, il RCU Sl S X 11 45 K1 0,
SRJE I E T Kds . synchronize_reu()JstiE AME B e, S5 5TV ECE 10 1E
AR 0, WEATHT JE I I AE BB ORG IE A FBUT o 55 19 4719 poll () FLUJ2 4R 1 ZE I
M2l RCU 1 XA BE G & nT LA IS I . 55 synchronize_rcu()iR 915, BT 2
KA RCU Bl A X #4581 T o

TR 8.3.4.1 W AT B SZBIA L, FRAT TR i R IAS Y I P s g ] LA
kB I R HEN RCU Bhiif 7 X o Fl 8.3.4.2 5 rh T RELE FEB 1 sSe oA e, 3
ISR E R R IATT s a] LAk RCU 2 ile S IX R E . Y341, reu_read_lock()
JEB A NTERIEIN, A EREA B gt ANBH 2 .

NI 8.39: Rt L 7E I ] synchronize_rcu()INHERAT 104, AR5 XAE
RCU il Ft X R B Rl — 304t &R AAtame?

R, IXANSEPLE R AAAE— S B . 158, reu_read_lock() A
rcu_read_unlock () ¥ It F AR A AL AR KM, Bz 8 A\ Power5 H14% CPU
¥ 100 440 F 64 % RS0 L1 40 RIS . X EMAE RCU Bui i S 2
WA, ARSI LS T R E K o (HAEAE S — U T, AR BeE I,
S AT ZEARZL 40 iF, X Linux PR 077 S s gl HAR 2 Ao
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%Ko

/NIA) L 8.40: il synchronize_rcu()tL & 7 —A> 10 =R AILERS, PUatk R
A AT fiE HUEE 40 YRR 2

R, WRAFAEZ I reu_read_lock()A1 rcu_read_unlock() ¥4, Xt
rcu_refent (PN A7 U7 Il se b 080 (uyang: it ic 15 2 AT il i g2 47k b e
22 Do LU FIXRPIANGR SRR E M RCU 18 H bx, Bt — sz -4 i e 25
J5iE

e, EARK s Im A X P K& RCU 23 42 25 ik synchronize_rcu()
TAETER, AR RTHEER vl eI A R 0. 1X 22§30 RCU B Fum 1Lk, X
AR A RN B E AT REERZ I

/AR 8.41: {18l 8.29 [WSEBLIL, At 4 synchronize_rcu() &5 i 7] 1 K
T LU, ANRefigil reu_read lock()Bi 5 —23 JLWE? X AMBIEARER) 11
synchronize_rcu()1J1 k" ?

Wt PR EE, ARMEARGATT (RS RT DULE P S N A, AR e L3t
T SIS A X T TR g, b, AR — s g IR S P ) RCU SEEI.
N AR S AR5 T RCU AR ik

8.3.4.4. ASiLEFEVRAISIHTHE RCU

/<] 8.31 (rcu_rcgp.h) RE/R T —Ff RCU SEZHLIK e i, A H — X 51 FH -4k
2% (reu_refent[]), it — D2 RRG] (reu_idx) IS drik i — itk
s, MR ETH S reu_nesting, — MEFZERE AR R G PLR

(reu_read_idx), LA —N4 @81 (reu_gp_lock), K18.30 44Hi T FikiE Y.
DEFINE_SPINLOCK(rcu_gp_lock);
atomic_t rcu_refcnt[2];
atomic_t rcu_idx;
DEFINE_PER_THREAD(int, rcu_nesting);
DEFINE_PER_THREAD(int, rcu_read idx);
/418.30: RCU £/ 5/ /140X 11940 7E X

rcu_read_lock() )51 H 2034 i i reu_idx A H ) reu_refent[]/8 53 IR, 48 5K
RO MREAE R AT & reu_read_idx 7. rcu_read_unlock()J5iiE H B/ xF M
rcu_read_lock()3& N iy IS THE RS B . AL, PRA reu_idx REAPNEeRE HRE E A
reu_idx BE —AME, FrLlid S S TBOAREARVHRE . AR MRLER
rcu_nesting A% IR IEE ik £

1 static void rcu_read_lock(void)

O M W N P
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o

© 00 N O 0o & WDN

N N NNRPR R R R R B B B B R
W NP O O 0w ~NOO U NM®NIRO

n = _ get thread var(rcu_nesting);

if (n == 0) {
i = atomic_read(&rcu_idx);
__get_thread var(rcu_read _1dx) = 1;
atomic_inc(&rcu_refent[i]);

s

__get_thread_var(rcu_nesting) = n + 1;

smp_mb();

static void rcu_read _unlock(void)

{

N NN NDN
o N O 0 b
-

int 1;

int n;

smp_mb();

n = _ get thread var(rcu_nesting);
if (n == 1) {

__get_thread _var(rcu_read_idx);
atomic_dec(&rcu_refcent[i1]);

}

__get_thread var(rcu_nesting) = n - 1;

AI8.31: &/ /a5 T4 19 RCU 33 i i

h T ARIXR O kAR TAE, & 8.31 rcu_read lock() BB AL 5 6 4T HRHL T 247

M reu_nesting, A1ALES 7 AT B EE RIS 1AL T 45 21 Z 1 reu_read_lock()
B2 55 8-10 47 FRHX AR & reu_idx ) 2 i {EL, K A7 214 By 26 FE 1 reu_read _idx 71,
SR JE B N reu_idx EH ) reu_refent JTTCERMIME. 5 12 7T ANE BLAER reu_nesting
fH2Z /b, HEXHM 1. 38 13 ATHUIT — D WAEDERE, #ifR RCU B8l A X A
257¢ reu_read_lock ()2 7y FF UG «

[ FEH, reu_read unlock()ERBTESS 21 AT AT — DN AEHERE, i RCU
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BRI AL X AN LE reu_read_unlock (VU 2 JE BB 45 . 55 22 4T 3R H Y A Ze e

%) rcu_nesting, HIEREH 23 47 HAG & A I 4 Hir 4T 5 A2 1) reu_read_unlock(),
A of5 24-25 A7 RICH T2 RE R reu_read_idx (i sMZ ) reu_read_lock()iRAE) Jf:
H A3 B reu_read_idx ZEPER reu_refent JLF . LI MHTIRE T 2D, 58
27 ATHE H R ARG AL ) reu_nesting 1A

1 void synchronize_rcu(void)

2 {

3 int 1;

4

5 smp_mb(Q);

6 spin_lock(&rcu_gp_lock);

7 i = atomic_read(&rcu_idx);
8 atomic_set(&rcu_idx, i);
9 smp_mb(Q);

10 while (atomic_read(&rcu_refcnt[i]) = 0) {
11 polI(NULL, O, 10);

12 }

13 smp_mb(Q);

14 atomic_set(&rcu_idx, 1);

15 smp_mb();

16 while (atomic_read(&rcu_refcent[!i]) '= 0) {

17 polI(NULL, O, 10);

18 }

19 spin_unlock(&rcu_gp_lock);

20 smp_mb(Q);

21 }

K18.32: (L 71 i B0 19 RCU & 3 i S 1

K 8.32 (rcu_rcpg.c) SEHL T XJ Mf#) synchronize_rcu()sE3. £ 6 47 R 19
ATIRIBOIEREIN reu_gp_lock, BRAIXAFE AT LART 1R 2 T— AN 3 & synchronize_rcu()
Sl 2R 7-8 4743 BIEREN reu_idx BRI LI S, 3% A JE 2211 reu_read_lock()
SEAGI KA FH R 2 8 S AB AN ] 7D reu_iidix fB o SR )5 55 10-12 475545 Z BT ¥ i reu_idx
W TCERAR N 0, 28 9 AT N AE DR & T LRUERT reu_idx IS & A2 ik
FIXS reu_idx U B 2T 55 13-18 47 AKX 1R, 2 20 AT N AF BB Y
TRUEFT AT J5 221 IR E AN s e LA 2% reu_refent (RS A 22 BTHRAT -

/N 8.42: A4 &) 8.32 1 synchronize_rcu()5 5 47 N A7 Bt B 1T X R
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T ARE A TR ?

ZINED R 8.43: Tyt B 8.32 AR E A AR 7 METE A A IKIE AN ?

ARSI IRE G T P 8.29 PR TR AL T B S RT A AR 1 S v L )

AL IX P S BT RAFAE— S F A 52 . 156G, reu_read_lock()Fl
rcu_read_unlock () () J5 TR AN AR K. sz b, EAITELIA 8.29 A st K o
TT RN Z , i J5UiE (1 TF A A Power5 HURZ AR FIAS 1) 150 hFD 3 64 F% AbFIAS
i) 40 =R AR . T B synchronize_rcu() JEE TR BAE K T, M Power5 #
¥ CPU 111 200 4470 2] 64 fx b3 45 1111 40 =FPASE X Z R RCU 1 7
DOZIARE A3, A BB A2 ST L I s R A1 K

ok, WSR2 3R 18 reu_read lock()F1 reu_read_unlock(#efE, B4
Xt reu_refent [N AFE VT i) oo Sl 2080, X0 S 209 BRI cache miss.
X — gD K T R I R S U ) 7 ZE ) RCU B2 Il S X R I ] o 3
PR SRR 2 1 D0 N #8501 RCU (1) H Ax .

W=, TFERE rou_idx PRIRIX — SO SERTRAESE I T T, U R R
HIRZ W,

e, RV R EIF R RCU BB T LA — AN A SR AE A 3, (R Ay
(R SBLRATAG T AR S, A P L = e kAT

/NRIRR 8.44: BESRJET HIEAR ¥ BRI ER, A ANTE K 8.31 1
9510 AT AR 7 A 3G, 7E58 25 AT AR R F e ?

RUEA IEFEAFE I, X R RCU (2R M0E & m Llis R NI 2% R 4t
[, BVFRT AR N —Fl memory-conserving SZEL, I T-4EY 5 T AR AL S (] )
APISERE . A, IXFIVEAE CPU 2 Il i e M ANEE

NN T ST VLI RCU AR 44, 1T K 3 T
e e e A A

8.3.4.5. TWH EHETHEES RCU LI

DEFINE_SPINLOCK(rcu_gp_lock);
DEFINE_PER_THREAD(int [2], rcu_refcnt);
atomic_t rcu_idx;

DEFINE_PER_THREAD(int, rcu_nesting);
DEFINE_PER_THREAD(int, rcu_read_ idx);

/8.33: RCU AELEFE G| H i1 Z00 92085 & X

o A W N P

1 static void rcu_read lock(void)
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2 {

3 int 1;

4 int n

5

6 n = _ get thread var(rcu_nesting);

7 if (n == 0) {

8 i = atomic_read(&rcu_idx);

9 __get_thread var(rcu_read _1dx) = 1;
10 __get_thread _var(rcu_refcnt)[1]++;
11 3}

12 __get_thread var(rcu_nesting) = n + 1;
13 smp_mb();

14 3}

15

16 static void rcu_read _unlock(void)

17 {

18 int 1;

19 int n;

20

21 smp_mb();

22 n = _ get thread var(rcu_nesting);

23 if (n == 1) {

24 i = _ get thread var(rcu_read i1dx);
25 __get_thread _var(rcu_refcnt)[i1]--;
26 }

27 __get_thread var(rcu_nesting) = n - 1;
28 }

K8.34: (EIHFFATE 7] it 200 119 RCU 525 J i

K] 8.34 (rcu_rcpl.h) & —Fifi RS A THET RCU SR 152 i R 1 o
ARSI 5 ] 8.31 K SEIL 23 2R ARL, ME— R X5 T reu_refent Ji T — MR LR
A (MK 8.33), b reu_read_lock()A! rcu_read_unlock() Jsii A FH #5404 T 5+
e

/NJE R 8.45: 5| 4% T 1 IRAE reu_read_lock()HLE W, atomic_read()JiiE T !!!
WA AARAEEEE reu_read_lock() HEL VA S5 TERE? 2 2

1 static void Fflip_counter_and wart(int 1)
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2 {

3 int t;

4

5 atomic_set(&rcu_idx, 1);

6 smp_mb();

7 for_each_thread(t) {

8 while (per_thread(rcu_refcnt, t©)[1] !'= 0)
{

9 polI(NULL, O, 10);

10 }

11 }

12 smp_mb();

13 }

14

15 void synchronize_ rcu(void)

16 {

17 int 1;

18

19 smp_mb();

20 spin_lock(&rcu_gp_lock);

21 i = atomic_read(&rcu_idx);

22 flip_counter_and wait(i);

23 flip_counter_and wait('i);

24 spin_unlock(&rcu_gp_lock);

25 smp_mb();

26 }

/&18.35: [E/HAFLEFE T H i B0 11 RCU &3 iy Jid iF

8.35 (rcu_rcpl.c) #& synchronize_rcu()ff)SzBL, EH — ANl ek %
flip_counter_and_wait(). synchronize rcu()pR#CR11E 8.32 FHHIFEA—FE, BT R
KA B A A v B R R R 15 22-23 AT A B pR A

i) flip_counter_and_wait() p& 2075 55 5 47 B8 reu_idx A&, 2 6 ATHUAT N
FEDERE, ARG 5 T-11 AT A BN GRS NI reu_refent TG, S8 FRHAAEAE N
0. —ErfcHEAALN 0, % 12 47#4T 5 — DWAEDERE, SRJEIR[A].

A RCU SEEU A A AT BT sk, (1) fetgm AL REAL R, (2) 4%
FEES AT LAV i) HADZEFE A LR FE AR 1, (3) RENSIE T T 26 . 4k 2 B3R
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A L ORISR, (I N R R BR A TR . B A AR K S B AT AR ST
PR, Hean, AT RIS AR X PSRRI A BRER LR, T,
PELFE S — VG reu_read_lock ()IFHE £ BN NG 75 26

/NRIRR 8.46: UFA T, WA N AL, MAREER: 2N A4S 10 =8 (f
A flip_counter_and_wait() i FHVHFEMIET ), (R IRFRA TN ERFE L ERF—0. K
ATTHMETE AN BE L DUTHE A S PP s 5 s 2

A AL A —Hehl 1. T8, AR EERLA reu_idx PRIK, 3K A E BT A oK
—UCTFRY, REEFEEUR Z .

LIk, synchronize_rcu() 425 fs 25 1) 747 & F it A Le 21 2 2k h G, IX 25
LRFRHUAR 2 10 N R P R 1 — e HF

W=, MZET—#, BARJEIN F IR ) RCU BT T DAL —AN 2 JL A
W, AREARTT S A AT TR, A A R S T T

B, AT S4BT K, A8 LEIAGE T RR 2 AR B ) 2 A
A BEAEAE ]

B B Y IR i, ANE R RRIE L 64 KRS T4 115
gi¥ ety . Synchronize_rcu() s iE YT AT, TFET/E A% Powerd 48 I 1
=PRI 64 1% RS0 I 200 =R SRS, AT 17V AT DU — PR A
=B 4 RCU SEIL T .

N H R R AL IR RCU SEH A AL S

8.3.4.6. WY BHKETHE2s RCU LI, 7] AILZEALHE A

DEFINE_SPINLOCK(rcu_gp_lock);
DEFINE_PER_THREAD(int [2], rcu_refcnt);
long rcu_idx;
DEFINE_PER_THREAD(int, rcu_nesting);
DEFINE_PER_THREAD(int, rcu_read idx);
K18.36: [L/HFFLEF 511 el EOM R 1 8045 1 209 7 X
FIRT LY —FE, K 8.37 Creu_repls.h) &Pl FI4E £ £ 51 T4 RCU SZER
s S i, B I SEIL ARV S B AL = A S ] AR B s BN &] 8.34 i
SEPRME— X 2, reu_dix BLAESE—A long B934, HERuHEL (2 2 2 ), B
VLK 8.37 55 8 AT H T — MR il 1 fe Rz . FRATTIEHs atomic_read () AT
atomic_set()5 % T ACCESS_ONCE(). 4] 8.36 144t iz SCFH ] 8.33 tHARAHAL,
JUZ reu_idx ILLE 2 long 2R AR 2 F 1) atomic_t 270,
1 static void rcu_read lock(void)

o A W N P
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2 {

3 int i;

4 int n;

5

6 n = _ get thread var(rcu_nesting);

7 if (n == 0) {

8 i = ACCESS ONCE(rcu_idx) & Ox1;

9 __get_thread var(rcu_read _1dx) = 1;
10 __get_thread _var(rcu_refcnt)[1]++;
11 3}

12 __get_thread var(rcu_nesting) = n + 1;
13 smp_mb();

14 3}

15

16 static void rcu_read _unlock(void)

17 {

18 int 1;

19 int n;

20

21 smp_mb();

22 n = _ get thread var(rcu_nesting);

23 if (n == 1) {

24 i = _ get thread var(rcu_read i1dx);
25 __get_thread _var(rcu_refcnt)[i1]--;
26 }

27 __get_thread var(rcu_nesting) = n - 1;
28 }

K 8.37: (EHIHAFLe e 5| i1 B A /5 498119 RCU 283 J 12

static void TFlip_counter_and wait(int ctr)

1

2 {

3 int 1;
4 int t;
5

6

ACCESS ONCE(rcu_idx) = ctr + 1;
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7 i = ctr & Ox1;

8 smp_mb();

9 for_each_thread(t) {

10 while (per_thread(rcu_refcnt, t©)[1] !'= 0)
{

11 polI(NULL, O, 10);

12 }

13 }

14 smp_mb();

15 }

16

17 wvoid synchronize_ rcu(void)

18 {

19 int ctr;

20 int oldctr;

21

22 smp_mb();

23 oldctr = ACCESS_ONCE(rcu_idx);

24 smp_mb();

25 spin_lock(&rcu_gp_lock);

26 ctr = ACCESS_ONCE(rcu_idx);

27 if (ctr - oldctr >= 3) {

28 spin_unlock(&rcu_gp_lock);

29 smp_mb();

30 return;

31 }

32 flip_counter_and wait(ctr);

33 if (ctr - oldctr < 2)

34 flip_counter_and wait(ctr + 1);

35 spin_unlock(&rcu_gp_lock);
36 smp_mb();
37 }
K18.38: fE/HTFLEFE T i X0 17 RCU L T 3 g J i
K] 8.38(rcu_rcpls.c) 2 synchronize_rcu() 2 Ho4 Bl pg %5 flip_counter_and_wait()
(RSB, A& 8.35 1R A% . flip_counter_and_wait() () X il 7 T
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1. % 6471 H ACCESS_ONCE()fX® T atomic_set(), H HIGZFAIZ .

2. BT TAT, BohBEs AR HE 25 .

synchronize_rcu() 1) X 1) 2 £ — 4k,

1. B 7 AR E AR & oldetr, f7# 58 23 17 ISR HURFZE R4 2 Wi 1K) reu_idx
{H.

. *5 26 47 ACCESS_ONCE()ft# atomic_read().

3. S 27-30 frAR A AR AR, HoARZRRIE I R AR S A 3 LA B
THEEs, Wi, B, PATAWAERERAR SRR ] fEAE]
AW RREAE A A 0, PrUA A AR Ca M T P 2 )
TAET .

4. (B 33-34 47, LR8O IRION, AR Y Erks A v 2SS oA 0 14k
FEAIE 24, 4 flip_counter_and_wait() 2 FH Wi k. Y3 — 7T, 40
RAMWNERE, 73— MR OLTER T e g, B AT
— AR LT

TEARTES, WMRAEEZANEFEFF KM synchronize_rcu(), —MMEFEXT
N—/~ CPU, Atz HAT 3 MNEFEAEER T H R4l 0,

JUEF IR, AT RCU SEIRAAAE— 28 dl i, 158, I bE—15—
FE, TSR reu_idx PO BB Sm A >k 7T, UL R Z .

FLR, ARSI ZERE CPU A Rl [ A1 26 PRI RE ), IXAE S SR {1 5
A REAEA 1) R o

5 Ja, AE 32 PrHLEs b, TR T reu_idx v H T S 3805 397 ot 2k Pt K I 1) 4
o XA RS RECX LA IR BIPAT A D E R A TR A 2, BIMEREAM
MRS — =0, $ Ay R T BB SR I — /NI, SR AN AT 1
R VS A A R AR L T .

A 8.3.4.3 WA AR SKHL M, ASEIL B I EVES A, ANV CPU 4K
hZ >, TFESKHE R 115 4980, synchronize rcu() R B RITFAS R Bhit, M1 %
FhE| 15 ZAPASESRIMIX LE 8.3.4.5 15 Fh M 200 2RI FRT O &2 T T,
RUEAFAEIR LT, AT RCU SIS 1] DA B S S (7= S R T

/NEIRR 8.47: P ixEeEr B A RCU S HF 2 A 7E reu_read_lock() Al
rcu_read_unlock()F i H T J5i 7 4E, 24 ik synchronize_rcu() (144 5 L FE 44k
PSR, B AT EMBRIIASE ), RCU (R SZBLEE FT LALE 13k = A JsUiE (1) s i
B, YRS O(L) TS MILE IR G 2

AR 8.37, WAVE R T X — 4 WAL T Ui il FO A 4 AN
AREIYI A . % B RNE POSIX L rh iy In) 4 4 5 A% (1) FF A AR B v, AT
DA = AN FRAR O SR AN 5 MR, ik reu_read_lock()F1 reu_read_unlock()
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IR RRLREAR B ARSI TG 1) % B IR AR . AR, N gl
SEUFIRIINE, T LD il R R A R 1 K B IR

8.3.4.7. FHT HHHEKIIEZSH RCU

DEFINE_SPINLOCK(rcu_gp_lock);

long rcu gp ctr = O;
DEFINE_PER_THREAD(long, rcu_reader_gp);
DEFINE_PER_THREAD(long, rcu_reader_gp_shap);

8.39: 1/ F HIBEK T 4003 19209 i X

W DN P

1 static void rcu_read lock(void)

2 {

3 __get_thread _var(rcu_reader _gp) = rcu_gp _ctr +
1;

4 smp_mb();

5 }

6

7 static void rcu_read _unlock(void)

8 {

9 smp_mb(Q);

10 __get_thread_var(rcu_reader_gp) = rcu_gp_ctr;

11 }

12

13 void synchronize_rcu(void)

14 {

15 int t;

16

17 smp_mb();

18 spin_lock(&rcu_gp_lock);

19 rcu _gp _ctr += 2;

20 smp_mb();

21 for_each_thread(t) {

22 while ((per_thread(rcu_reader_gp, t) & 0x1)
&&
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23 ((per_thread(rcu_reader_gp, t) -

24 rcu gp_ctr) < 0)) {

25 pol I(NULL, O, 10);
26 3}

27 }

28 spin_unlock(&rcu_gp_lock);

29 smp_mb();

30 }

K18.40: &/ F] HIH < if #0725 19 RCU SET)

1 8.40 C(rcu.h Flrcu.c) J&— kT A4 free-running TH45 2% 1] RCU 5K
L, vk Ees OSSR E BT 2, A DG s e L] 8.39. reu_read _lock()
() SEEAR L 18T B o 275 3 4T 171 42 J=) free-running 22 & rcu_gp_ctr i 1, AH NS &
AR AE TR FE AR B reu_reader_gp He 2B 4 ATHAT —ANWAEBERE, Bi1k e 4L
(1) RCU BLuiglfi S IX A2 “ it 7.

rcu_read_unlock() SEEL AR RABL 5 9 AT AT — AN W A7 bR, B 1B HiF— > RCU
B llm A “WIR 7. 5B 10 /7R MR & reu_gp_ctr F{E 4G Rk FEAR &
rcu_reader_gp, HFULRRERFEAR B IN(EA N ANEE, XA YRR
synchronize_rcu() St 0 2 1% R FE AR T .

/NE) R 8.48: G FAT-AAT A KA # 7] LALE synchronize rcu() M 5t I (AT-55
M2 8.40 15 10 17 A4 A BH %45 reu_reader_gp TR A 07

synchronize_rcu()2x%545 B 2B reu_reader_gp 28 B4R A % . HE,
(Al 4 synchronize_rcu() X i 2245648 “AEH A synchronize_rcu()Z B st CAFAEN”
RCU Bl St 1X, BT A58 n] LU ARV 3 17 ATHAT— DN AEBRRE, B
1EZ T2 RCU LR 3 I ER 25 /4B CHgnPeas sl & CPUD IR 17
T2 JGHAT. A TBi k£ A synchronize_reu() Szl 3 R AT, 4 18 47351
rcu_gp_lock 81 (ZF 28 B . SRJG2E 19 17454 JRA8 & reu_gp_ctr i 2, JEHE
LU 2T TV AFAE I RCU 1523 I 5 DO IV 1) BEZEFE A% & reu_reader_gp (A{E
EE reu_gp_ctr SHLE A KBS ME/N T o [BMZ—F, rcu_reader_gp [M{E 5 %L
M FEANE RCU B lim 7t X HL, L3 21-27 457494 reu_reader_gp HIMEH, HF|
FITAEEE A SRR 22 47), B4 LA Jey AR 3 reu_gp_ctr [P(E KR 23-24 17).
55 25 AT FHIE—/NBUI ), S5 A5 —/NZ BT CDAAEAEN RCU 132 I S X AR i, il
XU B ) A SR AR AU R, BT DU BBk . a, 2B 29 AT I N AT
[ B CRAIE T AT i 282 PRV B 5% CAEAN S L 2 A 2 BT HEAT o

/NI 8.49: AT A T EEE] 8.40 AR 17 FUES 29 4TI N AEBERE 2 MERE S 18
AT RS 28 AT IR TE H Y (1) N A7 B R AN g e 2
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AR T REARH AF, AN CPU S H £ /b, R TTAY AL 63 4
T o B 7 0 FE) TR RS K, AN Power5 HLA% (1) 500 2475 21 64 #% (1)1 100 ZFP AN

/NAJ R 8.50: £F 8.3.4.6 715K Fr LA AN REH T 8.40 ()L E g ?

AT SIZEIR T WA 4 21 11 B T i R A K AAL, ab A — 2™ i a5 158
SIS RV RCU il St X k2, IXFF 2 N2 g il . Hakdn i
FAERK 8.40 55 3 4T3RHL reu_gp_ctr 2 )5, A7fi%) rcu_reader_gp Z BI#E Y, I
Hun i reu_gp_ctr THEES FIEI K B B — 0L, AR AL S5 KR,
HB-2 synchronize_rcu() ¥4 2% 5 22117 RCU i3 e F X o 26 — e fja— ., A
S FF B IR B SR A e AR A RO T AR i )T

/NI 8.51: &1 8.40 F 3 ATHE RIS L o 1) AU — N B S ) g 2 46
PTG UL, X PR T B0 S K FHAEP AT e R AENS 2 W RANRE, A AAEE? WL RE,
TP TR AR, AN EFE AL BLIX A ) 5 ?

8.3.4.8. Z:T Free-Running 7433 /) F] #kE RCU

1 DEFINE_SPINLOCK(rcu_gp_lock);

2 #define RCU_GP_CTR_SHIFT 7

3 #define RCU_GP_CTR_BOTTOM BIT (1 <<
RCU_GP_CTR_SHIFT)

4 #define RCU_GP_CTR_NEST_MASK
(RCU_GP_CTR_BOTTOM_BIT - 1)

5 long rcu gp ctr = O0;

6 DEFINE_PER_THREAD(long, rcu_reader_gp);

A18.41: FEF free-running 7/ £0#31 A 5 £ RCU #1950 #5 4 X

static void rcu_read_ lock(void)
{

long tmp;

long *rrgp;

rrgp = & get _thread_var(rcu_reader_gp);

tmp = *rrgp;

if ((tmp & RCU_GP_CTR_NEST_MASK) == 0)
tmp = rcu_gp_ctr;

© 00 N O 0o~ W DN P

10 tmp++;
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11 *rrgp = tmp;

12 smp_mb();

13 }

14

15 static void rcu_read_unlock(void)
16 {

17 long tmp;

18

19 smp_mb(Q);

20 __get_thread_var(rcu_reader_gp)--;
21 }

22

23 void synchronize_rcu(void)

24 {

25 int t;

26

27 smp_mb();

28 spin_lock(&rcu_gp_lock);

29 rcu _gp _ctr += RCU_GP_CTR_BOTTOM_BIT;
30 smp_mb();

31 for_each_thread(t) {

32 while (rcu_gp_ongoing(t) &&

33 ((per_thread(rcu_reader_gp, t) -
34 rcu gp ctr) < 0)) {

35 polI(NULL, O, 10);

36 }

37 }

38 spin_unlock(&rcu_gp_lock);

39 smp_mb(Q);

40 3}

/1 8.42: 1#/H free-running 7/ 404517 ] i £ RCU s3]

8.42 (rcu_nest.h Al rcu_nest.c) s&—FP3E 54 )5 free-running 1% #%
(1) RCU SEIL, (H & A F RCU il St IX (MK . XM e ) &l ik 4 )5
A reu_gp_ctr IS IR I sk IRE RGBS, € AT 8.41 1o AT T
% 8.3.47 WINEMIBH A, RE —DEAMKR IR IR ERE . T EX—
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AL, EX T WA, RCU_GP_CTR_NEST_MASK Fl
RCU_GP_CTR_BOTTOM _BIT. Pi/ M2 AR R A
RCU_GP_CTR_NEST_MASK=RCU_GP_CTR_BOTTOM BIT - 1.
RCU_GP_CTR_BOTTOM_BIT % /& H Tl ik E I — AL Z Fir i —47,
RCU_GP_CTR_NEST _MASK £IJU1%5 i rcu_gp_ctr " ATH H Tl Rk EMLL. &
R 5 IX AN 7 DA AR BRI A8 22 A R il s e VR 1) e K RCU 1323 I S X IR TR B
FEARSEI AR T 7 467, BRoh eVt sk RCU el A IX ik E VR B 127, X
P22 WNE 7 IV EE G O T

rcu_read_lock() () SEIATI R/ B . 28 6 AT 4445 10 A% reu_reader_gp 5K
B I FRE N SR AR & regp Y, AR B3 DT U ) phtread REZEFEAR 5 API 14K
H %R 5% . 2/ 7 4710 rcu_reader_gp IR Y3 — AN Rl A8 &= tmp 1, 25 8
AR EARAL T A N 0, FWIAHTIY reu_read_lock() /2 i /N2 M. TR, 5
9 174 RAS  reu_gp_ctr RMEAEN tmp, KA EE 7 47 2 BIAE AN IO v] R B g it
WY o RAE, 10 AT IR, i RERECAS, AT a8 1 IS
740 B 1L ATHE BT S I VT BOER B EE BTN M AT 2R FE 1Y reu_reader_gp sS4 1,
WIE, WRRSE, M 12 47HAT AN WAEBERR, B ik RCU 1 i 3 DX s 2
rcu_read_lock()Z A FRACHS L,

Bet)iE v, FRAE4ET I reu_read lock() &Ky iHE RCU i AL X
T3 AT S reu_read_lock() 152 SR HL 4 Ji A% & reu_gp_ctr [ —ANEIAS, 1M
TEREIREE T, reu_read_lock() M 23Rk HX reu_reader_gp 75 % B Z&F2 4 1S54 .
PR LT 5 reu_read_lock()ER < 14 sk B 2 AR, B IREIR B T — )2,
SR 45 A AT B T A2 1 reu_reader_gp SEH .

AR, reu_read_unlock() I SZELANES 8.3.4.7 P Szl — i —FE. 55 19
ITPIT— DN WAEBERE, Bl RCU i im S X s 2] reu_read_unlock() 2 J& AR
T rp 25, AR5 56 20 47900 241 2R FE 1K reu_reader_gp 32491, iX 5 9ak2b reu_reader_gp
AU AL R E YR JE . reu_read_unlock () J5 5 (2R AS -2 70 el 2D Bk S 1R
i 2 Hi 2F reu_reader_gp AR LA A 0.

synchronize_rcu() (I S2EL 5 55 8.3.4.7 5+ 0 S ASEAFEAE W AR 55—,
%5 29 17K RCU_GP_CTR_BOTTOM_BIT Jin ) 4= A48 & rcu_gp_ctr, MiANE H B
2. S, BB 32 AT LA M R B R — N R B, A A
RCU_GP_CTR_BOTTOM_BIT F&5/= 47, 1 AEJCAc A A 25 5 A1

AT RE S 8.3.4.7 LI LF—FF, AN CPU #H £/,
THERMED 65 2010 . BB Im K AR IR B8R, AN Power5 5144 (1) 600 4470 31 64
HHER 100 =Fb.

/N 8.52: AT AAMG BT EE, B AN B R A R R R



RN PR IFAT i FE

YRR, SR S 2 LIS SRR ?

B2 T ARU T RCU B I FLIX B WA Sb , A 15 (5K DA 2 8.3.4.7 111y
UL PRGOS, SN, 7532 RERGEE, ATk IRb AR R reu_gp_otr A5
B H T MO ) 0 A 20— B R K H 9T A 0 70 RO
B AR T 5 P4

/NI 8.53: T 141 8.42 MYBLI, /B REA Rl 4 8 it reu_gp_ctr 34 19
i IE K152

/NI 8.54: TP 8.42 [0V, BEHEEAIIT 2 AT R AR
7 WRE, A AT DR ?

8.3.4.9. FETHIIRZAH RCU

1 DEFINE_SPINLOCK(rcu_gp_lock);
long rcu gp ctr = O0;
3 DEFINE_PER_THREAD(long, rcu_reader_qgs_gp);
/&18.43: £ quiescent-state /7 RCU #9244 & X

1 static void rcu_read_lock(void)

2 {

3 }

4

5 static void rcu_read unlock(void)
6 {

7}

8

9 rcu_quiescent_state(void)

10 {

11 smp_mb();

12 __get_thread var(rcu_reader_gs_gp) =
13 ACCESS_ONCE(rcu_gp _ctr) + 1;
14 smp_mb();

15 }

16

17 static void rcu_thread offline(void)
18 {
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19 smp_mbQ);

20 __get_thread var(rcu_reader_gs_gp) =
21 ACCESS_ONCE(rcu_gp_ctr);

22 smp_mb();

23 }

24

25 static void rcu_thread online(void)
26 {

27 rcu_quiescent_state();

28 }

/4 8.44;: H-F quiescent-state /7 RCU 57 Ji it

8.44 (rcu_gs.h) 2&—MEE T (ARSI 89 RCU LI 1 B 1
Bids e AEK 8.43. N H 2 1-7 47 LA H, reu_read_lock() ! reu_read_unlock()
JRTEAMATAT S, WFIAE Linux WAZ L —FF, R r R oD IR 2, 4R
JE R g iR A . 2 BT DR A A, SR TR IRAS I RCU SEILH 2 Hif
FER M ERARAL T RCU B2l A X A RE, X FRA 45 K 8.44 % 9-15
ATHI reu_quiescent_state() i FH o HE A SEK L IR IDIRAS CEb Y R AEBHZER ) 1)
LR R0 LAy 51 thread_offline() Al thread_online() API S bRic ZE K A (AR A1
TR R4S e o 3XFF , thread_online() itk T %5 reu_read_lock() 15 4)7 , thread_offline()
U T XS

rcu_read_unlock() {55475 . 1€ 8.44 25 17-28 47 )2 1X N AN B AL 520 . #F RCU
il D L B L RS AR ARVF IR

7L rcu_quiescent_state()H, 2B 1L ATHAT —ANWAE SRR, BibFEE RS Z
B AACHE B3 2R LIRS 2 JFAT - 55 12-13 4734 R AR 5 reu_gp_ctr FRRIIAS,
1§ 1 ACCESS_ONCE() K Rk g B AN 23 Jd AR LA it i reu_gp_ctr #7152
I — Ko ARJEXTICRIGMEMN 1, A7 B R FEAS 5 reu_reader_gs_gp ', IXFF
ATART FF K 1 synchronize_rcu() SE41 4B I 2 WATEUE, RISt AnTE B i) RCU 32
s S X TFAG T o IEAESE 22 113 i X 1K) synchronize_rcu() S5 45 PRl ik 9, 4118 22
W AR R B I A X o B e, S 1A AT AT AN AR BB

/NI 8.55: K] 8.44 tHER 14 4T 2 RN AE hEBE s AN WA N
rcu_quiescent_state()f¥) 7744 ?

A e FRE T Re PR R TR B RCU, {HJE— BUEAIIITFGE A, I—e &
FIAbHEAE R o X RPN FE T LT 46 H RCU I A reu_thread_online(), #EAS
Fd A RCU B H reu_thread_offline(). 7E14 ] rcu_thread _offline()F1 ~—N 1)
H reu_thread_online()- 1] (1 s [H) 8% 8 A 2B L ERES s 7EIX B ) RCU AEs
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0 AR LIRS

rcu_thread_offline() ik £ H He ¥ A 4 #4248 & reu_reader_qgs_gp TUE K
rcu_gp_ctr 14 I, 1M —AMEEL. XFEFTAT T K 1 synchronize_rcu() 52 1k
S 2 XA R

/NI RR 8.56: AT A TR EE 8.44 £ 19 AT RIS 22 AT I P47 B 2

rcu_thread_online()e% % £33 F rcu_quiescent_state(), Xt 3¢ /s (K- 11tk
INIET

1 void synchronize_rcu(void)

2 {

3 int t;

4

5 smp_mb();

6 spin_lock(&rcu_gp_lock);

7 rcu_gp_ctr += 2;

8 smp_mb();

9 for_each_thread(t) {

10 while (rcu_gp_ongoing(t) &&

11 ((per_thread(rcu_reader_qgs gp, t) -

12 rcu gp_ctr) < 0)) {

13 polI(NULL, O, 10):

14 1

15 3}

16 spin_unlock(&rcu_gp_lock);

17 smp_mb();

18 3}

/] 8.45: ZLF quiescent-state /7 RCU & 77 i i i#F

%] 8.45 (rcu_gs.c) A& synchronize_rcu()ffszBL, A E—5 A SEEUR A1 .

AT SE A s SR TR A, P reu_read_lock()F1 reu_read_unlock() i
AL ORME 50 e (10 147 12 k7). synchronize_rcu() )75 M Power5
Ft%z LY 600 NFDH] 64 1% LR 100 P ASE,

AN 8.57: T LABfE 4L, ca-2008 Power R LI I BiBis A1 2 &, Al &
RIS JE 5GHz (I Eianizs, A L DLk iz s 7 50 fE T e 5T
RETHA?

AN, AT I S SRR 2R 4 S PE A H reu_quiescent_state(), %
AR IEK R 1RSI reu_thread_offline(). &) 40742 1 FH 33k 486 o 00 P 2SR 7 3
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SR OLT 23k S AR IR AE, B an 3 Rh S 240 1) e R 2

/NN 8.58: A AT AL E T SHIARIS 2L LG %] 8.44 FIA] 8.45 1) RCU SEHLEE
PRI 3 2

NiA] R 8.59: {H & i B4R 7E M ] synchronize_rcu() i) A —0 481, I HAE
— AN I X 2RI B, SR AT AT Az, (HE N
ARSI J5 8 2 B4 2 5 PSR e ?

AN, AT SZEAS fo i & 1 synchronize_reu() i Sk 3= [\ — AN A )
W i, ST RIETIXAN RCU RAS —AN 24 RCU SEILT .

8.3.4.10. X TItHR RCU LTI B 45

WAREBEIZXHE T, HNEE BSOS RCU ARG T HEWNIR T 1##,
T FLR LTt S B A R A B AR B R 1 o AR gk — 28 T il RCU 324,
AN D, i — S 2 R i oK ESR I RCU SE3E
ZHTHIEETTHIH T 2580 RCU JEUE AR ME . NI FRA P38 8 — AN 13,
A =S H 2 RCU SR B S % .
1. A i S5 CEb A reu_read_lock()A reu_read_unlock()) A A & 3
J2iE CEedn synchronize_rcu()F! call_rcu()), AFAn] A0 HE & B TF U 6 A7
TEH RCU 132l 5 X A0 AE J S 45 AR 56 52 o
2. RCU ity JR i NAZA /NP FFA o RS N 1% 38E S 01 cache miss. 5L
BAE. WAEBERE R S RIMERAE .
3. RCU i Jsl i V%A OL)WII I B AR, W LU TS g . GXER
FHie ] LU O kst )
4. RCU e g B NAXAE AT L 3O #RT LU (FE Linux WAZHY, HAT
idle FAERIS AR RCU B i) . — AN FE BRI 2 RCU 13235 )5t
WAL ZA] LAAE RCU Bl St X A ], #etgifi e, 20 fLVF RCU 1
I 7 X RS
5. RCU i Bt ARNZA A FIr, AR EIRM XA E 7 HEE,
UM BT R B s NS 2R B2, RIS R AR 15 5 A 2%
6. BR TR LSRR AR A REAE RCU 132 S i HLHAT . Ehanfg 170
X FEA) non-idempotent #4F t21% fo 14 .
7. NWAZSLVFAE RCU B2l A DX A $hAT 1 W] I BT — >3 RCU R 4P 1 £ 8
45K
8. RCU i3z M1 EE B P i v IV AZ A A A0 G 2 () e o R SIZBIL ST, )
WU, [FIFEIR RCU SN 12 REAEANE 808 Bt 15 2 73 P ads A2 R T ] Fsf
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R IZEHE LR .
9. RCU LA A WA iZ 4 7 RCU 3523 Il 5 X 2 A B2 ) Ze f i BHL 2 - (H
IR, RZEEETHEIRS I SEOUREA TIX— 88D
/NI 8.60:  BESRAE RCU il S X R A8 BTG LA 0], IS4 i) 4 fig
£ RCU i 5 DX Hh BB —>32 RCU ORI K Bt 4544 2

8.3.5. RCU 4.3

KA —RIVN ARG, AR BLalis A Z BT 2 %A RCU 4
To BEANRE B EA S YRR, SR g RN AR R I
rcu_read_lock(). rcu_read_unlock(). rcu_dereference()~ rcu_assign_pointer()#ll
synchronize_rcu() J5 i & AN ATIX EE25 3] T

/NA) R 8.61: €] 4.8 (count_end.c) HSEBLI A TE VI A FH— 0 4 R ok O
3 read_count() " i) R DI R, X0 REFI AT REMERE AR K. B AT ) RCU
B read_count(), ibRHAMAT R AT REAIRAE AT RETEE?  GEVER,
read_count()[F) AT 4 RENME 52 R Ge v v s 75 L R P A 2R 10 v 2 I BRI )

/NAJ R 8.62: A5 4.5 WG T —BLAr RIS, H TS E R B R s R
AEHR 1O Vi Rl k. X BRI PR 42 R 3h— Ik 110D FFHERKR,  BRIh i 22
AR —E RSB BT RCU REGERX M, A R AF B vk ek
HERAT Y R ? GEER, — 8GO0 E, VO Uy A 1 BE2E L e B AR
PR )
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9. {8 RCU

AFE R T W RCU NI RIA P Z e AL 1 % . AE L8R
N, A RCU AT LLAE R R HL R ACRS, 550 221500 1, M RCU mILLikERE
AT EMEARAG B, AT 28500 N, I RCU AT LLSE SE IR i 3 P i

9.1. RCUEFBLETENRITITEES

A4 IR T MG B RSB, PERERAE, FEACE R T ERRAT N
fttfE (C S M++HRIERD), LR Ehe (B FUZ XS inc_count()2k
Wi AL, B THEUE Y read_count()pf £ 77 ZRIN — 4 Bl Xt ok
TIPSR e o R T B SEIACASE ] 4.8 T

AN 9.1: BATITTA A Z ] A /B

9.1.1. 1&%it+

] RCU T ASA2 final_mutex AR read_count() (KR FEil 77, +& 4 T 3k
73 read_count() pREL AR AL PERERIAT YRR PE, dEZ il inc_count() R HE U, H
&, BAIFAREE RS E I A P R . toan, fEZepaR i, FRATHRARE
AR R G, AR GTHE S MR X R s S 8UR A 4 v
PIAKER, Her)ibul, XMERaibgt 4R 2o FF H =258 | final_mutex
A —ANE it 2 I R AS 2 7E read_count() AT AR A 1] 6] 28 BRI 2 75

/NE R 9.2: A4 72 read_count() 1R ff B2 ?

AL, R FRATTANH final_mutex, 84 B 17522 F ILAB IR AR UF R FE B
— I INE ARG AT L HR R TR N, LLSAR [ R 2R v S s (R R 5T
A FBAE A G 2 o IXFE ) S5 F— B read_count() i) WL, mlt— HUARFFANAR,
U KA A5 read_count() i] LA WL — S0 Hd .

9.1.2. 3CIY

1 struct countarray {
2 unsigned long total;
3 unsigned long *counterp[NR_THREADS];
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}:
long _ thread counter = O0;
struct countarray *countarrayp = NULL;

DEFINE_SPINLOCK(final_mutex);

void i1nc_count(void)
{
counter++;
by
long read_count(void)
{
struct countarray *cap;
unsigned long sum;
int t;
rcu_read_lock();
cap = rcu_dereference(countarrayp);
sum = cap->total;

for_each_thread(t)
if (cap->counterp[t] !'= NULL)
sum += *cap->counterp[t];
rcu_read_unlock();

return sum;
by
void count_init(void)
{
countarrayp = malloc(sizeof(*countarrayp));
if (countarrayp == NULL) {
fprintf(stderr, "Out of memory\n');
exit(-1);
by

memset(countarrayp, ’\O0’,
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sizeof(*countarrayp));

39 }

40

41 void count_register_thread(void)

42 {

43 int 1dx = smp_thread i1d(Q);

44

45 spin_lock(&fFinal_mutex);

46 countarrayp->counterp[idx] = &counter;

47 spin_unlock(&final_mutex);

48 }

49

50 void count_unregister_thread(int
nthreadsexpected)

51 {

52 struct countarray *cap;

53 struct countarray *capold;

54 int 1dx = smp_thread i1d(Q);

55

56 cap = malloc(sizeof(*countarrayp));

57 it (cap == NULL) {

58 fprintf(stderr, ™"Out of memory\n');

59 exit(-1);

60 }

61 spin_lock(&final_mutex);

62 *cap = *countarrayp;

63 cap->total += counter;

64 cap->counterp[1dx] = NULL;

65 capold = countarrayp;

66 rcu_assign_pointer(countarrayp, cap);

67 spin_unlock(&fFinal_mutex);

68 synchronize_rcu();

69 free(capold);

70 }

K 9.1: RCU FItFZEFEL T o] 07
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K] 9.1 %6 1-4 17 /& conutarray &5 #a44, B8 — total =B, 1E N ZAriE H
LIRS UME, BF — counterp[[48%H #u4l, BANTRE R B IEAEIB 1T AL
AL FE T £#s . his structure allows a given execution of read count() to see a total

that is consistent with the indicated set of running threads.

55 6-8 1TEL S X L AR B counter (195 S, X ) 241 countarray 45 #4111 4%
JR¥E%r counterarrayp 5 X, LLAOKT final_mutex H B8 1) € .

5 10-13 1772 inc_count()BR %, AHE I 4.8 WA ATAT AR

o 15-29 17/ read_count() &%, S&l 4.8 MHLLEBIR K. 26 21-27 17 H
rcu_read_lock()F1 rcu_read_unlock ()& T SREX IR IL final_mutex [#:1E. 56 22
1748 H reu_dereference() 24 i ¥ countarray 45 #1547 3] J5 A5 £ cap 1. RCU
FIHE 2448 H mT PAERIIE % conutarray 45 #4) 22 /D 7F 26 27 47 H) RCU 12l S X 45 R 2
W —HAE(E. 5 23 17 H cap->total IME AL sum, sum J& 2 AR H AR TE
A A 55 24-26 174 AT IE /RIS AT SRR I RR L R v 228 IR 21 sum
SRJE S 28 4TIR[F] sum.

countarrayp MIFITEAME 1125 31-39 171 count_init)$e k. iZ a3 s —4
LA, ERATA D IR S5 B 0, SRIEHG E5 R FRE 2
countarrayp.

%5 41-48 17 /& count_register_thread() &%, & NErAIE LR . 26 43
FTRBUCYRATEE RN 1D, 2 45 473K final_mutex 81, 5 46 175 AT £ L1015
PEIRZS countarrayp FRXT IR, 55 47 4TRE X final_mutex 431 .

/NI 9.3: MR K] 9.1 5 45 ATE I T Z R AF AL ] countarray 4544 ] —
AME ! PRASE BEIX AN 48— B read_count() v WL, mi—HEHARFFAAZ 2 2 2

% 50-70 177 count_ungregister_thread(), HIRE/NMZkFEIE M H. %5 56-60
AT0 80 T N8 countarray &4, 5 61 473K final_mutex £, £ 67 1TR K.
5 62 1785 24 HT countarray FIE & 25 WIB & 1) countarray 2544, 2 63 17 #AFIE
H 2B FE TR 2T G0 ) countarray 4584 total 7B b, SRJE 5 64 1T K Fy
B R R counterp[] B4 76 2 & NULL. 2 65 1748 8 — N8 1A 241 (541
MJEIH T ) countarray Z5i R FR%r, 2 66 17 H rcu_assign_pointer()>K H BT hix A
(1) countarray 45 P IH IR Z5 40 . 5F 68 ATARA LT A M4 R, IR KR I R I
1T read_count()Ff H.45 [H F¥) countarray 45 ¥ i) 5| F 2675, 48 mT LLUE HE 411 RCU
vt FLX T, AR A s AT A E SN countarray (K51 . 2 69 175 AT LA 2 4 [rR:
JBIH ) countarray 4544 1 .
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9.1.3. 1718

/NEE 9.4: Wow! ¥ 9.1 47 69 174%HE, 1§ 4.8 17 4217, EHAEINX 4%
A

ffH RCU mJ BLibfriR tH 4B — A, B BIHABLR A O ¥R &R
[1)__thread A2 FEORAF T oRZ 5, FriRIMZAEFFIR o X7 read_count() ek 5 7]
IS T, B inc_count()F1 read_count() ek B fit 7 A% 4L K PERE AT H™
JEPEo AHE, XFEREAIRT 4 M DL S 2 B A 38 oA AR K o A5 B g e 2
R 2 B s 45 T P 74 RCU $24E%F thread A8 B 1) 2 & BB LR VT ], X4
BROK b B A A FH__thread A% 5 (1 7 BT 6] 1R 52 2%k

9.2. RCU FORJFER& 1/0 1B TELEE

85 4.5 it —BOFE B ER B FRAER) 1O Ui IR BRI . TR R
B g, prolXBAREEsE g e TR 1100 EIFHEIX.

AR A e A RCU 8 S X A 4

AT 11O HIARHS 5 JR da A 0 A%, JUR AT RCU il X B e 1 )ik
ARAT P R S A

1 rcu_read_lock(Q);

2 1t (removing) {

3 rcu_read_unlock();

cancel _i1o0();
} else {

add_count(1);

rcu_read_unlock();

do_10(Q);

sub_count(l);

© 00 N O O b

10 }

RCU 2 i J5 87 45 de /N TR, DRI AT LA B R IS o e Rk 2 A2 ) A
7o

o 53 2% 1 S8 A CA v B T

1 spin_lock(&mylock);

2 removing = 1;

3 sub_count(mybias);

4 spin_unlock(&mylock);
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synchronize_rcu();

while (read_count() = 0) {
polI(NULL, O, 1);

by

remove_device();

EHIRATHE F Aesi g #e 7588, ARS8 17— synchronize_rcu(),
FF245 15 RCU il L X B H .« K12k synchronize rcu()f ki, — HLIATTHA
1T3%8 6 47, FAHATEITACHMR /O CEp b T,

14K, synchronize_rcu() RS RAR K, (H2 5 [EBIRL R e 2% 1 S A 2D
KA, BT RLIRAT SR S AN A A

© 00 N O O



RN PR IFAT i FE




RN PR IFAT i FE

10.
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12. BREE

12.1. wfAEd

JrikANF: RCU, HEFHZERZD (Rl fai i Eal), WArEhEhE, EiRAbH,
@@@ Pull deferral stuff back to this section?

12.2. RTEFIE

{£7%: David Howells F1 Paul McKenney.

MATH B Ehy, A te e A2 R R R RiztT, 5—BAM
EE, R E OB SR Z . g S L AT AR AR HE TR AL Can e
S RCU) MRF AT ACRS . FFATACID I, 3K L5 5t e A5 A 20

AR, A ERAE AL T IL = N AR I s S5 R It X8 1 0 58 A g
I (W EEAAH MMIO aF fEas I S AR X AE I B, HE...... Do Je THIHY
TR VRGN R U X S B A AR T AL, SRS AR P A R R IR R 3 I s dE X u
Bl o

12.2.1 et AAFFE A AE BB RO . H T IR ST S Aan U A I, Bt
R R R B E A — RS . XA N AR SRR 12.2.2 71,
TEIX—, e T —MEERIESRAUS B AR AR ANSE R AR RS il
f EEa s 78 12.2.3 15, JBIR T —SOREIAAS: e AR s n] LRI SR
ZANFMRME:.  12.2.4 W4 T NAFBERE I ZEAN

122.1. AEFEREANEREE

e, T ATTENAERERE? CPUs ANBREREREAI B 7S 2 F-A90A
THEAL H IR, WU T X &R AT B R . METE AN IX AR 2

IACTHENL — AL : FAAARES CPU {REF[RID-7E NN A7 3R — MR
I FEIN, A CPUs AT AHAT L T-5545% . BRlIlt, CPUs M fii Hl 17 K& 2247,
WK 12.1 fros. HEA CPU KEATH KA S IR B 7E CPU 2 AFH, SRVFIRE
()7 10 AE Y. PR AR o



AR IAT RS

CPUD CPUA1

Gache Gache

Interconnect

Memaory

B 12.1: IRHBENRREFEN

ASERZ, A CPU Vi I ARG A7 s I, 43 BOFE 2% 5 K1 “ cache
miss” kM A7 REE . EATRE, BT A AR & S 8UCE Y cache
misses. 4 T FRHEITERE N FE, CPUs # vl e A P A7 SR ECEICHE 1 1] B A T 3L
fbff 4. XHESFEERLS AL HETFAT, B0 ERREL, W
12.2 fi7Re Snikas fIFD JEE (BRI RCU) A7 STAT i o Py A7 57 Bt 110 4 oK
YEPIX B P B (B, 7E LINUX RS ) smp_mb()). 3X 26 Py £7 h i ]
RE SR E 454 tL n7E ARM. POWER. Itanium i1 Alpha & &), ] fE
HoA A AR BT R (B UI7E x86 /K R H).

" y
¥ O de T ook
LA (|7 4neeas oF
.f-ll '||I'|II . l_f_f_‘-k! Zanmy
Ny o
sy
o /a
L
W
i
_ J‘Ef*._l".
— |
L
(..,{J.RL\
/ ..
W

12.2: CPUs A LAELFIIT
FH AR IR [R5 JEU B 25 N — Pl e AT IO O, VR TT A B A7 1 B e A1 I
{4 B PR P A M J5 03
{HJE, WRARFEE A CSEELAD UGS, B 1O HLAR N A7 7 S N AT BE B ]
BATH MM, B N A
TR R AN S B A R T
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1222. WRBEARHE, HAECHEBFH, NMMHACHHE
A [5HE?

WA AT AA7 DR R ] e ELSEATIROR 220, B, 5181 12.3 it e 4L,
EIATHIRAT, I HAZRE AL B AL C #1446 0:

1 threadO(void)

24

3 A=1;

4 smp_wmb();

5 B=1,

6}

7

8 thread1(void)

94

10 while (B 1= 1)
11 continue;
12 barrier();

13 CcC=1;

141}

15

16 thread2(void)

17 {

18 while (C 1= 1)
19 continue;

20 smp_mb();
21 assert(A 1= 0);
22}

12.3. Parallel Hardware is Non-Causal

MBS FKF, thread0() X B IIAELEAEXT A IIRAEZ 5, threadl()/EX C
WRAE R, 232545 threadO()X B HIIR{E . thread2() 7E51H A B2 4FF thread1()X} C
PIRAE . DRI, 565 20 AT (W 5 AN T Be A &

TR, XAE— MU EAELEMW S WSS i fE (— 1.5GHz
16-CPU POWER 5 #%t) HIZfTiXAMUE 10M K IiE, Bk 16 kWS . AT
RS WA BB, T EEANOX el BRI B AR IE A PR W2 I, AR
8% S L () P A A AT DO I A PR IE B AN B2 2 A A

B 12.1: K 12.3 5 20 AT IR L R S BUR AN 2

[BIR 12.2: KWl N iZfEEE?
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A GE N AT 2082 UER AT AT TG, f i RN AR R
SR T LA ] P 1) 220 M8 A T i T ) P 2

2R, WEREEIEAESEILRD R0, MBATIRALHE 7o 8 PRKHE, WAF
Jv B A B o

12.23. TE=rLUHAEZME

WA= MR —DMIDIME, X2 BRMARE . ASERE, &R
XFIARVEGL “goodbye” T .

B HX— R, HIEWE 12.4 AT B e LA CPUS AT INHAT « 25
147 E L EA B A A 24T CPU 1 1D, %5 2 47 M\ gettb ) BREO JLAME E4T#)
et XA LRI T, 8 B RAE T CPUs Z Al [F2b (ASE) &,
HAEFTA CPU MK RAA ALY, 5 3-8 T MIEMId KA mIRFFE A CPU I T'&
PHMEII AR . 48R, A CPUs #52 “MERIE 7, WA 7-8 1T
WE, e SIE L,

[B)RR 14.3: AU BE BT A2 FE A RT3 4 PR AE LS A 1 R ANAT

LM ?

1 state.variable = mycpu;

2 lasttb = oldtb = firsttb = gettb();

3 while (state.variable == mycpu) {
4  |asttb = oldtb;

5 oldtb = gettb();

6 if (lasttb - firsttb > 1000)

7 break;

8}
12.4: Software Logic Analyzer

IR EIAHY,  firstth R ORAF— AR, IX S 2 MRAE I A] . lasttb tH R
Fr— ATV, e e M A i R a3 PRV I 0 R SRR, W SRAE 3 NI
W, EEAE AN, BAMET firsttb, X ARVFERATH A CPU (1)
state.variable ¥ 14 # 2—> 532-g0FD I Bh B, Wikl 12.5. XA LA
—~ 1.5GHz POWERS 8 #% R 4 FRAMT o — M AL — Wi f 26 F . CPUs 1.
2. 3 4dskAH, 1 CPU O FEHIMNA. i [ETH eds B A2 5.32ns, X6 -3k
TIMEE AR KU L T



AR IAT RS

SPUA — 2

CPUz 2

CPUI |3 2

CPU 4 H a 2

ioans 200rE 300ns 400ins 500ns
125: — N ELERNEZNME

T—AIK 4RI 1% CPU WLE IR S IR I (], 120 ) 2 0 X S 7 A R 11
CPU Zf— Xt IA] o 7535 4] Bns JHITR], XA CPU 3 #HA AR & IM{H. /Ede TRk
[1110ns, CPUs 2 Fil 3 & EA—3 WAL A, (FUZRE 5 A —BUr o L 227,
fHJE, CPU17E%A~300ns WA AR “17, JFH CPU4 7E3A 500ns A
AR “47,

[B] @ 14.4: CPUs M4 STEIR N ZIH BA A B AR [ R I 2

B RR 14.5: 4 CPUs 2 I 3 iX 4 teaiat A G iME ik % 7 —35, 1ff CPUs 1

A4 TN TR] 5 2K A K2
AT e 75 E 5 ) OC AR RAE I HE T o DUAERR E N A BRfe B3 T .

12.2.4. BEEIEHATRA?

HAE LA AE 1

W e AEATAme?

A7 S8 2 ] F PR U LSS VR i PN A B i o oIS L6 485 BE AT 21 A A7 o e
JRJZAN TR, 22002 NG S T RS AR A Ay BE R, AR S LRI g i
fitlfe AR IEAAARFITE X LR A, AN TR P AR08, T LRk
F)12.2.6 .

PAF B B ) PR AR T CAEANTR] CPU 2 TH) AR A AR, DA nT RS ARLA U 22
/D WA 258 e A TR N A7 o By 3o

FIAEMSE, Bt CPUs A3 18 M T R

v N CPU BT Vs [ #4E# 1% CPU B RIRE It — B

v JTT CPU R AN AR FR (KI5 ) #0855 A il 1A ) 4 S iy A — 22—

2k

v NAEDRRECRE O A

Vo T B RE R BRI T BL

DIE s WERARAT b BEAE P AE RACHE A A A2 BB, AT DK SRR 28 R 1
AR AR AER R T
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12.2.4.1. B5|FHEEFN

—AMREE CPU KR “Uufilfy” KRR et WAE I Vs il #:4E . % CPU
FE A — I 2 A AT — WA FLP RS —FF . XRHH CPUs >Kiji, XA PR —
BRI AR UL L . 47— 2% CPUSs 35 SOX AN, (R AEXEetE T, gwiF
AL TR LT (xie.baoyou 3. Herg &L, W RS H B S gAY,
WA TGN IXAS I A3 G R 7 AN e PR AUED o

F—T7TH, MIRFRE BB UL, CPU M4 B g e 7 B I AE 17 vl 5
k.

12.2.4.2. BABRNEF B

R —2 CPUs I K IRA AR B AT A7 A, IS4 i CPUs & 2 {E 781
Z DA A RN R B0 i, AEE 125 BRIy Al $, CPU L B
FFPF {1,2}, CPU2 FHEIFFHI{2}, CPU3 EHIF¥4 {3,2}, CPU4 HEIFH
{42}, XH DB REH1{3,1,4,2} (xie.baoyou V: XfE TXAMELEN
AN CPU 14 JRE T ) o (HJE A TR LA 751, (H2 X PUAME AL, “27
45

CPU i F J5i T 4F (l1 LINUX W% atomic_inc_return() J5iE), MiAS2E A
FATREANTRI AR, SXRE LS 2 1 45 SR DR AIE A2 4 ] — S U -

12.2.4.3. B A7 R RE

JSONT Y AE BB AL T A 45 T X (xie.baoyou 7 : X AJUGAH M AR S
PEAR, BRSNS fR IR D #ilan, fenr T EfEd, CPU 1 X}
A R I 4] BT B 1Yl {HJ2, WPk CPU 2 %) B [WiJi M & %] CPU 1 X} B
V7, 5 CPU 2 X A U7 Rl B PR RERE 3] CPU 1 X) A IV 1] . ERAR 4L
CPU 1 A7 B i S B 2 (it s IR R, AF& AR I 4ot P R e, PT A HE
ARG BRSO AT o

CPU 1 CPU 2
access(A); access(B);
smp_mb(); smp_mb();

access(B); access(A);
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B 14.6: fF SR A A2 57 BN RE SR AL RS RIS, 145 K 2l

A a] SE 0T MMIO 27 A7 25 AT I B F it A 2

MR, PTEVI R B AR, EAIRAEE, A A ARKENE. £ 121
JEIRAE—XF CPUs AT BERIAFAE . B G 298, h THIORRAEINY, W27
BN RAEREZ TR 190 A A7 Bt o

R 12.1: WFER[EHEE

CPU1 CPU 2 De cripti n
load A) load(B |load(B) |loa ) | Earsto ears.
load(A) load(B) |load(B) |store(A) Only one store.
load( ) oad(B) |store(B) |load(A) Only one store.
load(A) load(B) |store(B) |store(A) Pairing 1.
load(A |sto e(B) |load(B) |load(A) Only one store.
load(A) store(B) |load(B) |store(A) Pairing 2.
load(A) |store(B) |store(B) |load(A) | Mouth to mouth, ear to ear.
load(A) store(B) |store(B) |store(A) Pairing 3.
store(A) load(B) |load(B) |load(A) Only one store.
store(A) |load(B) |load(B) | store(A) |Mouth to mouth, ear to ear.
store(A) load(B) |store(B) |load(A) Ears to mouths.
store(A) |load(B) |store(B) |store(A) |Stores ““pass in the night".
store(A) store(B) |load(B) |load(A) Pairing 1.
store(A) |store(B) |load(B) |store(A) Pairing 3.
store(A) | store(B) |store(B) |load(A) | Stores pass in the night".

store(A) |store(B) |store(B) |store(A) |Stores ““pass in the night".

12.2.4.4. X NARERE: BENAS

Bt i PR R AR AL B X ER 121, JF4s Y rT AR BTty 2 (0 T 1 9 A
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K24
12.2.4.4.1. % 1%}

FERX AR, A CPU AT X Ina#idts, XX A th A A7 b
IFs M5 =AY CPU AT X AE it #dt, WA BRI, ik (AR B%B%)J
B 0):

CPU 1 CPU 2
A=1; Y=B;
smp_mb(); |smp_mb();
B=1; X=A;

TEFTH CPUs #i L& 58 X LAY J5, Wk Y==1, BABRA X==1. X
FEHLT, Y==1 FIRFE CPU 2 1E N A2 5 B ar g C &G £ CPUL 1 N 17 bt b
JRTRAEE . BT AR SRR oxt I e, CPU2 78 A 77 B B I IR T2 b SR 5 3]
CPUL A7 b b 2 i (R A7 o

Bridid, W Y==0, o WA KA L . A, EXPHILT,
X W[REE 0 B 1.

12.2.4.4.2. 55 2 X%t

A CPU AT — AN, I — AN AR, 1 17 B TR —
M, WA B HHIELY 0):

CPU 1 CPU 2
X=A; Y=B;
smp_mb(); | smp_mb();
B=1; A=1;

BT CPU ##AT5E U, W X==1, A MIRE Y==0, 1EXFHENF,
X==1 EWA CPU 11E N A7tk 2 Hi I N a4k C4 G 21 CPU2 W AE BERE 2 )5 1Y)
AR o T AR B A BT JB A, CPUL 78 YA BRI i A7k Rt 5 5
CPU2 71 A7 b B T (1) N4 &4

Fergihve, Wik X==0, 24 V\Jﬁ}ﬁﬁaﬂﬁ%ﬁ EAAEAE, DI RSO0

AAER 0, WATHERN 1.
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P4~ CPU AR 2 X RRIG, RIS CPU AR ST S5, Wi Y==1
2R X==0,

12.2.4.4.3. 55 3 X%t

A CPU AT —ANINEERAE, SR — N WAEbER, SR —
AAGEAE, T 53 4h—A CPU AT —X B A7 bR oy FF IR A 4 E, W F(A F1 B
#hP1EH R 0):

CPU 1 CPU 2
X=A; B=2;
smp_mb(); | smp_mb();
B=1; A=1;

2 CPU #PATSEAML J5, Wik X==1, W2 LR B==1, XFEH T, X==1
EWRFE CPU 1 e A7 BRI 2 /i IR gk C 4 1) CPU2 A7 Bk G R A fik - i
T NAE SRR BOM ), CPUL 71 N A7 B b 2 (A7 it 6 SR 31 CPU2 78 N A7 BT
b5 2 i IR AAifh o X BUMCE CPUL X B IRIAAAif 1478 75 CPU2 XY B I f£fith, 531 B==1,

Prgih e, W X==0, W24 WAZHREIISATFIEATG L, FIAE X T,
B At 1, halfeh 2.

12.2.4.5. XN AARERE: LB HEAE

R 12.1 ) AR af U FEUCRESE, {HOEAE 28 1990s LLATI A48 L
ARES . (HUE, EATRT L2 4T B 2000 6 DK T WAE1T .

12.2.4.5.1. Ears to Mouths

A A RER BN AR (R, X Z0g MMIO 2547-48), JFA L

ERENE I S AT AL NAEBERR I 51 (ER, TR RS af O 22D dd
VERENS B BRI N A7 45 2R

12.2.4.5.2. Stores ""Pass in the Night"

fE IR, ZPTHT CPUs # AT 52U )G, IR I ie A 4521



RN PR IFAT i FE

{A==1,B==2} A~
CPU1 CPU 2
A=1; B=2;
smp_mb(); | smp_mb();
B=1; A=2;

BRI, XA IFALRITE ST 20 HA M RS, R & A M7
I CPU2 #5145, 15 B IEAFAT#E CPUL #765 . A, 1EIA TR NS FILT A%
LM ARG, A R IR IS SR BUTH{E “pass in the night”, 1XFF
W 7 PR 1 5 o 7 285 i TR R T R A o AN ATIS (ER AN L) PR 28 R A
sk C il ke

FRTRI I RSOR B AT LLAE WA R AL AR AT R G h R, (4G “earsto
mouths”,

B, 21 AP EE N T B ERR eI EAE,  RVFRMA S 24
i H] .

12.2.4.6. X NFERERE: Ao HEAE
12,1 HERORINERAEXT, WAFBEREXTEATBE AR .
12.2.4.6.1. Ears to Ears

HI TN TF A A A7 PR (TELLZIE MMIO F/74%), Bt — M nEcE
AN 45 R A T BE o

12.2.4.6.2. Mouth to Mouth, Ear to Ear

Ferp —AMEDBUT F I S AMOAE DU F A6 o B3 (X2 MMIO
A AE ) A AT G B AL ERAE S5 R, DA nT BERSIN 21 P9 A B B (R o

12.2.4.6.3. Only One Store

AR A, DA fevF 4> CPU & B LA Al
CPU MIDjIa &R o DRIk, A pide Rl 20 ey 4 A7 B Bt i A U o
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12.2.4.7. SEHRSERAVE BT

R IRATEH — D EJFBI(LINUX A EZH I spinlock_t, pthread JZEH )
pthread_mutex_t), ‘ERY— AR S FEEH A1 U, XA R R T 7R8I A X LA
Gb, APV NI JE T AT

v —ANRRE CPU B SR 20 A A7 21 B O T A7 I8N A7 i 45
E.

v HIE L BB A AR L4 R E

v IR AN E R B AR S TP A AR, B AL SR TR AT BN
WERAE LR B E—IRA7 A -

Ji AN JE 1 2 ) AN R — SN B 55 — ACBSRO R o R J8Ct DA — iy
AT PRI A A, T 25— s SR IR X AN “bleed out”s

WA A IK PR N ?

AN S — NS AEAN AR T2 AR A 1 W 5 A A 2!

a=1;
b=1+a;
assert(b == 2);

IR 14.7: Kft4 Wi b==2 A fefilk?

B8 AR E AT . 520 KA T 72 77
spin_lock(&mylock);
if (p == NULL)
p = kmalloc(sizeof(*p), GFP_KERNEL);
spin_unlock(&mylock);
(BI85 14.8: Ay 123k AMRAL T A4 77 R
WS =AFAEARL. B N A T s T RE S BIR o IX =AM 54
e HE
spin_lock(&mylock);
ctr=ctr + 1;
spin_unlock(&mylock);

[B]RE 14.9: Jyfla BTS2 A R

WA EL A =AU T 1, 3330 6 A 4 L5 8 B
B2 [ 1S40
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12.2.5. g4CHRE]IR

BRI R /RN Naive ARG R TR, 1 atomic_xchg() i e & 71 i
TR BRAET G A — A WAEBERR, X 2% T 7 spin_lock 48 F 4 A7 B R () 223K
WEVEE, AR LI IEE, atomic_read() A1 atomic_set() SZfn b I AFATE
IR 485, A, EA AT — AR R I B R . XA DA S5 TS
2L LINUX ) unlock #4158, "B P9 A7 5 B T ERAE — A B B 0 ST A7 6 o
A B MU RIS AL B 12.2.4 b AT (OB

1 void spin_lock(spinlock_t *Ick)

24
3 while (atomic_xchg(&Ick->a, 1) = 0)
4 while (atomic_read(&Ick->a) = 0)

5 continue;
6}
7
8 void spin_unlock(spinlock _t Ick)
94
10  smp_mb();
11 atomic_set(&Ick->a, 0);
12}

spin_lock() JEUBARE4RLLIZ T, HEEIZ AT spin_unlock() JRiETER. 1R
CPU 1 BElt—/ M1, CPU 2 2233RIE, IAEAEFHIn feun |

CPU 1 CPU 2

(critical section) |atomic_xchg(

smp_mb(); Ick->a->1
Ick->a=0; Ick->a->1
Ick->a->0

(implicit smp_mb() 1)
atomic_xchg(
(implicit smp_mb() 2)

(critical section)

FEIXFEOLT R R P9 A B B 2 DI >4 I 4E5 PR AN IR X . CPU 2 1)
atomic_xchg(&Ick->a, 1)%& 5| CPU 1 Ick->a=0, [t CPU 2 I Ft X (RI4TAnT by #5
AR F] CPU Iy F X Hij THI PR AT A 25 o AH S IR), CPU 1 Il 5 X ANEFR 21 CPU 2



AR IAT RS

(1K 5 DX AR AR AT A 2

12.2.6.

— LB BRI

L VF B P9 A7 B ) e ] B0 7 VR A PILE TiT JX  ] FpR U

v
v

12.2.7.

B> CPU 4ZiF% 2t 3 CHIVT Il

PR — AN — LA RPN R CPU gk Ay, akk—AMEe CPUFH
FIE TR 5 Al CPU BRI FFE—8. JEH, R0 E—
ANXFERFA: EEE T AN BRI TAE, A CPUs 511
XA I3

WER—A> CPU 247478 & A FI B, JF H AR — A~ CPU $4)IiJ 2%
WB A, WA, WHEE A CPU X B (33153 T8 —4 CPU X'
FEREIOE, A8 = A CPU X A [t SR 15 2125 — A~ CPU X 'EAF
fifi FRIEL

W —> CPU {EXT B #ATAEAAT, F2IUF% A $AT— AN IndidlE, I
H, W55 =/~ CPU 7EXT A AT AR HT, F PP AT— X0 B A7 A,
I H, RS A CPU X B M INEERAERR 21 15—~ CPU X e A7 il
g5, A —A CPU X A B INZERAE AR A3 328 — /> CPU X &
(A7 fitr o

W —A CPU TEXT B MATAEMHT, $&Pdb T —AN0 A indidste, Jf
H, @RS A CPU 7EXt A BHTAEMHT, %75 B #4742, JFH.,
W —A CPU XF A I IN#45 2128 A CPU X e A7 45 R, A%
—A> CPU X B A7t SR R AEAE S — A CPU X B N7 2 Je » TRIEER
—A~ CPU fRAF-IMEM AR T 2K

SRR HEE

Z e 12.6 PG R G

CPU1{1 |= Memory |=l= CPU2

L“ Device |+t——
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12.6: MR A TF o iR EY
£—A CPU AT — A= AN AF VT M EAE IR . FEIX NS CPU H, AT
BAENT P2 R BRI, —A CPU SERR b nT DU & SR 7 H0 AT W A7
BRI R R R AE A RN ORFr . R, gn e es i n] D% e =X Iy 22 HE g

0

4> o0

RIEAE BB, —AS CPU BT 1 N AR IR B R 4 SLAh 3B 4 A A
Xk CPU MR G HoAh 5B 7 (R £8) .
B, FELL ST, 4w lviiaE{A=1,B=2}:

CPU1 CPU2
A=3; X=A;
B=4; |y=8B;

WA ARG IRE BIA R AT UIAT 24 MALG, 2RI “Id7, RN

»
.
.

114 St
st A=3,
st B=4,
x=ld A3,
y=Id B4

St A=3,
st B=4,
y=Id B4,
x=1d A3

St A=3,
x=ld A3,
st B=4,
y=Id B4

St A=3,
x=ld A3,
y=Id B2,
st B=4

St A=3,
y=Id B2,
st B=4,
x=1d A3

st A=3,
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y=Id B2,
x=ld A3,
st B=4

st B=4,
St A=3,
x=ld A3,
y=Id B4

st B=4,

RIS 4 DA A S
Xx==1,
y == 2

Xx==1,
y::4

X::3,
y::2

X ==3,
y==4
MmH, H—A CPU ] NAFHEAZ IAEEE SRS I R I, AT BEASRERE 73 Ak —A
CPU Fr#2ii .
P11, BB TS ENmE{A=1,B=2,C=3,P=&A, Q= &C}
(R FAT 741

CPU1 CPU2
B=4 Q=P
P=&B D=*Q;

KRNI REFEOR, CPU2 gkl D MIE AR - M P 43 2Lkt .
feJa, LA SR Al g A AR

(Q==8&A)
and

(D==1)

(Q==&B)
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(D==2)

(Q==&B)
and

(D==4)

R CPU 2 MAEIRIKEE4, C 3] D, B4 CPU B AE2E4*Q miZédk P 3 Q.

12.2.8. IREBEE

S S I 1 S DA AR, (LA 25 7 0 I 1
BT, I, (B AN R A7 5 1 LUK i — M 125 17 8
(A) FI—ANECRM D578 (D) Vi, SEIUA B2 (753 5, MRS LI

(W LE
*A=5;
X =*D;
{EE, IXATRESS LA T P ARG
STORE *A=5,x=LOAD *D
x=LOAD *D, STORE *A=5

R DL AT LU E o B, DR B A G B R A4 B k.

12.2.9. {FiE

AT PAHEE —AN CPU A5 — 2 i /M ORI :
v E—NEEM CPU L, OB N A7 U7 DK% P18 AT
XA
Q=P;D=*Q;
% CPU Rd%tn T~ WAFERAE I ia 1T
Q =LOADP, D = LOAD *Q
I H SR XA
v 1EN ] CPU Y, EES N R R iR P Is T .
XA
a=*X;*X=b;
% CPU AN AL NI N AR ERAE I 24T
a=LOAD *X, STORE *X = b
JEH.:
*X=c;d=*X;
% CPU R AL Pz
STORE *X = ¢, d = LOAD *X
v AN B ALEAE T A  PTE CPUs 2L — MR — 1751, BRI
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AN H AT REABERARRD BT T, SEBr b, FEZUas T, W alfe
AR
JEH, Yo BIR N, B I AR B
Vo ORBEARIE T ) I B A B E 4 4 e U8 4T o
X R
X=*A:Y=*B; *D=7;
Al /:E'&J ISR
= LOAD *A, Y =LOAD *B, STORE*D=Z
X =LOAD *A, STORE*D=7,Y =LOAD *B
Y = LOAD *B, X =LOAD *A, STORE*D=Z
Y = LOAD *B, STORE *D =Z, X = LOAD *A
STORE*D =27, X=LOAD*A, Y =LOAD*B
STORE*D =27, Y=LOAD *B, X =LOAD *A
v W S NART WA e £
X = *A;Y = *(A+ 4);

BATTAT REAT 240
X = LOAD *A; Y = LOAD *(A + 4);
Y = LOAD *(A + 4); X = LOAD *A;
{X,Y}=LOAD {*A, *(A+4) };
IHH.:
*A=X; Y = *A;
AJBEAS 2R 2 —
STORE *A = X; Y = LOAD *A;
STORE *A=Y = X;

12.2.10. HARRERE?

IEAHT TG 2, JRSZ A N ARAE LB LA AT, X T CPU-CPU A2 H.
10 K, Xl & EA ARG g SR CPU LLBR I ?

P A B B L XA (R T B RIS 3 s A 320 1) A A4 AR Y o

ROEEE, UM R G [ CPUs ANH:A e 46 vl LU 22 FioA KSR =y P fE
AR, SRR A AR ISR B 2 SCT 8 e 2 PRI I 2247
A 5 Bt P ORARC 0 T X 2 1y, SRV 22 42 4 CPU 2 W) el CPU
LB 1A AT H .
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12.2.10.1. N fE R RE R

A7 B B DU/ A A
v 5 (A RAERR,
v SRR,

v () BB,
R T
AN AT B A2

12.2.10.1.1. BRERE

NG A B R R IR (0 DRALE « 75 B i 2 T S B B AR AE LR 1S
LS (B & o

5 B R A DON B B A BT o B ISR T RCR

CPU W] AL 4% [ B A8 — AR IUAFAB AT« AT AE S B i Z T IR 47
feli e A EAE T AT B b 2 IR A A R A 2 i

VE TS D R IE 2 5 B AR BRI, 2 ML SMP i et

BN

"
12.2.10.1.2.  BUBKHFRE

K O e B — 99 B BB T 20 e, 28 AT AR
NG R (G, B AR B AR ), R A B O
i, DABAORER AR F g A 50— U IR Hr i S

B MR i OGS AR ARSI BEEA T HE R o e ARAT A7 il BEAT R, X
FHEARAT R N B B AR B ROk

IS AT BB R SR B0 —#F, ARG 1Al CPUSs T EAgEAILA 7] A7 R 4E
MRS o i B I B A CPUS A RAE T I —AS, IR ATE BB 58
I, I I BRI it BT PR A7k RS8R A i AR 2 (R A AT SR 8 P 5«

S WAF RS

TR AR b b BN R RO AN 2 AR o SR AR
Ik AT 58— e, (ER MO R 2 — S SR AS L SE e Bt i A B,
AEHE MR, XA SRR . S “ IO LT
fift BE 245 S

VT A Bl N 2 S B BERERCRT s 2 “SMP BRBEXS 7 Y.
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12.2.10.1.3. AR

Bt R i — MR B BE (xie.baoyou i (HAMXUANE), JEH, BT
5 I 22 7 PR I8 M K A o i 2 i AR IN B8R 2 AR A 5 RTINS IR 24 R 4
AR Pl

B B AU N TR, XA BT AT ROR o

15 A A7 o i e 2 B R e s, DAL R DO

ARG, UEBERRE N S E BERERCN AT . 20 “SMP BB —T5.

12.2.10.1.4. BRKNERRE

I A A7 S B ORAE 5 o 2 BT AN A7 A 43V RS £ D Bl 2 i (R N 28 A7
B 2R R P AR A EE 2

I P A7 B [ IR 6 T8R4 At 33 A A T HE P o

I H] A B B B 5 B S A7 BB, DALt T OB TR ARARAT— A

12.2.10.2.F8 5 K N 77 5 [

H—HERE WAL, IXFERRITEAT TS A e AT T RN 214 S 1
LOCK #:/E 1
UNLOCK #1E

12.2.10.2.1. LOCK #4E

AR T AN DR R B R PR T R AR IR A A R A R OR R AR
i (AP

BERA T AFBRAT T RE R AEAE B e I

LOCK #4EJL-F &5 UNLOCK #AERCKT .

12.2.10.2.2. UNLOCK #:1E

Unlock #AEH 78— bk, EfiIR7E UNLOCK E:1/EZ BT W AFER
VEF R K AEAE UNLOCK Z i

UNLOCK #1225 I WA A B AL R W] g R AR AR T8 L i

LOCK Ml UNLOCK i AERA PRAH F - 8] 7™ 42 i AT
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LOCK F1 UNLOCK #4F i 238 5 mT DLIBE G 550 FH LAt 2R AR 1) PN A7 B
(EAAHFERELLE “MMIO T Bk — 5P EE 261 4h). .

B 14.10: LAUFX et il b AR A AT AR

a=1;
b=1;
<write barrier>

12.2.103. R T HFHRRE, ARt akik?

R IRI S, NAE RN Hh 25 e 1R R 45 H B i«

v\ RREDRIETE P AE BEBE 11T I N A U7 R AR A7 B B g 2 S8 U 58 s B
BEAN AN SR AE CPU 15 1] AF i Al —ANFRic, SR AH I R 7 ) AN e bk

v O ABELRIELE—AY CPU H AT — NN A7 B R ELEEE I 53 41—~ CPU BX

SO RGP AR AR 2 S A CPU B 25— CPU 1)

0] A2 42 T (1) o

v ORBERIE—AN CPU KE 228 — A CPU Ui i 4E I IERINF, BRI SE —
AN CPU M — /NN AEBER, BRAESS— A CPU AT H —ANBCNS () 4 A7 B
(S0 “SMP JBRBEXS"—15).

v ORRELRIERLE CPU Fr oM AN s EHX WA I . CPU Z-A7— ik
PUHIHEAE CPUs Z AL 3% A A7 B B IR (A1 2 ), R AN 2542 PP A T 1%
TR AT o

12.2.10.4. Z0HE 4K 5 e i

A5 FH PR A8 B 1) 7 SRR R ), X BT SRIEA RE AR R . 28
B, FRELL NSRS, WInEAE{A=1,B=2,C=3,P=&A, Q = &C}:

CPU 1 CPU 2
B =4;
<write barrier>
P = &B;
Q="F;

D = *Q;



RN PR IFAT i FE

B, MR, NEY ER, & Q LAUE&A 1 &B, Jf

HHEGEA R, RA AR CPU 2 fEEE R B 2T, H] P #OF, Kt
BT I B

(Q==¢&B)
JEH
(D ==2) 27??

XK G AL — B R B R R e %, SESEAN I, IX P Ol vl BE7E A
B[R ) CPUs H14k 2 (W1 DEC Alpha).
BEALPRIX TG, D Z0AE I DA B 4 2 1a) i N — AN B At o s
WA R 2 {A=1,B=2,C=3,P=&A, Q=&C)):
CPU1 CPU 2
B =4;
<write barrier>
P = &B;
Q="F;

<data
dependency

barrier>
D =*Q;

RORBIPAIE 2 — &, JEBI 1R IS =R AT RE .

T T IR A ey 18 B ELBE I T AE 7 B A WL AR 4 o tH DL DAL, 491 2,
—ANGAE T ARG T I AFAT, T DA AR U S I AFAT . P AR
EF R BRAE AT T B S I RAFAT, AR B AL EU 5 I AFAT . A,
FARE I T (A AR, AT 5 5 G A7 2SI, gl DU BLER P BB
WEF(&B), ARE B MIHEHESR (1).
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AT AR A B (), MR — NS, TR
ViR G], BRI I{M[0] = 1, M[1] =2, M[3]=3,P=0,Q = 3}:

CPU 1 CPU 2
M[1] = 4;
<write barrier>
P=1;
Q="F;

<data
dependency

barrier>

D =M[QI;

AR st T LINUX A% RCU REUK MRS 2, i, 2%
include/linux/rcupdate.h 7] rcu_dereference(). ‘& L 1F RCU FREF M e il — N HT
fii.

Z I, @@@" T r 3" — 5 LL T Mg AR B4

12.2.10.5.32 514K 3

PR T 2N S8 BEIRT B A A7 BRI, T AN T3 B0 AR e O e i . 5 18R

[TOEAR S

1q9=&a;

2if (p)

3 q=&b;

4 <data dependency barrier>

5x="*q;

AL B BRI SE B AN Hs O, T2 — M2 O o

P ST AR 5 )

19=&a;

2if(p)

3 gq=&b;

4 <read barrier>

5Xx=7*q;
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12.2.10.6.SMP GER&E T

LB CPU-CPU AZHIN, JUAPSE R R A A7 B e B 2 lE X o il 2D i 24 (1)
R Re B 2 P A R
NG SRR, 2 ekt B T R o 5 B R T, B AR R Rt T
LR o SEABLAR, A 32 i i B S AR e Bt sk o B 21 5 28 /D — AN 55 o o PR xo i
L, BAR, T8 BB S T LA
CPU 1 CPU 2

a=1,

<write barrier>

b=2;
X =Db;
<read barrier>
y=a
I
CPU1 CPU 2
a=1;

<write barrier>
b=&a;
X=b;

<data
dependency

barrier>

y=*;

ANEERE, WA BERRRE, ST TR — IS B ek . 48

VT AE S B T AR A fif S0 OO U PR 15 o o B B0 df A 2
JRIIINE, S ZIRR



RN T G E

CEU 1 CPU 2
a = 1;

f } é“’=

e barrier> <read barrier>
; :::: x = a;

: } {r=h:

12.2.10.7. W77 5 BEEC S 7~ 5]

WXl

o AL
e
BSLIFTAI

B, HOFREAN SRR A . 25 B A
STOREA=1
STOREB =2
STOREC=3
<write barrier>
STORED =4
STOREE =5

AP S LK R A B A A7 B ARS8 REuh A vl 2
FERL PR3 1 45{D=4,E=5} 2 Hr 825 2IAL 7 (1R F 4.{A=1,B=2,C=3}, Wil&l 12.7
P,

& 12.7: EREIENX

FLUR, B At e b (AN BB OB BB A 2% B8 N FE 741, 4
M {B=7,X=9,Y=8,C=&Y}:

CPU1 CPU 2

a=1;

b=2;

<write barrier>

c=&b; LOAD X
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LOAD C (gets
&B)

LOAD *C (reads
B)

W R T T 101E, CPU 2 nT BE 4 LLREAL N 225t 2 CPUL L1244,
Rifd CPUL {1 5 B i .

& 12.8: BRI IFFZ

7 LRI 7R, CPU 2 22583 B Ry 7, R 3*C (W B) #E#& C 2 )q.
HAE, WRAE CPU2 2538 C FIEaE*C 2 IJUE — AN a4 s b s, A ]
WIEE {B=7,X=9,Y=8C=&Y}:

CPU1 CPU 2

a=1;

b=2;

<write barrier>

c=&b; LOAD X
LOAD C (gets
d=4;
&B)
<data
dependency

barrier>
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LOAD *C (reads
B)

IR LM 5 L8 P 4 B VIR, sl 12.9 P

& 12.9: HIRKHFIE
W, PRV R AR, R R IR, A {A =0, B

CPU1 CPU 2

a=1;

<write barrier>

b=2;

LOAD B

LOAD A

WREA BT, CPU 2 W RELARENLI 2258 2 CPUL i, S5
CPUL i T 5 Bt
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12.10: EEZRFEE
(F, WEE CPU2 %54k B FIBEH A 2 IHCE — AN Bk, A8 FI VI ia

{A=0,B=9}:

CPU1 CPU 2

a=1;

<write barrier>

b=2;

LOAD B

<read barrier>

LOAD A

BB CPUL 15 BB s i iR 75 4% CPU2 IEAARIE 3, wild 12.11 Fr

A0 |

ITIrrrrrru

TIT

v
M

CcPU 2

12.11: {FRIZERFE

N T AN BN i, 25 RS RAE T I Bt (1) P9I A5 e A A &
KA, AR BIG{E{A =0, B = 9}
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CPU1 CPU 2

a=1;

<write barrier>

b=2;

LOADB

LOAD A (1%

<read barrier>

LOAD A (2"

BRI IR A R AEAERER B 22, AT RES A3 BIANR] FRO4EL, 4n P 12.12
I

CPU 2

1st

rrrrrrr

1

& 12.12: WEME, EHIERERE

28K, CPU2 XF A 1B TR 152 B s 5 il AT AR 1S %) CPU2 R UL, X &l
11, W 12.13 Fis.

(aYay

TIT

T
N

CPU 2
fst

ITrrrrrr

?
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12.13: 1R RPE, MIxIREL
WA B 2545 51 B == 2, 2 RS0 (R 55 S E A L b ip 5 5 A ==

1.

12.2.10.8. 5L N7 BRI vs. INEE K

VFZ CPUs X TE K Baldil, ek A R NNARE
HH, I HEATRBEEA I ZIBAT R B T A28 AE, 82t P ar2t4 7
W EMEE AT A BAT SE PR 2R AT o BUR, XSV PR RN < 37 Hl 58
%, K4 CPU CAMEIENMET .

g Al figfe CPU SERs LI AT ZXAME (VRS th N0 SZ ), X
oL e e E S s DU AT R BES (] . Bln, 5w s

CPU 1 CPU 2
LOAD B
DIVIDE
DIVIDE

LOAD A

{EHELE CPUs 1, divide $i§ 2755 MK A A RETE R, X EMA CPU2
() 2 AE L TR T B A5 N . AL, CPU2 W] REZE divides S8Rl B Kbk A. 244
A dividees KA H I, XA E K INEL R, HAREE DR, [RGB T
BOR divides ¥ ALV INEERAE BT, Wil 12.14 iR,

— & B2 L
3 3 CPU 2
DIVWIDE
The CPU being busy doing a —* —= A0
division speculates on the 5 g
LOAD of A

DI%IDE

Cnce the divisions are complete — ™
the CPU can then perform the

LOAD with immediate seffect
12.14: BNz
P55 AN AT TRCE — AN B i 0 B0 006 5 it -

CPU 1 CPU 2
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LOAD B

DIVIDE

DIVIDE

<read barrier>

LOAD A

R AT A RS M E R E 5 18 . WL H N A a2k, B4 E
S AT AT T, Wl 12.15 Frone 55— T, iR HAh CPU X} A #H47 T
BUBTECE S TR T, 4 B R Rk, A TR R e A, Wikl 12.16
FiR.

CFPU 2

12.15: ERINE N FEE

.

A==0
A—=1

ITYITIrT]

12.16: BERmE#EE S

12.2.11. 9%k

IE A AT PRI A —FF, BB RS T RS I N AT DR . X SERaS 1 B R 4
BT R R
LOCK #/E{RiIE:
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v LOCK Z Ji AT ERVE R AE LOCK A E B AE 58 2 5 5E K o

v' LOCK #4E 2 1 I A7 E 1T BB AT LOCK #4582 5 58 Lo

UNLOCK  # 4 RiIE:

v UNLOCK Z R WA/ E 4 7E UNLOCK #5458 BURT 56 .

v UNLOCK 2 J& [ #/E 1] Be7E UNLOCK i AE 58 BT 76 ik

LOCK vs LOCK {#iiF:

v BTETESAME LOCK Z BT i) LOCK #:4F, K7F LOCK 4 2 i 5e ik

LOCK vs UNLOCK {f1iF:

v’ T UNLOCK #4EZ B f) LOCK #5447 UNLOCK #5422 1if 56 i

v BT 4E LOCK Z Hif) UNLOCK #4E¥sAE LOCK #AE 2 1 58 k.

R LOCK ASfgfR1IE:

v’ LBl LOCK ZZ AR HEAE T REZR MG, W] REA tH T AN RESZRIERAG B, tnl fet
T B — AR 2845 5 B 7R A B i) PN R AR e SR B
ANBE AT 2 () R

12.2.12. RERERETRA

12.2.12.1. 8774

12.2.12.1.1. LOCK J5FRFE UNLOCK

LOCK J5 iR UNLOCK ANRE 3 & A4 A7 BEfE, Ky LOCK Z Hi 45
YETT e R AEAE LOCK 2 J5, FfH UNLOCK 2 J5 i b o] fig & 478 UNLOCK 2.

A, BRI AN ) o] BEAR BLAS Yo 10 :

1*A=7q;
2 LOCK
3 UNLOCK
4*B =b;

AT REFE U G T -
2 LOCK
4*B=b;
1*A=g;
3 UNLOCK

FEIRELR, BUREE2E90 LOCK Al UNLOCK  # S VF At 2 Bif i B 4 33k I L X

B RR 14.11: LOCK-UNLOCK 45 If e 41 i 4 g i — >4 A 17 b 2
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B 14.12: {14 CPUS AE(EIXFE A AEBR R &, A IX ST 555

BB RENS 427 (xie.baoyou vii: W4 AR LE ) G5l S T 52 g B A 5 o Pef i
LR

12.2.12.1.2. #TF LOCK WiwFX

HAR—X} LOCK-UNLOCK ANRE#E 2 4 A A7 S R AE R, H R X SRl 2
RGN AT DERE .
&N T A
1*A=g;
2*B =b;
3 LOCK
4*C=c;
5*D =d,;
6 UNLOCK
7*E=¢;
8*F =f;
XA LSRR an IR AT, A [F—AT oM A E R 7R CPU JF R AT
XL,
3 LOCK
1*A=a;*F=f;
7*E=c¢;
4*C=c;*D =d;
2*B=b;
6 UNLOCK

*12.2: ETFHMIEREX
Ordering: legitimate or not?
*A; *B; LOCK; *C; *D; UNLOCK; *E; *F;
*A; *B; LOCK; *C; *D; UNLOCK; *E; *F;
*F; *A; *B; LOCK; *C; *D; UNLOCK; *E;
*A; *B; LOCK; *C; *D; UNLOCK; *E; *F;
*B; LOCK; *C; *D; *A; UNLOCK; *E; *F;
*A; *B; *C; LOCK; *D; UNLOCK; *E; *F;

*A; *B; LOCK; *C; UNLOCK; *D; *E; *F;
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*B; *A; LOCK; *D; *C; UNLOCK; *F; *E;
*B; LOCK; *C; *D; UNLOCK; *F; *A; *E;

)RR 14.13: A FRLUFEIERPAT IR A A, % 12.2 T ms—47, %A

3| F AR R R EA LOCK/UNLOCK #AEGLIT & Avkm? A A B8LF, it 4
ANELF?

12.2.12.1.3.  ZABIEIRF:

A 2B ARG 26 5 XSS BP0, (H 2N il
FBAR 12.2 PR, 220 M7 F1“Q” BN & Wi I o

% 12.3: BB

CPU 1 CPU 2

A=a; E=¢

LOCKM; | LOCKQ;

B=bh; F=f,

C=g; G=g;

UNLOCK M; | UNLOCK Q;

D =d; H=h;
XA, ARERUERT “A” 2] “H” BT ] & 2E
ERE 14.14: £ 123 HHAZHR?

12.2.12.1.4. % CPUs {# H F—/N B 5P

WK R 12.3 HIANE B T4, B CPUs #RHIE Rl — M8, Wisk
12.4 fioR:

%< 12.4: % CPUs {& A R —A i B9 5

CPU1 CPU 2
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LOCK M; LOCK M;
B=b; F=f

C=g; G=g;
UNLOCK M; |UNLOCK M;
D=d; H=h;

XS T, HE CPU1 76 CPU2 B HIIHR] M, BiEHHx . 55—
MF, %A, By CIIMME, SRIEXTF. Gy HIREZ /. B—J710, W
CPU2 sCHIERN B, AR E. Fu G HMRELIRLEX) By C. D HYIRAE 2 11 -

12.2.13. CPU

XoF A R B TR G 1R 82 25 52 31 CPU R A2 Z TR R AF IR s o 227 A7
— B PR A A — BT (ie.baoyou V1:: IX W AR HELE CPU 1]
CAREALE FH 2245, SUff DR 9 AR I DU U ) o SRR D0 N 5 ANAEAE N AF BB T 10D
MR BER L, TXESZEAF 1) H RSB RT A AE T o P9 B R T AR A X 1
12.17 haE HEAEM . #0R CPU %3G M AU 17 A A7 s, i i R A
CPU $43& iy 2IME AL —FF

- CPU—— ™ = Memory ==
CFU hMemao CFPU
Core —® Acces B= (Cachg e—=
Queue = Nemory
Cache
Coherenc
Mechanis
GFU hMemao CFPU =  Device
Core —® Acces B= (Cache e
Queue

12.17: AEFEER

BARGEAF T LL “Bi” R CPU X AR Ge i Al B > A A7 DT TR, 247 3K
PERMSU DR BT HeAl CPU RENS 5 2IIX L4 [ U5 0] RS2, TERE IR G247 AT
TROCETT LN 1 H, CPU AT UMY $ATHRS, A IR G2 FE R
RK AR DAY N AFIY o TXLESR - T REE T W 1 N AF T ), EAT L AUFE CPU
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(K3 P9 AF U5 R NS R R, (B W] REAREAAT, EL2 CPU C&a M58 E I A AR BT,
o LR b RS HE AR PIAE 9 56 B o

12.2.13.1.2 47—

BARGAT — BVEPM AR T 2 CPU #2021 5 X AV iR, I HLBT
11 CPU XS 78 RN ZAFAT IR AN R B Uy 2 — S, (HR A PRIEXS A
[Fi) A et PR SR 0 42 UM 4 LA T 47 CPUS 7 31)-- AR IELE TSI R Ge it 1
RFERIORAE, (Bl B AR A AN BEHO AT

CPU1 |-
CPUZ2 |-

12.18: Split Caches

P AR AGLTTRER A, HrEWE 12.18 Fiori 2-CPU &%, &4
CPU I — M B IGAT, XANREA L NEM:
v BRI S INGAEAT W RETEZRAT AL C 1
v AREUR S AT REE S AE By D, BUEAEAAET .
v\ Y CPU M IEAE )& I BAF AR, & I HAR S AE A AL T RS
T Az v LAY, “AF 007 Wk, IS ATRAAAT, B CPU WAETT
R BAFI T3, B it
v R ANERAREAA S B IERAEAS, 3 A R DS Sk — SR
.
X LEEAFIAS DA TEAH N IR LR AFAT TG 3% 8 B A7Ah I BB A T Rl o
I, RS AN, FURSAFEAT B BN, B4 CPU2 M 5T A7
fifi AH LG, CPUL 1) 75 B0 5 [ GRAFAT A S B B IR o AR 2 Wi (R 15 L, CPU2
LA LLE B CPUL (R AERLF
KRR AT TN AR I 2 161, 12 Wk C.
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12.2.14. MREFEANEFRFRE?

ANAE A CPUs Z 818 CPU 5 ¥ # 2 B BEACHLIN, 745 A A7 B it
WIERAT A ARRD BEAS (R UE B A X AEAS B, B4 GXFE ARSI ANl FH A7 B B 11 o

TR, XA NRIE AR ARG g T 2 0R0E, BAARIRTE % C.
HE, AR AR BT R s T A N AR R

HE, TR QA R gl S A AR B T A, TR A R S AR
I Crp A T B AR BR B . (HE, A —25614, BlndE LINUX mizh
f) atomic_inc().

AN A JRAR B N AE B R Y 2 B S TR . A B T N AR BE
8 P O AT R 2 B e R

\

12.3. JEFHERIZ
12.3.1. {5 NBS
123.2. Eratsst
12.3.3. [RFEIREN
AR — 3 6 32| DL R 308 3K A AR

12.3.4. ~"Macho" NBS

Cite Herlihy F{tf) crowd.
Describe constraints (X-freedom, linearizability, ...) and show examples breaking
them.
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13. ZTER

“"Creating a perfect API is like committing the perfect crime. There are at least
fifty things that can go wrong, and if you are a genius, you might be able to anticipate
twenty-five of them."

13.1. Rusty Scale for API Design

It is impossible to get wrong. dwim()

The compiler or linker won't let you get it wrong.

The compiler or linker will warn you if you get it wrong.

The simplest use is the correct one.

The name tells you how to use it.

Do it right or it will always break at runtime.

Follow common convention and you will get it right. malloc()

Read the documentation and you will get it right.

Read the implementation and you will get it right.

Read the right mailing-list archive and you will get it right.

Read the right mailing-list archive and you will get it wrong.

Read the implementation and you will get it wrong. The
non-CONFIG_PREEMPT implementation of rcu_read_lock().

Read the documentation and you will get it wrong. DEC Alpha wmb instruction.

Follow common convention and you will get it wrong. printf() (failing to check
for error return).

Do it right and it will break at runtime.

The name tells you how not to use it.

The obvious use is wrong. smp_mb().

The compiler or linker will warn you if you get it right.

The compiler or linker won't let you get it right.

It is impossible to get right. gets().
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13.2. Shaving the Mandelbrot Set

The set of useful programs resembles the Mandelbrot set (shown in Figure ) in
that it does not have a clear-cut smooth boundary -- if it did, the halting problem
would be solvable. But we need APIs that real people can use, not ones that require a
Ph.D. dissertation be completed for each and every potential use. So, we "“shave the
Mandelbrot set",15.1restricting the use of the API to an easily described subset of the
full set of potential uses.

13.1: Mandelbrot Set (Courtesy of Wikipedia)

Such shaving may seem counterproductive. After all, if an algorithm works, why
shouldn't it be used?

To see why at least some shaving is absolutely necessary, consider a locking
design that avoids deadlock, but in perhaps the worst possible way. This design uses a
circular doubly linked list, which contains one element for each thread in the system
along with a header element. When a new thread is spawned, the parent thread must
insert a new element into this list, which requires some sort of synchronization.

One way to protect the list is to use a global lock. However, this might be a
bottleneck if threads were being created and deleted frequently.15.2 Another approach
would be to use a hash table and to lock the individual hash buckets, but this can
perform poorly when scanning the list in order.

A third approach is to lock the individual list elements, and to require the locks
for both the predecessor and successor to be held during the insertion. Since both
locks must be acquired, we need to decide which order to acquire them in. Two
conventional approaches would be to acquire the locks in address order, or to acquire
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them in the order that they appear in the list, so that the header is always acquired first
when it is one of the two elements being locked. However, both of these methods
require special checks and branches.

The to-be-shaven solution is to unconditionally acquire the locks in list order.
But what about deadlock?

Deadlock cannot occur.

To see this, number the elements in the list starting with zero for the header up to
for the last element in the list (the one preceding the header, given that the list is
circular). Similarly, number the threads from zero to . If each thread attempts to lock
some consecutive pair of elements, at least one of the threads is guaranteed to be able
to acquire both locks.

Why?

Because there are not enough threads to reach all the way around the list.
Suppose thread 0 acquires element 0's lock. To be blocked, some other thread must
have already acquired element 1's lock, so let us assume that thread 1 has done so.
Similarly, for thread 1 to be blocked, some other thread must have acquired element
2's lock, and so on, up through thread , who acquires element 's lock. For thread to
be blocked, some other thread must have acquired element 's lock. But there are no
more threads, and so thread cannot be blocked. Therefore, deadlock cannot occur.

So why should we prohibit use of this delightful little algorithm?

The fact is that if you really want to use it, we cannot stop you. We can, however,
recommend against such code being included in any project that we care about.

But, before you use this algorithm, please think through the following Quick
Quiz.

Quick Quiz 15.1: Can a similar algorithm be used when deleting elements? End
Quick Quiz

The fact is that this algorithm is extremely specialized (it only works on certain
sized lists), and also quite fragile. Any bug that accidentally failed to add a node to the
list could result in deadlock. In fact, simply adding the node a bit too late could result
in deadlock.

In addition, the other algorithms described above are ““good and sufficient". For
example, simply acquiring the locks in address order is fairly simple and quick, while
allowing the use of lists of any size. Just be careful of the special cases presented by
empty lists and lists containing only one element!

Quick Quiz 15.2: Yetch! What ever possessed someone to come up with an
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algorithm that deserves to be shaved as much as this one does??? End Quick Quiz

In summary, we do not use algorithms simply because they happen to work. We
instead restrict ourselves to algorithms that are useful enough to make it worthwhile
learning about them. The more difficult and complex the algorithm, the more
generally useful it must be in order for the pain of learning it and fixing its bugs to be
worthwhile.

Quick Quiz 15.3: Give an exception to this rule. End Quick Quiz

Exceptions aside, we must continue to shave the software ~~Mandelbrot set" so
that our programs remain maintainable, as shown in Figure .

13.2: Shaving the Mandelbrot Set
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14. B EIEE

gpus

Scheduling ticks

Tickless operation

Timers

Current time, monotonic operation

The many ways in which time can appear to go backwards
Causality, the only real time in SMP (or distributed) systems
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15. RERYHSE

AFEA IR AT G REAEARS ORI — LE ] e R ALy o FAHG W] K I AN KR
fEo Sibr b, AT IEA KR . TR PR EAT B S ELE, I EA]
AR AER R, JFH, WIAURZ NSRRI A2 S0, R AT D 2EAL BIX 4
CLFLEMRARI. Jidh, RETHET I —Rlelid 2 g i T RE R SE iR A

Pk, BAUNEATR ST a8 oy WAE . IS AT RE ik, DLRE T RS
MIIFATgRE ik

15.1. ARZAREF

ML P AN HSRE P BEA T 55 (R AR R T 4E AU AE T [Lom77], AEAEH]
By e I 2 T8 R R BEAN R ) AE 12 AREIER PE AT 2 78 0 AT 53
“ACID” J&MEH £BR T “D”s ARSI, SCRFEIETWATIIAZ 5 Jrid, B “ ]
LHWAE”  (TMZHDFN % [HMO3], HARSERE, SCRREXFEMIZE S Rk,
A AN SEE L, SR T A — SE SR AL TR © 25 I [SSHT93] . AT, Shavit
- Touitou $EW—ANLUKAFIIAC ) WAFSEDL (STM) |, ECREBERG IS AT /E — R
fF o EARWRA T 25, WVRE DRI BIAR R R L TR ZE X
[l

AREMACGE R TR, TM JTIR5 218 2 E[MTOL,RGOL],  £ERT LA (4
Hr-HAEAI Y] (xiebaoyou :: W 2/245 2005 E /241, HAEH! “HAUL” XK
TEENTHIDEZ55) [Her05,Gro07], I A — 4838 i i) A i A7 A
[BLM05,MMWO07].

TM A ARSI MU BL XA Z R AN B A
PR . IR, TM RTE SCREUSIE L DL B KSR R IR 4 R B e i — >
FE KM PR BL, B A A S R RIPERERT ] i e X EE A IR ) K 23
KAT TM BL, AE RS IE ST M IF A S 55 Bes 2 i) 4T
AT, REW AT BRI BIX L AT A o T XA A B sE ), PSR g
FAEug P I L EE R . AERCLESEEL A, IR SRR P Bt vl LI

H T34 55 MR A 2 25 MR, TM 0/ R T A7 IR A AR AT 5
Tifre BIUng T HERCGE BERBER 4, BB, WA R AR B . oy, Xt
TRESKYL, AT Fpnl, XWEER 10 LR AR IXHET
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AENFEAE . DURESHE TM 4070 2 Pk [McKo9b].
15.1.1. /O #:4F

A—FIEFH (B0 RCU B M FHX REBE AT 10 #/E. M —
ANFLG P RPIT A 10 ] E e, B kAt A
TRAE IR o) B F A5 REg P[RR BN, BT RAE T 5. MBS, X752
RS P T B E R AT BN, XA, PIRPATEAE S HUT— O 2
R . ANTERAE, 1O BRI R A IR, 7E445 HAaLEEH 1) 1/0 H1E 2 IF
MEFRT o
LUR S 545 R AR 1O Rl Jy i
v RS, K10 AT BINATLEMIX o IXEELE X AT LA A A 45
R NAER B o X F R — AR RIALH], J HoT LAFE4e K 2 Boi
TEOL T IERIBAT, FIW% 10 8 110, {1, kA T2 AU
(19 22 /N B o B — AN BB SCPER, TR R AR . WA “at+”
LT H fopen 5 O_APPEND #r&iH open(). 534b, IEGnfE F—4
KB BIN—FE, W ER T AN RE 2
vV EERSFEEIL O, XFE, AT SR PAT VO HAER Sl R e i 4
(V22 MREF S X P TR BEE SR A7 11O k4 TM Jf
o
Vo RIS AR IR 1O, H L T ER Y B AR I T B LLSR I | E IR AT A
v ERRERZ], USSR PR E ) “inevitable” 4145 [SMS08], XA At
VT inevitable U7 10 4 . X 5%, (HUE ™ B R 10 #/E
(R PE R R et o T e AN RE S AT g AR 00 B 2L H W, SERDRE A,
fRIE RN LA AR 11O BAE G KRR 1L T Fah 2k F1 45454k .
v RIEEFT IR ERL, IXFE 1O BEAERE M FH SR E . AR
I, BT EEMR TR RS A, W AT RO ik 45
/O #eAE e TM S BB, HArEANTE2E, EFHS TR 10 B E5H—
MNEEMGEE IR TT R . 2/, SRR ES AT IR .

15.1.2. RPC ¥4F

RS 7E— /N T BRI S X AT PRCs. 2217 — N F & HHAT— 4 PRC &
KA AT

W2 RPC F KA (W N A S5 AR [ AN g55Hh, JF B85 IR LK
T BRI EE AR, IR 2mAN i BEAE HIAE G2 10 I T 21K 3 A7 G2 A7 XX Bl
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15 o AT SR ISP G2 VAN 55 JHs 2 2 B3 557 AR AR B =R 55 5¢ 1T »
RPC 53K A RERIE, (H2E BRI RTEKAT, F5 AR, Han M1

1 begin_trans();

2 rpc_request();
3i=rpc_response();
4 afi]++;

5 end_trans();

FLRE] RPC RGN 5, F55 N Atk A BEg e Rk HE
SRIAAF IR e 5, A RE IR E IR AT 55

PAR & TM A H )3 I -
v AEHSSHARIE RPC, AR AT A PRC R AHORE o LR 58 )

% (VPR 2RSS I, 49 390 110 35 B LU 2% 1 RPC.
X TTIERERS TAE, (HIE T2 TM 53 )5 ah FEAP HLIAS B .
TEARAT R E I 2], AU ARVE—MREE R “inevitable” 45 [SMS08] JF
IRINAT, IXHFESCVF inevitable F45 0% — > RPC #4F. W IHHL F A
AT, AR ERBRE T RPC #HAE MY A RE . Mg et Ak fe
SEFATHER EE bR MH, A inevitable $145 LAV RPC #:4F,
XA VA RPC #-1E 46 5 F23h h k555 .

TERC R RPC S WINRT, FronF 85 ARSI, JfEKRIE RPC 1FK
W, AN RSB inevitable 355, 48R, W JLANIE R 4524
WA RPC, MIT]ReRF £ BB A 455, UXPREE — AN 55 . IXIRIE
fRPEREATAT T M. R, XA VERACH] . LA RPC &5 355 2
PHERT o X PR 772000 T3l b 2545 58 Ui A A A7 AE ]

2 RPC A] LIS i f 45 I, BEATHRPIARPR . AR5 A 2R LT 2% 1/O 1)
FOREAT AL T

P REFSICE, 15 RPC k55 th %25 1 b IS FEAR LT iz 47, B
w EUF, XTI I eS8 ] . (HE, MASRER
SEPEREFIY eI A A BE 8 16 2 o0 A0 BB R R . JE T WAFEH) TM AR
fiff et g A B A I REIR [ . 448K, Bl solid-state #E 4L (K)HIIL, Xf
TR R, X ABASBERIE

IEWRT— S —FE, 11O & TM I— D E &6, RPC JEH A —AM
)5 H PR )

15.1.3.

RTFIRETIR(E

FE— AT B IE S X W PAT N AEBURHRAE (43 mmap(), shmat()F!
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munmap()[Gro01]) & 5E & Eikr . A — DS T AT IRE S K
A BB, AR RS, BT O A T R R IX
B A AT N RN AR D S AR A R 55 K AR N o R AR AT A2

AN FH A 7 2 BB TM 2R G0 IX 3l T e PR 75 00

PATR 26 oy A7 St m] e 2

Vo AR ARG AT WAE U A GVEN . FF HLAs Tl Y HT R SE B

1550 1K BARTILT T — R
Vo IE AT AT AT B A GVEN, I AR R B R X

AN BRI o
Vo AE ARG BT A FDBT WU R SR, (R A DX el Y 3
fibf 55K geb k.

Vo ARG T A AF DT S AR, (R WUR U D AT
G IEAT A, RS I
Vo T NAE SR, ANER AT NS N, EOR R A B X R
HEHRGENHALF S X ES . WRES, WA AR R
TM h 5 BRAL IR £ A7 WU HAb S 55 (1520, e A e 2 & ik
PAF IR R, d st ik P R 45 L.
AR munmap() MHRR T NAFIRGT, KA S 2 1 T

15.1.4. ZBEHREES

R MBI, IR B S e B AEN . XAATE, 1 H
FEH T, A0 N A TR

1 pthread_mutex_lock(...);

2 for (i=0; i < ncpus; i++)

3 tid[i] = pthread_create(...);

4 for (i =0; i < ncpus; i++)

5 pthread_join(tid[i], ...)

6 pthread_mutex_unlock(...);

X B AS AT H pthread_create() 9Bk —4> CPU Gl — AN FE, SRJEHEH
pthread_join()55f i — /MR FELE g AT . AT FELE T pthread_mutex_lock() R4
2 Fo B, marLUH fork() A1 wait(). 44K, IGABTERE A, H
FEAE T i FPR SEAFAE K S D41

S P T R ERE, CT XA TM Refiieeft 42

v TEFS AT pthread_create() J&AEVERT, B SRS EEGE K 4E

AR R TR, B T4 PE R ORAE 55 A AT
pthread_create().
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v RS AT pthread_create() , {H 2 AVAN F A R R IR ALl . X P
JEERKES CH P TM S Y —3. (HEMAR B S,
XA RATR T 2 ) B, EE G ] A B 2R U ) 5

v ¥ pthread_create()pR &L i FH o XN TTIEA R, EAREAL L — L5 L,
(G OL, 1A AN AREEAS o XA i R — e 535 1) g
R, AN VTS H S IHATHAT

v RS U E SRR R IXAN 7R R U IR R 7 T ) k)
Ao WVFALRERN LR 1A VP SRR A, AR E TS A HIA—
JAEDEY & S TN D = W11 151 PP R ot g T I P S 7 o N
TEER RN A WA EZ RS a1 R A PR 3555 P AR Al
VE R HIWT4 1, Yo L1581 pthread_join(#s & ZEAHA 2 X i
BEIEM Y ER T M. TM IS EMBELTTEET .

E Pt SR RAT AT R AH 2% UL o R, Y ETHY TM BRI A it
Myttt —Jrmm, sl dEw PR i, XA — B fa s BopH ) 1
HUEERAZIN, VPR A E 2N . 2 s, TM B0 D0 Fi 55 i A
fork/join S5 Ao HVFIXAS 32 BORHAR TRA ff vk .

15.1.5. AMERRYEESSAIAR)

R TN A B rh, RV AR &, SERAEBURY (I S X SIS o
WAk — AN WIE T RS TEVH AR 3 T EAE RCU 28 R
PRI S oA, I HAXOR T WS Dl
TESERBR B e R e wh SR — R4 24 dirty reads"(IMLEL. A =R
SUin BEZE] TM GE, AL ARk
PURAE TM HHa] 3 i 40 5 25 16 11 -
v HANMTFES YIRS, Bt SRSl X
v HANE ST ) R Sl 2 o DRIHAN AN A 45 IR SR A R4S
XS 55 I 1k

v OTERRIRTE LR, 35S RS . BN, rlC AR, B AR T
I B

Vo YT RAEAE DL SV S8 B SR AR DL SE A 2 A S5 O AN B K IR R
YA

BRSO IXFE 345 A A8 T e B AE H ILAR R AU XRG4
A AT AR5 U I A 55 I, A 2 IR A MERNRELA & 0 AT T o (F2BRIEMN
= 95 6P ST (1) s S5 A AT /N B O, B BR BN R P A 5 ORI A AE R I
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AP REAT A HL . A AAE—LSiIMT KINIFAT MR I H - B85 AU
15.1.6. ZEAT

AN ERPRTG DU A MR LSS U IR (1 55 AR IE I . 48R, FESESS
HREATIER BB A RIBYL T TM 7@ (H258 I e iR 2 i
H, 5 WA 1O A2 H AT I 5 E /N O Pl i 1a) o i ELS R 3 i AN )
(1) H IR it ZERE IS
REAEGSS FREATIEN ), TM Refi—Leqt-alg?
v HEFEHRMER . XERAKBAE, EEZIAM “4F” Jrik— A, B
B IERE RS A RE A TAE . ARG, T REAESCBEACAS B b
LU EARER, AR5 S R

v OBFPSER RN, PabFss . LB GIANITE, HREAERE,
HAE L BE B BRI RS I 5 . — S ST R R RAE, A X
FEDEIA ] T SE I LS5 ARy — BUR 8] (R o

v OARRERRAEIERIEAT . NSRRI, 2 TM UAE R AT I A SOE Ny
T 4 SE B

AR D IERE 5. 559)50 7 TM SEOURZ I el ik . Bl
ARG DL T, 255 AR W] RE T 2B Se B, ARV k255 .

15.1.7.

TERRAT—/ M, T8 RE Z LB . X TARRHR L, 2 /DA TRNAER
FHHRELE R G, 7 AR 21X FE K . 7 RCU B2 At X HE SR A W, 4
e D HS P IR R A
MU B, SR IR SRR Bl A, R F S —
AT T, RWE TARRE . SEhr b, A SN BRI RAE T, X
AT TM RGN TR S IX LR DN 38 T LA ok, (2 SLARH AR R 55 LA
SN A5% IR K, E 55 PIIE IN 300% KB IE SR o AR AR AL b A 1 = 55
XL, AHGEAE ST o, X R L S AR .
v AU B TM SEBL. ANSERDE, ARBIUCIF I TM SEBUT — L2l 5]
NI, AR IA o AR b3, ARRPARH KA Sy e T -

v AERETBURRE R, AU M. DLUHORAE MBS LK T™
S PR A o

v SEAMUTRETE B ARG, S REP LI K0 ERIHEA
B SR o (BRI BRI B R BAT DL R g RO L ]
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EUN, R BRI SO LA

(TR RS, U TM AER L TB, 76 TxLinux [RHP+07]H
DK PR T o P TR A B, PR 20T 20000 1 S 0 5
.

v R,

TM BB A3 ATREAT SR, S IR 2 AR A AT
SR e AT B LIRS LR TS . SRR AL, TR B
134T KRR RE IR T T

15.1.8. E&-E&EU

FERAT FAM B PR IRk, SR BURAR Y- 10 o £ RIS Y 1E A ) 5 A8 4
GBI, E O RENS IERR TAFM . 72 RCU SRR AYIG S XA, HE TR
WA LR . ANEHHLIEEE, KoY RCU BRI Sy R EIEM o HR 18—
AN R S R AT A ?
AR, HRAES S5 P AT AR SR 1 o B 3 S A AN BB S B0 H 1 .
FHIFRX il BRI R M R R — . th TR B B
EEE RS, R A, IR BRSSPI A X E R
VRN EE I H 158 4 A AT o
LAR S TM H 28] J R 300 .
v AEAE CPU B AR B E 8 [HWO2], X ALVFRE R CPU (H#
ZERE) AE HIR RN OGRS o B AL 1R 88 S P> I R 3 55 2 TR {E
TN AR . ASERE: (1) B CPUIZRE B BRI A AR =,
(2) & CPUIMLREM AN rTREARERF B AL, (3) (XD RS Vs I
PEACHSIN, SXMARAC A SR AT . B A (R T e 3 5 B [LLOO09] nJ LAk
GeiX L) L
FESETBARL P of, D AT T, SR ] DURE G 1 58 45wl FH e
v SEAMUTRE T BB R, MHIF S EP LI R0 ZNIEH
ADSFEH

v EEETBIN RS T, AOCK TM A — M F& i,  1E W TxLinux
[RHP+07] —Hf. EXBOVEERAKRAH, (HE RGP VR BB T2
Ho MAh, HBAHGAXFIGRE A EBN, S A AL B[R .

IR, S A AT TM NSRBI nT fEAT — SR AR AN WS (R i, e sz o B
AR HEE B

<\
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15.1.9. =&t

FEAEAFZRB B . — DR ZENERFENE . Brgih v, 760 H B R
W, BUE R RENS T (A AE
RS 4145 pthread_mutex_lock(). pthread_rwlock_rdlock(), LAK K%
BN . BB, fi ) pthread_mutex_lock(), X 7R A5 24 HEFEE H I,
ERPTABNENE R O T AERR IR I BB B, nT DUR X ANRE . (H2
AN A RS AT XA A AR IR AE . X7 2 N H AL N A7
FREL B Wk S A JC RN H 2 A L= N A7 o FREEPERE APIs 4045 flock 5
%, lockf(), SystemV {55, PLM& O_CREAT briift) open()ifi . iXLeREait
APIs fefis T ORY 2 N H 2 M 134 JFH, 76 O_CREAT XFMEHN T, E&
RETESRAE RS T Ja Ak, A BV 2, BReg rs B 2 TR R St
FRELE Bt ae s F TAERI N, A FEAT AN [R5 ST RS540 5 N o 58
br b, — AFFREERT LA —A CHE S WS N IEM RS, Jige—ALL
Python %5 (193 HRE i
TM W SR AL R R SR Dy e ?
v BREIRFL MRS S AR HPRIAEE, a1 SQL. s E RS I S FF L&
HEBEFER R T o H RS TRAI A [ i RS PE
v AT B R A R G fR R IR DB . NSRRI, XANREAL
P L0, e R IREE I s CnNfAd o) b, AE B
10,
v IR RN o
IR, FGS NAFIX PRI 8 15, XA PR S T RFEE PR 55 MR & A2 v R
o

15.1.10. TSR E,

SL B I B L & RCU B ORA7 (11 F BUAIS T LS 121 A0 85 U T Bl A B B2
PR, G CIC++ILE M Java 25 . 4R, 05 7R IX e (R AR 7
G PRI JE AR RN DI, G RAE 55 v U F Sh A N8 i) ek 8ok 25 R A AT 4

XA AL AR Y (a) FEFHSS P AT B A HE R TR R H (b) TR AE
FHEHWENRIMY, BT A2 RN, 5 00 h A Lo gh B
RCU 2R 04 o 1401, ShaSHER R 20 i T BULE, B8 78 RCU BEORIINTG O
et — o “iEpb” R QF: @ EEIRE S, RCU RS AR PUHE T HEZR A0 .
ANFZAAET: AEBRY 2 RCU GRIIIG A B, SRV ISR E A
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Sebr b, ARFEE TM S AN [ BRI .
FESNA BRI T, TM REMEEAEANE? XA REEK U, S LR ATk

T
v

v

W SN A TR MR AL [ Gk DT 0 o XA, BRI BT e ki g5 .
AN, BRI LA e, RILF5 e EH A2
TR WA SVIEh S BER N

XF AR AN I ROR L, AN BRI AR PR B 1) TM AN A8, T EMN I
TG LA JL 5 T -

v

PATAHR A WERAT TM AL IERAT, IR a8 55 . AN
(RIE, IR IR G T A JOVRA I — 41452 355 2 1 ] L2 4 241
HAE . AT RUE RS SRVPR inevitable SR 554G E . (HE,
AT SEHE DX SO VFAE AN E N TR AL EE > inevitable 55, 1XHf
PRAPEREATIY Jredt . Inevitable F55HHEER 7 ol 1l 555 Ak
ML KBS RAT bR 2 B S TM A R0 30T DA 2 g oK s AR -
MR, WRZIEF KU, RF Y RS . JF DA @imi. ot
e, ARMEL CEAE TR T [ATS09].

wn Eprd, fEFHS R A SV S HER S e

1/0 5K 2 TM KN 44 155 30, S HERR B th n] LA AT FRe ik (1 1/0.
SRIMT, TM EEBCE IR A SR PIX A 8L, E a0k, K TM AT g e L
HARH AN EaT R ERE XN T) -

15.1.11. &

IH R Gl D ] IESRE TE{EE RCU BEUXFEI I 5 X 2
ATLIER TAER) . (HAE, RS WA AT — N i b b 3855, IXRAE
RAG ARSI S5

R n ] 1 55 W 2

v
v

v

FEAL S W R0 255 T A T AR R

DAL H B2 AL 57 H A TM SEBL. A28, H R (2008.09)
PIATIZAE I SE DA DRI R

AT HIRAE TM S2BE, X HREAE TM SEEL SRR 2 . 48R, AT
TM LLAEFE TM BTEAE 2, PRI AN TR REA S L
NGRS, JXFE LR S A 55 7 BUG. — B Ce BARIX AT,
TR AR ENE XA B !

AT L H R L A 2555 A A RAE AR RS DL I RE At B8R i, (B
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BRAE G AR AN REN FH 21255 T, W] B 2 O R K3 Bloxt A2 g g
FAETT o RFRIEB TAEG S KIS N, HEXRE . AN, “top-gun” EFEF?
RABVFRENS AT XSS B), Rl e 55 .

PRI, WR 55 AN T e ol TREY 5 2R R0, I A ik )t o5
LR

15.1.12. exec() R

TR BT REE AT execQ RSP, BEEFEREAT RCU BB 04T -

TEARFF TS (445 pthread_mutex_lock(), pthread _rwlock_rdlock() A
RCU), Wik execORZh T, #EAMME RN R T, JF B AR BUAE T
HUHEA TR T . AR, W exec() PATRIMG HuhbAFPARAFAE,  RIRAROG
MR

5, FREEMERS LR (15 flock F 41, lockf(), System V {555, LAK
17 O_CREAT Fri&ilt) open()) ¥ &Iz, MAE exec()EHII.

[BIRR 17.1: AEARRFEERS UL T, mmap S A FRD A 7730 45 b i dn i R 202

FEARFR S DL, FElR AL X A2 exec ¥ kK A A4
MIAEH S TP PAT D exec) R AT & R AAT 42
v RTERESHES exec() » KILEFEHPAT exec(VRH 1%
v HGIERRAE RSP AL exec) o H AN TM ) CH+EE
AEFHIX Ao IX VR R BRECE T F 55 TM %24, S T k55
LG, XAV — LA
v RSN ARRE SRS, IXFEAE exec() I I, 45 IESHEEIELT
W exec()PEATHLY), WIS AN HEAT o B mmap() 52 1 21| 148 5 (1 15 0
BB N
v Mexec() RGN B DI, 241245 F exec() R A o (H & exec()
RGP IR SRS, Ak LLiztr 455 . RERKZIEMRI 5%, Had
T TR £ .
exec() R G X T — M TM N RBE, VP2 — AN Bl 7o R AW Ff
ERTTEHANEA L TG R RS EE I exec VP2 TE

15.1.13. RCU

T RCU FH T LINUX W%, RLEE AT 454 RCU A TM %A
PS TR, XA DL . [H)E, >KH Texas K2% TxLinux ZH %A L FE,
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AR TR LB T [RHP+07]. 3552 1, A4/ 14E Linux2.6 A% N TM.
HT WA T RCU, XAGFAHBATTT L2 8 TM M RCU. AR, BEIRICHER
U] RCU SZHLKET (I reu_ctriblk.lock) 4y 5%, AH S %A e T
RCU M8, 8IS A EA A, (4 dcache_lock).

FEGRENE: RCU RVFLHMEEIHATEEAT, AU, VPSR /S8
[PIH%E, RCU B XTEREATU M. 48R, XA RCU J&MEnT gext e itk e, w9
JEAE, SN B A A T

FETF TM ISR 0] 5 95 R 1) RCU B35 28 H.2 A3 W1 R ] REde:

v

RCU B 21 IF & I F b o8 1 TM 3845, 3% 2 TxLinux 5 H 252 3%
MM E . XIS RCU, WY RCU W IMERE, ml etk &
SIS I Y M o (EE AN SR, BB I T S 2 ph SR BB A
RN R,  — MNKIREAT 5 & S B0 A o 7= AR YL
Mg, it b, XSFHARGHER. B, NETAK TM SRR
58 JER T LA SE IR AN 57

7E5 RCU HUBFrh5E Iy, RCU BL# 345 IHE . IXPREF T RCU T 3,
JALTERE, WARY T RCU B F 2Lk sem . (2, JHALITAm
TM SEHLES e PR AL S I () U 1) IR ) Bl g o HERA IR UE, 26T HER T™
SCILAE H S e IHAE, XSO, & TAESA IR . iF
rcu_dereference() BEWS VT RCU 76 KE 7 TM SEBLH U [a] THAEL, BRI
RET] RE o e —A Il

WHR—A RCU S 55— 45774 T ph o il , 84 RCU Vi il 7 1R,
HRIPP R E S P b RS . XA IR T RCU 38 3, H
SEARYT RCU I REFNSE I I N B8 7, R e A AR I ) Is AT 1) 9145
o S34b, FHEAZFTAM TM #0055 m 1 EE )y . it vl, 1X
AN TTEAE RN SCRF AN RS IR TM SEBE IR A BT .

¥ RCU #9145 o IXANJ5Em] AR S AT TM SEELES nT LR 4F
(sl 7y, (FUEM1S RCU S8R Y G S B2 2] TM R 1)5%m .
3 RCU 22 TS ma B (I ARAE . tHFRAK T RCU B2 TERE. T H., 7
RCU B S X AL 7 TM SEBLATAS EACER IR B, 1AV AN T AT
6

IR Z M7 16 FH RCU 5 BEFHE o — AN BB gl DLER N il 4544
TEIXFS LT, BB 224 1) foiF RCU B RXANRER, RSB 5 5454k
R . REE S AT, I HLIRDREFEAE ) call_rcu ()R O Y. 1) £k
PEERy . REME, IEARRIEN TM SEI A4 TPy NET.
AR, XA AR G55 2 R T, A REAER B 355 I U7 ) [ 38 A X — R
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v ZRIEAE TM AR RCU BEMT. IXMORAENS IEH AT, (HREERA —
SRR
B HCRRAT AR R IR B, el LT s RCU Y

15.1.14. 118

XFFH LG TM 8, A LR 4518

—ANEERE TM B, 5523 0E LR TR . £ TM HEFAEAN
AL ERAERT, e TM IR 3ERE . R TTZE 0% 1/0, RPCs, A A7HLET
B, LR, LUK execQRZWH . XAk T ARG R: Ak THEA KRR
PE.

TM Y3 4h— AN, 1 Shpeisman $2 H[SATG+09], /& TM & flr i
PR Z D . X E TM 10, WAFBUEAE . BAb Uil AT i 45
o) A . S5 AR, AR FEEEGE, BB RCU, &1 2RY
(%R 5 R0 [0 2 [ 5E 4 7 JF I

TM S, RZ TS HRZ —&: RIS BAR 1S 2 T 9747 %
Fio [FIREM, 0 A BN H L IESIBIT, 2K ES T, FHEMIRZ H
1 o

TM 5T R R AEIX 5 T 25 e A4 e ?

— AN TM, STl i AR A0 T AR R0 S5 1)
SERE AL, IXSEFR 2 SUN ZE'E 1) Rock CPU R /577 [DLMNO9].
— SRR B R XA T, AR AR X TM 27 7 T S s i

AR, TM T E TR T RBLRIRERT, A5 T SEL H 1K 75 223 e
— L ]

15.2. HERNEHITRHZ

15.3. ETFESNFITIRE
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A. EBE|O)R

Bl R e 28 5 SMP G REAH SRR B fr) e BT B s T e ikt
G ENOAL B — SV ) W RS H A 2 A ) SMP AU R PR S 12
17, MAX— ot AR EE

ERIK L ) ) 2 58 5 R 2 B B AT AN, (B R SS J0—
sl EATVEAERERE . W R IEAE BEAMR JIL VA ), B AT A SRR AT AT
FIRE B, AR o0 APk ) T

A1l “after "IIEN EMHA?

“After” &M EM LR, (HRIRRE S N, Eehs B4

R HME T HMOMES (xie.baoyou 11:: ICAFIEALY) B F U G 2 Bk, Ahde TLT
FEINIRLA BRAR AR A0 SR D0 MES:, v S5 RIS, “after” (MRS 2
FEIFAT AR ) o —ADNEEAYAR EM LR A UL AR T BEAEAT RT3 Ty, 42
WEIRAT AN 0] o JeAT12% 18— A 38 AN e B SR A ] — 4 R A i HEA T8
Hy EANEREHEE AR 7 MR B “a”, “b7y ‘e B HETE
MR AT ] CH 1970 SFLICKRRIPMED, SRIGEHT “a”, “b”. “c” KA.
W A2, e, HTRER SRS I AR AR EER .

1 /* WARNING: BUGGY CODE. */

2 void *producer(void *ignored)

34

4inti=0;

5

6 producer_ready = 1;

7 while (goflag)

8 sched_yield();

9 while (goflag) {

10 ss.t = dgettimeofday();

11ss.a=ss.c+1,;

12ss.b=ss.a+1;

13ss.c=ss.b+ 1;

14 i++;

15}

16 printf("producer exiting: %d samples\n”, i);

17 producer_done = 1;
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18 return (NULL);
19}

Al VCAfter" AT E R

1 /* WARNING: BUGGY CODE. */
2 void *consumer(void *ignored)

3{

4 struct snapshot_consumer curssc;
5inti=0;

6intj=0;

7

8 consumer_ready = 1;

9 while (ss.t==0.0) {

10 sched_yield();

11}

12 while (goflag) {

13 curssc.tc = dgettimeofday();

14 curssc.t = ss.t;

15 curssc.a = ss.a;

16 curssc.b = ss.b;

17 curssc.c = ss.C;

18 curssc.sequence = cursed;

19 curssc.iserror = 0;

20 if ((curssc.t > curssc.tc) ||

21 modgreater(ssc[i].a, curssc.a) ||

22 modgreater(ssc[i].b, curssc.b) ||

23 modgreater(ssc[i].c, curssc.c) ||

24 modgreater(curssc.a, ssc[i].a + maxdelta) ||
25 modgreater(curssc.b, ssc[i].b + maxdelta) ||
26 modgreater(curssc.c, ssc[i].c + maxdelta)) {
27 i++;

28 curssc.iserror = 1;

29 } else if (ssc[i].iserror)

30 i++;

31 sscfi] = curssc;

32 curseqt++;

33 if (i + 1 >= NSNAPS)

34 break;

35}

36 printf("consumer exited, collected %d items of %d\n",
37 i, curseq);

38 if (ssc[0].iserror)

39 printf("0/%d: %.6f %.6f (%.3f) %d %d %d\n",
40 ssc[0].sequence, ssclj].t, ssc[j].tc,
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41 (sscfj].tc - ssc[j].t) * 1000000,

42 ssc[j].a, ssc[j].b, ssc[j].c);

43 for (j =0; j<=i; j++)

44 if (ssc[j].iserror)

45 printf("%d: %.6f (%.3f) %d %d %d\n",
46 ssc[j].sequence,

47 ssc[j].t, (ssc[j].tc - sscfj].t) * 1000000,
48 ssc[j].a - ssc[j - 1].a,

49 ssc[j].b - ssc[j - 1].b,

50 sscj].c - ssc[j - 1].c);

51 consumer_done = 1;

52}

E A2: “After” HEBERE

Bl ALl: XA, KERENEE ML SMP USSR ? Se AR ARy
W2 L time.c.

EOW b, BATTAT RE AR AE 7 2 R 92 2 ) RN (A3 22 S IR S /N o TRR
Az e S I BN S R AN T 2 /D). 7E— A% LGHZ x86 Hla% [ 1k
R RIR AL, fEXH, “seq” FIZMEIREL, “time” FIEH —4 CPU &
FIA KU B 1], delta” 1 2 ¥ B 5 (149 B )k 5 A4 8 1) s T 2 T 1 2 S (e
B ESRt, i AEHD. Ta", b, et F R A i R A SRk
BRI A AR AL

FT AL CAfter” R4 H SR

seq time (seconds) delta

17563: |1152396.251585 | (-16.928)

7
18004: |1152396.252581 |(-12.875)
4
18163: |1152396.252955 |(-19.073) o
18765: 1 1152396.254449 (-1 8.773)
16 |16 |16

19863: | 1152396. 56960 |(-6.914)
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8 |8 |8

21644: | 1152396.260959 | (-5.960)
8

23408:  1152396.264957 | (-20.027)
5

AT 2 ] TR) 2 (5 TR W 2455 H (R 2 AR by e qr (1) 22 el . KINIEEIL T 10
YiFb . AA—ATEARHEE T 100 4AFD ! iR, TEXBIRTE N, CPU Al REHATIE
it 100, 000 45454 (3F: 100, 000 45454 AKIEM, 100 g9FPRN 42 100 454F
%, ATRESEAE AL H ST AR D) !

AIRER SR R

v IR R (B A2, 5 13 47).

v O E

v T B,

v AR AR (B A2, 5 10 4T).

Vo OB EHPAT, JRE A R E (B AL, 5 1417).

FEIXFNG U AL 7= 35 B TR0 v RS 91 2 3 IR s TR) B T AT i — B /i)

& QAT E SMP AAE b G 52 IXFF (1Y) 1) 325 N AR 2

fAT A A48 T SMP J5E R T LA T o

FEAGI, B A = I mE e B, wlln, fEEr=E s, 7258 10
ITHIERA — B0 AL), JFH, WP ESE 134T — MBi(El A2). 15
1347 RIS 17 47 )5, WA FUR X M. X S 85058 10-13 47 LA AR 13-17 4T
PACRE B o Hemgil e, e A B2 M7 3T . Wikl A3 Fios: B34y
Bl G—AET, DI 25 (R I (R B 20 AE JT — N A2 7= 2 (R I ()8R 2 5 3R A
B AR BEeRc o “ImTEBE . FEF— %), R — XA S B Re i A
1T



SR

Time
Producer
ge.t = dgettimeofday();
ge.a = =2z2.<o + 1;
ge.b = =2=2.a + 1;
Ze. = =25.b + 1;

Consumer
curzsc.tc = gettimecfday () ;
curssc.t = =25.t;
curssc.a = =Hd.a;
curssc.b = =5.h;
curssc.c = =#3.d;

Froducer
d8.t = dgettimeofday();
ge.a = =2z2.<o + 1;
Zg5.b = =2=2.a + 1;
ge.c = =2=2.b + 1;
]

A3: {ERHAIRER
R Tt LR A R R 3R A2 X HL AT IR TRIMEIR ) R A AN
IXFERIE LR A T P PRI B v T 1, 000.
% A.2: Locked ““After" Program Sample Output

¢ I (
seq time (seconds) | delta

58597: | 1156521.556296 (3.815)
485 |485 485

. .
¢ ¢

403927: |1156523.446636 |(2.146)
583 |583 583

Bl A.2: MfF Al i B R AR 4 K ZEE? se s iE 5%
A4 timelocked.c.

ARG, WHERARHE —ANE R, ISLESRAS — B, IR AT o) 1 0
SURBAE BT — IR RN B AR PAT 5 2 JE A RE R A2 . ANF 5 FEME— /> CPU &
HPATNAE RS . AHE S CPU B g it ds BLP A . 99k, RXAMBRES
BRI AN AT AT A B 2 4% ESRASPERE L3N, PIREM S5 A2 “ i
187, 55 5 FRR T R0k RE A PRI Tk

HE, fEARZIGOLT, WAREHHOAE — MR E AR BT e’ o R AT A1)
W SN FARAE R0 s, X S JsUuB g SR A (4O e
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B.[ERIE

bR T I R AT RS, HAL T FAT R P AT R I o XN SR
> LINUX R i [A) 20 S a4

MAF20E LINUX? RS ER—NEFELT . K BH 3R, &
T4 SRR L AR B (2% 3] v, Bk, AR 2R LT LINUX %
AED,  RERS LRI AEA B 3ERD b 2 2 F AT g .

WA AATERSIE ] LINUX APL? B5E, LINUX API 23 bifi 45 I [R] i A2 4L,
PRI SR R e S B BIR 2 )l . IR, 1R 22 LINUX W% APL 8 % T TH
T E R G NAZ . XTI T S 520k BUAR, IXFRh A 24X T LINUX
W% B &R UE DB, (FUEXNEREFER U, 20—, Hlun, &
BRI AERERYD 76 LINUX AZ R0, (HENE R e 4]
DA bRy, Bl ik (el

e, fEIXEE AP AP i APL 2 Ja], W25 L—/ Mg 2. —A> pthread
SEILAE AT FI ) (CodeSamples/api-pthreads/api-pthreads.h), {E & XEF 257 —>
LINUX P AZ AR R

[B] &R B.1: 45— ANAE 5 S5 1 A7 g R s

LU FE i W IR 2D RIS . @@@ 2 TR IR A LU IR
ZNS AP

B.1 WRE WAL B.2 WAL QI B Kl s B.3 i
W B4 AR AR CPU A J5tih; B.5 Wt T LAMRIE S PERE
MIRR.

B1 0%

@@@ 4t 7 . Japi.h, Ff HAUM A pthread hic4A<. Expand and complete
once the CodeSamples structure settles down.

B.1.1 smp_init()

FEPH FAR R TERT, 20055 smp_init().
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B2 ARG, HERIIEH

XL AP JC3E “threads”. RE—ANXFEILFESA — 224 thread _id_t 11
PRIRSE, LERl—IZ], ASAELEPIA RIS AT R SR AH R AR TR . Zefdt
FHHENE, (HEACERLRRE, W8 PC IR ik

ZAE APL TN B.1 o, JURCOIEBE G B 35 A

int smp_thread_id(void)

thread_id_t create_thread(void *(*func)(void *), void *arg)
for_each_thread(t)

for_each_running_thread(t)

void *wait_thread(thread _id_t tid)

void wait_all_threads(void)

B.1: Thread API

B.2.1 create thread()

create_thread J 15 G — /N2, 26— NS40 func 2 L6 FE TG AT L T &
B SHRALBG TS E. M func IRMIFGRE, FEREH . create_thread()
J B IR A4 01 8 (1) 1 R FE AR IRAT o

it NR_THREADS MR QIEENT, XA sk o Ay .
NR_THREADS & — /Ml H &, Jf H ol DA . RS RGEA7 A1 ] 1847 1 4%
FEEL PR

B.2.2 smp_thread _id()

1T create_thread() #[71f) thread_id_t returned J&: 2 S AH IS,
smp_thread_id() Jihik [Pl S5 ZBEAH GRS 5. ENRGISRIENT H RS A
LK, BRI LR S BT ALK B R TI D RAH JT
B.2.3 for_each_thread()

for_each_thread() /7 i CEAFEMZRE, WA &l @R 27em
R IXAN A SRR AR Rk B T
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B.2.4 for_each_running_thread()

for_each_running_thread() 2 AN A3k 7 T AAAE 62 . SZEREAIEE . MR
[F) {4 [ 25 2 18 FH 2 10 52T

B.2.5 wait_thread()

wait_thread() 515 55 R di g AR SE B WA AT IR E IR AT . A1
R, EADGRSERR T . 1R wait_thread () 138 [P A N (0 2R F2 3R R4

B.2.6 wait_all threads()

wait_all_thread() R 1555 55 1T T A 11T R 5E k. SERFEIEE . MFR 2 A1)
AR B 5T H2, XA R 5 TS BR TAE, DRl 5 A0 75 22 )

&

B.2.7 RiEM

[l B.2 o T 240U hello-world [ AR 7. 544 B0 1 (0 e
SLAFAMERFRAT ST 1 B4 myarg (1. F5AS T2 AR A Hh i 4T B 12
ORI smp_thread_id() o ¥R 7 ATMIREIEULL TR, ek NULL R[]
251 1 wait_thread() (118 FH 4

1 void *thread_test(void *arg)

2{

3int myarg = (int)arg;

4

5 printf(“child thread %d: smp_thread_id() = %d\n",
6 myarg, smp_thread_id());

7 return NULL;

8}
& B.2: FZi2RH
SCREFFAEE B3 h iR, BAEH 6 AT TR smp_init)WIda b e R4, i
T-LA TTRIT B4 BAE 16-17 170U BRI TR, JFfESH 18 172545 1
II7E R 1 wait_all_threads() Z3F 7 ZFEm iR [mfE, IXFPGHLF 422 NULL
REME, B AT
1 int main(int argc, char *argv[])

2{



RN PR IFAT i FE

3inti;

4 int nkids = 1;

5

6 smp_init();

7if (argc > 1) {

8 nkids = strtoul(argv[1], NULL, 0);

9 if (nkids > NR_THREADS) {

10 fprintf(stderr, "nkids=%d too big, max=%d\n",
11 nkids, NR_THREADS);

12 usage(argv[0]);

13}

14}

15 printf("Parent spawning %d threads.\n", nkids);
16 for (i = 0; i < nkids; i++)

17 create_thread(thread_test, (void *)i);

18 wait_all_threads();

19 printf("All threads completed.\n", nkids);

20 exit(0);
21}
B.3: &Iz
B3 i

B APILANIE B.4 o, B> APILERE S 57 ik
void spin_lock_init(spinlock_t *sp);
void spin_lock(spinlock_t *sp);
int spin_trylock(spinlock _t *sp);
void spin_unlock(spinlock_t *sp);

B.4: Locking API

B.3.1 spin_lock_init()

spin_lock_init() #ILa4vFE & 1) spinlock_t A5, I H A e AL 45 R4
spinlock J5UE FT 45  FH «

B.3.2 spin_lock()

spin_lock() FKIXHE 1 spinlock, WA LS, w4 1F spinlock ZZ 4T H .
FERMEIALE R, W pthreads H, IXANEERRE A “spinning”, {H & 7EH A — 2834
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i, G LINUX %, &34 blocking (xie.baoyou 5 : 1E N i% 245 9 I 4
T AT EEAR 1E spinlock)
U AT ETRE R Z, AU —AN LR 3Rk 45 spinlock.

B.3.3 spin_trylock()

spin_trylock()3REL—/M 5 5& 1 spinlock, {HAVAAE & 37 B AT I A SR BUCE .
WIARE B, R EIE, A5 R [E

B.3.4 spin_unlock()
spin_unlock() BEiscde e e, DL Aair A2 R e

B.3.5 AHiEA)

— /N4 7 mutex [ spinlock T4 15048 &
spin_lock(&mutex);
counter++;
spin_unlock(&mutex);

el B.2: WIRBAT mutex [IERY", A2 counter Kox H AT 4 ] 2
fH52E, spin_lock() A1 spin_unlock() & s K RE_E AT, BATPRiAE B.S otk
153 #e

B4 BHIEXE

K B.5 W T RRLAEAC T APl IXAS AP R T2 R B R A A i
BARRE UL, 1XEE APL AR, H&ERERKRACE IS .
DEFINE_PER_THREAD(type, name)
DECLARE_PER_THREAD(type, name)
per_thread(name, thread)
__get_thread_var(name)
init_per_thread(name, v)

B.5: %Iz = API

[B] &R B.3: {ERAIRMFLAA S API RS, ol TAE?
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B.4.1 DEFINE_PER_THREAD()

DEFINE_PER_THREAD()3& X — MR FEAR 5 o N2, AR HEAE LINUX
W RZ PR — AR 22, (EJEAT—A init_per_thread(), fCVFLEIEAT I HEATHIUA
.

B.4.2 DECLARE_PER_THREAD()

DECLARE_PER_THREAD() &/ CiH¥ESMAY. ik HAth o b
& XA FEAR

B.4.3 per_thread()

per_thread() 7 n)s & R &
B.4.4 _ get thread var()

__get_thread_var() Vjn) AT IR AL &
B.4.5 init_per_thread()

init_per_thread() Ry i (BB R LR R T

B.4.6 FiEM

B FATAT — AR PR v s, (BRI S . 75 B.5 TORHG
FERHE B, AR CPU AR A B 1 SEIUIX AR AT Hds o T LA 5 SOVt -
DEFINE_PER_THREAD(int, counter);
WIS WIARA T HE:
init_per_thread(counter, 0);
AR AT LA 1 3 38 B ) vk H s S 4«
__get_thread_var(counter)++;
RO, TR VR S SR
for_each_thread(i)
sum += per_thread(counter, i);

T30, AR AR LRt ] DA BRI BOR , (B A LeRe AR B AT RS (A
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AEALT BRI A e AR B BEAT oF s Y 2 W) HEAT EL R AT T
@@@ it E AT cache Jy i 15 .

@@@ HHEHEZHZZMRESR

@@@ 7L lmFt B e TAEm?

PEREZE AR K. AT ERE TR S SMP Ry, Wil S S i v 5
PR e, DA G K PERERI R . IR 5 DR PERESUR I LA 5t I
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C. A AERRERRE

CPU it &84 5 XA ] ) 2

iU, T N ATEL P LAV AF e, ERELEIFOLT, BN A DRkE
DL PR AE N AE I B2, 4 IE AR E AT P AE I (1 ) 4% o

BT A 253X 0] 8, RSB AEE CPU cache J& i AR, R il 2 75 S48
cache TAEfHRIER. 41T

v Cache 145 #)

v ik cache — S B WAL CPU 252 N A7 (141

v’ store buffers & 5 &% A F wifal HrBh cache A1 cache —EUE Bl SEBL s M fit

BAVEGFE 2, WAE TR I, (E T AR AT M R AR 1
XA CPU & B U 1] I W AF BT T HE 7 o

C.1 Cache %#y

U CPU R LE IR N AF I L PRAF 2 . 2006 4R (1) CPU nJ LL{EREGHFD
WHAT T+ 5152  (HRTTER ST A BN AF R BCE — e . A1
JEAKR 80 Gl 2 M40, X FEAEIAC CPU L T4 M U SEA7
XL R S CPU s — 201, ik C.1, HUHYR, ml AR JLAS I 0 A
#eviiE C.1.

CPUO CPUA1

Cache Cache

Interconnact

Memory

C.1: Modern Computer System Cache Structure

CPU Z2A7 A N AT 0] R B it A2 [ e K BE g B, FROA) “cache lines”, T Y
JE 2 BN 7K. JEHIM 16 3] 256 1 ANEE . 21—/ MRF e 8 25—k CPU



AR IAT RS

Vil I, 7E cache HIEAAFAE, XFRA “cache miss” (BE#FR A “startup” B
# “warmup” cache miss). cache miss Eil# CPU DAZEEFF( “stalled” )
A CPU Jl. (HAE, Bk aisi N CPU 247, Ja4:ivin it 2247, KMt
CIRYSEsv Sy

i BN S, CPU MMZRAFI 2 4%k, J5 4L misses 75 24 H cache
WA HIEHE . IXFERT cache miss #Fk A “capacity miss”, X4 & & T2 47 g
BRI B o (HAE, K2 BZEAF T BEFH T — AN B il gt thy, RSt Iy 2%
R o IXIE H T R E I A7 2 0 I [ R (PG A AR SE I (sl ny

“sets”, CPU il EIXFERRITIY) , Wi C.2.

XA 16 > “sets” 2/ “ways”, FL 32/ “lines”, &1 AAE
—A~ 256 £ “cache line”, ‘&A™ 256 N N AFHE . IXANEAF RS
BATK T — R, XA /S aE AT B i BB () R, X2 —
A two-way set-associative 2217, R T-HAFMT 16 MRG58, BRI
iR Z AN IR KE (RO R 32 NEAAAT) FIAHEE (A2 2) #6
WRRAZAFI “geometry”. BT ZZAF & MEF IR, MEA BRAEERR i A
A IR 4 74 S A

Way 0 Way 1

0,10}
0,10)
0,10)
0,10
au?mg
80,10}
R0,10)
R0,10)
R0,10)
R0,10)
R0,10)
0,10)
0,10)
0,10)
0,1030x4321 0ECO
R0,10)

0=0
Oxi
0x2
Ox3
Oxd
Oxb
Ox6
0=7

Cx8
Ox8
OxA
0xB
0=C
0=D
0xE
OxF

80.10)0x1234500(
50,10)0=1234510(
0,10)0x1234520(
0.10)0x1234530(
HR0.10)0x1234540(
(80,10)0x1234550(
(180,10)0=1234560(
[180,10)0=1234570(
[180,10)0x1234580(
[180,10)0=1234550(
[180,10)0=12345 A0(
H80,10)0x12345B0(
[180,10)0=12345C04
[180,10)0=12345D04
(180,10)0x12345E0(
80,10}

HEAAARARI AR AE]

i C.2: CPU Cache Structure

K C.2, BAMPRMRE—NEAFFH, TS 256 FHHIZAFT. A
o, AN HATREN S, R RS e, SOt S & T & i A7
HERoR e BT ERAFAT A0 256 x5, PRI HE R 8 A7 0.

FERE AR 4l 0x43210E00- 0x43210EFF I, J& v (% il st vl fiE & 2E
B B IEAE U ) Mkl 0x12345F00, IXANHERE 2 EA5 2] OXF AT, AT (P4 6 40
A, IR BASR BN M 256 7 A7 AT A SRR U5 i) ik 0x1233000,
Koo Wa A 2055 047, AU 256 T ZAFAT AT LTSRS 1 #% . (H2, WAy Uy
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[ il Ox1233E00, K2 WAy B5H OXE 1T, X2 —NOEAFAENAT, BAH—4
WO 25, DU 2 TR 45 8T AT o« WURBEJS U7 Mo e AT, 5™ 44—k cache
miss, IXFERY miss #EFR A “associativity miss”s

WU, AU & T 3B s Ol S Mg KA Al ?
FHE—AMREM CPU BEHHHT, ibATE CPU # R U A B 18 oxX — i 2 3B 5
HEMW . Bk, ERAEENEATBER, S “invalidated” (EER0. —
BAF TR 2, CPU A Ll e s . i & 4776 T CPU &2 47,
HE S U, AN RERR R “write miss”. — IR E 1) CPU S8 A o2k 1,
CPU W LLEHE (B Hiifk.

JE, WERFINEEA CPU 221 Vi M B, KB —IX cache miss, IhH,
25— CPU by T 52 AFIIC R, XM A “communication miss”.
PRI Sk 330 3 2 T JLAS CPU A 1 22 4730 45 1 B o

RIS, Ty CPU a2l O I YESH s 16— S0k . A Bl A6 a4k
e, RS AR, il fe Ca LRk (B SRR, 8 Uire A F 1 CPU
DAL B MO IME o XL ) B “ G2 A7 — SR KA v, XA~y
Hthik .

C2 BEF—HMImMY

GeAr— Bk PSS BEEAFAT KPR, DABT (Bl A — Bl 25k . XLl
ARE T 2%, WA BT RRRES . (EE AN A 2500 MEST ISR DU iR

=
/AN o

C.2.1 MESI k&

MESI f£4F “modified”, “exclusive”, “shared” F “invalid” VYRR, B
WOAT LAFE — N8 5E A7 N IX DY ROIRES . B, DhisfE R — A e A7AT 4R
—AWALHPRA “tag”, XA “tag” BNAETESAAAT A B R B R )

AbT “modified” JRAS I ZAFAT & H T AHI (1) CPU d5dlr 34T T WAEAF i - IF
HAHDY. 1) A DR B AR A CPU 22 A . DR, “modified” AR 122
TEAT A LI A A CPU BT “owned”.  HHT-2EA7E 4R A7 T Bop I, UL 7 i
A THEHEAR S IR N AE, IF HARRN Y A2 AF 3 ks, DI T 54
A7 Fo A B 2 58 X se i

“exclusive” JRAAEH IMIT “modified” JIRAS, ME—KFIFNELZ AT IR B
ARAHNI CPU B, IXRIRGEAEAT T IR HE S W A7 b A R S i . H
s&, HT CPU BB LA IN 2K B R A 24T, A% S Al CPU, &b T
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“exclusive” AR AT LA A HE AR CPU FT “owned”. Wmltiein, BT WAF
H R R BT I, 1ZAT A DL R A IS B A AE, n] DU A A HR AL
G/

AT “shared” ARAS I ZEAEAT W] REA S 2 22 b — AT Ah CPU 2247, iXFf
R AT IS CPU VR AT I, ABEIMZZAEATAAE S . BT “exclusive” Sk
BT WAET A SORT 1), B ] LLAS H 1) P £ B S AR T 4 25 5 A (A
B ) it CPU $R4L(E

AT “invalid” ARASIAT W, BA)TEUL, BRA RAEATTA G . 4
BB IEIENZAEN, RN T “invalid” IRSIZEAEAT . XA TR A
TFI S BRR s e HLABARAS R AFA T4 5 L K 5 1) cache miiss.

H1 T BT CPUs Wil 44 e A7 AT i A — UL, R g A7 — Bt bl
PEAENY B L R ZATATINISAT

C.2.2 MESI thiis R

TR 2217 R 8538 1) P 25 75 EE/E CPU 2 [AlIAS . W CPUSs fEFAN L2 i 26
by RBEEW P HEMEY T
Read: “read” Vi SV 2 AFAT W LB ) BE AL .
Read Response: “read response” ¥ &4 2 B L1 1K) “read ” 114 B R 0 Hs
XA “read response” ¥ JE\ T fig tH A AFECE HABZE AR AR ML filan,
—AMNGAFE R — T “modified” ARASIESE, WZEAF LA “read
response” ¥4 L.
v Invalidate “invalidate” 71 S\ L& EAT LA I SR AAAT I A Pk . JL AR
DRAT WA N EAT TR AT T B A I P 5 s 5 L 2tk 7 U8
v' Invalidate Acknowledge: — /MU E| “invalidate” 7 5L [ CPU WIR{EFS
BacHe € B Ja i . —> “invalidate acknowledge” 71 &
v" Read Invalidate: “read invalidate” 71 5\ 22 AF 4T 2 U4 BE s L
AR R A AR B e . Dk, e EE—A “read” FI—A
“invalidate”, “read invalidate” 75 % “read response” LA A “invalidate
acknowledge” 4 B2 .
v" Writeback: “writeback” 1 JE\EL 7 2 [R5 2 N A7 (b A g s . (OF HoAl
4> “snooped” LAl CPUs MIZEA7). XN B U VF A7 AE LB 4 1H
“modified” JRZSHHE LI H 25 1] .
IRFBIE, ILENAE 2% RGSEPr FE— MRS TN X B
A8 A3 A A TL N A SMP HLES SR 548 R B 1B S = A I R G2

< S
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MAFL AR R o
[E]RE C.1: WA CPUs Z43A R N G [\ 1 8 A7 T & R AT A2

[E]@ C.2: 51— “invalidate” W BN RN ZZRG , B4

CPU UK I%E—A~ “invalidate acknowledge” Wi . AN27=4: fERG LR L)~
4—4~ “invalidate acknowledge” X 2 "5?

B C.3: 1% SMP HLE% S e FH L%, M4 SMP %A H B

52
C.2.3 MESI k&K

—NREGATAT PR A R B BGH IR A8 kel Rl C.3:

C.3: MESI Cache-Coherency State Diagram
Pl o B 8 I TR 75

v' Transition (a): ZE /74T 4% [0 5 2 W A7, {HJE CPU 8% & IR B AL 2 A7,
I IE M . XA ST E—A “writeback” W ..

v Transition (b): CPU ¥l '5 B A71T, XAFAT HAETAL THEE VIR
AN R B BT R

v' Transition (c): CPU Y F|—> “read invalidate” W&, HNKIZLEATE
LB . CPU E LA R A, SRS, “read response” Fil
“invalidate acknowledge” ¥4 &, R &L 1E K CPU, f5n'E
(1) AS Hh I ASAS PR 28

v' Transition (d): CPU T — /MR G #AE, AHMN M EIRBA 1 E 2
F. BRIE A “read invalidate” W&, Wi “read response” UK
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B, —H eI s 5230 “invalidate acknowledge” Wi 44,
CPU m5e = 5% .

V' Transition (): CPU #AT MR T SH#4E, MNIEIEEZFA T 2N
B B 2R 2% — A “invalidate ” ¥ &, FF5545“ invalidate acknowledge ”
Wi AR 5 DL e B 255

v’ Transition (f): Jfth—2E CPU #2247, WL MNA CPU ALK, A
CPU G & — M HilIA, mlaed THdE CakhlS 3 NAd . X%
FHUG T B — N read "I S, I HAS CPU Wi | —~~“read response”
HE

v Transition (g): HAth CPU BzHUE s, I H A 2 WA CPU A7 el
WNAF TP A CPU A5 T — AN B RIA . XA RS TG TRl 2
—A “read” WA, FHHA CPU M 7 —A “read response” .5

v' Transition (h): 4§ CPU J§ 25 N — S5 ¥s B 22 71T, TRAKRIE A
“invalidate” V5. E2I'EENEIPrA “invalidate acknowledge” ¥ 5
Ji, CPU A58 55. Ak, HAth CPUs it “writeback” 1 BV 22
TEATIER e . IXFE, M7 CPU sl e Ja — M RAFZ AR 1) CPU.

v' Transition (i): Al CPU #EAT T — MR B ERAE, MNZAAATH
A CPU ¥ . A CPU RS AFAT R MICBORE o XA FS TG TRl 2
““read invalidate” %48, Jf HAS CPU Mg —4> “read response” ¥4 E LA
N—A~ “invalidate acknowledge” 74 5..

v' Transition (j): AX CPU fRAF— M B2 71T, (H2Eds bW aEE N
ATAT R . RIRIE—A “read invalidate” 78 . EEI'EHICE “read
response” V4 LA T “invalidate acknowledge” VB 5, ‘B4 SERH
%

v’ Transition (k): A< CPU gk, (B2 EHRIC WA 94T+ - CPU
KIE— “read” JHE, EEWEIAHNAHNK “read response” 4 &5
SERFSS .

V' Transition (I): HAth CPU f#4ifi — MBI A7AT, (R IZZAAATET H
BERA . XANFHESIE T HME] A “invalidate” W&, 477 CPU iy
N—4> “invalidate acknowledge” 4 & .

[BJRR C.4: BEA:UIA 4 FE b TR A 1 3R 1 452

C.2.4 MESI thillontl

EIRATNGAFAT AL R BEAR I — 5o 0], Mk 0 &b F A7 . 75—~ 4CPU
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MRS, B LA EEUR RTS8 R CL R THIRR, H—5)
SERRAEIN, A5 AT RN PUTERAER CPU, 28 =AT R HUT IR, BTk
PUA CPU IHZEAAATIRA (N AEHIIELE MESIIRA ST o 505 1 51 36 75 HH R 1 14
HNRREEEDN. OV A,  CIAZER.

e, CPU ZAFATALT “invalid” JRZs, HIEAENAEH . 24 CPU O ML O
P, wHEN “shared” RE, JHH WA B SR . CPU 3 Y
bk 0 B, XFEE AL T “shared” RZ, FEH AT IR TIRE . B
Nk CPUO Mk HAh A4y (Mbhik 8), Wi oA am kB Motk O 1 Bl e
AT, A D A e it ik 8 BO%0dl . CPU 2 edfitthhil 0 po%icdl, A2
% CPU KILE BRI s A7 Edl, PRI A —A> “read invalidate” Ji5 LA
PAF—AIERIA . CPU 3 BAF I AZ G AL (R A7 T R AT AR
B . 4% Nk CPU 2 JFURTIUM /A4 E, FERPIRE AL “modified”. PIAE
H B RS B, CPU 1 JTIA— NS T InddE, {E/H— “read
invalidate” #4F )\ CPU2 I 2247 F B IR & P8 Al 2 Joal, IXHF CPUL MG A7 78 ik
“modified” ARZ,  (PAET BRI R S BI) . 55, CPUL Mkl 0 B2HL
B, i H— “writeback” W4 B EIE RIS 2N 1E.

%< C.1: Cache Coherence Example

CPU Cache Memory

Sequence # |CPU # Operation 0

0 Initial State -/l - -n

1 0 Load 0/S =N

2 3 Load 0/S -l -1 |0/S

3 0 Invalidation 8/S /|- 0/S

4 2 RMW 8/S - IE |-

5 2 Store 8/S M -

6 1 Atomic Inc 8/S M NN

7 1 Writeback 8/S IS 1N |-

[B]BR C.5: f4BMEMF2 CPU [HEAE4A A5 % “invalid” JRA?



AR IAT RS

C3 ARERNFHEER

FBARE C.1 BRI A &5t T artkre, & nl LAIfER—A CPU LR &
I AR, (RN T4 e AT I — IR G KU, MR EA . 2
PR, Z%KE C4, B/ T CPUO BHURE R —MNEAAT, X NEAFAT I
CPUL iZA7. T CPUO WAL IRE 21, FRr AT HIR 22k, CPUO
WIMREIRETAMT I [H] C.3,

CPUD CFU1

Write

5 Invalidate

Stall

Acknowledgement

\j Y
C.4: Writes See Unnecessary Stalls

S PR sl CPUO IEIRIX A A—H 2%, N CPUL KRIEL C I SAT
B e 4, CPUO #ax L4MMIE o5

C.3.1 Store Buffers

BEGIX PPN LB S IR (1L 2 —, S RAEREAS CPU IS IR A7 2 1],
T “store buffers”, Wil C.5. Y IIIXLAEELE X, CPUO FJ Ffilf 514
PRI AR BB v X, IF HARSEIAT . UZBAFATRJR M cpul B3
CPUO i, Hidi ks A7 22 b [X 5 B 2 A7 AT
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CPU0 CPU 1
i J. ‘
Store Store
Buffar Buffer
' '
Cache Cache
Interconmest ‘
Memory

C.5: Caches With Store Buffers
B2, A T AR, KA NIy A,

C.3.2 Store Forwarding

FANEARM Ty Bk T B8, BB U B “a” F1 “b” #H)
A 0, CPUO H &8s “a” ML FfT, 1 CPUL &R & “b” [NZEAFEAT:
1 a=1;
2 b=a+1;
3 assert(b ==2);

A, AR NS . v, WAL RE2E & C.5 i
INTRITRT BLAR R GG 1, 45 AR A N AT o« IXFE I R GE 1T BEA LR 4L LT [ 175 5t
JP A

v’ CPUO FFii#T a=1.

v CPUO KIL “a” tr8fit,

v’ CPUO Kt &I%—A “read invalidate” W45, LASKAGE “a” (ph=
ZZAEAT o
CPUO ¥ “@” iR EIFMZEMIX
v’ CPU1 £:fi# “read invalidate” 45, JFHRIZBZEAITEE, RiENE

AT R
v’ CPUO JFii#ir b=a+1.

CPU O M CPUL i 215247, EARMSEI—0 “0” 1 “a” {H.
v’ CPUO MERIZAFF s “a” ME, KIILEHR 0,

<\

<\



AR IAT RS

v’ CPU 0 ARSI A (145 H N H B A7 4T, WEZAFATTIEA 1.
v CPUO ¥{H 0501, ez Ealt s “b” Mt (ke s
7E CPUO INZEAFATH).

v CPU 0 4T assert(b == 2), J-5[isiR,

) AT T BATA P “a” EIA, —MEGAET, 7 MEAA T X .

EAMI IR T — A FEEWORAE: RIS CPU ¥ EE t= R e iy & 2
BHHERAE o A XA ORAE I 5 B WA S 1R, XA A2 22 HE “ store forwarding”
K. XFEEAS CPU I EMAFAE S AE X 5 E s . & C.6. #h)
WL, —MRFAE ) CPU Rk BB R4 e S g, ANl 2247

‘ CPUO CPUA
Store Store
Buffer Buffer
‘ Cache ‘ Cache

‘ Interconnect

Memory

C.6: Caches With Store Forwarding

5P store forwarding I, FIEIEIBUTE S, B RIS ZEMRIX Y “a”
MM 1, PR “b” {2 2, XIEEIRATIER.

C.3.3 FHETXNANFREE

BOAERMAE T Hi N T R/, 8T ARSI, Hrp AR e
“b” HIHIERME A 0.
1 void foo(void)

2{

5}

7 void bar(void)



RN PR IFAT i FE

8{

9  while (b == 0) continue;
10 assert(a==1);
11}

% CPU 0 $14T foo(), CPU 1 #1447 bar(), FHEXELE “a” HIZAEATAANAT
T CPUL G AEH, E “b” MIZAFATAUIN AL & 75 CPUL e 2 T RIMERAEIN
AU

CPUO #47T a=1. ZAFTALE CPUO [MZEA7h, Kk CPUO ¥ “a” i
JREHFAEZEMIX, I RIE—> “read invalidate” 71 5.

CPU 1 #47 while (b ==0) continue, {HZME “b” HIBAAT NEEAEF,
BRE A “read” THE.

CPUO #4T b=1, ECOATEEAATHH “b” WEHT (A)ifil, ZAAT0
Z AT “modified” B “exclusive” JRAR), RIULEAAAEHT “b” {HAE T ZE
FATH

CPU O E:M#| “read” W, JFHRIBZEAATHIBIN “b” MMH 1, W
BEAATE N “shared” IRA.

CPU 1 E BT “b” HMEAAAT, HRKHES R ENEAAT .

CPU 1 HL{E5E AT while (b == 0) continue, M T-E &I “b” MIMELE 1,
CPiN/CEOELN N STEXETR

CPU 1 4T assert(a==1), JFH, HF CPUL1 TAEFEIHN “a” HIfE, Bt
B UE R ML

CPU 1 Elit#“read invalidate” 7 )5, Jf H &E 05 “a” MG 47472 CPUO,
[ IS I R AFAT B BTG (R A KIR T .

CPUO #:Mk B0 5 “a” MZAFAT, s BRAR0E 22 b DX I B8 DR A7 B 2 A7 AT
W, XA CPUL Bl I .

)@ C.6: & L5 125, Afl4 CPUO FEHAT—~“read invalidate”

AR TN “invalidate” #:4E?
eI, BT AR E RIS I IEAT, A CPUSs WA IME AL BEAH SR

WH. Ik, RN AEERE RS, DUARVFEA S UF CPU IX 2L IHAR
HIMEE. BFPULAEN, LA E A7 bR

1 void foo(void)

2{

3 a=1,;

4 smp_mb();

5 b=1;

6}

7
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8 void bar(void)

9{
10  while (b == 0) continue;
11 assert(a ==1);
12}

WA BERE smp_mb ()53 20 CPU {ECRAE Jo S HIAF-il A B RAFAT Y, BT e
AFAESZ T X . CPU AT REMRI SIS oKk, B RMAEZZ P X AR, 0 A] BE A i
BRI R A7 22 0 X ORAF i S AR A A, B30T T I A7 KA A 22 rh X 2 iR
12BN AFATH

JE—MIEOLT, BRAERTRERE W T PR

CPUO 11 a=1. SAFATAEGAFH, L CPUO ¥ “a” [RIFHEl 247
GZEIMIX, FfRE—A “read invalidate” 7§ 5.

CPU 1 #4417 while (b == 0) continue, {H2EF “b” MEAT AL,
PRI B Rk —A> “read” T .

CPU 0 #47 smp_mb(),, JFtricd Mur iAot X 4 H . (il a=
1).

CPUO #UT b=1. EMEMAITOEAET . (Waldil, ZATC8lT
“modified” Zk# “exclusive” ARF), (FIETEAFEZM X P AAE—MRd s H .
BRI, EAKBEAAR BN ZAEAT, MR . ((H2 “b” Ak
—AMbRid 4 H).

CPU O #lie®| “read” V&, [IINAXME “b” (HNZAF4T4: CPUL, &
WFRILAIZEAEAT R “shared”.

CPU 1 BT “b” MIZAFAT, BRI BIAMS 7

CPU 1 IRAEWT A “b” MM T, (HEKIVERETR A “07, Kb e E
SAZER] . “b” P 2 A R B AE CPUO A7 fE g2 i X o

CPU 1 #ir % “read invalidate” V5 &, JF HIX 005 “a” KIZ2A74745 CPUO,
I BAEE G AFAT AL

CPU 0 #:INEILE “a” ML AT, It HAHAAES M X M A7 AT N
“modified” KA.

H T A “a” R AFf P X Fh e —4% smp_mb()#=id 145 H , KKl CPUO
WREEAEAH “D” WEHHME B ZAFAT T -FRIAEEE “b” M AFATAL T “shared” R .

CPUO Ai%—A “invalidate” %54 CPU 1.

CPU 1 #:i | “invalidate” W45, WIS “b” MEAEAT, JHFHERE D
“acknowledgement” i %5 CPU 0.

CPU 1 #4417 while (b == 0) continue, {H 25 “b” MEFITNEZEFT,
e &% —A “read” J4E4 CPU 0.
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CPU 0 #:ic#l “acknowledgement” W&, WAL “b” MLEAFAT BEE K
“exclusive” JR#&. CPUO ILIEAAAEHI “b” {HBIZRAFAT o

CPU O #ic | “read” VHIE, [FINAIEELEHri “b” (HIIZEAF4T45 CPU 1.
BARIL %227 A “shared”,

CPU 1 EM BT “b” MEAAAT, e BHRIAME .

CPU 1 BI{EREMEREAE “b” WME T, BT 'ERM “b” MMEN 1, &R HIEH
HFHAT N —4EA] .

CPU 1 #7 assert(a == 1), {H2E& “b” MEFAITAEENEFA . —H
‘B CPUO RAFIXANAFEAT, e BOR “a” (i, Wbl riamid

C4 FRERIFHEIER

ANZER L, B MGG XA T 5 AR LU, BRAE CPU $UT—BUR
ANFRARRE Sl TT BE IR & AR R P X . (B0, 4P Es AR LT cache
misses ). IXFE, CPU fEARLEPATHY, 2% 4F invalidations 5E . #H R HI1E
LA N AF DR S TR A, T AT e SEAF A R R TR 2 L2554 invalidations 58,
1M ANE X LA it 7 77 A7 E cache misses.

XA LLm IS invalidate acknowledge 71 B B PR 215 B vl . SEELIX— s 17
hz — A AR CPU [ invalidate ¥4 5 A %15k # “invalidate queues”.

C.4.1 FoXBATY

TGO 2 TH S T EE A AR IR T, g PR 2 S e AT Db U DA AT I [ A7
TSR AR IR T o WERGEAF LU IS, XM RERAE T BEREIR . T,
IR CPU R ke sl B A i, IF AR ARAE LA o n b, WRAE— A
BRI 1) YK R AL JC R B 2K, —MRFER) CPU & b E ], X4
153 Ath CPU B T 1

B, FERIENEHT, CPU NSRRI JC R AFAT . & T LURHAEIC G
SHEBA o I HE B 7R AOB 2 R OC TZ eAEAT O AT, /g S AR XN L

C.4.2 (ETCBAII R AETTRUN Z

C.7 B MBI R G — AN ISR BAFIK) CPU RJ LU v
TAMEROH R AL IREAF AN (AT SE PR AR B ROIRAS . 248, CPU b
IHEER RILTCROH BT, 25 E WA - RN S AT % H
FETREBNT R, U CPU ANRESLRIVAIETRH KL, B A A o A B i b B
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‘ CPUD CPU 1
1 + h ‘
- Store o Store
.| Buffer | Buffer
¥ Y
Cache Cache
Invalicate Inyalidate
Queue Queue
Interconnect
Memary

C.7: Caches With Invalidate Queues

A4 FUBGRTERA, 2B FJE i CPU AR HEE R AT T MESI B
BRI H TR % I A7 AT . SV FO$R S5 M R A7 4E K I35, CPU
SR TR

ELRE, Sz F 3 R I AT, Sk T B P A LR O BL 2
BOBAE T 8 .

C.4.3 FTRBNFI R AFFRE

BAME R CPU AT JC R K HEBA,  JFSr RIS EATT o XA TV A7l
B REIR B 2 de s, ARG AE FH AT BB 3L, BB W R ol

v “a” M “b” gwlhteoh 0, “a” JE HEE(MESI “shared" JRZ, “b”
# CPU 0 #1145 (MESI “exclusive" ¥ “modified" JIR7). AR CPUO

17 foo() i CPU 1 #447 bar(), AURS ) Betun b
1 void foo(void)

24

3 a=1;

4 smp_mb();
5 b=1;
6}

7

8 void bar(void)
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9{
10  while (b == 0) continue;
11 assert(a ==1);
12}

BAEIUP ] B R

v

<

AN

CPU O $4T a=1. CPUO HAHM L AEAT 2 i), DAk CPUO ¥4 “a”
PIRE A LZ DI, FERIE—A “invalidate” W5, EAIM CPUL ff)
LR AT B AR N, R ZRAFAT

CPU 1 #44T while (b == 0) continue, {HJEGL “b” HZEAFAT NIEGAT
I ERIE—A “read” WHE.

CPU 1 U] CPU O () “invalidate” W &, K& 6%k, JorBImR & .
CPU O #l 2K AT CPU 1 [ymapy, PRI s: 4 471 smp_mb(), A
GBI 5 “a” HIMEBIZAAT .

CPUO #47 b=1. EMHARNEAAT(WHMLN, ZAITC8LT
“modified” 2i# exclusive" ARAR), MR “b” REHME ARG RIS A
T,

CPU 0 #:U 3 “read” M &, FF HRIZAE “b” BIHHE 224747 3 cpul,
WARCZEAFAT A “shared” RS

CPU 1 BT “b” MGAEAT H HoAG LN H BIA M 2247 o

CPU 1 HZE404T5¢ while (b == 0) continue, [F4'E KB b "M R 1,
A RO — 1B 4],

CPU 1 #447 assert(a==1), HTIHM “a” {Hi&4EE CPUL A7,
BEFE AR

HARFE AN, CPU L AbHECHEBANR “invalidate” JH &, FF ELRIH
o “a” [HMZET .

B C.7: 7050 L FMENL RIS —2, W Cca3 iy, MakE—4

“invalidate” T AN/& “read invalidate” 71§52 CPU 0 AT B IL X ANRAFEAT I H
fih AZ 5?2

B Z TR invalidation WA, SIRGXAEARL, 43 80N 17 B B

2B, X LLRIIAIN . HoE, WAFBEREE R 5 RN IIAC L, KR, 24—
AMEFRER) CPU AT A AAERRSIN, Ehsid OB BASI BT 2 H Il P
1) CERRBARA T AT AT, AR PTAAR IS4 H A RAF 2] CPU 2247
B, AT LAAE bar sRECHASIN A WNAEBERE, W

1 void foo(void)

2{
3 a=1;



RN PR IFAT i FE

4 smp_mb();
5 b=1;
6}
7
8 void bar(void)
9{
10  while (b == 0) continue;
11 smp_mb();
12 assert(a==1);
13}

[B]ER C.8: {14222 IfhaTEArik Ehn—A P2 hEkE, 125 while {5

SERCHT, CPU ANH]REHIAT assert()?
AT ENBSS, BAENT AR 2T .

v

<

<

<\

v
v

CPUO #4T a=1. HHNMIZAEATIE CPUO KIS 2 HiLlr), Bt
CPUO KB {E BN E MG S R IX, If HkiE—A “invalidate” ¥ & LA
Jill3r CPUL [IZEAE

CPU 1 #44T while (b == 0) continue, 1HZHE “b” MEAATAEE R
g, e RIE—A “read” HE .

CPU 1 #:U®| CPU O [ “invalidate” ¥ &L, K eifi bk, oI e .
CPU 0 #2050 E] CPUL M, K 'e4bHE smp_mb(), K “a” MEHI47
it Gt X B8 B RAFAT -

CPUO #4T b=1¥C&MARFAT (Rtihil, ZATRT
“modified" Bi# “exclusive" JARE), B EAEA D7 RUHHE RIS AT
CPUO £t “read" W&, H HREE S B M“ b HIMEAFAT 4 CPUL,
[ bR 22 /74T R shared” RZS.

CPU 1 BT “b” MAEATH EH B e Mg i

CPU 1 HIZE4E AT while (b == 0) continue, K A& &I b HIME K
1, BRI —4KEM, XE—KNAEDERETRS

CPU 1 WAZiAEIR, HE| e BTG I B

CPU 1 43 2 AP invalidate" ¥4 5., e IZE4E P RIS “a”
M RAFAT o

CPU 1 $i4T assert(a==1), HTMH “a” MEMFATCENLEINEAT
L, ERIEA Tread" JHE

CPUO M “read” JH.5, KIEEMAEHN “a” HINSEFIT.

CPU 1 B BIZAFAT, "CHRSHI “a” MME, FIEASFEAN R,

HMEG 2 MESI JHE, CPUs &< IEMIRINE . X Hi& T CPU
BT H AT A VN I AR BEEATTI 247 — BRI R AT
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C5 EMNMEREFRE

FERT—77, AEBE R R AR QA 2 b X NGB BAF1) o (AR TRATTIACHS
Berfr, foo() A L ZEMC R BAFIAH D WATAT A, SEALLIKT, bar() A L2 Y
AEAEGEIT DX AH G AT AT 454

K, 1RZ CPU fRUES5 M AR BERdR & MR, —A> “SNAfEhe
AR E I TEBIAT, —A “TL A AEBERE” AR 0 & A ZZ X %m
WA B B [F] IS b TG R B S AE A A7 ST X

IXFEIRLR A s BT B BEA A AR U285, PRI B A 7 152 PN A7 B Bt 2 I

BERCNAE T 25 B80T 58 1o ZRABAIR , 55 N A7 B B A A AR UE 55 2 [R] R W

%mm@ 5[] Fof (R 55 RS 2 A] PRI o
WERFRAME M foo A1 bar , DT HBEFIS WAESFRE, o N Pis:

1 void foo(void)
24

3 a=1;

4 smp_wmb();
5 b=1;

6}
7
8 void bar(void)

94
10  while (b == 0) continue;
11 smp_rmb();
12 assert(a==1);
13}
HELCTHSONLEL A7 50 2 (R A A7 BB, (HL e BRAAIX = A B b T8 e 8 AR 4 1 2R

fRENAEBERE T

C6 RERERERM

AR T G A AE SR . BAREATRZ B K e 1B TAF,
B4 CPUs LiafT. QIR S AT CPUs #fE IE #1217 1A
i, XA LT AR . A T AP B AT I N A, BATE G E O ALY
R G5 .

C.6.1 ELFRIRELEN

Paul C£8 IR Z FHELRPITHSNLR L, BE AL SEAR AR A ASE g, B



AR IAT RS

fif e T PR T AR o 5 SR — AR AR, (A G A A
BEBTVEMPHEAMIG . EIRATER — AN K R EE I ELT A4 R 2510
XAMEAF IS ST LU 23R [McK05a,McKO05b]:
v A CPU 4% HE 2 R A BN N A7V 1)
Vo AU AR AR, CPUs A4 % & A VR REA T S8 HEF -
v —ANREE CPU TE WAL DR BT I T A 3838 4E  (smp_rmb()) #4545 H
I8 i (1015 P A o st TR PRI/ 2 WA T CPU il (xie.baoyou
e XA RSREEEE A
v PITAAES WA Z AT SERAE (smp_wmb()) #ORE LLEE ) K5 #8415
V' TR AENAE DR BT N AFU T CRENIAEE) (smp_mb() & LRt 5
(R) P9 AE T ] S IR AT
[B] & C.9: JLMRIEAF—A CPU A 2'e A S AT U MU, [ A (i
T— NG EFRRE B B SN AET RIE 2 A2
B A KIAELE— AE IR R (NUCA) RS0, A T4 CPUs 1t — A F
() SR )47 B8, FERE—AN 1 S AL T — AN CPU BAFI, wild C.8. MR
—/MRFE CPU [V n) A2 o A A7 BEBEHE IR, F, — 5% CPUS ¥ 17 [li- Bl A

Noide 0 i | Node 1 |
.| cruo | [ crut | i cru2 | | cPUS |
; : [ ;
Cache 5 Cache
e [ ] [
.| GPUD GPU1T | 1| GPU 2 GPU3 |:
' |Message| |Message| i |Message| |Message|:
¢ | Queue Queue ; | Queue Queue |
Interconnect
Memory

C.8: Example Ordering-Hostile Architecture

C.6.2 =51 1

# C2 BT =MCLE:, [HImg CPUs 0, 1, A1 2 #4477, a", b", A1 ¢
BHILGAE A 0.
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% C.2: Memory Barrier Example 1

CPUO CPU1 CPU 2
a=1;
smp_wmb(); |while (b == 0);

b=1; c=1; Z=C¢C;

assert(z==0|| x==1);

% CPU 0 NIl 1R % cache misses, [RS8 BA S 31), {H2 CPU
1A A e geAy, e v B2 2. CPU O R a" A1 b
B, R A O G AR R AE ) (BRI CPU 1 kBt g mT L), R
NG PHZE T CPUO Z I . S5 Z AN, CPUL TAET “c"if, #HT
CPU 1 = kAFI, Kk, CPU 2 #4457 %] CPUO X) “a” MIREHT, Jo&F CPU
LXF et PR, XSG URRM, RIS P9 A7 B R 2 XA

MIRER F 3, A R AR AN BE MR X ARSI, W], SEbr Brenr Blis
ITHERTE ERMN ARG, .

@8R C.10: A LL{E CPUL [ while" ¥E-f1 55 I vE-fy )3l A\ — AN 5t b ke
ff PR IX AN n) @ 2 A2

C.6.3 7~ 2

# CI3RTAR B, 7F CPUsO, 1M12 FIfATHUT. “a* F1 “b" #¥]
5164 0.

%< C.3: Memory Barrier Example 2
CPUO CPU1 CPU 2
a=1; |while(a==0);

smp_mb(); y=b;
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assert(y ==0 || x ==1);

TATH— /A% CPU 0 Wi EI/E £ cache misses, KIS (KIS BB T,
{H2 CPUL MU= & ZRAF, DI E M2 M. 4, CPUO %45 “a” WEH 7.
Bl S /e NodeO |, (BRI T CPU 1 kil & nf WLiK)), {H & 43BHZE T CPUO
CART S L. AHXS, CPUL X “b” MR AL T CPUL 14 BASIIEAT T
fE. B, CPU27EAEE| CPUO X “a” MIMRERT, nlLAEH] CPUL X “b” I
fl. X' assert KW, EAEAENAEBER

MR FRul, n's AR ANBEH B+, (R, SEPR RIX B
A DAE R 2 5 i v S LIE 18 4T .

C.6.4 7~f5 3

* CA BRI B, fE CPUsO, 1, fI 2 FIFATHAT Frfa & B # I ihtk
0
%< C.4: Memory Barrier Example 3

CPUO |CPU1 CPU 2
1 a=1,
2 smb_wmb();
3 b=1; while (b == 0); | while (b == 0);
4 smp_mb(); | smp_mb();
5 c=1; d=1;
6 while (c == 0);
7 while (d == 0);
8 smp_mb();
9 le=1: assert(e == 0 || a == 1);

EER: A CPUL I8 CPU 2 #REE 2] CPUO E5 =474 “b” AR
HHT, ABEALFRSS 54T, —H CPU LM 2 C&HAT T4 4 4T Ak, &A1)
HLREE 2] CPUO 7258 2 AT N AEBERERTIM BT A IR . 28U, CPUO 7% 8 4T
[N A7 B R 5 CPUL R CPU2 {E5E 4 4TI N A7 DR BRAR XS, PRI CPUO ¥ AT
HOATHINAEIE, HBEIEEXN “a” IR IHAL CPU L. Ak, CPU2 7%
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59 471 assert B ALk .
B]gR C.11: {E#% CPUL Ml CPU2 7E4 3-5 47 & Wb Fi4RAT, i1 CPU2

126 9 ATIBAT IR R & K AEAT A7 SR TAE, T it 42 #b)igud,
Ln{AT 3B assert [1) 5 A2 2

B]g C.12: Wi CPU 2 #h47 assert(e==0||c==1), XA assert 2xfi /i N?
LINUX A% synchronize_rcu() JEEAd T 8L FA ) b i B0

C7 7 CPUs UMTFERASISS

BN CPU #H & H R N AE BRI 4o SEbr b, IRZHATIRES, fE
pthreads A1 Java, 2% 15 B EAE H NAZEBRRR, BREIRET A B F8{. & C.5H,
ArPU4E7x CPU J& 15 SLVF DU AP BIAAAi A S 34T HE . B2 TR 21378 CPU
ST ARVFT IR AR INE . AAfcE k.

W, BAEHOERE, S EdATAERE . TR UE, Alpha 750 KA
P Z AR N A BER . 221, IX3oR Alpha A BEE B IS TREMEZ i, HX
PHRER M ME . 152575« http://lwww.openvms.compag.com/wizard/wiz_2637.html.
X AR iy 55 )7 (RS 2 (1) 47 Ak o G A7 R SN R SRV B vy PR I i

G —NFRR—A CPU 2 B — AN IR S ZAE KL . —L
CPUs 7 2P IR LARAT BB A0

WG T ) CPU R RVFRXAFEREE, HE ks FARAMEH]

%< C.5: Summary of Memory Ordering

Loads Atomic Atomic Incoher
Depend
Loads Reord |Stores |Stores |Instructio |Instructio ent
ent
Reorder |ered Reorder |Reorder |ns ns Instructi
Loads
ed After | After |ed After | ed After |Reordere | Reordere on
) ~ |Reorder
Loads? |Stores |Stores? |Loads? |d With |d  With ’ Cache/P
ed?
? Loads? Stores? ipeline?
Alpha Y Y Y Y Y Y Y Y
AMD64 Y
ARMV7-A/R Y Y Y Y Y Y Y

I1A64 Y Y Y Y Y Y Y
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(PA-RISC) Y Y \4 Y

PA-RISC

CPUs

POWER™ Y Y Y Y Y Y Y
(SPARC RMO) |Y Y Y Y Y Y Y
(SPARC PSO) \4 \4 \4 Y
SPARC TSO Y Y
x86 Y Y
(x86 OOStore) |Y Y Y Y Y
zSeriesl@ Y Y

ANEBATH AR A S, (A0, FEUUHEE, 1 LINUX W%, TH%E
BEAATH A e . L, Linux 3845 T R OOk B A2 BRI JRUE, Wik

smp_mb(): INE. fERENAFDERRE . IXRIRTE AT BB 2 BT P INER . APk e
BEJGIINE AP B2 AL

smp_rmb(): 2 A A7 BE B AN AE L ==

smp_wmb(): 5 N A7 EE IEAE A E

smp_read_barrier_depends() 5 il 2% 1 5 HE 5 SR VR, X AT T A E A 1O
MHEAE. BR T ALPHA 28k, XA JRuB ALk 3R F AR R 44

mmiowb()2% (- MMIO ‘5L . £ spinlock 483124 11- MMIO FLFHISE G
H, XA R . 3B mmiowb ()T & ALHE((H 2 A2 45) 1A64. FRV,
MIPS il SH. XA sUE LEsH, B DA IR e .

smp_mb(). smp_rmb()F1 smp_wmb() J5 5t 5% il g B3 A% 12 5 [ N A7 FEHE
Pidt.. smp_read_barrier_depends() AR, HEMNELE Alpha CPUs |
A 20 12.2 5 LLSRAS 58 2 1048 FH XA B A5 R

XL JEAAAE SMP LA R4S, (H S, EATHRAFAE—A UP JRAS (mb(),
rmb(), wmb(), F1 read_barrier_depends()) , IXYEJEIELE UP % = A A0 .
smp_ AN FHAERZHUG LT o« AHIE, Ja5 XL UP JRAS I J5E A1 90 S X 3
IS . B NTE B4R A, CPUs Al iF gs #55 X S 1) . el
BBV RSPV i), A5 AT BE A1k A T, eGSR A
s

KEZBNZIT e B G e AT 1, %A D EHH.L T CPU AT
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BREEREPE . 28R, WERIRARIRN T —AMREE CPU BARHS, A EIXFF .
AL, BT A LINUX R85 5 (spinlocks. 2540, {55 . RCU, .\
B BERE JRUE . BRI, WA X SRR, AN D A A B R U
WAE UL, FEFT CPU (1) A A7 — B AR A Oes P A R, SEAS Ui 4
B R E RS B D AE T .
UEAh, —HeE R AR A E 1. B AR R N EEAR AN CPU [N A7 — 2L
PERSR R, N8 TR 28 WL CPU — S . BARE AT 4 B
AR B 32 CPU SCAY, {HJ&IX L8 & — A R AP IR

C.7.1 Alpha

XA O EAALE KL AG AN CPU ITRIX 4%, EERKA S,
{5 Alpha JEA#RIT, BN SR — DR S P IS5 R, e T RERE HE N A 4RAF
PRI LINUX A% E 28 0 e T A I o IX L8 Js R s 20 A 45 P A7 CPU L
R, BEAE Alpha bR J5UTE S T AZTT R R i 2 AR F 2
Alpha F1I3LA CPUs 7EARAS EHIANF 4 1 C.9 s - 45 94T ) smp_wmb() &

RS 6-8 47 HIMTARAL BRAEAE S 10 1T O INERAERTEAT . X, EHHE R K REW
IEWIEAT. XA CPU _L#fREIE 21T, MEM{E Alpha EAT.

1 struct el *insert(long key, long data)

2{

3 structel *p;
p = kmalloc(sizeof(*p), GFP_ATOMIC);
spin_lock(&mutex);
p->next = head.next;

p->key = key;
p->data = data;

smp_wmb();
10 head.next = p;
11 spin_unlock(&mutex);
12}
13
14 struct el *search(long key)
15{
16 struct el *p;
17 p = head.next;
18 while (p !'= &head) {
19 /* BUG ON ALPHAI! */
20 if (p->key == key) {
21 return (p);
22 }

© 0 N o o1 b
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23 p = p->next;
24},

25 return (NULL);
26 }

C.9: Insert and Lock-Free Search
Alpha & EH 5910, K C.9 5 20 1TREE ILEE 6-8 ATHIUAA 2 AT IH ()
{H.
C.10 o T IXAE W A= 1r) (B i4ER  head #% cache bank 0 4b3H, 1M
B Ak cache bank 1 4bFE . 7E Alpha I, smp_wmb() ¥R 6-8 1712547
BARAEAEAE S 10 4T 2 R 563118 3] interconnect, {HJ& AHiAR B F)iA 52 CPU )
Iy 5140, 52 CPU [f] cache bank 1 1] fig %117, {HJ2& cache bank 0 /&7,
XA BE S ECH T SRR R E IR, R CPU 3RA3 THREMHT(E, (R
RABAIR A . S JERTHE 2 WEB uh mi LSRG 215 5 C.6
[ (10.20) [c]Writing CPU Cief00.20) e]Reading CPU Core
D,E{]]I [e](r)mb Sequencin@ﬂ,ﬂ{]] [e](r)mb Sequencing

Cache Cache Cache Cache
Bank 0 Bank 1 Bank 0 Bank 1

[ (Je5.50)1] (Jas.50)(1 [ (Jes.50)1] (Jas.50)[1
D,E{]]I[c (w )b Sequenci@ﬂ,ﬂ{]][c (w)mb Sequencing

Interconnect

C.10: Why smp_read_barrier_depends() is Required

Al AR SRR B S i bR FR A 5 T 2 IR —A> smp_rmb() Jitif. {HZ, XY
T RZGHITRY, X RIS E A R g HR R, (40 1386, IA64, PPC,
FI SPARC) , IX& G T v o 7% LS E R 5 1 FH 1) 1)
smp_read_barrier_depends() J§ii&7E LINUX2.6 FF N, LAVHIRIXEE R SE ErIT
Bo ZJRIE AT REINE C.A1 5 19 fTIXFEAEH

R DASEIE — AR b, R4 smp_wmb(). & PR IT A 52 CPUSs 41
5 CPU B IFH BIEHE « (HAE, IXANT5EERE LINUX RS #E DA R 7E 80 1R 55
P RSE Can Alpha) 77 E A TR XA PR B BT UIE I 1) HoAb T
CPUs &K% IPI KSZHL. MR BXFE—N IPL I, CPU $UT—WAEBERRTR 4.
T BN IE A DL AR . AR, A EEE MO Y CPUs & SL— AN RALT
smp_wmb() ¥ BERERAT T o WVFN S7E LR HEEAT .

1 struct el *insert(long key, long data)

2{

3 struct el *p;
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4 p = kmalloc(sizeof(*p), GFP_ATOMIC);
5 spin_lock(&mutex);

6 p->next = head.next;

7 p->key = key;

8 p->data = data;

9 smp_wmb();

10 head.next = p;

11 spin_unlock(&mutex);
12}

13

14 struct el *search(long key)
15{

16 struct el *p;

17 p = head.next;

18 while (p != &head) {

19 smp_read_barrier_depends();
20 if (p->key == key) {

21 return (p);

22}

23 p = p->next;

24},

25 return (NULL);

26}

K] C.11: Safe Insert and Lock-Free Search

Linux A £75#R R 05 2 AR 3 Alpha 459K 44 1, Ik smp_mb() 4474 mb,
smp_rmb() %4 rmb, smp_wmb() %% wmb. Alpha f&ME—5ZI]
smp_read_barrier_depends() ¥ CPU iy At CPU 25 /2 5 41

@@ C.13: J4tt4 Alpha ) smp_read_barrier_depends() &> smp_mb()

MAAE smp_rmb()?
KT Alpha PEATEDL, 162 WE%F M [SWI5].

C.7.2 AMD64
AMDG64 5 x86 JEAMAN), HALMBEN T EMNAARE [AdvO7] , HELEIN %

A DAL 7 11 5230 . AMDG64 [¥) smp_mb() J5iE & mfence, smp_rmb()4 Ifence,
smp_wmb() s& sfence.
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C.7.3 ARMv7-A/R

ARM CPU & R LAY H HARAT , REDEAE RS2 R R H s
T o FAR WL, ARM 4% L A7AE TUAE LA BRI TR] 17 o B 19 P A7 AR AL T Power
(ZL C.7.6 11, 1H& ARM fTH] T ANE A A7 e b4 246 [ARM10]:

DMB (%4 4 A7 B i) 5 3507 b B gy AR R S Y (R B4, Bl k e T il e
ERAESEPAT . HRAERAI AT LU T34, AT e U IR T S #1ECEL T Alpha
wmb L& POWER 1] eieio $§4). 534, ARM FiF = B 27—k
BRbFREE, AFREETAE (Cinner”) LLAZA4AS RSN 5L outer").

DSB (% # [0 B ki) 2 B0 [R1 282 (3 E e B S IR E AT RTS8 58 .
TEFRALY DMB MR, 7ER WA, DSB 544 DWB i (T LUE#R &
T PR 5 2R P DA i 5 BERE) .

ISB (152 [R120 bR K)ol Fr CPU Mii/KZk, XAEHTA Bl 5 (145 2 (ANTE I1SB 45
A SE UG A A B, MRS S A B SEIRT (W), BT
ARAE K HAT AL Z (R PAT—A 1ISB 54

BAHMB—A845 LINUX 1) rmb()ifs X5 Ao R Z50Ks rmb() SEBL A
—/~4> DMB. DMB #I DSB {54 — Mg X, 5 POWER R KL,

ARM L SEIL T EEIM, BRI, R — AN SR SO T — A N 21,
IS AAE AT 53 SIS T A B AR AL I BARAE S BT o (R, FEARUELE S5y

SCRE MR E A . W h -

1rl=x;

2if (r1 ==0)

3 nop();

4y=1,

5r2=1z;

6 ISB();

7r3=12;

BB T, el IR SR 1 AT I X B ARG
(ES A RTINS Y TP BRAE 2 BT, B2, ARM JEAR% SR, Il ik,
B, 5 14T BBV e FAT BB T R /R 7T, 54710
A4 S HNATIN ISB HE TR AT IE S — TR IR 2 PR, 725 =47
SEPUAT 2 R A 1SB FEAHF AR FAT 2 RN«

C.7.4 1A64

IA64 & — NI — BB . BRIk, R8T WATDRBETR A 0T, 1A64 K T
MHEHAFNAFSIH [Int02b]. 1A64 5 —> 44 mf (] memory-fence #5854, {HZH
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A —/> “half-memory fence" H-T2e4. fA6ig LA T2 5154 [Int02a].
acq Bii ik acq Jo 1) A7 5 FHHE 2B SEHE, (R0 SV a1 A7 5 L i 2 4l 0,
XFhET AR PG AN C.12 Fros. JRBUT, rel B 1-aiTHIfG A4 2 e, B2
VPG N AEFR 24 R rel Z AT

C.12: Half Memory Barrier

X4 half-memory fences i iffy 5t Beie A FH ), R4 & AT B2 4 IR AR TRON
—AMmA B HAE, AU AIEA CPUs XA &M

7E LINUX WAZH, IA64 mf $54-4% H T smp_rmb(), smp_mb()F! smp_wmb().

Wha, 1A64 42/ mft. XML T “afRE e S, iR
—MEERISBE WO R AU A, B S A Bk & 2158 5L N A7
ViAo AR ITA (R ACHS BeaB iE A I AL 1 N A7 B

C.7.5 PA-RISC

HAR PA-RISC AR ARVF BT A SRR 4R 4E, SEhr b CPUs &)™ i 4%
TS AT [Kan96]. X ZMRAE Linux (P17 5E B 5 E a3 e, (B, i
7 GCC 1) memory J& P REE 1 gmieds il .

C.7.6 POWER / Power PC

POWER #1 Power PC CPU 5 £ 7l N A7 hiffg 4 [IBM94,LSH02]:

sync FETHEE Z G MEIETF G201, Z I AEER O 4 e .
U, XANMEA TITERE R K1

lwsync (254 sync) 78RR VE R BE G 253 A AE B 1 2 T EA T HE
B2, EARXTBE R KSR AT HET . WA,  wsyne F54 35
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zSeries, SPARC TSO (1)l J3#[7.

eieio (enforce in-order execution of 1/0) 5 35 HT THI 25 A7 FIAT-fifs B A AL B 5 1)
T AR E 21T, BERCE TN (H)E, FATAAE S IR ATATAE L 0 i HE 7
o

isync SRTIFERE S HIFE 2 TFRPAT AT, BT 4E2 458K

ANFEIIE, AW 845 LINUX 1) wmb() 35 SUHAF, XA R K
WAPAGHEATHE I, (R AN EE syne 1 At =y AN R 4RAE o (E2 B AT I R 11 A .
ppc64 JRA wmb() F1 mb() #BxE oA TSI syne $84 . {HJE, Linux [
smp_wmb() MAHT MMIO (£ UP I, B FIKaht 2N %) MMIO 34T
HR). P, el XN R eieio 54 . smp_mb() t4E XA sync #5
4, {HSE smp_rmb() Al rmb() #5E XA Iwsync 54

Power £ ““cumulativity"J& 4, HTIRMGALIENE. HIEFMAEHERE, 4E6
e, HBE RE o BT A 45 3, Wt ae A B BOE AT A ge e E 2
4. B2 %152 I McKenney 1 Silvera [MS09].

Power 0 SZHL T HEHHK . X5 ARM JEAEH ALK, 45— Mil4hE: Power
isync 84 H T8 ARM (1] I1SB 54 .

IRZ POWER & R I B3 A AE— 31k 195 2 5647, DRIIAE At B N A7 FEA L8R
NP G . AT, RO NESE A, H2 JITs Flgw i
Mo TIXLHN . A, 78 CPUs A KRS, BB — MRz T P
BT ABHBURIY. ichi $54 (instruction cache block invalidate) M 1542247
RGBT € R AFAT, A TR Ol

C.7.7 SPARC RMO, PSO, and TSO

SPARC _I*f#J Solaris {# F TSO (total-store order), Linux 7E sparc" 32-bit 1A
REf R, B2, 64-bit Linux W% (Csparc6d" 1A R) 2474 RMO
(relaxed-memory order) #iz{, [SPA94]. SPARC /&R WHLMt—A1H] ] PSO
(partial store order). f{E{TiZfT7E RMO MR FHRESIZ1T/E PSO F1 TSO, 1Ll
1, 1B4T7E PSO MR AEIEATAE TSO. B — AN L E N AE I AT 75 20N
O E N AE DR . BARANATPTIR A FFRAE R [R) 20 J5UE I R e AN o 48 00 N A7 BT

i o

SPARC A H A N F B fE 454 [SPA94] , S i4r Lok 4% 5l i) i e s 1l
v StoreStore: {EAFfiE Z FREATHET. (X4 H T LINUX smp_wmb() J5ii5.)
v' LoadStore: {EZE4 A bt M4 il 2 A HET
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v StoreLoad: {E3E# b 5 BN AHE .

v LoadLoad: 7ENN##AE 2 MHEF. (3 H T Linux smp_rmb() Jii&E.)

v’ Sync: {EIFLAARE S HRAERT, AR50 e w i A A

v Memlssue: 7EBE)E I N AFERAESE AT,  SERUITA LRI N AR X
— LU AR 10 SR PR

v Lookaside: 5 Memlssue FH[A], {HZAANH T4 5 J5 S H L .

v Linux smp_mb() J& & [F]mHfE H AT PN 84, #LoadLoad | #LoadStore |
#StoreStore | #StoreLoad, K A A7 5 4 HE -

WEARIXAE, M4 5 E#Memlssue? [K Ky#StoreLoad VTR AR E NS
P IX HOREUE, a1 MMIO ZiAEas SRS T A6, #Memlssue 71 7o
VFEEHATHT, 75 R S R X BRI BT . H PR AERAER N MMIO 7 47 8% 52 b
R E HME. KB LMERH #Sync A, (FUEEREH #Memlssue FHLf .

#Lookaside J&#Memlssue [ EIRA, ke MMIO SN G, RERE
T ECE R, AR AR, EE, HEAK MMIO 751735 B 520
B IABKG EL ) A A A5, FE UK #Memlssue & 20T .

ANiG 48 A4 SPARC A5 wmb() & X h#Memlssue , # smb_wmb() & X
A #StoreStore, 4 ) SOW LIRS Bl BUG. X 2R AT HEN): 12
1TAERTH SPARC CPUs ] LINUX & X T b CPU SRR BEAE (1) N A7 A 2

SPARC 7ETRAFHEL HIHATIR 2 Z T % —> flush $i5% [SPA94]. XHIK
M SPARC 484 A7 B LART I . ER:  flush F52E—/Mibhik, JF HAUX
IR BT & b 28 4F . 45 SMP R4 E, B CPU 224 HSK 9
B, AREWAT GIE B A Jofh CPU 215 58 1 T Rl -

C.7.8 x86

1T x86 CPUs 21t “process ordering” , HtFifH CPU #L5 CPU 5 N1+
FIE—5. smp_wmb() SZELA— D2 ERE [Int0db]. {HE, ‘&8 — AN wikas
f54, Ll g it gt T EHE.

Jy—7J7lil,  x86 CPUs f£4t EARUFREHT, smp_mb() F1 smp_rmb() #%
fil e lock;addl. XN 454 SERR Fad AR BAE At b b

I, Intel 24 x86 KAT T —ANWAFEY [Int07]. ‘& Ui : Intel CPUs #i{R Lt
DA (PR SR B P A7 . ST — B T),  Intel AT T —ANSE BT A7
[Int09, Section 8.2]. ELSRXAFAEflde i, SLILAJHF. HARAE CPU 54K iy
Hif CPU Lh Atk CPU T E B e AT A6 45 R o IX AR e VPRl A AT E 22
P, BAGAF R LE M I LA . J1ak, WAR R “AE a7, BRI, 4n i CPUO
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A2 CPUL fAAfMI{E, B4 CPUO thiieF 2 CPUL BEWSH R, CPUL LARIAF il
E e AT R AR E s AR LA oA, X i TR LU AR IR T # R T
KINERZ — o 2 JRAEE P e 2 AR ES EIFA RS BIRIE .

{H)E, iEHERE ML SSE F/4 /4555 1) (cIflush and non-temporal move
instructions [Int04a]). & SSE [#] CPUs 1] LLH mfence SXI)L smp_mb(), Ifence 3K
WL smp_rmb(), sfence SZHL smp_wmb().

HLLCRRA ) x86 CPU A — M4, ARVFEAEEZ AIELSY, {EiX4% CPUs
I, smp_wmb() % Lk lock;addl.

AR Z A x86 SEBLA] LU WY, A B AR AN T S IR 452, HE 8T
AN x86 4 RANELSK CPUSs 1E WVIX— sl X — riex R JIT SEAT >k — s s A7
I TT

C.7.9 zSeries

zSeries 7& IBM TM 251, LA 4 4 360, 370 A1 390 [Int04c].
Ja K& zSeries.ber 15,0 54 H T Linux smp_mb(). smp_rmb()&1 smp_wmb()
JRE . XS AE R BRI N AR X, 3k C.5. fLiF smp_wmb() SEHLAN nop (C4
T8 2K — R IHE, LINUX WA i CL28K smp_wmb() &2 nop 1).

X4 CPUs K iit, zSeries AMRUETR 295 A7 2 [ I — 2k . L,
B 18 UG A ZAE AT T AT serializing $54 . tati&ii, 4% zSeries
WL R N, A B S, AT serializing 154 . zSeries T84 4E4RAHIR £
serializing 54, {47 compare-and-swap, }:EESRAIISCERA (WIRTIAR ber
15,0 54, LLM% test-and-set, DL ILAhIE4 .

C8 HRERERERKIERY?

Wi, B2 SERGEMARE, ENE TR AT, S5 .
XA EIHIREE N KNG, WAFBERE S A 2

BERGX AN TNEI NS ER RN 2 SRR R Ui, IXFE A — AN SR 20
ERFNAEEL G, RS REECHAS S Boa A BT AR 2T IR
FEIXFERIR R G TR, AT b B AT DR R 1o DR —ANRe S (I e REAE AR 3
NS AR T R A SE R R AR S T REAT BT AN AR, CPU
Fewese MM, BefT CPU R %%

Fexf ozl KPR TR MR R LT AR ARSI RS, Y
JIN SR T, S0FSE SR R, 7T BE 2 Y A TR o TX AN BE T A S I 0 1 (1) 2
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WEREXT 2 XAk Mg,  DRIRnEAT T3 2 A1 P T HE .,

CO MREHZITERIEN

BB v T DUIAR 2 50, IX S8 A F B ik 1IN DAT 23k
e LR ) — 2ot A5 SRR 35 Bh 97 1L AR ok Hh Bk 2 i .

v O W RN T iAr—Hlk.

XA 5K S 3O A HEAT DMAS 23 25 2 W1 B HA 22 i X Pt e
AT B - FE CPU ZAE MM AN ZZ M X /E DMA S H i o o ZEALIR )
RGALXFEMTEOL P IEH TAE, M08 10 B HES DMA S X I, /G
(FIRIHT CPU 2247, 1 H., FHEEAEHE /IO IR R dR 5 7 1 1) BUG!

v AN ZRAN e R IR AT — B A

2 TR R — A B AEGE ) AR, IR 2 W — R RN A S —ARE
T NGAF— B AR E RIS TEAIR AN K R AR B 2 %8 R, A HPR%E,
IXHFE (1) 1) U ok i . A5 I e ) BB % {F 2015 AR5 2 Ab 2.

v AW ZNE T A — .

XU RE T — AT AT, &2 2EEAT? (H2Ri—> CPU
=N IFMGAE, b —> bank AEHT,  Ub— B M TR 55—
ANGAFAT o GIRAN I 1/O-complete = 7 F]iA XA~ CPU, i% CPU 5| H x4~
AT NAE S I PR NP ME, JF 2 S8daave, Ao AN .

v KZIEITR T (IP1s) 2% T 2247 — 3.

FEAHDN. T B X O -AC BN AEZHT, 1P Bk H bR CPU, X1 HES
Al

v BRSO B G 3 .

WER W AEVT [ EL R, 4 BN SOOI AR NG . W RAT45 A —4> CPU
T 25— CPU, M CPU LN AT IRI/E H AR CPU LIEATERTT W, B4
RS IR 25 5y 6 B8 f i 2 DART IR, 31X 237 SR 350 1Y) 1) 7

vk FEEAA AU AN LA

o 5 BB R EAT WA BLP AR N o BRIEAEIX IS AT AR LF R R 1,
FESEBRlAE FIZATI,  nlBesE AR RRE I

BATH USRI BT T G 28 ]
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D. RCU sCill

AP SR AR IR JLAS A D REF ™ i it BT ) RCU SER . BRAR IX L8 S5 A
PRfE 55 L FERNGE 8 75, i HLXT LINUX P AZ 5 B R Z0I0 T 1f . a8 T LA
7EJLANRAR K M il 14831 [BC05,CRKH05,Cor08,Lov05]

WERARXT RCU IBIRBAA, TR TR ER I “toy” RCU SEILFF4S, W LAYE
% 8.3.4 THFEIE..

D.1 5 #iik T "Sleepable RCU", &M SRCU, FVF SRCU B bifi & B .
& —MA I, A R SEEL. T RUNE TR A% 2] X 48 RCU 5K
o

D.2 T4 T /04l RCU W ETESe Bl S . 7340 RCU Wit T3 #F b
T~ CPU IXFF () SMP R4t

D.3 1 L ) B IX Le S ACRS (IR T 2008

I, DA ERRME TR Y RCU SEBLI PRI, B TS R 4.

D.1 FJiER RCU SCIR

D.1: Sleeping While RCU Reading Considered Harmful

2041 RCU EERL IR SR B et i 5 DA R R RE 0 Ay S 28 g B 2
B I AT 2 A AR IR . XHHBHAS T RCU MAEH], Paul 4tk RE “n)
HERE RCU™ (353K, BAISVFAE RCU I 7 X b ] TS HERR . BLHT Paul BLYE
CASCHLBE 9E 2 1 Pr A X E8iEoK, 1X 3 8UE grace period £ 2RI, KA fF
AR mESFEAENER, WK D1 Ps, JLTIrARAER LT TN
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AR RS o 2%, ARAT— > Bh b iE v e R R G HE— 2
A5 TR A AT -3 A 5 B0 AN I 4 1778

HAE, SER N AZZER [ BESG AL X AT 446 A [Mol05], B2k RCU Bl Ft
XA DA [MS05]. BRI,  m46 o I X b 5 2k Ut 1) D v 1 BH 2
DU B8l . X RS RCU I H BEBAIG FLX i AR ZE . (R, X iAo (1 e
HRA DL S SRR TR 4k A X RE R R R M, SRR AT AR AL 510 2% i Jt PR A 7

SR, {EWNAZHE ] RCU, IEA&RFUFER “RCU B L IX K ASBHZE
R U, BEERE TCP NIEHIX AL JC B MEAR S A% A5 1 1), RIS 2 7E S Py
ZGRR R ]

[B]RE D.1: RAFAEL UL RCU Bk FLIX Ak 1 REAR?

B D.2: Kyt a A E # RS TR bR SC) ok e irfE4 gt RCU
IR, 1 A LIRS P DR B P 25 4AA T S IDLE J3A PURRIR 252

D.1.1 SRCU 53 e #

Wil SRCU 1) = EHEBUE: Py 1h AL T RCU B2Im DX H AT 25 BRI s, BH 2E
KB RCU [BIiH 5%, SRCU 1 F PIAN S mg S B A H (1) «

v AP grace-period 2, gzt RCU 11 call_rcu() API, DA

v e AMITH SRCU 1)1 R GeH 43 0 grace-period £l

FEBE i B IR X S SRR R A SR B

D.1.1.1 [EF& Grace-Period APIs

call_rcu() API [y i) @il j& . BLANERFE 0] U BOXAEIARRY . FEAT R AR I A7
B 2545 grace period , 285141 R
1 while (p = kmalloc(sizeof(*p), GFP_ATOMIC))
2 call_rcu(&p->reu, f);
FIXS ), Ad FIZSABL synchronize_rcu()f3G, REDNERFEAEZEAF grace period
I, NP ZEAE— A — A AR |
1 while (p = kmalloc(sizeof(*p),
2 GFP_ATOMIC)) {
3 synchronize_rcu();
4  kfree(&p->reu, f);
5}
R, SRCU #4t—AN2E4 T synchronize rcu()f) API, {H & A4t
call_rcu().
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D.1.1.2 FEE Grace-Period il

FEL I RCU Y, AL (R BEIl S ] AN € IR AE SR BT RCU [B13R, 40 R

B
1 /*BUGGY: Do not use!! */
2 rcu_read_lock();
3 schedule_timeout_interruptible(longdelay);
4 rcu_read_unlock();

WA RCU AR AT R Ge, FF H /N O AT LA A3 K I () (1) SE
AKX FAT AT AR SEBr b, FEAF R IEIGAIX BUG 1] LK B
A RCU H M 4EIR, T 3UX LK ][] RCU BSEIER B IR B o

FRIXAN () ) — AN TJ7 Ve s FE T AT ARG AT grace-period F il IXHE,
— AN TR BEAG ) RCU 3238 (AN SEIR " BT LE B F R 42 1Y grace periods. K]k 4F
— T RGN A BB 14 N A7 L BH ZEXE & 1) grace period |, - H 7 R%
IBE A BRIY), IS4 7E—> grace period J& 301 P 2545 1 N A28 BB e A BRI o
R 2 T RGBS A ST SIS — A, LA IR SRCU 132wy 1) R A2 A7 R 1T 5
HA DT SEILEE — 5 RIS 4771 synchronize_srcu()_E I A7 5

SRCU KM M BARK J5ik, Kbt fa &k

D.1.2 SRCU API K&

SRCU API W1 D.2 Frox. Bt i) 315 fids anfer 4 FH e A1

int init_srcu_struct(struct srcu_struct *sp);

void cleanup_srcu_struct(struct srcu_struct *sp);

int srcu_read_lock(struct srcu_struct *sp);

void srcu_read_unlock(struct srcu_struct *sp, int idx);
void synchronize_srcu(struct srcu_struct *sp);

long srcu_batches_completed(struct srcu_struct *sp);

D.2: SRCU API

D.1.2.1 ¥t KB

—AMEH SRCU 17 R G i — A struct srcu_struct, 2458 X—4
KRR AT, BRGNS Bl kmalloc() /M EL A AF. —HiX
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ANGERIAFAE, B init_srcu_struct()IEATWILEAL, W TR R E] 0, RN
IR AN RS CUT P AERERD

A struct srcu_struct S s BCHT, S DR RE TR IE
cleanup_srcu_struct(). 28U, W15 struct sreu_struct f& LINUX P AZA b g S
(A b, A A AERE B EN A HT IR cleanup_srcu_struct(). 53— 7T, i
R 220/ N O DR B A 1) SRCU 1321 5 X A 22876 1 FH cleanup_sreu_struct() Aij
SEROF BB 2 3 S X TFURIEAT) . SEBLX — sl (7 VAAE D.1.2.4 1 g

D.1.2.2 i RiE

it sreu_read_lock() A1 srcu_read_unlock() JiiE A] LA 5 kA8 -
1idx = srcu_read_lock(&ss);
2 I* read-side critical section. */
3 srcu_read_unlock(&ss, idx);

ss A AT D.1.2.1 15 WAL I struct srcu_struct, idx A8 e — AN RS,
HI2K421F srcu_read_unlock(): AHM Y srcu_read_lock() FF-45T-Wk—~ grace period.

R G MEX — /L, /&5 RCUAPI A—5UK, MFFEN, 7 LLEAT45 it
PORAFIXAME R Hag, BT — MR RES AT ReAL T 2 Mk &1 SRCU B
Frxdr, Pk, SRCU ARELEATS E5M il Y I RAE X2 5

D.1.2.3 EBiGRiE

synchronize_srcu() JiiE Al LA i~ 5 X 48
1 list_del_rcu(p);
2 synchronize_srcu(&ss);
3 kfree(p);

520 RCU KL, XAl —EHFHZE, HIPrA 1L synchronize_srcu()Z
HIFFARIY SRCU I S IX A58 . W3k DA fivs. fEIXANES, CPU 1 X
X 7745 CPUO LI L X 58 1, AL 2ERF CPU2 ERELING A X 521, K24 CPU2
7E CPU1 $44T executing synchronize_srcu() i, % H ITHAE IR AX . f)n, CPU
1 17 synchronize_srcu() A~ 245545 CPU3 IR FHIX., P2 CPU3 A s2 TfiiAs &
s1 VE4'E 0 struct srcu_struct. JXFE, CPU 3 ) SRCU B2IIf A X 5 AN i) grace
periods AHICHK

%< D.1: SRCU Update and Read-Side Critical
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Sections

CPUO CPU1 CPU 2 CPU 3

i0 =
s1)
srcu_read_lock(

synchronize_srcu( |s1) enter

i2 = srcu_read_lock( |s1)

srcu_read_unlock( |s1, i0)

synchronize_srcu( | sl) exit

srcu_read_unlock( |sl,i2)

srcu_batches_completed() J& i ] LAk F T+ 42— NKE € 1) grace periods 14k
PRRLFE . IXANEIE F T 96 40F SRCU #:4E 11 torture tests".

D.1.2.4 Z42iBEH

AR SRCU AIfigd — Pk, =iz, RZEN A BRI
o Bilhn, {FHAE RGAT B SN PIMGAL) SRCU, 1AL EAT. H2E, 16
Al AR SRCU [T, S0 AE AR A 2 A BRI B e AT T

AERELL R (1 RCU s JJIIARAREEL D, AN A $ O 50 R R R A6 IR struct
srcu_struct X [1) SRCU #2115 X o 7EIXLEIEHL T, BEHR H R BN 75 2R A
FHRZERE, e B, RJEEH.

HARTS LT (BN 085D, R AT &R AT LU SRCU i Jif
o HAR AT LS AT PTR 0 53, AHEIXA Y TR T — IR AL AR, X Ry
EAATHC B D.3 BoR T — Mk ATig bk AR A E A

1 int readside(void)

2{
3intidx;
4
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5 rcu_read_lock();
6 if (nomoresrcu) {
7 rcu_read_unlock();
8 return -EINVAL;

9}

10 idx = srcu_read_lock(&ss);

11 rcu_read_unlock();

12 /* SRCU read-side critical
section. */

13 srcu_read_unlock(&ss, idx);

14 return O;

15}

16

17 void cleanup(void)

18 {

19 nomoresrcu = 1;

20 synchronize_rcu();

21 synchronize_srcu(&ss);

22 cleanup_srcu_struct(&ss);

23}

& D.3: SRCU Safe Cleanup

readside() FRZCKF RCU Fl SRCU Il X A2 41217, RCU BAT7EH 5-11
17, JATH M SRCU IZ4T7E5S 10-13 /7. RCU B A XA RCU [McK04] LAfR
#* nomoresrcu {H. WRWE TIXME, FRoRLATHERIR Y, KIS REEEA
SRCU #ImAtIX, XA MI-EINVAL. 5771, WRFATRATIRH, ATk
A SRCU #Ilm X .

cleanup() BRI SEAE 5 19 479 & nomoresrcu I, B S A ZiE it 26 20 4T
] synchronize_rcu() ) iS5 47 AT BT A IEAEIZ 1T RCU 2R A X 58 /. — H.
cleanup() BREEALE 21 47, B A readside() 11 k%E % nomorersrcu 25T 0
N, #LIRCARAS 1117, BFIEAT a8 A SRCU #im St IX o Ja i H
readside() KF7EEE 8 4TI, XHFAEEATAFRREABLIE FLIX .

Rlit, —H. cleanup() 5ER%E 21 4711 synchronize_srcu(), 5 SRCU %Il
RIX OS5, I HEEHRAEEIENEIGAX . BILES 22 172241

cleanup_srcu_struct().
D.1.3 I

AL SRCU HIEHR 45 M, HRANEER ISR, B lstih, Simltif.
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D.1.3.1 HEEW

SRCU ¥ 45/ &l D.4 Fiz~. Completed “F-BLHE H struct srcu #1454k LA
2K, grace periods J& K& &, WK D.5 Pros o & AL T struct srcu_struct_array
Mz 51, per_cpu_ref “FEARMIXANEA, mutex BT HEARZIUA R F4b
PE—A synchronize_srcu()

1 struct srcu_struct_array {

2 intc[2];

3}

4 struct srcu_struct {

5 int completed,;

6 struct srcu_struct_array *per_cpu_ref;
7 struct mutex mutex;

8}
D.4: SRCU Data Structures

struct sreustruct

completed ~ 7| " T 7 T 7| Low—Order Bit

per_cpu_ref - | !
mutex ! -
!
! ey
E GP ctr LSB
L crus| o | |
g # | #
1 # #
2 # #
/ 3 # #

struct srcu_struct_amray

D.5: SRCU Data-Structure Diagram

D.1.3.2 #IIHALSEIR

SRCU ¥t 4k s % init_srcu_struct) W1 D.6 FTz~. 3XAS R E W B )8R
1k, struct srcu_struct, 1RGP ] 0, 5[] ~ENOMEM .

1 int init_srcu_struct(struct srcu_struct *sp)

2{
3 sp->completed = 0;



RN PR IFAT i FE

mutex_init(&sp->mutex);
sp->per_cpu_ref =

alloc_percpu(struct srcu_struct_array);
return (sp->per_cpu_ref ? 0 : -ENOMEM);

o N o O &~

& D.6: SRCU Initialization

SRCU i Brea £ an &l D.7. 3= L1937 B BR 2L cleanup_srcu_struct()7E A4S & 1)
% 19-29 17, {HAE, LRI srcu_readers_active(), WSS 13-17 47N, A
IR 2RI ACE B LE A Y struct srcu_struct.

srcu_readers_active() R &5 i) Lk Bl B A AT RE R G| B
srcu_readers_active_idx()f*J 5\, srcu_readers_active idx() i 1-11 Fizx, 115
N Z S| ERRE CPU THEE IS, SR [H 4521 .

Wi srcu_readers_active() MIRIFMEFE 0, cleanup_srcu_struct()7E 2 24 17 fil:
R—AVEL, FEAES 25, 26 AT TN [A] . IF HAVBEBUEAE AT H ) struct
srcu_struct. IXHFEIE N BRI A BUG, RUVF RS Rl N AR
MARELEAT, XA REMEFFREN U n) 24— 1t

770, cleanup_srcu_struct() 725 27. 28 {TR L per-CPU THE4l, JH#
R E A NULL.

1int srcu_readers_active_idx(struct srcu_struct *sp,
2 int idx)
34
4 intcpu;
int sum;

sum = 0;

for_each_possible_cpu(cpu)

sum += per_cpu_ptr(sp->per_cpu_ref, cpu)->c[idx];
10 return sum;

11}

12

13 int srcu_readers_active(struct srcu_struct *sp)
14 {

15 return srcu_readers_active_idx(sp, 0) +

16 srcu_readers_active_idx(sp, 1);

17}

18

19 void cleanup_srcu_struct(struct srcu_struct *sp)
204

©O© 0 ~N o O
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21 intsum;

22

23 sum = srcu_readers_active(sp);
24 WARN_ON(sum);

25 if (sum 1=0)

26 return;

27 free_percpu(sp->per_cpu_ref);
28 sp->per_cpu_ref = NULL;
29}

D.7: SRCU Cleanup

D.1.3.3  EmsEEL

srcu_read_lock() I SEIRARAS 4 1] D.8 . XA BRIV R g, DA 4
AT BB R R 454

995 WLATESILIFAT Ay, DASREACAS B PAT 775 5 CPU B ANRE# R
f7o 25 6 1THU1S grace-period THEL# FIMRAL, & HRIZFA SRCU Bim A X AHH
WE—ANFE CPU T3S . 28 7 47 A barrier() FR7ngm 3 2 ifi f— IR PESRINR 5
Ty XFEE QAT MR SIS S 11 ATIRFIM RS R 2 R —AME. 2 8-917
YL TP I TH S . D.3 5 10 AT HR S R AT LRSS 8-9 AT LA KA, LApT kA
AN E CONFIG_PREEMPT Itf, I&RUEMACHELRF. HE, £ PEE T
CONFIG_PREEMPT [H#ZH, T2 barrier() A S S5 11 171
preempt_enable() ', R, srcu_barrier()/&— /NS HAE. W, 12 17R IR
15, RS RAEE LA NV R) sreu_read_unlock().

1int srcu_read_lock(struct srcu_struct *sp)

2{
3 intidx;

preempt_disable();

idx = sp->completed & Ox1;
barrier();
per_cpu_ptr(sp->per_cpu_ref,
smp_processor_id())->c[idx]++;
10 srcu_barrier();

11 preempt_enable();
12 return idx;
13}

© 00 N o o1 b
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D.8: SRCU Read-Side Acquisition

srcu_read_unlock() RIS a1E D.9 Fros. [FIFERY, 56 3 7 A7ZEibIfeT

THE Y, R, BRI 7L % LR AP 448 /2 CONFIG_PREEMPT 14
¥, %8 34T preempt_disable() 12— barrier() JRiE. S0, barrier() £&
55 AATHER T . RIAER, AR IR DS AT A B R S 2N T —
TS 5 . 6 4TI CPU W THEUE, A IR 515 S AH N srcu_read_lock()
P =

1 void srcu_read_unlock(struct srcu_struct *sp, int idx)

2{

3 preempt_disable();
srcu_barrier();
per_cpu_ptr(sp->per_cpu_ref,
smp_processor_id())->c[idx]--;
preempt_enable();

o N o O &~

D.9: SRCU Read-Side Release

B — mUZRFE CPU v EUE AU Re g At CPU it CPU H W Ab BEFE
FEF . b WA ok B TTAT AR T T ) Y A B B A5 2 BRAT

D.1.3.4 ‘B

SRCU 1) <4 i synchronize_sched() Kr<xPHLZE, H R 4ATHATEEE L
& A VE A S 5E . synchronize_srcu() JEIEFIH TIXANRR, i D.10.

55 5 473k13 grace-period THEUE ML . 25 6 1T 3RTF HLF8, 28 7-10 1T &
HSRIHRIB LUK, 2B R /DL T A grace-period. W EXRE, TR HUE T
RIEL FEIXAMEOL R, oAbty O A BRAT I T AR RIS .m0, 2B 11 AT
AT HoAl CPU F 317 sreu_read_lock H grace-period fi 34, tF 3|4 CPU
7EHEN sreu_read_lock Fi (KA 24K,

9% 12 473K1S grace-period &R MANAL, HT-LUSAE N &F CPU THER &
MR 51, 55 13471634 grace-period TH4. 25 14 1T A5 M RTHAT I srcu_read_lock()
e IR, HIEAT R 15 4TI, P srcu_read_lock () S5 #S 2 A H
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sp->completed BT {E . R, 28 15 47381 srcu_readers_active_idx() #EATiH4CK
FERORE SRR IR, X FE SRR S 0 B, BRI B S AR

{H32, srcu_read_unlock() Jif ¥ WA+ 5ER, so the CPU is within its rights to
reorder the counter decrement up into the SRCU critical section, so that references to
an SRCU-protected data structure could in effect “"bleed out” of the SRCU critical
section. IXAMEHL I synchronize_sched() %5 17 1TACRE, "B PH 28 B 21 HoAb 7
preempt_disable() HHAT MRS TERL (IEWT srcu_read_unlock()H—FF). - T4F
SETK preempt_disable() %7415 58 AL CPU FTiE = 21, 58 X LefXhd
R LAHT ) SRCU BEIm ALIX LA 58 o AR 5 22 1K) A A7 B B S ph X S8 A AE S
w7

UBIN, 7E28 18 4RI mutex Ji [Pl FH 4 2 224 ), A 5 BLAE T LUEGE
BT 35 A0 H 4 struct srcu_struc ff SRCU 3211 Jit DX K W 52 21 T 45 75 1
synchronize_srcu()Z Bt 55T .

1 void synchronize_srcu(struct srcu_struct *sp)

2{
3 intidx;

4
5 idx = sp->completed,;

6 mutex_lock(&sp->mutex);

7 if ((sp->completed - idx) >=2) {

8 mutex_unlock(&sp->mutex);

9 return;

10}

11 synchronize_sched();

12 idx = sp->completed & 0x1;

13 sp->completed++;

14 synchronize_sched();

15 while (srcu_readers_active_idx(sp, idx))
16 schedule_timeout_interruptible(1);
17 synchronize_sched();

18 mutex_unlock(&sp->mutex);

19}

D.10: SRCU Update-Side Implementation

B]RR D.3: MAABATTLMEBE:  H synchronize_sched() 43 FF 1 5 871 44
I PR A T2
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[E]RE D.4: JMflAfEs 18 17 RH mutex BT LJEAESE 17 174047

synchronize_srcu() (il D.10)? ZEAZ#IX AT AT 206007 X FEIIE B S
2 Afra?

D.1.4 SRCU Hfik

SRCU $¢fit—F RCU-like JRiE4E, LLACVFAE SRCU 1211 F X H AR . (H 2,
THVER SRCU UL H TR AR, BARELIL T RCU KRR, &&E & H
TA 2 =

D.2 472t RCU MEiR

BARZ I RCU B2 B0 tH e kR A Je b, (R0 5 o B AN AN 1
THHTEAA CPU, &AW M Se A - E IR I A X AEAT A i e . /D EREA
grace period, &/ CPU 2RI —/N 4% Ja B, IX AT eI Y etk 2 2 7 BRI
BRI RCU SEBr FRES LUAS INAER Y B2 T4 CPUs (fH &35 1 grace
periods [JCAT), 2% RAETFEBIH Y JRE.

FAN, ZGd RCU H— ALK dynticks #:11, S8 &8 RCU 76—
A~ grace period EREMLfEAE— CPU. ] HIXAN R 8, %5E 16 LIRS, ©
HAVYA CPU LRI, oAl CPU M f 4 # R 4% . BAREOL T, RF 12 4> CPUs
A] DAAL T8 B R HRAR 3 DAY 9 e . A2, W SR CPU A AT
RCU B, X 12 43N CPU 2 S PR e i, YR 9% T S REYR . BRI,
X2 RCU IATART 32 ZARAL AN, 2 L E R K] CPU Ak T HERRIRAS o

Z it RCU F1432 RCU SEILHAT FIZ i RCU (135 SUAH IR APls. {HJZ, Jit
AISZERRR A “4 8t RCU”, BBl gkl “/r2% RCU”,

@@@ roadmap @@ @

D.2.1 RCU H:fihi[n]

MIBFEAR TR YL, RCU JE— M EERr 55 58 T e MR, IR
Z AL, AT, s, FOESE . RCU I — AR il
S5 4F 20,000 MR AR, AL R ERER L A AN, I AR D
PERERE PR, LAACY™ PR BRI, t AN FHHHC 2 2% 1R SR I £50 R0 P A7 1 Fe o o

£ RCU W, 251 AR "RCU B2IG S X" RCU B2l Ft X LA
rcu_read_lock() JRiGETT4h, LAAAMAY reu_read unlock() JRiE45W . RCU BEilfE At
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XA PARRES, ] LA AR Y 2 R0, B SRS A BH 28 Bl HEHR (AR
—FhEERR (44 4 SRCU [ RCU, 7E D.1 iR 4ik ), feF7E SRCU Bl ft X
AT 10 P REEFIG) o G R DX B2y e, S mT USR] RCU KA R AR AR
1 v B 58 o

RCU i i R4 i s oAt = 550 I 58 ok SEIIX — R AR At 7 ik T
£ it RCU [MS98], 7t D.4 F5itiik 7 nl#dy RCU.

ey, Wik 8.11 iR, RCU & —MaERr R —/MELEN) RCU BLIlE FtIX 58
IEN T, WA T IR LI X AT I N AR R

R2, 5 ELER M grace period J IS 4R 1) RCU 321 S X REAE |
4 4B grace period & I 45 R A

B G T 25 tH T 28 RCU SEIL = 2RI

D.2.2 288 RCU SCIHEE

2ol RCU SZBl ) CBE IR FHE . 200 RCU 521K FL X BRI A A% A SRS AS fe e Bl
I, IXEWEEATENZ], —MEE K CPU HEEH R AA T FHIEIRA . IDLE 1§
I, B ST T NG, BB FTA RCU BRIR A X D458 K. X ERIR &R
H“FERIRIRET, 44— CPU &L ik &b —kEEIRASK,  RCU grace
period Z57R,

struct reu_ctriblk Protected by rcp—=lock

rcp—>cpumask

D.11: Flat Classic RCU State

2l RCU 5 535 (K808 45 /6 /2 reu_ctrlblk, f475 7 ->cpumask 7B, #F—
A~ CPU B —{7, WK D.11 Fion. 4% —A grace period JFUHHT, &—4> CPU
FHN. AL BN 1, B— CPU &0 —IREf LIRS, & D200 BRAH Y. (AL
HT 2> CPU ] ReAy B [F I TG BR EATIAL, XK BiR->cpumask B¢, T T
—/N ->lock HEEHURIRYT ->cpumask. AERIIE, i JLTA CPU I, XA
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ARSI A2 . SERPEEIE, s BPTA CPUs wAUE KR e A IS, BUHE
f£—> grace period ¥, CPU AVFHEAR. XM T LINUX THEMIBE S
TR E R — A H ARSI RCU S AT A2

D.2.3 RCU 1B E##RAYBIRT

SERS RCU I8 DB W (7] n] %1 26 [MS05] A& — MU I I 46 :

v

<\

AN

<

FEIRAY S IXAFE—AS RCU grace period ANRELEH, HEIFTA DA TLAT
£ RCU 115 5 X 258 1

AEEN, IXKE RCU 0 24x7 #84E.

A LATE IRQ Ab2H R % i

S NAFERL, XFE, WRAR 2 B RE, XFHLERR Pk grace
periods. (fE LCA2005 %13 oK 55°E.)

MST N AFER, XA RCU REBSIE T AL B 0 A7 20 i T A
Synchronization-free 133, IXAEAAN L VF IEH R 145 2445 T CPU
AT RN AE . (6T LCA2005 3138 K Ui 5 JE X FF.)

To4AT ) read-to-write $2T1, 3X LINUX A JLANHL T T 83X REAT ] .
HeALH) AP

BT IXAESER RCU, #dy RCU eI S X (B sk ny LI 2o, {HJE,
BANFEELG L R, Badskad LR AR L.

AR internal-to-RCU B9 JEVESiE . RCU A RF 4270 1,024
CPUs, #4fe%/> 4,096 4> CPU.

TWHE:  RCU AAZ e gt e BRI HELSUIR S (Y dynticks-idle CPUs, {H &
Ty8R BE A% T 24 i 1) grace period ] 45 0. 1X ELZ87ESER RCU s,
(EPES SN NI

RCU Bl FHX 2620 FuVFAE NMI A pR b AT AT, ol 7 o B Ak 24 s £
h—HE. R, W RCU REMEEE S IX AN TE3K, X f T B iy S
7 synchronize_sched().

RCU 2R If A48 BEAME 1K) CPU MG EE #4E .

DA RENS A T F G E MK RCU [RHE 58 %, BARIX B2 DL reu_barrier()
[ g it

Ry 2 N i) CPUs S EAF1, LLTE B2 RCU MIZEMEIA BUG A
{445, X AERS R I RCU grace periods A~ g 45 oI5 1 o

hntk RCU grace periods f&{E43 ), iX#f RCU grace period A& iHI7E
BEMP N B, B2, AR ERIEUY Sk ™ B ) CPU 113k,
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RSH R SRAE B — g%, W RENE. IR Rk s> RCU B AR
Bl

D.2.4 B]f E RCU 3L

struct reu_state

struct
rcu_node
struct struct struct
rcu_node rcu_node rcu_node

CPU 1 CFPU3 CPUS5

CPUD CPU 2 CPU4

D.12: Hierarchical RCU State

WD BSESHI — N ROTE R B N AR, WK D2 Fros. R,
VU4~ rcu_node Z5FH IR —ANEBE H QOB XA CPUs 0 il 1 233REX
/e 1) reu_node 4, XAX CPUs 2 FiI 3 £3kHEX A [A] [ rcu_node )81, 1X
X CPUs 4 il 5 £HUEATIN rcu_node (K41, ZET-f grace period 3], {4
H—A> (xie.baoyou 7E: £t RCU H4F—A> CPU &x3e 45— 4 /mil, X HL gk i
UAIE—AS, BEHEBR T 74—/~ CPU £5a4 E— 2180 Uiinl rcu_node &5
—JZ# rcu_node.

I AL R D T B SE 4 NP2 6 4~ CPUs fE4—A™ grace period P 3%
el — M, e Te g = L2 reu_node B (MK T 50%) , 34 miA T2
f] rcu_nodes &i(#/> T 67%).

JJ struct rcu_state

vl |

07 0:3 4:7 ‘ 0:1 ‘ 2:3 ‘ 4:5 ‘ 6.7
f K |

D.13: Mapping rcu_node Hierarchy Into Array
rcu_node &5 BB R A B reu_state S5 R —ANZPERAL, WIARIESS N0,
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& D.A3 &> 8-CPU &R SE. & kR rcu_node 454 5
255 .5 rcu_node's ->parent Bt —2. 54> rcu_node Frrx CPUs 7 i il ,
PR SS miEae TP CPUs, &4 fiEs: I 11 CPUs, HF—/MHf
TH T T A CPUs. IXANUA /LS PRI 4L T- NR_CPUS HIME AT

struet L siruct =
reu_node rou_node
L L.
struct struet struct stnact struct struct
rcu_node reu_node reu_node reu_riode ou_node reu_node
L. Lo
struet & siruct &
reu_node rou_node
L -
struct struet struct stnact struct struct
rcu_node reu_node reu_node reu_riode ou_node reu_node
struet d struct u
reu_node ou_node
L - L
struct struet struct stnact siruct struct
rcu_node reu_node reu_node reu_riode ou_node reu_node

D.14: Hierarchical RCU Grace Period

K D.14 S~ 7 W&l grace periods JH . 765 — A EH, %A CPU &3t
FRE, JEHI YRR BT 6 4> CPUs [FIINHR K5 Jf RCU, Ef1E4
it — AN RIS . UL —X CPU REMSSRASR)Z I8, Witk CPUsO. 3. 5
teiseia, WIS —BBR T4, phaptath, —HIXEE ) CPU 5EM
T, WadAh CPUs ¥ 3R, Wik 3 fin. A CPU K-S KIVENTZA N
I Ja—A~ CPU, B PT A =4 CPU A 2 )2 rcu_node. (U AXILH—AMFE3R
75 E 5 reu_node 4. % CPUL. 2. 4 KUK T4, %5 4. 5. 6 BIBR T
I (RPIRAS o 365 55 6 [ o 1 BT CPUs 44— Wi 1 IR 2, IRl grace period
S5
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struct reu_state
struct
reu_node
struet struet
recu_node L reu_node
| N N | N N
CPUEB3 CPU 4095
CPUD GPLU 4032

D.15: Hierarchical RCU State 4,096 CPUs

7 B e, B 34 CPUs 4 [Rl— ANl 554, 54 RCU
HHATRTEL, FRAT2 @ X r R, 4t RCU F, T 6 > CPUs Al figrhse. 1H 2,
X Z 1) CPU Skut, n] AR/ BIZ M. 84T 64 MEM L K&
64*64=4,096 CPUs ™74l 454y, w1l% D.15,

1R, R—AMEZL reu_node Z5HAIKIEHE 64 4~ CPUs HIih, F & RCU
(1) 4096 /> CPUs 34— AN i — 1) B& 4 64. 7E—NM5 2 1) grace period H1H], 1Y
AN —AMEZ reu_node F A —A CPU 2 11 2% rcu_node 1

)R D.5: 45— N1 XL, i B G e

B D.7: M4 FRAEN McKenney 7F i) {5 2 11255 T iR A 58 35 (1 B
FH TN BRAS B . — B K 5 e BRI B SE A L 2, bl 1611
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rcu_bh
reu ]
struct rcu_state
struct
rcu_node
struct struct
rcu node | ® ®® | reu node
see sew I
struct struct
rcu_data rcu_data B
struct struct
rcu_data rcu_data

D.16: Hierarchical RCU State With BH

EASEIYEY T —2% per-CPU %(dli, 41 RCU [R5, #E41ZU7E reu_data
ikdr. AN, reu (F call_reu()) AT reu_bh (7 call_rcu_bh() & H4ed &
IR g4ty el D.16.

B]RR D.8: OK, iXLeHith T4 4lr?

T—HHE T HE.
D.2.5 1B[EIABEEY RCU SCI

IE A LTS () — 4, XL i) — AN EE 2 H R A — ANk T HERRAR A 1)
CPU fRFEFENIRE, DMEHET AR, 52 AT, £l RCU /DS 7E—er
grace period J& A S —A CPU. 41R/D 1) CPUs AbFH AR AS, idlAth X
240 CPU AL T 25 RARAS IS, X PR AL BE 5 VEA R AR I o PP T R 40 A
PERIFA AN G a8 1 H, AT AUE R — MKW LCRAA R — 4 BUG: —A
46T dynticks-idle ) CPU 24T — /M &K I TEIEZAT (1) RCU BRI F X 1 o iy A
PHRRZN, K ANREFH 1 — AN E AL T-45 ROIRAS 1 RCU grace period (xie.baoyou: iX
et — AR TER LA AT BUG. BERFIE, WAZZMEfET LR, JRIEE
2, AL 2 AEENTED.
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[E]RE D.9: X FIXAE— A FH 1 BUG, K4 linux fEIIE1T?

rcu_bh

rcu

struct rcu_state

struct
rcu_node

struct struct
rcu node | ®* ® ® | oy node

L NN see

struet struet
rcu_data rcu_data

struct struct
rcu_data rcu_data

struct struct
rcu_dynticks rcu_dynticks

struct struct
rcu_dynticks reu_dynticks

D.17: Hierarchical RCU State With Dynticks

ORI BRI CPUs #:4E A7 T— per-CPU rcu_dynticks 544 4L
PRSZINAT . ATEEERIUE, 2MAHN) CPU AT dynticks  idle U, T3
A EEL, SN2 A XA, RCU AU FT 22554 reu_dynticks 1 {E A A4k
) CPUs £l gt I IRAS, AN AW i i AERERIR K CPUs. @il D.17, #—4
per-CPU rcu_dynticks Z5##% ““rcu" F1 “rcu_bh" L=,

Ja P F A RCU RSN .
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D.2.6 JRE&H

Initialize GP
All
CPUs Passed ™~ Y
Through
Qs?
N
[ Wait fer QS
| CPU Passes
k Through QS
P —

CPU Offline |

Mark CPU as
l_ Being in

Extended QS

CPUs in
dyntick—idle
Y Mode? N
f
Mark CPUs as Send resched IPI
Being in *1 to Remaining
Extended QS Holdout CPUs

| Complain About
Heldout CPUs

"

D.18: Generic RCU State Machine

A2 2R T, Linux-A% RCU SEILAT AR A2 — AN s gtk 24
ML, Wik D.18. E—/MREM ARG L, WHMEAE LR LRIWAEIR. 7E
fF—~ grace period (GP) FF Uit AT #14afk, SRt IRE (QS), 7E—MREE M
grace period ', 4RE—A~ CPU #& Tyt kRSN, Wit A# AT . EXF—
MNRGET, BRI R AN IR, B, 7R CPU #EA idle R3S
BCHPAT S SACEE I, A — N R ES . CPU-#AE TR S RS LdE
A “CPU Offline" if, 1 holdout" CPUs (B, AHFEAAE bRk £ 7 — ki 1k
R, EIRAHLIEA T Send resched IPIs to Holdout CPUS" JiifeE. b T T4
AN B R AT dyntick-idle RASF) CPU, RCU SZHLKfbricdix it CPUs AbT
YIRR#IEIRA . B)5, R CONFIG_RCU CPU_STALL_DETECTOR #JF 7,
TR ) B3 i 1 R &S IR S HLEE N " Complain About Holdout CPUS" i 2.
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B R D.10: XASRAE AR H dyntick-idle CPUS #4545 reschedule IPIs i i ?
T LA AT]?

D.19: RCU State Machine and Hierarchical RCU Data

Structures

FHEpIREE Y, S S ARG, W D19, fHiE, AR
BIASHAEAT RCU SEULE R C AU MY, XSS BUAE A A% FH i
N FATIKEN R G Bl o A IR —SE B, DAS RCU S A HIAH S B dl &5
S BUX LRSI 5 75

D.2.7

ANiGE 2 RCU S8, —SE IR RMEEE, A1)t P 80 ) Bl & A A P
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ek, XSGR

FF4fi—~Hi Grace Period (D.2.7.1 %)
24— EERE (D.2.7.277)

i) RCU il — M Ef IEIRA (D.2.7.3 79)
BEA . B Dynticks Idle Fi:X (D.2.7.4 ¥Y)
M Dynticks Idle B @EAF I (D.2.7.5 1)
M Dynticks Idle FxX(HEA NMI (D.2.7.6 9)
Fric—A> CPU 4T Dynticks Idle #%38 (D.2.7.7 %)
CPU B§4k (D.2.7.8 )

CPU -2k (D.2.7.9 1Y)

B —AN KK [ Grace Period (D.2.7.10 )
Je T B T R R

AN NN N N N N N

D.2.7.1  FE—AHH Grace Period

rcu_start_gp() PRECHF4G—/MHrY grace period. 45— CPU 5 —/M554F
grace period [¥1[Hl3, {H &% A grace period {Eizfr iy, i FH k%L

rcu_start_gp() PREE BT rcu_state Ml rcu_data 45K PR, DIARTITF4E—
ANFHY grace period, 3R ->onoff lock (oK) DAFE LT I A 1) CPU A
PBAE, /EFTA I reu_node &5k TR RCEAT, IARIRPT A CPUs (445 41 CPU) 4b
INEE 7 — R IIRES, e R Jil->onoff 4.

WENMBAE DA BT B, ERAFAEMBINEL T, e
sircu_node MIFIHCRE, RJG, FEFFA->lock THHL T, &A1 5
rcu_node &5 ARG A

[B]&% D.11: WS AR E S RINIEN T, —A CPURE LN T—
MEIPRES, SRE A

[B)& D.12: {efi BB SERET, WRPTE CPU #ik 5 e A1 it — ANk
WES RN A2

D.2.7.2 Z—IXKFEIERE
rcu Al rcu_bh H& HKE IDRAES . RCU HIF DRSS IRV #e, IDLE

(AN & dynticks 148 /& IDLE loop), PAKHATH P AFEF. {H/E RCU-bh [ 1L
REELERPWOIRS T, 1B B B 75 ZLE RN, reu IOER RSB /2 reu_bh
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PIFR RS . Reu HIER RS ML A reu_gsctr_inc()2kids%. 1M rcu_bh [1I## 1L
R reu_bh_gsctr_inc()Rid sk . X P B BCE EATT IR &0 S B 24 1
CPU [¥] rcu_data &%,

XY R AR EE S do_softirg()F1 rcu_check_callbacks()H #% i H o J& MHIiX
ANBRAIAE scheduling-clock F Wi ], JF 7 AR LU & ko 5 & AR A — A
FrRAS, e &I reu_gsctr_inc() 2% rcu_bh_gsctr_inc(). ‘& filk
RCU_SOFTIRQ, Jf53 CPU fER J (K4 iy b~ Se A i
rcu_process_callbacks().

D.2.7.3 [ RCU E&— Wi IDRES

HTI& I reu_process_callbacks() pR %22 58 B LA i -

1 78 AT I 45 R — AN K8 grace period (i3 force_quiescent_state()).

v’ 43 CPU #3031 grace period £5 Wi, SRHE4HIENE. (R
rcu_process_gp_end()). & A HIBIE AR It AS CPU H[RE, B A
SOBTIF) grace period. 7] bR EH BEHRIRAS LA B HoAR CPU.

v\ [n] RCU BALHIHR A 410 CPU I s (Tl
rcu_check_quiescent_state(), ‘&= cpu_quiet()). R SFrid HT
[X) grace period 45 .

v B AL B grace period, J HiX A4~ CPU A5 RCU [H]3%54F grace period,
M) 45—~ B iv) grace period. (i cpu_needs_another_gp() F
rcu_start_gp()).

v 4 grace period WM, XA CPU R (1L reu_do_batch()).

XL A RGOS, LS BUG,

\

D.2.7.4 #tAFIBH Dynticks Idle =

WA 258 reu_enter_nohz()iE N dynticks-idle #=X, JF1HH rcu_exit_nohz()
B FF A . reu_enter_nohz() &% per-CPU dynticks_nesting ZZ &, i
per-CPU dynticks 14, RJ5, Ja#LARIIA —MEE{H. rcu_exit_nohz()
#0399 per-CPU dynticks_nesting &5, Jf Hfif— ki per-CPU dynticks 114k
a5 A FE R AR

dynticks TH&ds ] Ll At CPUs RAE. W RILAEZMME, A4 CPU AL T
PREE R . SRR, R o B A AE —MRe € (1) grace period N R T R,
A2 CPU LZ0AE grace period AI ) FEAN I [A] i AL T4 REif b RES . (HE,
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T BERAE S 4 dynticks_nmi per-CPU 75 g, BJ5 BATKF FIX A2 &
D.2.7.5 M Dynticks Idle #z0iHEN ¥

M dynticks idle #5=E A FF KT reu_irg_enter() A1 rcu_irg_exit()Ab B
rcu_irg_enter() pR%i#itE per-CPU dynticks_nesting A& #. JF H. WIRSGHTINE
J& 0, Wi dynticks per-CPU 28 & (el Bl —ANErEHE).

rcu_irq_exit() PRSI per-CPU dynticks_nesting 285 . 1 H., 159 E 2
0, iy dynticks per-CPU ZX & (‘e84 — MEEUH).

TR BN A TR Y dynticks idle B, #EAL IR Z RIASHET AT fE
SRR .

D.2.7.6 M Dynticks Idle #:X3 N\ NMI

M dynticks idle #%:C3E A NMI B rcu_nmi_enter() 1 rcu_nmi_exit()4bHE.
IXLEpR F R B RS dynticks_nmi THERS, (HAXUSUELERTIA dynticks THEUR 2L
A BEAT I . BetgiEut, WS NMI & ZAERT, 46T non-dynticks-idle #555 al# 4b
TR, IBA NMUFEAEAE dynticks_nmi 724§ .

XA R MME— N ZE R E TR, reu_nmi_enter() A2
dynticks_nmi a8 A4, reu_nmi_exit() A AN TS k) AE B

D.2.7.7 #5ic CPU & F Dynticks Idle &=

force_quiescent_state() PRIZECSEHL— =K B PRESHL. BT E
(RCU_INITIALIZING) %54F rcu_start_gp()5¢ /& grace-period #J4A 4k « XARESA
#& M\ force_quiescent_state()iR Hi, My A& M rcu_start_gp()iB .

7E5 Bt (RCU_SAVE_DYNTICK), dyntick save progress_counter() pR%{
IS A A ER RS K CPUs, dsk e 4111 per-CPU dynticks F1
dynticks_nmi vHEi#s. W R X e rE s AR AR EE, A8 AAH R CPU AT
dynticks-idle ARZ, PHARIEATAY R RE (@ cpu_quiet_msk()HiR ).

e =KrBt (RCU_FORCE_QS), rcu_implicit_dynticks_qgs() B&%H— k33
P8R T 25 B LEIRZS 1) CPUS (REVAT Wb s, ik 1E
RCU_SAVE_DYNTICK FrBtEa & iidrs), Xk # per-CPU dynticks Al
dynticks_nmi +##s . R AMEARA, BOE H ROV EL AR AR Y.
) CPU B8 2eit — ki IR A8 H B 4b T dynticks idle 85X, il & gk
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RS

IR reu_implicit_dynticks_gs() & B4 & CPU BEAA 4T dynticks idle 5%,
WBAAE AR, SR reu_implicit_offline_gs(), XAk 2 CPU
AT BERE, WA, Wathd— My iR, Wil CPU 7Ek,
W4 reu_implicit_offline_gs() &% reschedule IPI, 22i{$EHE 1% CPU I 243k
B R

force_quiescent_state() BEASEH 41 ] dyntick_save_progress_counter() , t24
HEIH reu_implicit_dynticks_gs(), 1M &5 &A1& 1845 rcu_process_dyntick() B

IB]ER D.13: W4~ CPU M dyntick-idle iEH, 4R J5 &t — ki LR ES,
IEIFAERERT, 55— CPU M 2 'e &b T dyntick-idle #2x0, Ko R AAHA2E
AL RIS R A — AN RS, T B oeng?

o] g D.14. W% pr4 CPU #BLL dyntick-idle 45 H I, £/EkE? AP I
A RCU grace period 7K A 45 7?2

[a] @ D.15: force_quiescent_state() & — A =B BOIRZSHL, 7EF145T43 CPU
I, AN A =A% 1 B e SR ?

D.2.7.8 CPU Bk

CPU-Z 254452 rcu_cpu_notify()if ] rcu_offline_cpu(), 7E rcu 1 rcu_bh
AR A __reu_offline_cpu() . XN BRI EEE R 2 2k CPU 147, IXAF, JE1HI ¥ grace
periods KA FFHHERIXAS CPU B A5 RS, ST cpu_quiet(), DAE BS54k
P REERIRE . IXRAERA 4 JR->onofflock B K53 R AT IR, X5k TR IES
grace-period HJUHAAHPRZE o

[B]& D.16: HAth¥Erfs ->onofflock &1 LA B 1E 2 AR 11
online/offline #AFi P 5E, JEXAENL?

D.2.7.9 CPU t%

CPU-online =452k rcu_cpu_notify()ifi FH] rcu_online_cpu(), HT#Jis CPU
ff) dynticks ARZAs, SRJ5 I reu_init_percpu_data()¥1%A4k CPU [f] rcu_data %k
giky, WREXAD CPU WA (FIFF L4 )R ->onofflock FEATIRYY) , XFEJETH
FIER LR AW SRR XA CPU I IR A . B¢, reu_online_cpu() BEE XA CPU
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1 RCU # bl £

B D.17: 4 FPrixLes3kins )& ->onofflock {134, 724 CPU 1)
REANLATAEL NTHRI BTG 4 ?

B]gR D.18: M4 AE I dyntick-idle CPUs % CPUs 554k kb B4 LAY
Hr, LA ARAD ?

D.2.7.10 M KKK Grace Period

Mfd'E T CONFIG_RCU_CPU_STALL_DETECTOR W%,
record_gp_stall_check_time() pRECICRIT], LA 3 FPLLJE IR )k, a0 9 T
grace period IR A S A, IF H 21T CPU il AEIR 1) cpu0, I
print_cpu_stall(), WIRAJE, WAL print_other_cpu_stall().

D.2.8 Mz

RCU s BEA M [FZAUS, Bt RCU (R4S 1R T 200 5 SERENLE), HET-UK
(RN AEET % o .JH: A AT EEN RCU 2R B . LT EEEok B T/V0 1)
o, AR IR 200 T BAOR T i B2 1 s A

SEISH A, BRSO T e T TN Aeie, (TSR AT EOR AT 34T —
SO AR SEBR b, AT X SEIAE B am A R, R ASKHR R A AT 4
PEEMA ), et e BOd R BE AR

BRI, FRATEH reutorture BEHRKCK) RCU BEAT H7 BE P (R

R, eSO R ) RCU FVEIEAN AR 807 A D EEXAVH H I 1
OUEATHTEE MER . lhn, CPU RN Fkali# @4k, CPU H &Mt N\ KB H
dynticks idle 3. FAFH A @@@ move to CodeSamples, ref @@ @
JE L reutorture {1 A test_no_idle_hz #EELZEK dynticks idle AT H )
MRk AT R EEMBE R, PIAT I Jf & 13847 —> kernbench 1%, 7 128
FEHIHLAS LAZAT 10 AN/ H IR, Bk 2 8 it 17 LT 1 BUGS T .

SERR_FIX IS AN 5E . Alexey Dobriyan il Nick Piggin f-£¥ 2008 4E gt ik B i,
VAT A IS NS E A G0 RCU JEAT 3T BRIl A 22 1) o AR I N AZ S 37T LA
1 Y3 4h— A @@@ move to CodeSamples, ref @@@ HEATFRIH

CONFIG_CLASSIC RCU: &4t RCU.

CONFIG_PREEMPT_RCU: mJ#5 (82i¥) RCU.

CONFIG_TREE_RCU: HIT- KM SMP RZi 1144t RCU.
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CONFIG_RCU_FANOUT: #—“ rcu_node ] children #(iz.

CONFIG_RCU_FANOUT_EXACT: rcu_node -4

CONFIG_HOTPLUG_CPU: ¥ CPUs 4k, B4k,

CONFIG_NO_HZ: #TJF dyntick-idle K.

CONFIG_SMP: #IJf multi-CPU £,

CONFIG_RCU_CPU_STALL_DETECTOR: 4 CPUs Ht ¥ J&#f 1L IR A ik
17 RCU Hil

CONFIG_RCU_TRACE: 7t debugfs #1/f: s RCU iS4

Y 2Z0% CONFIG_DEBUG_LOCK_ALLOC FCE N, 434 RCU ARREHT W
lockdep. 1 10 MAECEAL, WEREATEMIZHIAM/RAE, S8 1024 FiA G, =#
BRI, HoE, Hh=ASRE SRR, X DG A S EmE b 2 384 S, (HE
CONFIG_RCU_FANOUT m] LLEX{H 2-64, K2l &4 &3] 12,096, X & —PMA
RIS A

FCHR ) — . W CONFIG_CLASSIC_RCU Hi#%
CONFIG_PREEMPT_RCU A%}, A {X CONFIG_NO_HZ A
CONFIG_PREEMPT wJfE& A AT 4 .

iMmH, FHARIXEEHG A GEHY CONFIG_RCU_FANOUT fH#R< 44 FH )
G50, PR AN 5315 Dl it 53

FLgE A tree”,

PRSP ARS.

=TT

HEEATH, 24 CONFIG_RCU_FANOUT f&5& — MKk, HiZ2%H
CONFIG_RCU_FANOUT_EXACT I, HH4T H 8 P4,

T

Fik—24, CONFIG_HOTPLUG_CPU {UAX7EHq € CONFIG_SMP I A4
fii, CONFIG_RCU_CPU_STALL_DETECTOR &My,  PRIHAAN 55 B —
R(ERAI KL EHE T, HkE/A CONFIG_SMP %47 CONFIG_SMP
I, #BINERE). 258U, CONFIG_RCU_TRACE WAVAY 755k —wk, HE%
T HEZEN, SkEAE CONFIG_NO_HZ R4 CONFIG_NO_HZ i,
ML —F e

X AVFERATIAE 15 BTS2 T, 1928 — A8 515 280 1 RCU MK, FrAixX
LI T AR W e B 24 LUIE AT reutorture,  IXFE
CONFIG_HOTPLUG_CPU=n £ 4= 52 s [ % R -

CONFIG_RCU_TORTURE_TEST=m

CONFIG_MODULE_UNLOAD=y
CONFIG_SUSPEND=nN
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CONFIG_HIBERNATION=Nn

15 ARG S an T -

SR S Ttree” , HT/NURS:
CONFIG_NR_CPUS=8
CONFIG_RCU_FANOUT=8
CONFIG_RCU_FANOUT_EXACT=n
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC_RCU=n
CONFIG_TREE_RCU=y

SR TR RS
CONFIG_NR_CPUS=8
CONFIG_RCU_FANOUT=4
CONFIG_RCU_FANOUT_EXACT=n
CONFIG_RCU_TRACE=n
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC_RCU=n
CONFIG_TREE_RCU=y

s = AL T EER KT R 4
CONFIG_NR_CPUS=8
CONFIG_RCU_FANOUT=2
CONFIG_RCU_FANOUT_EXACT=n
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC _RCU=n
CONFIG_TREE_RCU=y

MR A 2Tl
CONFIG_NR_CPUS=8
CONFIG_RCU_FANOUT=6
CONFIG_RCU_FANOUT_EXACT=n
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC _RCU=n
CONFIG_TREE_RCU=y

DURAAS -5 47
CONFIG_NR_CPUS=8
CONFIG_RCU_FANOUT=6
CONFIG_RCU_FANOUT_EXACT=y
CONFIG_RCU_CPU_STALL_DETECTOR=y
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC_RCU=n
CONFIG_TREE_RCU=y
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2511 CPU ZEIRAGIN :
CONFIG_SMP=y
CONFIG_NO_Hz=y
CONFIG_RCU_CPU_STALL_DETECTOR=n
CONFIG_HOTPLUG_CPU=y
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC _RCU=n
CONFIG_TREE_RCU=y

AR 1L CPU ZEIRAS M & dyntick idle 5K
CONFIG_SMP=y
CONFIG_NO_HZ=n
CONFIG_RCU_CPU_STALL_DETECTOR=n
CONFIG_HOTPLUG_CPU=y
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC_RCU=n
CONFIG_TREE_RCU=y

2815 CPU FEIEASI & cpu0 #Addidh:
CONFIG_SMP=y
CONFIG_NO_Hz=y
CONFIG_RCU_CPU_STALL_DETECTOR=n
CONFIG_HOTPLUG_CPU=n
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC_RCU=n
CONFIG_TREE_RCU=y

%11 CPU ZEEAI, dyntick idle #ixX, A CPU #ufiik:
CONFIG_SMP=y
CONFIG_NO_HZ=n
CONFIG_RCU_CPU_STALL_DETECTOR=n
CONFIG_HOTPLUG_CPU=n
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC _RCU=n
CONFIG_TREE_RCU=y

2% 11 SMP, CPU ZER#ll, dyntick idle X, /% CPU #ufiik:
CONFIG_SMP=n
CONFIG_NO_HZ=n
CONFIG_RCU_CPU_STALL_DETECTOR=n
CONFIG_HOTPLUG_CPU=n
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
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CONFIG_CLASSIC _RCU=n
CONFIG_TREE_RCU=y

XA A — g i1
Disable SMP and CPU hotplug:
CONFIG_SMP=n
CONFIG_NO_HzZ=y
CONFIG_RCU_CPU_STALL_DETECTOR=y
CONFIG_HOTPLUG_CPU=n
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC _RCU=n
CONFIG_TREE_RCU=y

A dynticks idle (HUZRAH LT, WAL M RCU:
CONFIG_NO_Hz=y
CONFIG_PREEMPT=n
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC_RCU=y
CONFIG_TREE_RCU=n

A E L %A dynticks idle I, X2 8 RCU:
CONFIG_NO_HZ=n
CONFIG_PREEMPT=y
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=n
CONFIG_CLASSIC_RCU=y
CONFIG_TREE_RCU=n

1t dynticks idle f5 %0 F, WA A4 47 RCU:
CONFIG_NO_HzZ=y
CONFIG_PREEMPT=y
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=y
CONFIG_CLASSIC _RCU=n
CONFIG_TREE_RCU=n

1WA dynticks idle I, Bl AT 46 & RCU:
CONFIG_NO_HZ=n
CONFIG_PREEMPT=y
CONFIG_RCU_TRACE=y
CONFIG_PREEMPT_RCU=y
CONFIG_CLASSIC _RCU=n
CONFIG_TREE_RCU=n

X T4 — K RCU &% OIS AR Ak, , #R V.24 LL 1 1HT ) 21 A-324T reutorture,
JF H#E CONFIG_HOTPLUG_CPU i}, Jf &I T CPU #idith. X724k,
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eI FIZAT kernbench AT T o 488, AR AR AU BR T-1c B S 500150
ST, T LA M R B
JE FIAR AT Geneva Convention {33R¥%EA 2510, FRIRZIHEE !

D.2.9 £i¢

XA RCU LD T8 5w 4, S T AL dyntick-idle HEHR
IRAH) CPUs, LA B TR Linux CPU HdEHRACHS o IX AN S8l gk 53 T4k
HIFTAS CPUs [N RS, I HAE 64 fi R4 1, CPUs %z R & 250,000,
FEA G — BT, X AN BRI 2 8511

XA RCU SEIL YR A7 — L R -

force_quiescent_state() iJ AEAE IS I T 155 %4> CPUs f2. IX7ESEI RCU 5K
P, ARG, Bk, WURFRELE TR RCU DA g, T EIL
fth J5i%. 7F 4096 A CPU [N ARG, "E Rl fgss /= E—Le ], {H & 75 70 S pr 1)
ARG AT IR LUUE B ST AT 1) R

HEET ARG, AHe force_quiescent_state() 3%k 4=, CPUs KETT
= ANEIRES S, =AY jiffies WA —IREFIDIRE . 7RI RS, UL
AbF- dynticks-idle #E2 ) CPUs 75 ZE4 . LA AE UL T, B4, 46— dynticks-idle
CPU 7EH it frhr, AbBE— NIy, JE4kMHRE TR 2R . H2, XFEMH
T FPRAT 16T, DR AR 14D O 5 S SR AN AS S M4 e FE T AE ) CPU 918

WA UE B S A R, — AN i) e AT I A4 o K RS T
— AR A ZR BN S 45T grace period [IFIA], {H I MR SR A
TFI T % 6

rcu_node 7;ZAEgm Rt G, PRHACHE &5 K CPUs & NR_CPUS.
B2, BIM#AE 4,096 CPUs [F) R4, 7F 64 /i &% L, rcu_node 732 HANAN V4 #E
65 NEAFAT. (RIIAE 32 TR Y 405 4,096 CPUs ML iXkEl). 44Kk, £—4
16 CPU [ R4+, Bt E NR_CPUS=4096 Kl i — > b, Szhr b iy s
SIBATAMR I o BARIXANEC B S 1IN 1) 51480, (R SEPR B S m 480 AT 1
R ARAY, PR sE EANSAT AK I ) L

AN T 2 FH ARG I N A2 AR S s R 72 NR_CPUS=4 1 &4, W&
# RCU [ 1,757 AT NAZARAS . 456 798, 3% 2213 5 iz R, #9m
£ 4,006 TP AZARD . 624 FATRI N AL SR, JLTE 4,630 A RSE. RIS
REZHIRA X RGO, KEAZ R, XERFEEE LA M ENLE.
{RZRTRE AN RGER UL, X REtE — I T .

R X AL e, AR T4 RCU SR, fEfH 4> CPUs KRG, XA
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4% RCU SZHUAR 2 —ANE KIS i Jn, £ RCU %1 T 16-32 4~ CPUs
HEXW

{HL R A T BASCHL
D3 #%k RCUBEE

ARATIE P2 linux WAZ 52 RCU RIS T3 E . [AIRE, AT R TLe 75
HARH R E IR IR RCU 1 H IR R 1) o IR LR Y 1 JE [ 13 D.2 15,
B RS2 JEFF B A R XA R IX 1T MR, BAE E K152 FEFE A AE ) 52
D.2 73 {if B A

D.3.1 Wik B g RN AZ S8, D32 W SN Bz, D33
feflt T WIS RE, D.3.4 iR CPU #ulifk#: 11, D.3.5 1A & —LL LTl s 4L,
D.3.6 T ##iik grace-period FMHLAI, D.3.7 Fifiik dynticks-idle #211, D.3.8 4%
AL 2 b BE 25 2k K dynticks-idle  CPUs (&%, D.3.9 Tifiid4Rk 1t CPUs ZEIR )
PR fefa, D.3.10 R AT RE ) Bt B A ) R

D.3.1 FIBEM RN SE

AT EARE > 9 RCU B g5, 0 TE gL EE 1+ 2. D.3.1 i
A FHRERESRE—N CPU ) dyntick-idle JIRAS IS5 #, D.3.2 Tk per-node
B A AN 7B, D.3.3 5 HliA per-CPU rcu_data 454, D.3.4 15k 4R
rcu_state Z(4fE4ii, D.3.5 TR EEHI % RCU NS4,

Kl D.17 DL & D.26 Jd i Al it 1t g O Bs @5 A AT Rk, e AR AT
i

D.3.1.1 JREF Dyntick RF&

per-CPU rcu_dynticks ks 25 #4f HI 71 1 ) Be i R dynticks R

dynticks_nesting: XM AR 7 Jit R o4, SR AH NI CPU WY 4 4% 1K) RCU
il X B . 3 CPU 4b T dynticks-idle #5x, IS4 X AME & h Wil E 2
il B irg HETHRE SN K.

Dynticks: Q1AM CPU 4bT- dynticks-idle #5538, I HL¥%A Hb b Ak 34 ek %
IEAE1% CPU _FIsAT, MIXASTHEE S EEL, SNE . Handivs, w4
E/ETTH I AR CPU HIREALT RCU B2 FHX H
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dynticks_nmi: U1FAHRN CPU 4T NMI ALEE 50, WX AN E e
(RS2 7350, (H AU SE4E CPU 4L T dyntick-idle A5 3 HL%A b PEFE 4
BT, NMIBIAR A SRR, 0], s e i,

rcu A1 rcu_bh FLEEXAME.

D.3.1.2 HE&EHHHT A

IEW BT FRsAFE, reu_node JE#ILE reu_state g5f A1), &l D.13
FIi7se B> reu_node A T i ) B :

Lock: X~ spinlock CRAIZX A4 F YRR - B XA/ T T 3
HSRI, Rl 20 A 11 A T

)R D.19: JflA7E3KE reu_data S5HIIOBIIN, AT R IGAE LR 384

(BRI 2 XA R 2

R rcu_node ¥ lock “FBAT 51— MEM: #3474 CPU-SEIRATIN, XAEANAL
—/~ CPU #lt % CPU SEIR i fo 1AL LT CPUs [ R G H & 1R )

AT R 38— A8 grace period, IXFE 24> CPU A2 (A F+4f grace periods.

FEFF4f grace periods B, 7 1 FF4R—N 1 grace periods.

KPR A R i AR LIRS AT A B ATk, SRR AT LUK R B2 IPLs P&
IRBNE S % H .

Qsmask: XA I HEAL R EEMREE CPUS (rcu_node 7715 &) Ek# CPUs 41
(rcu_node EM 15 ROIRTFEEL i — AN IOIRAS, LAY HET grace period.

Qsmaskinit: XA K FEfd B MRS CPUS (rcu_node -7 55) k% CPUs
ZH(rcu_node AEMFT B)IIRTT B ) — AN ER IR, PGSR R 2211 grace
periods. CPU #fi#k A4 gsmaskinit 7B, 7EIF4A%BE—A grace period Ff,
eI HIZIAHN ) gsmask FBt. XA ilE, & grace period #1aRitid e
25 CPU #UBHAS B F (M IR R 22—

Grpmask: X7 EIHEAS A7, 51X reu_node 4547552 reu_node &4t
gsmask FI gsmaskinit H A7 B — U1 A HIX AN BRI T ER IR AR B, X
J& Manfred Spraul #:i3¥).

[B]& D.20: rcu_node M1~ 25 (¥ gsmask A1 gsmaskinit B WA (17

Grplo: IXASTFBRNIXA reu_node 175 14 5 /MK CPU.

Grphi: IXASTFBRNIXAS reu_node 175 14 5 5 KK CPU.

Grpnum: XA FBAL E HIX A reu_node AN A2 reu_node 454 ) gsmask
A1 gsmaskinit B gy o BEJUE UL, 2558 reu_node Z5RJ4EEL mp, B
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1UL « rnp->grpnum == rnp->grpmask. grpnum B3R H 19
Level: XIHR rcu_node &5 F4kK 15, X7 BZ 0. MRAIF45 g 1, KIS,
Parent: XANTFBFRIAC reu_node 4544, XFAR &5 sk, HAE A NULL.

D.3.1.3 Per-CPU #3E

rcu_data HlE 4 H L5 RCU )%E CPU IRAS . ‘& 10 & B grace periods Al
1R (completed, gpnum, passed_quiesc_completed, passed_quiesc, gs_pending,
beenonline, mynode, HI grpmask) 4% ilA8 & . rcu_data Zdls &5t 5 ¢ T
RCU [l i85 (nxtlist, nxttail, glen, #1 blimit). $7JT dynticks A% AE
rcu_data 4l 4544 b A AH OC 14 )48 5 (dynticks, dynticks_snap, Al
dynticks_nmi_snap). rcu_data ##s 451405 H T ERER FATUH s (dynticks_fgs
given dynticks, offline_fqs, and resched_ipi). )5, &4 X 7B, XHEH
rcu_pending()BEATTH2,  DUR 3 o] i 53 SRR AT 1 1 LR 2% (n_reu_pending ATl
n_rcu_pending_force_gs), A& —A> cpu FRARIRME—/N CPU 1% rcu_data &5 4
XY

B BAiR

Completed: XANFBA CPU L4 5¢ 51 grace period 45

Gpnum: XA FBALE A CPU B3l grace period i 5 .

passed_quiesc_completed: A< Btfu A CPU silr &t it IR, 4 5¢
JIf) grace period %5 o FRITTERINI GRS, HOWEL SILEZ CPU £ T 1 LR A«
W CPU & Wi %<3 grace period 42 58, ‘eORFd s HAE N 41, IX X,
[A 4 grace period fEM 5¢ I ME— VR IX AN CPU & & it — IR ER RS .
XA F B R — A A I E, LURES (e boot Il CPU &I j= A= 554+ 5%
k.

passed_quiesc: XN BeKIR B MWAE#EAE passed_quiesc_completed [ grace
period SEMLIK, A CPU BEL M — kLIRS .

gs_pending: XA FEERA CPU 41 = 8] RCU K OHLEIIEAEZR 4
Pi— RS . 2 CPU Kl 21—/ Br i) grace period, 23—/ CPU EZHT,
KX FEREN Lo

R D.21: (& Hf42—4 CPU LI}, ¥ gs_pending ¥ & 4 17

B D.22: Mfla%iidskat)i—Ik grace period 45 %
passed_quiesc_completed?
Beenonline: XA BAIUGH N 0, MM CPU BN Hsc & 1, XH]
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TREG AL FE BT L CPU, 24 NR_CPUS K KH#BE Sizfr i) CPU B, iX
A

B8R D.23: {4455, NR_CPUS 2 kil szprf CPUs %2

Mynode: XA~ B AL FATRN. CPU (] reu_node M7 £,

Grpmask: IXAHEM B AA—AME, F£Ix mynode->gsmask  HE— 47 55 AH
V) CPU % [

Nxtlist: XA~ FBedR 4 CPU fili— X1 RCU [l (rcu_head &544), Wik
A CPU Sl WA X AE IR, i B oA NULL o JLAt i[RI v] BEE & A1 116 next
REM AT ik .

Nxttail: XM 5 1) nxtlist [RI5ER A FRE A . Wik nxtlist J2 251,
ML nxttail Fa5F EHEAR M nxtlist FBt. B> nxttail 245 AW HE
X

RCU_DONE_TAIL=0: iX/NJGZ & CPU 7124 [} grace period I i i
(R 1B R A )->next P B . AR A IXFERI R R, N nxtlist B

RCU_WAIT_TAIL=1: Z5£5477 grace period 45, f5tfm—ANmlH s 0
->next FREF, WEREAT XA I R 5L, 855 T RCU_DONE_TAIL JG%

RCU_NEXT_READY_TAIL=2: Z5£F ~—~)> grace period 1 [F11J o8 211
next B, WURBAXFEM k%, W4T RCU_WAIT_TAIL Jo%.

RCU_NEXT_TAIL=3: & s 5 — Bl s 2501 next 4585, i llatEk
HEE, ot nxtlist T B

[B)RE D.24: Jft-a R 2 AR

Qlen: 7 nxtlist % HHE A 1Bl 15 & K i

Blimit: 75— AN 20w LA I [0 e B KA AEm s LT, XA
BRI IG5 T 2R 8 W A B

Dynticks: 55 cpu %M ) rcu_dynticks 5%y, 7F D3.1.1 Fih#iik.

dynticks_snap: dynticks->dynticks {4 £: 25 i (R4, 7E CPU 7 BT Ab B ki %
Hk A CPU AT i 48 iy — 1k dynticks  idle fR&.

dynticks_nmi_snap: dynticks->dynticks_nmi ¥ &£k i ()8, 7 CPU NMI
Wb BE RO R A CPU [ 48 77k — IR dynticks  idle JRES

dynticks_fgs: At CPU (1T dynticks idle fiibric— ¥ LIRS R EL

offline_fgs: JLAth CPU 1 T~ B & bric — R LIRS IR B

i) @ D.25: So some poor CPU has to note quiescent states on behalf of each
and every offline CPU? Yecch! Won't that result in excessive overheads in the
not-uncommon case of a system with a small number of CPUs but a large value for
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NR_CPUS? End Quick Quiz

resched_ipi: [N CPU KL EH R 1P E. 1A%H LIRS B 4
Jid i i ARAS ) CPU RIRIXAERT IPI, {HEEA ] B2k CPU, AN R4k T dynticks
idle IRAM CPU RILXFER IPL,

n_rcu_pending: i rcu_pending()HJix %, 1E—A~E dynticks-idle f] CPU
b, A jiffy B RIXAS R

n_rcu_pending_force_gs: n_rcu_pending . W% n_rcu_pending ik 21 AH,
711 grace period ZEIR KA, WA force_quiescent_state()-

D.3.1.4 RCU £RFR&

rcu_state Z5RJALSAE— RCU 524 (rcu A1 reu_bh) M4 mkA. s
7r2% reu_node MHICHI B, BLHRES R ALY, levelent EZl & fE— 2 4h A
T4, levelspread FA A5 R — N4 R 1 45 iR - rda 2042 &F—> CPU 1)
rcu_data £t FR%Er . reu_state WA E —wHE M, 524 HT grace period AH I
Bt LUK HARMLHIAZ B 7B (signaled, gpnum, completed, onofflock, fgslock,
jiffies_force_gs, n_force_qgs, n_force_gs_lh, n_force_qs_ngp, gp_start, jiffies_stall,
and dynticks_completed).

R AP BARIAR N

Node: XANFBiAt rcu_node Z5R)%4l, M AL F->node[0]. FEK i
NUM_RCU_NODES C-Fiidb B Z: 5, 4l NR_CPUS #i
CONFIG_RCU_FANOUT 552 . CONFIG_RCU_FANOUT 7t D.3.1.5 i {#iik
W, MITER 0 JHaRdkE JJi->node H2H m LAIA 21 58 FE LS54 & reu_node 73 244 1

Level: 451 node #rZH (4EM A . 20 B IR TS fii->level[0] 51, 26—
HATHHIE AT CRA R d->level[1]51H, MKEEHE, H—rF17
s ->level[NUM_RCU_LVLS-1]151 4, level 40K E i NUM_RCU_LVLS
faE, S TELE D.3.1.5 WifiiA . ->level FBUE R S5->node Bt A,
173 24434 reu_node, 40, 4345 47 1 AL ->level B BN
rcu_init_one() BRI,

Levelent: X7, WEE—/= reu_node Ziky%a, W51
rcu_node Mr£5#411 reu_data Bl S5 M AR, RIIX AN BAL G K HE->level
WM Z . R ->levelent[0] 2B & 1H 1, R HEM T reu_node KA —A
XA KA MR AA4 ) NUM_RCU_LVL_0, NUM_RCU_LVL_1,
NUM_RCU_LVL_2 1 NUM_RCU_LVL_3, iX¥6¥i%iiF ) %4t D.3.1.5 Tk
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->levelent B TR A I HADER 2, I TR H 1.

Levelspread: iX ™7 B 14— Ju B A7 reu_node 73 2 4 i B — 2 T I 1)
FA B . XN BA A TP reu_init_levelspread() bR BRI AT I R, HAA
PEBEME— N R % CONFIG_RCU_FANOUT_EXACT WIS 5 & .

Rda: %7 BB Ic RS AN, CPU K reu_data 5% . XA AE JE )
i i RCU_DATA_PTR_INITO)ZE M6k «

Signaled: XNt T- 447 force_quiescent_state() & BT RS 1%
PRAAE D.3.8 TR, XA BT LA I N

RCU_GP_INIT: XAME XM grace period {3RAEHIG LI FE R . A
force_quiescent_state() ANCRIE(TENE. 498, 7 grace-period E IEFF4HTY
grace-period ¥JUA1k £ T AETRH = jiffies, WA KE K CPUs, X434
A RESSBLSE I KA. — H 58 % grace-period #JHA4L, XAME T 4 W
RCU_SAVE_DYNTICK (if CONFIG_NO_HZ) %4 ¥ % ik RCU_FORCE_QS.

RCU_SAVE_DYNTICK: X/MEZE 7 force_quiescent_state() N 4k 2r flify
EEAT R A ER 1RSI CPU 1 dynticks RZS. R #HIEIRAE R CPUs B4 4t
T- dyntick-idle s,

RCU_FORCE_QS: ix/Mii#~ force_quiescent_state() N4 51EZk. BLR
S, FHREICBCA IR IR CPU K dynticks RS, HFTAI
dynticks R AT AL FLXAE—Mff oL —AMRfE CPU Al fgAb T+ dynticks-idle Rk
A, AHSEAERIE, & R AR TR WA NMI AR

XA B R reu_node B

[B]@ D.26: hfl2ROAy i 7 B2

Gpnum: 471 grace period HI{E, IS 4HT%A grace period, W& E—A
grace period . AR rcu_node ZEAARBIORY . (M I 7E VA XA B IR
IO R Ui ) (HEAENED

Completed: |—X grace period FI{i. [FIAFE), WS Y%A grace period,
W& B 5 ->gpnum SEATAE . AR 24 HTA grace period fEALEE, WJEE ->gpnum
b1 FEHAE LINUX JTRAZ M RCU 1, 3X— X BT BLR e — M 7R AR 5
XA F B AR reu_node S5 HIIBIEAT IR o (FEARE I 7R A XA BR3P 1) 1
BUF VIR (HEAMEED.

Onofflock: [y 1-7E grace period #IUGILIT, FERALEE 2k, B2k, HEH
—AMgAh: R reu_node 73 e S RIAAN HH— AN PR AN G AL, A FRAN SR
RBRACFIXANMTESS

Fgslock: iX/™7BtH T-7 force_quiescent state() T, B 11-ZAMT55 kil 11
R
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jiffies_force_gs: iX/&—A> LA jiffies I A TR], 475 24
force_quiescent_state() LLaifil CPUs BEAFFILARZS, B G — AN R AL
Mo EXAFBUHR reu_node S5 R B ORT o (R AE (W70 B A IX AN AR B (1) 1
BUR Ui (EHEAMEED.

n_force_gs: [ force_quiescent_state() MJVEL. 1IX A7 B T BREZAIMR,
PL ->fgslock BiE TR

n_force_gs_Ih: 1 F->fgslock #fHAth CPU 3k45 111 52X force_quiescent_state()
ok FLR B T o XA T BOH TR ERAIR, T e il ki
A AT BT RS

n_force_gs_ngp: force_quiescent_state() JkIhskf3->fgslock 4, {HZE 5 K
LA grace period IEFEACER ) RE . TP AIERER, ti->fgslock BEAT PR .

gp_start: ci>kIR AT grace period JFAamtal, LA jiffies vH4. XH AT
iRf¥) CPUs, {HJE{X{Y{E CONFIG_RCU_CPU_STALL _DETECTOR W% &%k
R A 2. XA B reu_node [I->lock BT AR, (H & A IS A R8T
) B 6

jiffies_stall: XA RIMELL jiffies v145, 7411 grace period |4 I 242
ERK, BEIPE PR A CPU SEIR . 5->gp_start —+F, {UNAERLE T
CONFIG_RCU_CPU_STALL_DETECTOR WIZ ¥, XANFBA L. X
ANFBEHAR reu_node TR, AH A BN FLIX AN B BV ) CAMESO .

dynticks_completed: 4 force_quiescent_state()%} dyntick HZEATERFES, XA
FBidsk->completed RIE . 1IX AN B T-B7 1L A HT— grace period 1 47 grace
period 1] dyntick-idle & ilR&. FIFER), XA FEBAUNARCE T
CONFIG_NO_HZ W ZHN A 1F4E . IXAF B AR reu_node [RBREA TR Y, 1
A I WA B BRI DL N AT UG ) (EAMESO .

D.3.1.5 WS

PLT WAZ S 505 5% RCU:

NR_CPUS, HRZiH i KI#) CPUs %k,

CONFIG_RCU_FANOUT, 7E rcu_node 2 Z¢Ak &, WIBEAE AN AT
A

CONFIG_RCU_FANOUT_EXACT, —/M7/R{i, Bilk rcu_node 43 2H 44k &t
1T PR

CONFIG_HOTPLUG_CPU, R CPUs k. Bi4k.

CONFIG_NO_HZ, FI/R3¥F dynticks-idle i,
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CONFIG_SMP, FEIraE15 %1% CPUS,

CONFIG_RCU_CPU_STALL_DETECTOR, ¥~ RCU ¥4{E grace periods &
K I A CPUs 4EiR

CONFIG_RCU_TRACE, #7~ RCU ¥+ debugfs "4 At s K.

1 #define MAX_RCU_LVLS 3

2 #define RCU_FANOUT (CONFIG_RCU_FANOUT)

3 #define RCU_FANOUT_SQ (RCU_FANOUT * RCU_FANOUT)

4 #define RCU_FANOUT_CUBE (RCU_FANOUT_SQ * RCU_FANOUT)

5

6 #if NR_CPUS <= RCU_FANOUT

7 # define NUM_RCU_LVLS 1

8 # define NUM_RCU_LVL 01

9 # define NUM_RCU_LVL_1 (NR_CPUS)

10 # define NUM_RCU_LVL 20

11 # define NUM_RCU_LVL 30

12 #elif NR_CPUS <= RCU_FANOUT _SQ

13 # define NUM_RCU_LVLS 2

14 # define NUM_RCU_LVL 01

15 # define NUM_RCU LVL_1 (((NR_CPUS) + RCU_FANOUT - 1) /
RCU_FANOUT)

16 # define NUM_RCU_LVL_2 (NR_CPUS)

17 # define NUM_RCU_LVL 30

18 #elif NR_CPUS <= RCU_FANOUT_CUBE

19 # define NUM_RCU_LVLS 3

20 # define NUM_RCU_LVL 01

21 # define NUM_RCU_LVL_1 ((NR_CPUS) + RCU_FANOUT SQ - 1) /
RCU_FANOUT_SQ)

22 # define NUM_RCU _LVL_2 (((NR_CPUS) + (RCU_FANOUT) - 1) /
(RCU_FANOUT))

23 # define NUM_RCU_LVL_3 NR_CPUS

24 #else

25 # error "CONFIG_RCU_FANOUT insufficient for NR_CPUS"

26 #endif /* #if (NR_CPUS) <= RCU_FANOUT */

27

28 #defire RCU_SUM (NUM_RCU_LVL 0 + NUM_RCU_LVL 1 +
NUM_RCU LVL_ 2+ NUM RCU_LVL 3)

29 #define NUM_RCU_NODES (RCU_SUM - NR_CPUS)

D.20: Determining Shape of RCU Hierarchy

CONFIG_RCU_FANOUT A1 NR_CPUS Z¥H -7 4w B I 5 reu_node 43
TARRIMIEA. WK D.20 Fin. 5 1475 X reu_node 732044 2 (1) d5c KU
RN B KR E T A S A Ty, W, SIS A — AN AR R 5 6-26 4T (1#if
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w85 2-4 4745 fanout, fanout [K)°F 7, fanout ({1377

SRIE I IX LM 5 NR_CPUS HEATLLER, LAiE reu_node 75 ZEMVREE, 4L
M2y NUM_RCU_LVLS, HT rcu_state M MBAKE ., FEIR—Z, BERE
— AT, JEHEA NUM_CPUS 4 reu_data 5440 )8 T-mF715 . WHRANA
LEARZZ — 2, WM 2171 A 02 RCU_FANOUT FRLA NR_CPUS () kXt
F) o Hoth B A RN TR AT U, (H2 4 RCU_FANOUT_SQ 1R
# RCU_FANOUT.

Bt 5 26 28 AT VST JZ I A, 45 90 reu_node &5 44 & N I rcu_data
AR . e, 55 29 /T BRIk NR_CPUS (& rcu_data Z5#410%0E) »
g5 B2 reu_node g5 1%, A LRAFE NUM_RCU_NODES., X/AMEH T
rcu_state 544 [J->nodes £ 41 1K .

D.3.2 FMaBEO

RCU [f14h: AU AL B FR1fEY) RCU APLL, 4355 1) RCU H & T 21N
R . X EEREIE reu_read_lock()), reu_read_unlock()), reu_read_lock_bh()),
rcu_read_unlock_bh()), call_rcu() (G£Xt__call_rcu()), call_rcu_bh() (ditto),
rcu_check_callbacks()[1£+2%) |, rcu_process_callbacks() (& X}
__rcu_process_callbacks() ) %f2%), reu_pending() (&% __rcu_pending() )3 %),
rcu_needs_cpu(), rcu_cpu_notify(), A1 _ rcu_init(). i & synchronize_rcu() Al
rcu_barrier() i H T BT RCU SZ8k, Jf H.UL call_rcu()ffiEE Lo 20,
rcu_barrier_bh() &% T FFH RCU SZ8L, Jf HLL call_rcu_bh(ORIERE X

AL 23 il AE BE S () 2 TR A,

D.3.2.1 iEmikAX

1void __rcu_read_lock(void)
2{

3 preempt_disable();

4 __acquire(RCU);

5 rcu_read_acquire();

6}

7

8 void __rcu_read_unlock(void)
9{

10 rcu_read_release();

11 release(RCU);

12 preempt_enable();
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13}

14

15 void __rcu_read_lock_bh(void)
16 {

17 local_bh_disable();

18 __acquire(RCU_BH);

19 rcu_read_acquire();

20}

21

22 void __rcu_read_unlock_bh(void)
234

24 rcu_read_release();

25 _ release(RCU_BH);

26 local_bh_enable();

27}

D.21: RCU Read-Side Critical Sections

K D.21 Won T RCU wim A X ek 4. % 1-6 4775 1 __rcu_read_lock(),
EHE A reuIm SR IX . 5 34TER LI, B 44T NS HIbRE, RoRTT
4H— RCU #2Im At X, 2 5 47587 lockdep IRA&. % 8-13 T ln T
__rcu_read_unlock(), ‘&4 rcu_read_lock() A% %, 25 15-20 WoR
__rcu_read_lock_bh() , f 22-27 177~ _ rcu_read_unlock_bh(), ‘EMT5HEIMA™
PRECRAL, (2 ENIZEIL. FTHF R oA EE Ao

B D.27: FA% RCU Besib# B BRI PRIf! [ D.21 Hr B sk 5
FE AR TR N RAF T 11 Xk T A4 ) 2

D.3.2.2 call_rcu()

1 static void

2 __call_rcu(struct rcu_head *head,
3 void (*func)(struct rcu_head *rcu),
4 struct rcu_state *rsp)

54

6 unsigned long flags;

7 struct rcu_data *rdp;

8

9 head->func = func;

10 head->next = NULL;

11 smp_mb();

12 local_irq_save(flags);

13 rdp = rsp->rda[smp_processor_id()];
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14 rcu_process_gp_end(rsp, rdp);

15 check_for_new_grace_period(rsp, rdp);

16 *rdp->nxttail[RCU_NEXT_TAIL] = head;

17 rdp->nxttail[RCU_NEXT_TAIL] = &head->next;
18 if (ACCESS_ONCE(rsp->completed) ==

19 ACCESS_ONCE(rsp->gpnum)) {

20 unsigned long nestflag;

21 struct rcu_node *rnp_root = rcu_get_root(rsp);
22

23 spin_lock_irgsave(&rnp_root->lock, nestflag);
24 rcu_start_gp(rsp, nestflag);

25}

26 if (unlikely(++rdp->glen > ghimark)) {

27 rdp->blimit = LONG_MAX;

28 force_quiescent_state(rsp, 0);

29 } else if ((long)(ACCESS_ONCE(rsp->jiffies_force_gs) -
30 jiffies) <0 ||

31 (rdp->n_rcu_pending_force_gs -

32 rdp->n_rcu_pending) < 0)

33 force_quiescent_state(rsp, 1);

34 local_irg_restore(flags);

35}

36

37 void call_rcu(struct rcu_head *head,

38 void (*func)(struct rcu_head *rcu))

394

40 __ call_rcu(head, func, &rcu_state);

41}

42

43 void call_rcu_bh(struct rcu_head *head,

44 void (*func)(struct rcu_head *rcu))

45 {

46 __call_rcu(head, func, &rcu_bh_state);

47 %}

D.22: call_rcu(Q Code

Kl D.22 Wor T __call_rcu(), call_rcu()F1 call_rcu_bh()p&ZACid. =
call_rcu() F1 call_rcu_bh()/2%} call_rcu() i fij s, KX R 258 e
il

S0 E B __call_reu(), 55 9-10 1FHIIALIEE ) reu_head, 55 11 fTHfR
BT RCU (R e 454026 T H__call_rcu() 1n s B st 55 12, 34 1748
BT BT IF A W, BLB e 4> r i Ak 2 R 2h i A __call _reu()ifn 7 A= 8K Pk
FIoe. 55 13 474932411 CPUs 1 reu_data 511, 2% 14 1T
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rcu_process_gp_end(), FLH IJEE 24T grace period TLZEZE I, 5[] pR B
T o W HT 1 grace period &8 FH45, W15 15 473 F check_for_new_grace_period()

[B)RE D.28: Mft-afEss 13 A7 A KA __get_cpu_var() SKik73 a7

CPU ff rcu_data 451151 2

5016 17 ATRERTI IR R oI A B 5 18,19 ATR B R — ) grace
period IEAEALEEAT, i SAA, WIEHE 23 4T3R14R rcu_node S5 M4 8L, FHAEE 24
AT reu_start_gp() JF4R—AN711 grace period (1R J5UEk) -

o 26 ATRAE A K Z M) RCU [RIAESEF5A CPU, L% HE, 45 27
AT 34->blimit,  H 04 my IE AR FE Y [ 8 ek B . 5 28 4TI
force_quiescent_state() , H:H FKZIKEMEAHN. CPU & — ki IR A,
5 29-32 1T A 1 grace period FF4f LK, s D& Z0ad KA A], W 2 X H,
55 33 TR FH AR &) force_quiescent_state(), tHJ&A TAEAHR ) CPU 47— K
FIRES .

D.3.2.3 rcu_check_callbacks()

1 static int __rcu_pending(struct rcu_state *rsp,

2 struct rcu_data *rdp)

3{

4 rdp->n_rcu_pending++;

5

6 check_cpu_stall(rsp, rdp);

7 if (rdp->gs_pending)

8 return 1;

9 if (cpu_has_callbacks_ready_to_invoke(rdp))

10 return 1,

11 if (cpu_needs_another_gp(rsp, rdp))

12 return 1,

13 if (ACCESS_ONCE(rsp->completed) != rdp->completed)
14 return 1,

15 if (ACCESS_ONCE(rsp->gpnum) != rdp->gpnum)
16 return 1,

17 if (ACCESS_ONCE(rsp->completed) !=

18 ACCESS_ONCE(rsp->gpnum) &&

19 ((long)(ACCESS_ONCE(rsp->jiffies_force_qgs) -
20 jiffies) <O ||

21 (rdp->n_rcu_pending_force_gs -



RN PR IFAT i FE

22 rdp->n_rcu_pending) < 0))

23 return 1;

24 return 0;

25}

26

27 int rcu_pending(int cpu)

284

29 return __rcu_pending(&rcu_state,
30 &per_cpu(rcu_data, cpu)) ||

31 __rcu_pending(&rcu_bh_state,

32 &per_cpu(rcu_bh_data, cpu));

33}

34

35 void rcu_check_callbacks(int cpu, int user)
364

37 if (user ||

38 (idle_cpu(cpu) && lin_softirg() &&
39 hardirg_count() <= (1 << HARDIRQ_SHIFT))) {
40 rcu_gsctr_inc(cpu);

41 rcu_bh_gsctr_inc(cpu);

42 } else if (tin_softirq()) {

43 rcu_bh_gsctr_inc(cpu);

443}

45 raise_softirg(RCU_SOFTIRQ);

46 }

D.23: rcu_check_callbacks() Code

Kl D.23 BonrfRhs, R4~ CPU 4% jiffy th, #4574 scheduling-clock
WAL EE R AR A . reu_pending() BREL (& rcu_pending()If— AN R 40
Wi, SR AlEE 0, JB4 3 rcu_check callbacks(). (1 & A AR
rcu_pending() A JF2 rcu_check_callbacks().)

M__rcu_pending()FFif, 5 4 ATICSRAST R RS FH TR 0 Ae] I o e AR
ErRA&. 55 6 /7R check_cpu_stall(), H /&R 2578 )% R A et CPUS,
X LG CPUSs WV A AEMAE )@, W ECE T
CONFIG_RCU_CPU_STALL_DETECTOR, i 7-23 #4471 — & #I{F 2, 21 S RCU
T2 HT CPU — 28554, ik [m]9E O {H . 28 7 /TR & 40 CPU & idcdh/ b T
— R IRAS, WAESS 9 47 cpu_has_callbacks_ready to_invoke () 2 24 1
CPU 2 &AM, JHAESMH el 28 11 47U H cpu_needs_another_gp() %t
T CPU J& 7545 [ 7532 5 4 ) RCU grace period 58 Ji%. 55 13 4746 7% 24 1 grace
period 215 LA 45N, 2 15 17k & —N ¥ grace period 2 5 & TR, &5, 2B
17-22 ATRE B A2 A5 Y i il LA CPU & — Ik IR . e — M A v e 2k
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W (1) %5 17-18 K275 breaks down IEAEALTE, G SE, ) 19-22
TR A 7 jiffies £ (B8 19-20 17) BE A reu_pending()IREUE 2 (3R
21-22) , VAW AN 24 force_quiescent_state() o 1 HIX— R A KA T AR
WA, WZE 24 47iR[A1 0, R AL reu_check_callbacks().

% 27-33 17/&7R reu_pending(), ‘& TEFAIH A reu_pending() AR, —iIX
&N reu”, S GEh Treu_bh'.

[B& D.29: 7£/ D.23+, & 29-32 17 rcu_pending() AL PIIK,

A IPEA TR IX P G AL A A e 2

%% 35-48 17 J#7r rcu_check_callbacks(), ‘&4 scheduling-clock KT & 75
b — AR IR, SRS TS RCU b b B (reu_process_callbacks())
9 37-41 b “reu” BUATIEAMGE, A 42-43 174 reu_bh"HATIX MG A

9 37-39 ATUHRL B TS ST T H P SPAT (GF 3717), BCE TR T
idle A (38 38 4711 idle_cpu()) , Jf H¥AEH W b N S (B 38 AT B 73
AN 394T) . W RIXANRLE Ly, WA FEI e ik B T8 e RS, BT
FEA] reu B LIRS JE reu_bh R IR, IBAHS 40, 41 ATHR A IR A .

FAUTFreu_bh”, B 42 ARG AT R S Aok B TR B AR X,
WERE, WS 43474k & “reu_bh” #IRES.

|l D.30: D.23 & 42 1T &5 AN 2k A in_hardirg()?

HABE LT, 28 45 17k —A~ RCU Bh T, K S 300K R 1 AN I 2],
A CPU L) rcu_process_callbacks() Kf i H o

D.3.2.4 rcu_process_callbacks()

1 static void

2 __rcu_process_callbacks(struct rcu_state *rsp,
3 struct rcu_data *rdp)

44

5 unsigned long flags;

6

7 if ((long)(ACCESS_ONCE(rsp->jiffies_force_gs) -
8 jiffies) <O ||

9 (rdp->n_rcu_pending_force_gs -

10 rdp->n_rcu_pending) < 0)

11 force_quiescent_state(rsp, 1);

12 rcu_process_gp_end(rsp, rdp);

13 rcu_check_quiescent_state(rsp, rdp);

14 if (cpu_needs_another_gp(rsp, rdp)) {
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15 spin_lock_irgsave(&rcu_get _root(rsp)->lock, flags);
16 rcu_start_gp(rsp, flags);

17}

18 rcu_do_batch(rdp);

19}

20

21 static void

22 rcu_process_callbacks(struct softirg_action *unused)
234

24 smp_mb();

25 __rcu_process_callbacks(&rcu_state,

26 & __get_cpu_var(rcu_data));

27 __rcu_process_callbacks(&rcu_bh_state,

28 & _get_cpu_var(rcu_bh_data));

29 smp_mb();

30}

D.24: rcu_process_callbacks() Code

Kl D.24 7~ T rcu_process_callbacks() 1 %AY, ‘& & rcu_process_callbacks()
BRI 2% K 2 B B0 A P raise_softirg(RCU_SOFTIRQ) I B Hi i 45 L o 5 4
D.23 W2 47 4T, A RN R EAS A BEHAH{E RCU A% 0y s 224 H CPU it
L6 S5 ) I 25 i R L B B

55 7-10 TR A 241 grace period JA LK, A UA & T BUN AL 41
FOEIXFE, 511 17U force_quiescent_state() , H:H A2k I AH Y () CPUs
S — IR .

B & D.31: {HJEFRAT4E_ rcu_process_callbacks F1 AN 44 #F grace period

IEAE AL B g2

FEATAITEOL T, 5 12 47U rcu_process_gp_end(), ‘&6 & HiAh CPUs J& 75
g5 T A CPU Gy 1) grace period. 415 J&, Frid grace period 45 93 H ik i
FHAX CPUs [ RCU [H]i. %% 13 471 H rcu_check _quiescent_state(), 1% R 2k 7r
HoAth CPUs & 45 i35 T —/N k) grace period, JER A 47T CPU J& 75 L& XA
grace period £ 7 T — kiR IR . WA XAE, BTN PR . 28 14 174
BT IEAEAL PR grace period, - HLAS & & &4 55 4K grace period T i 2
R R AL, W IXFE, 25 15 47 3RF34E reu_node 18, 35 17 17 H
rcu_start_gp(), JFai—"¥r grace period(Ff H B ISAR reu_node F41). LA
MR, 551847 rcu_do_batch(), ‘& A< CPU HlEliH .

B RR D.32: #iE D.24, IR HA CPU 22X IF & (T4 grace period 23 &
At
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% 21-30 174& rcu_process_callbacks(), 1 &—/M*%f__rcu_process_callbacks()
BRI B 24 ATHAT DN WAEBERE,  DLBAOR AT ) RCU 12 ilm A X AEBE 5
ff) RCU AbFRt P22 BT 45 . &5 25-26 471 27-28 4743515 reu” #1 “reu_bh”
W __rcu_process_callbacks(), ffi, 2 29 7THAT — NAEBERE, LABERAT A
__rcu_process_callbacks() & RHIHEME, #B5-T-Ff )5 K RCU 21k AL X .

D.3.2.5 rcu_needs_cpu() F rcu_cpu_notify()

1 int rcu_needs_cpu(int cpu)

2{

3 return per_cpu(rcu_data, cpu).nxtlist ||
4 per_cpu(rcu_bh_data, cpu).nxtlist;

5}

6

7 static int __cpuinit

8 rcu_cpu_notify(struct notifier_block *self,
9 unsigned long action, void *hcpu)

10 {

11 long cpu = (long)hcpu;

12

13 switch (action) {

14 case CPU_UP_PREPARE:

15 case CPU_UP_PREPARE_FROZEN:
16 rcu_online_cpu(cpu);

17 break;

18 case CPU_DEAD:

19 case CPU_DEAD_FROZEN:

20 case CPU_UP_CANCELED:

21 case CPU_UP_CANCELED_FROZEN:
22 rcu_offline_cpu(cpu);

23 break;

24 default:

25 break;

26}

27 return NOTIFY_OK;

28}

D.25: rcu_needs_cpu() and rcu_cpu_notify Code
K D.25 &7~ T reu_needs_cpu()Fil reu_cpu_notify() A, B4 LINUX

ZIH, UAEE dynticks-idle B4R 0B CPU #ddidhk .
% 1-5 1T~ T rcu_needs_cpu()IARHD, e i) AR £ A& g 2 1) CPU



AR IAT RS

“reu” (line 3) 24 ““rcu_bh" (line 4) [1]3)H .

% 7-28 W n T reu_cpu_notify(), &R —NEE MRS switch TE A1)
CPU HAuH $410 571 b6 25 i SR a2 119 CPU L2k, IZESR 16 4794 FH reu_online_cpu() »
WIS CPU B4k, WIAESS 22 47 M reu_offline_cpu. ifvER: CPU HIEHIEA
JEE TR, Al RE A grace periods. PRI 45/ N IR AL P CPUS i Bk 544

D.3.3 {JiB1L

[2] —

[O] i [O] 1 [3] / [Dﬂa}i‘ parent
(11 | 3 1 | 2 [1] \
21| 6 \\\
— [0 parent [2]E
/A /
—=rdal]
[0] myngde /
[1] N

D.26: Initialized RCU Data Layout

AT TS, RS R WK D.26 7x. B AIXIE reu_state
T B, fdE->node 24, Al B U AL R, 5 D2 T IR 22U .
WS AAE A& reu_data £t . BN OHER R BE CPU ) reu_data 45 .

->levelent[] HZHAE S EHF w1464k, an ->level[0],{H & FLAR PRI AN TR £ i Bl J
PR EIE A . BRI T NI S G SR AR G =R oy R A
/S FEVFRT . ->levelspread[] Z0ZHaE—A e R FeH T AN JZ B 715 S E0E .
BRI, MR RO AN T4 5 BN a8 R =T e B levelent[] %X
HILHERHNE EH 2PN B L, HFE2E2, rcu_data 226 - I
finA e & T, HAEA 00 BF—A> ->level[1EH TR S HH N I E R 2 —
A reu_node. BF—A>->rda[]#41 76 %= L AH N CPU [#) reu_data. 45— rcu_node
ZER I ->parent FEOE B IACHREE. AR reu_node f¥) parent j& NULL. #¢)m,
—/> rcu_data [#J->mynode 7Bt B 1AL reu_data B

[3] N
[4] ____qﬁqq—qq—qq—“—““ﬂqﬁﬁakmynode {
rou _state [5] “—-—h\m
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@)% D.33: i YKL H] 13 [ reu_node?
BEJE =, BATIORE B WA XA 44

D.3.3.1 rcu_init_levelspread()

#ifdef CONFIG_RCU_FANOUT _EXACT

2static void __init rcu_init_levelspread(struct rcu_state *rsp)
H{

4 inti;

5

6 for (i=NUM_RCU_LVLS-1;i>=0;i--)

7 rsp->levelspread[i] = CONFIG_RCU_FANOUT;
8}

9#telse /* #ifdef CONFIG_RCU_FANOUT_EXACT */
10static void __init rcu_init_levelspread(struct rcu_state *rsp)
11{

12 intccur;

13 intcprv;

14 inti;

15

16 cprv=NR_CPUS;

17 for (i= NUM_RCU_LVLS - 1;i>=0; i--) {

18 ceur = rsp->levelent[i];

19 rsp->levelspread[i] = (cprv + ccur - 1) / ccur;
20 cprv = ccur;

21 }

22}

23#endif /* #else #ifdef CONFIG_RCU_FANOUT_EXACT */
D.27: rcu_init_levelspread() Code

Kl D.27 7”7 reu_init_levelspread() eAZLMACHS, ‘B4 fanout HI{E, 8%
WAL reu_node 73 G A4 R TR ARE— AN ALESE KU T R AT AN RO ) R B
Horp—ANES 2-9 47 )7 7 [l 5 i) fanout (1 CONFIG_RCU_FANOUT #55&), &
11-25 AT HR 4 fanout ff 2 715 R AR, AR5 PR

FETf fanout JiCAS i B[R 3 o2 reu_state 4514 f#)->levelspread ¥4 (45—t
WA CONFIG_RCU_FANOUT Wi%Z:4k, WitE 7. 8ATHIMRIR.

FESH 11-24 47 W] P17 0 G AT FH — X6 JRi A% 8 ceur Al cprv , IX 6 AR &
PREZ 24 RTZAHT— 210 reu_node B . XA KA IFAG 1 EgGsqT, Hik
cprv E5S 18 fTHILAL I NR_CPUS, i& 4% ) rcu_data 45 Mg 212 .
55 19-23 AT T 2 2R Z AT DA B . AEIXAMEIA T, 25 20 4TI 24002
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f] rcu_node Z5F %, IEAES cour. 5 21 ATARIE AT — AT SRR, di bk A
AR B TR T A, Rl LR reu_state 254411 ->levelspread %4l
e 55 22 WE NI AR R

WHAT—— U5,  ->levelspread #(4H L7 reu_node AR R AE— 2
()5 R H .

D.3.3.2 rcu_init_one()

1 static void __init rcu_init_one(struct rcu_state *rsp)
2{

3 int cpustride = 1;

4inti;

5intj;

6 struct rcu_node *rnp;

7

8for(i=1;i<NUM_RCU_LVLS; i++)

9 rsp->level[i] = rsp->levelli - 1] +

10 rsp->levelcent]i - 1];

11 recu_init_levelspread(rsp);

12 for (i= NUM_RCU_LVLS - 1;i>=0; i--) {
13 cpustride *= rsp->levelspread]i];

14 rnp = rsp->level[i];

15 for (j = 0; j < rsp->levelcnt[i]; j++, rp++) {
16 spin_lock_init(&rnp->lock);

17 rmp->gsmask = 0;

18 rnp->gsmaskinit = 0;

19 rnp->grplo = j * cpustride;

20 mp->grphi = (j + 1) * cpustride - 1;

21 if (rnp->grphi >= NR_CPUS)

22 mp->grphi = NR_CPUS - 1;

23if (i==0){

24 rnp->grpnum = 0;

25 rnp->grpmask = 0;

26 rp->parent = NULL,;

27 }else {

28 rmp->grpnum = j % rsp->levelspread[i - 1];
29 rmp->grpmask = 1UL << rnp->grpnum;

30 rnp->parent = rsp->level[i - 1] +

31 j/ rsp->levelspread]i - 1];

32}

33 rnp->level = 1i;

34}
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35}
36}

D.28: rcu_init_one() Code

K1 D.28 JE/R T reu_init_one()MARNG, "EFE I 8 I W] 4R LA 22 reu_state Z544)

[AIA2—"F D.3.1.4 7%, rcu_state Fidi &5t fr)->levelent[] %4 & 7 gm BERT W1 4R
WA I BAR RGN — 2 0 B . A — A4 I an A b B K mT RE T
CPUs #(#: NR_CPUS. 74b, ->level[] $41ifis— oo &gt mvIahie A
R rcu_node £5#4). XK LSRR ST HE . 1E B IERIX AL 5 8-10
ITEIAVIEEACTI AR (1)->level 1504, IXANELALE reu_node 73 BAR R, &)=
—A> rcu_node 45§,

% 11 47 H reu_init_levelspread(), ‘&3 7t->levelspread[] #(4l, iX/N%4l
7t D.3.3.1 Wik . ARJEE I B AL, DIHERS TTUR 28 15-35 4T I1R
R, B—IRIEHRYIUGAL reu_node HIEE—)2, T ETTR.

55 134T U4 ETEIAE CPU I reu_node . 56 14 4T 41T 25—
rcu_node &5 IIFRE, IXJE A 15-34 AT HIEIMMHE 1K, B —IRTEI W1 LR
—/ rcu_node %544,

% 16-18 1T414H4k rcu_node 541 B e A1 E ) CPU #E64 . gsmaskinit
BUEAE S BB BEAE I CPUs 54 . gsmask 7B grace period i3 8 i 7E£E 1)
CPU #ith%. 2 191TUCE ->grplo “FBOA rcu_node &5 15—/~ CPU 4.
20 1T E->grphi AiX > reu_node £ ¥ i J5 — CPU %5 WIER 4> AR AR (11
H— )25 > reu_node S5 RIS, 5 21, 22 AT RCE E I->grphi -
By RGP — N RE CPU 5.

%5 24-26 47 H rcu_node #J#A4k ->grpnum, ->grpmask 1 ->parent B
AT A, BIIX S Bl 0 5% NULL. 5 28-31 47 442 1 rcu_node
WAt X e r B 55 28 4775 ->grpnum “FBCh reu_node fERHIIR S| ER
29 1T7E->grpmask H1 i BAHN KA fefm, o 30-31 4T B AT 2] ->parent F
Blo XEANFBH T PAR R ) EALRR R EF R,

BJa, 5 22 474E->level g R R TERZ .

D.3.3.3 _rcu_init()

1 #define RCU_DATA_PTR_INIT(rsp, rcu_data) \
2do {\

3 rp = (rsp)->level[NUM_RCU_LVLS - 1];\
4j=0;\

5 for_each_possible_cpu(i) {\
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6 if (i > rp[j].grphi) \

7j++0\

8 per_cpu(rcu_data, i).mynode = &rnp[j]; \

9 (rsp)->rda[i] = &per_cpu(rcu_data, i); \

10 }\

11 } while (0)

12

13 void __init __rcu_init(void)

14 {

15inti;

16 int j;

17 struct rcu_node *rnp;

18

19 rcu_init_one(&rcu_state);

20 RCU_DATA_PTR_INIT(&rcu_state, rcu_data);
21 rcu_init_one(&rcu_bh_state);

22 RCU_DATA_PTR_INIT(&rcu_bh_state, rcu_bh_data);
23

24 for_each_online_cpu(i)

25 rcu_cpu_notify(&rcu_nb, CPU_UP_PREPARE,
26 (void *)(long)i);

27 register_cpu_notifier(&rcu_nb);

28}

D.29:  rcu_initQ Code

K D.29 FE/R T __reu_init() BREAIMCISAIE () RCU_DATA_PTR_INIT() 4
Bh. _ reu_init() eRECE SR E I BRI . LTRSS IR A, JF HL
HT CPU &17Br Bt

RCU_DATA_PTR_INIT() Zf5—/~& I rcu_state [F¥8%Z4L, LU reu_data
CPU ZZ E A FR . XA 231354 CPU rcu_data 454, T4 — rcu_data 45
FJf) ->mynode F5EFIR 1A A reu_node 7715 Ao B IE 8K 5E reu_state 45
Pl ->rda[] %4l oo 2 b Ts AN reu_data Z5 R HITEET . 55 3 4TSRAHIR M — A
M7 rcu_node IFREF, JFAERIRHASE mp b (AR XA 20 T &
X), 5 AATRE AR j O AHN I T 5 5-10 AT R IR IR
1748, BAAHN ) CPU BT HI4A4E (1 NR_CPUS #8:2). #ENAMEHRH, 25 6
TR A A5 DB T 24 AT reu_node 7 S I AL, I, WIZESS 7 4TH
BN — A JHRIEXAMER T, 5 8 /T3 E AT CPU ¥ rcu_data £5F411)
->mynode fRE A 4 HT - reu_node 5449, Z 9 471 E 2T CPU [H->rda] JoE
(fF rcu_state ZEF4H) 41T CPU [ reu_data 4544 .

[B]@E D.34: C Wiguisi2 1990s (KA A T A A S IHEE
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f\) RCU_DATA PTR_INITO)%E# Jy—A R 5 2

_reu_init() ERECHE JEAEEE 19 AT A reu_init_one(), AR5
RCU_DATA PTR_INIT(). 4R JG{E 45 21-22 4724 rcu_bo_state T PATIX LA . 4
24-26 1T IIAEFR hBE—NELE ) CPU M reu_cpu_notify() (5 44V & 2 5
CPU), #f 27 fyEl— M, XFEAE CPU L, reu_cpu_notify() #r<43
FIEA, HF45%0 RCU ¥4 CPU LT .

B]RE D.35: 1 RAEH 25-26 1T IAT HI7ELk CPU B ALEL, 5 27 4T Al

register_cpu_notifier()2 [i], H—4~CPU £k T, B REA AN ?
rcu_cpu_notify() LASAHICH) R ECKAERE 5 1 D.3.4 1 T ik

D.3.4 CPU #uJffk

B Ji5 1 R ) CPU i bk pR B UV RCU FREZMELE CPU fE4E, WL
TEZE, 1 HABAE CPU 2RI, SEmids—4> CPU 1) rcu_data 45/ 4146 4L .

D.3.4.1 rcu_init_percpu_data()

1 static void

2 rcu_init_percpu_data(int cpu, struct rcu_state *rsp)
34

4 unsigned long flags;

5inti;

6 long lastcomp;

7 unsigned long mask;

8 struct rcu_data *rdp = rsp->rda[cpul];

9 struct rcu_node *rnp = rcu_get_root(rsp);

10

11 spin_lock_irgsave(&rnp->lock, flags);

12 lastcomp = rsp->completed;

13 rdp->completed = lastcomp;

14 rdp->gpnum = lastcomp;

15 rdp->passed_quiesc = 0;

16 rdp->qs_pending = 1;

17 rdp->beenonline = 1;

18 rdp->passed_quiesc_completed = lastcomp - 1;
19 rdp->grpmask = 1UL << (cpu - rdp->mynode->grplo);
20 rdp->nxtlist = NULL;

21 for (i = 0; i < RCU_NEXT_SIZE; i++)

22 rdp->nxttail[i] = &rdp->nxtlist;
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23 rdp->glen = 0;

24 rdp->blimit = blimit;

25 #ifdef CONFIG_NO_HZ

26 rdp->dynticks = &per_cpu(rcu_dynticks, cpu);
27 #endif /* #ifdef CONFIG_NO_HZzZ */
28 rdp->cpu = cpu;

29 spin_unlock(&rnp->lock);

30 spin_lock(&rsp->onofflock);

31 rnp = rdp->mynode;

32 mask = rdp->grpmask;

33do{

34 spin_lock(&rnp->lock);

35 rnp->gsmaskinit |= mask;

36 mask = rnp->grpmask;

37 spin_unlock(&rnp->lock);

38 rnp = rnp->parent;

39 } while (rnp !'= NULL && !(rnp->gsmaskinit & mask));
40 spin_unlock(&rsp->onofflock);

41 cpu_quiet(cpu, rsp, rdp, lastcomp);
42 local_irg_restore(flags);

43%}

D.30: rcu_init_percpu_data() Code

% D.30 J£7 7 reu_init_percpu_data()IACHY, ‘& W) EA LR & CPU ) rcu_data
gii, LAmRY. CPU Ja8hak# CPU L4k, "&b ik & rcu_node 45#4, iXFfi% CPU
¥ 5% K1 grace periods.

55 8 1T3k151% CPU If) rcu_data Z5 i 454, JERF X /MR 15 B 21 )= 848 & rdp
Hho 2 9 AT reu_node S5 HTRER, FRRCE BREIAR S mp .

% 11-29 47 /E4R reu_node HIBAY FHI4GR4L reu_node B, A BT H
(PR IR — B 8 . 28 17 470 T ERERR U2 FEE, MR 2 LINUX RAT
JERCHS: NR_CPUS ' — AN KA, 7EERER reu_data 5140, K 230d 2 1)
fith . ->beenonline Bt KM UUXAN A . HAHRV () CPU R4y, B E
EANFBOA 1, oAl reu_data 45K 00 3 0 VRER A AL f75 B 1) 2008 AN AH 5 1)
CPUs.

% 30-40 1T7E rcu_node 72k R AL CPU 7EZRA . ELEIFIIAAR rcu_hode,
WEFHN N O E . XN EEELAE->onofflock (4R YT R4, XFERTLA
597 grace period HIHIARALHEAT H v o S34h, FE—A> reu_node Z5H47EE HBIL IR 5
TRHMTYIGR . 3 41 4T cpu_quiet() SRI@AN RCU: % CPU 4bT4 REff itk
&, WE, 8 A2 T EHTT TR

[E]RE D.36: Miafi# 4147 A cpu_quiet() ? FATSLAEILABLR
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¥R 5 grace periods $E4T T B %, 3 H., HELH grace periods #4454 A HLRT
Ab T ZRA T CPUS

TR reu_init_percpu_data() AMUAXAEE SR, e CPU REIK _FZmf
WA

D.3.4.2 rcu_online_cpu()

1 static void __cpuinit rcu_online_cpu(int cpu)

24

3 #ifdef CONFIG_NO_HZ

4 struct rcu_dynticks *rdtp;

5

6 rdtp = &per_cpu(rcu_dynticks, cpu);

7 rdtp->dynticks_nesting = 1;

8 rdtp->dynticks |= 1;

9 rdtp->dynticks_nmi = (rdtp->dynticks_nmi + 1) & ~0x1;
10 #endif /* #ifdef CONFIG_NO_HZ */

11 rcu_init_percpu_data(cpu, &rcu_state);

12 rcu_init_percpu_data(cpu, &rcu_bh_state);

13 open_softirg(RCU_SOFTIRQ, rcu_process_callbacks);
14}

D.31: rcu_online_cpu() Code

D.31JE7~ T rcu_online_cpu()fA%AS, ‘& 5 %11 RCU FHM ¥ CPU #E& 2k,

MFTFF dynticks IFf (CONFIG_NO_HZ), %5 6 4734345 CPU (¥
rcu_dynticks Z5F0 51, B 4E reu” A reu_bhtsEERHUR LR B T ATRE
->dynticks_nesting FBCA 1, BB T BT 2k CPU AL T dynticks-idle #5X11)
L (IHMZ—F, ->dynticks_nesting “FBERER T AN CPU #7 Zi4% RCU 1l
FHIX ERERAI IR, BT AT e is AT R AN, IR e & 1), 28 8 4T
il ->dynticks FBCA— N, e R0 E—IR CPU R E—FER, et
ST I 2 CPUs HETANYE dynticks-idle AEiX g5z, 25 9 479
->dynticks_nmi FBCON—AMEE, I H RS B IREL IE— R, ey
i CPU ANALT- NMI A I Ak 21 ek 5 g5k

A CONFIG_NO_HZ WS HIMME &t 4, 9 11-13 3 E2IPAT. 4
11474 “reu” #IUHALER € CPU I reu_data 4544, 2 12 47k reu_bh"s #x
J&i» o5 13 ATV EM reu_process_callbacks(), 7ERH /S 14X CPU L raise_softirq() i
e
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D.3.4.3 rcu_offline_cpu()

1 static void

2 __rcu_offline_cpu(int cpu, struct rcu_state *rsp)
34

4inti;

5 unsigned long flags;

6 long lastcomp;

7 unsigned long mask;

8 struct rcu_data *rdp = rsp->rda[cpul];

9 struct rcu_data *rdp_me;

10 struct rcu_node *rnp;

11

12 spin_lock_irgsave(&rsp->onofflock, flags);
13 rnp = rdp->mynode;

14 mask = rdp->grpmask;

15do {

16 spin_lock(&rnp->lock);

17 rnp->gsmaskinit &= ~mask;

18 if (rnp->gsmaskinit '=0) {

19 spin_unlock(&rnp->lock);

20 break;

21}

22 mask = rnp->grpmask;

23 spin_unlock(&rnp->lock);

24 rnp = rnp->parent;

25 } while (rnp = NULL);

26 lastcomp = rsp->completed;

27 spin_unlock(&rsp->onofflock);

28 cpu_quiet(cpu, rsp, rdp, lastcomp);

29 rdp_me = rsp->rda[smp_processor_id()];
30 if (rdp->nxtlist '= NULL) {

31 *rdp_me->nxttail[RCU_NEXT_TAIL] = rdp->nxtlist;
32 rdp_me->nxttail[RCU_NEXT_TAIL] =
33 rdp->nxttail[RCU_NEXT_TAIL]J;

34 rdp->nxtlist = NULL;

35 for (i = 0; i < RCU_NEXT_SIZE; i++)
36 rdp->nxttail[i] = &rdp->nxtlist;

37 rdp_me->qlen += rdp->glen;

38 rdp->qglen = 0;

39}

40 local_irg_restore(flags);

41}
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42

43 static void rcu_offline_cpu(int cpu)
44.{

45 _ rcu_offline_cpu(cpu, &rcu_state);

46 __rcu_offline_cpu(cpu, &rcu_bh_state);
47 %}

D.32: rcu_offline_cpu() Code

¢l D.32 & T __reu_offline_cpu()AI'e: fR1:26 B L reu_offline_cpu(). it
RO H AR T F R IR (IR 43-47 47) __reu_offline_cpu(), ks
N reu" s S —UJE R reu_bh". _reu_offline_cpu() B& ALK H & B 1S T
grace periods S HH B EILL 1) CPU, FRidd EMIEH R, JFH 5% CPU LIE
LEALBEA RCU [l 4k 80— N8 ) 4t 7

B3] _rou_offline_cpu(), WIS 141 ATR. 5 12 AFHREUREE reu_state
) ->onofflock, X/ T 15 grace-period ¥I4AMLIEAT 1L -

B8 D.37: {HJEuiR reu_node 4y 2k fhk & AT —ANgitg s i, Holnde—

MEE/NIRGET? ARG WP kS grace-period #T4RLAHITR .

55 13 171532417 CPU AR M- reu_node £5#(FR %, 1 XA CPU ()
rcu_data 45K ->mynode 741 . (3 WK D.26). &5 14 474# M1 45 1% rcu_node
S51 1) gsmask ¥ BUERkAFIX AN CPU I HERY

95 15-25 47T IEFR AR BT FR reu_node 23 24k R EERIIAT, XA CPU K
7 rcu_node 45 TG . 55 16 473K75 2411 rcu_node Z5#4f¢)->lock 81, %5 17 4T
M->gsmaskinit 7B HIEBR A CPU AR 47 o IXFEJS T grace periods A~ 745
FeA CPU i RS . an R 18 AT Al (%), ->gsmaskinit {544 0,
AT reu_node S5 FIE A HAbAE LR CPUs 5 B8R ER, WA S 19 1B Y |l
rcu_node 5 ¥4 (18, FF H. 2 20 1738 HIE I o 75 W), FATT 75 224k 452 1m) 138 )77 rcu_node
IPBARR . AEEXFIGOLT, 28 22 47315 T — et B HERY, 56 23 TR TBCA
rcu_node &5 B, A 24 AT RN —. (ERATNEG, 5 25 TR HTEIR.

)@ D.38: {H/E5 25 174 BLIIE AR 2 Jyfh A2

55 26 1T IR E reu_state 454 [1->completed 7B, A7 B R AR
lastcomp 1, % 27 AT FEIL->onofflock (FRE-HIFIAR R SE 1K), 55 28 1T 1T
cpu_quiet(), FHH KRR RNEL CPU IIAEA T — AN R IARAS, 1438 lastcomp
LI G 5] AS TR ) grace period #1715 X AN IR &

o] @l D.39: ¥ 26 47 FIPATIF A 2L 4n /& D.32, lastcomp 4 ¥ & 4 Al
—™ grace period, XTI grace period X5 FF B £ 1K) CPU N2 fEIX b
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T, WH cpu_quiet)ANSEF RGBS, HH5 3 grace period 7Kz 25 4 2
2k CPU 1 ?

B D.40: —ANE54E CPU b T4 JR# RS, MfHA% 28 1T H Z/ L

[{) 4L #E grace period?

%5 29-39 4T B4k CPU LT RCU [R13H ok %088 2 1F AEI8 4T 1) CPU I,
XA A D20 R G B A% B B [FIEL T . 75 W) reu_barrier( A BEIE W I181T.
29 1T ¥4 4R 17 M ATIZAT CPU [ reu_data 45 M IR AR R AR & rdp_me F1. 2
30 T AT B LRI CPU & 154 /5 BEAL BRI RCU [l WillAs, 2 31-38 178
HEA. 3L AT IS R ERFIZIT CPU IR KR H. 5 32-33 17T B IEAE
IZATIF) CPU [r[ul i R EBHe4 kB 4k CPU 23 F6%r . SRJG, & 34-36 1Tk
BSLR CPU IRl 513 2 2% . 55 37 47K 5 48 CPU [ F1| 3 K 5 N 1 1E /53847 1) CPU
e, 3R 38 ATH L CPU FIRK W E N 0,

B D.A1: HRIXAFIRB S35 4 CPU IR 24 )i F—4

grace period, B IEAES T BN, XSEASKARERAMH, R —4 CPU &
N 2k, JETARERT AR I A R Rl 2
B, 5 40 AT EHFT I

D.3.5 ZLIMEREL

AT IR S T pR L
rcu_batches_completed
rcu_batches_completed bh
cpu_has_callbacks _ready to_invoke
cpu_needs_another_gp

rcu_get_root
1 long rcu_batches_completed(void)
24
3 return rcu_state.completed;
4}
5
6 long rcu_batches_completed_bh(void)
74
8 return rcu_bh_state.completed:;
9}
10
11 static int
12 cpu_has_callbacks_ready to_invoke(struct rcu_data *rdp)
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13{

14 return &rdp->nxtlist != rdp->nxttai[RCU_DONE_TAIL];
15}

16

17 static int

18 cpu_needs_another_gp(struct rcu_state *rsp,
19 struct rcu_data *rdp)

204

21 return *rdp->nxttail[RCU_DONE_TAIL] &&
22 ACCESS_ONCE(rsp->completed) ==

23 ACCESS_ONCE(rsp->gpnum);

24}

25

26 static struct rcu_node

27 *rcu_get_root(struct rcu_state *rsp)

284

29 return &rsp->node[0];

30}

] D.33: Miscellaneous Functions

K D.33 /R TS ZRT ek H. 55 19 17 W~ T reu_batches_completed() Al
rcu_batches_completed_bh(),J] T rcutorture JAEM: 55 11-15 T8N T
cpu_has_callbacks_ready_to_invoke(), &% /~%f a2 rcu_data & 754 RCU [R[1 75 %
2111 grace period. £ 17-24 1778 T cpu_needs_another_gp(). /)&, &
26-30 1TRE7~ T rcu_get_root(), ‘iR [Pl 5% 5E reu_state &5 R4 HIAR reu_node.

D.3.6 Grace-Period 5l #% %%

AR R % grace periods TR ZE AR pR A A . X MR
TFUEEE R grace periods ) BR %

D.3.6.1 #7ic¥Hr Grace Periods

43 2% RCU f— 2 H (20 grace periods, 421 FH 1) o e A5
ik . D.3.6.1 T fLiF CPus bnic—/NBr grace period CL4 TR R %L, D.3.6.2
W R LSS EF CPUs Frid —NMEAE K] grace period B4 450, D.3.6.3 151 pR %L
rcu_start_gp(), JF4f—~H71f grace period, D.3.6.4 15 [¥ B EtFE S CPUs [f1#H
1R

1 static void note_new_gpnum(struct rcu_state *rsp,
2 struct rcu_data *rdp)
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3{

4 rdp->gs_pending = 1;

5 rdp->passed_quiesc = 0;

6 rdp->gpnum = rsp->gpnum;

7 rdp->n_rcu_pending_force_gs = rdp->n_rcu_pending +
8 RCU_JIFFIES_TILL_FORCE_QS;
9}

10

11 static int

12 check_for_new_grace_period(struct rcu_state *rsp,
13 struct rcu_data *rdp)

14 {

15 unsigned long flags;

16 int ret = 0;

17

18 local_irq_save(flags);

19 if (rdp->gpnum !=rsp->gpnum) {
20 note_new_gpnum(rsp, rdp);
21ret=1;

22}

23 local_irg_restore(flags);

24 return ret;

25}

D.34: Noting New Grace Periods

%l D.34 %W.7x T note_new_gpnum()(I4RHS, B BEHRIRA LA S B — AN 8T i) grace
period, 1407 %%k check for_new grace period(), #% CPUs H kA& I HAth CPUs
AT B I 45— 8 grace period.

note_new_gpnum()f¥J & 4 7% & ->qs_pending A5k, A CPU ] RCU 75
IR . 28 5477 kR ->passed_quiesc Frik, oA CPU IEEH & il
XRE— AN R A 5 6 47 4R reu_state 45447 42 1 grace-period 5 %1% CPU
[ rcu_data 589, IXFE, A CPU Mid F'e 4 bsid T ¥ grace period. #¢Jq
55 7-8 17>k CPU 1A Bl i At CPU 22 Py 1R A (i 1 14 1]
force_quiescent_state()) (K 18], LA jiffies #1455, MR grace period VA HERT4E A .

check_for_new_grace_period()H %5 18. 23 4725 (FIFEF T b . %5 19 47
R A 245 CPU & /53815 8 grace period B bric, W JE, WIZES 20 4714 H
note_new_gpnum(), H HEFRILHT grace period, 55 21 47 E IS IR [FIH .
55 24 4TIRPPIRAS : Wi grace period T2 TTLE, MIER[AIFE 0, IR [A] 0,

&R D.42: JtH AR note_new_gpnum() P IEEF

check_for_new_grace period() ?
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D.3.6.2 #riclH Grace Periods %W

1 static void

2 rcu_process_gp_end(struct rcu_state *rsp,

3 struct rcu_data *rdp)

44

5 long completed_snap;

6 unsigned long flags;

7

8 local_irq_save(flags);

9 completed_snap = ACCESS_ONCE(rsp->completed);
10 if (rdp->completed != completed_snap) {

11 rdp->nxttai[RCU_DONE_TAIL] =

12 rdp->nxttail[RCU_WAIT_TAIL];

13 rdp->nxttail[RCU_WAIT_TAIL] =

14 rdp->nxttail[RCU_NEXT_READY_TAIL];
15 rdp->nxttai[RCU_NEXT_READY_TAIL] =
16 rdp->nxttail[RCU_NEXT_TAIL];

17 rdp->completed = completed_snap;

18}

19 local_irq_restore(flags);

20}

D.35: Noting End of Old Grace Periods

—>nxtli=st

—=nxttail [RCU_DONE_TATIL]
—=nxttail [RCU_WAIT_ TAIL]

—=nxttail [RCU_NEXT_READY TAIL]
’7 —>nxrttalil [ECU_NEXT TAIL]

—>func —>func —>func

- —»next = _=nEwt = —=maxt —‘

iy
—=next —*next —>next
—>func —>func —>func

D.36: RCU Callback List
D.35 &7~ T rcu_process_gp_end(), 2 CPU %27 grace period L4845 WIS
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WHIER %, W grace period T4 45K, A4 XA PR EERHTEAT 2487 CPU 11
RCU [H]1, X L6[m] i i —AN B ) SER A B, XA R 24N ek, e,
Z R R Rt W)t Lai Jiangshan $2 4, ik T HEFR AL PR [Jia08]. EiXANFEHr,
W AR~ —A CPU ¥ rcu_data £544, JiKH 6 N H EAER 7R 6 > RCU [RI 14 R
(rcu_head). fEIXAMELT, A=A CK L T EA410 grace period, [FitiE
SRR . B A AR CGE AT —AS) S8R4T grace period ek, o
PN EERE T —A grace period. 5 Ja AN RBIREM 2R G — N JuE, B, BEA
LR 5E grace period AH G R 2 5 1

K D.35 H% 8. 19 4748 IEIFHFIT I i . 28 9 /73R4T rcu_state 45 FJH
->completed “FEL P RE, FA7iti 215748 & completed_snap 4. 5% 10 /TA &
T CPU & AR KA V1 72 3 grace period L4845 . WA = RIIX — A,
IS 11-16 A7 38 B4 F R FR B SR AT AL BEIX AN CPU 1) RCU [Hliff. 25 17 473dsxd
1T 58 I grace period 4“5 #1i% CPU 1 rcu_data 45 K [fJ->completed 7B .

D.3.6.3 )23 Grace Period

1 static void

2 rcu_start_gp(struct rcu_state *rsp, unsigned long flags)
3 __releases(rcu_get_root(rsp)->lock)

44

5 struct rcu_data *rdp = rsp->rda[smp_processor_id()];
6 struct rcu_node *rnp = rcu_get_root(rsp);

7 struct rcu_node *rnp_cur;

8 struct rcu_node *rnp_end;

9

10 if (cpu_needs_another_gp(rsp, rdp)) {

11 spin_unlock_irgrestore(&rnp->lock, flags);

12 return;

13}

14 rsp->gpnum-++;

15 rsp->signaled = RCU_GP_INIT;

16 rsp->jiffies_force_gs = jiffies +

17 RCU_JIFFIES_TILL_FORCE_QS;

18 rdp->n_rcu_pending_force_gs = rdp->n_rcu_pending +
19 RCU_JIFFIES_TILL_FORCE_QS;

20 record_gp_stall_check_time(rsp);

21 dyntick_record_completed(rsp, rsp->completed - 1);
22 note_new_gpnum(rsp, rdp);

23 rdp->nxttai[RCU_NEXT_READY_TAIL] =

24 rdp->nxttail[RCU_NEXT_TAIL];
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25 rdp->nxttail[RCU_WAIT_TAIL] =

26 rdp->nxttail[RCU_NEXT_TAIL];

27 if (NUM_RCU_NODES == 1) {

28 rnp->gsmask = rnp->gsmaskinit;

29 spin_unlock_irgrestore(&rnp->lock, flags);
30 return;

31}

32 spin_unlock(&rnp->lock);

33 spin_lock(&rsp->onofflock);

34 rnp_end = rsp->level[NUM_RCU_LVLS - 1];
35 rnp_cur = &rsp->node[0];

36 for (; rnp_cur < rnp_end; rnp_cur++)

37 rmp_cur->gsmask = rnp_cur->gsmaskinit;

38 rnp_end = &rsp->node[NUM_RCU_NODES];
39 rp_cur = rsp->level[NUM_RCU_LVLS - 1];
40 for (; rnp_cur < rnp_end; rnp_cur++) {

41 spin_lock(&rnp_cur->lock);

42 rnp_cur->gsmask = rnp_cur->gsmaskinit;

43 spin_unlock(&rnp_cur->lock);

443}

45 rsp->signaled = RCU_SIGNAL_INIT;

46 spin_unlock_irgrestore(&rsp->onofflock, flags);
47}

/<] D.37: Starting a Grace Period

Kl D.37 Won T reu_start_gp(), e FFaE— > H grace period, 1R R

root_node S5 AL, X AL 20 i FH A 3R H

R AR B rdp & 2417 CPU 1 reu_data 454, rmp J& 4 rcu_node 4544, rp_cur
7l rnp end 1E 0 48%F, FKak [ reu_nod 73 Ak 5

%% 1047 H cpu_needs_another _gp() >k & 241 CPU & 75 75 B3 8l 5 b —A>
grace period, WURAFEE, 2 11 ATRISAR recu_node Z5R 14, JFAE%E 12 473k
0. HT2A CPUs Kl [l 2 58— grace period, il i AEE T X ML/ 52
EXFISOLR, R 5 3) grace period, FLAbH A I X MRS AR H .

), 55 14 1738 2 CPU ) reu_state 5K ->gpnum 7B, 1IEX I

58t grace period FFE5 T .

[B) @1 D.43: HLEH 15 78 YA FR R — AN CPU & 35— AN grace
period JF4f, FF HARE LRI A —NEF RS R A A7 XASZGIE NN
%)

% 15 1T E->signaled 7Bk RCU_GP_INIT , HH 1205 11-HAk CcPU
R I ZEWIUE A 58 BT S 45 7R 5T grace period. 55 16-18 % R — 7k 45 grace
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period AT, ESERBCE jiffies, HLUOZ W E A reu_pending k%L, 4
SR, WIR grace period IEH 45, SA L BRSNS . 5B 20 1T A
record_gp_stall_check_time() K K F A I—1 3 grace period A 1525E 11
IFA], JUSA A HE B — AN 5 . 55 22 4718 F note_new_gpnum() SKATEE4LIXA CPU
] rcu_data 2554 .

55 23-26 1THIESA CPU HIFTARIE, JXHE7EHT grace period &5 iy, 4]
PR o IR Rl e AT,  HoAth CPU U A 4T grace period #3))
RCU_NEXT_READY_TAIL 4. RCU_NEXT_TAIL 414154
RCU_NEXT_READY_#4 . A& CPU mf LNtk RCU_NEXT_TAIL 412 T & %0
Al IS FF4R58T grace period. AHXFE, oAt CPUs ANREIEAA AL S )T grace
period. Fr RCU 21k 77 I 5645+

82T TR A HIER T, EEMNUA — reu_node 451, WX
FE, 285 28 4T M T 4k CPU W& ->qsmask {7, #ef)ifii, 4 T {ff grace period
SR, XUEAHNV CPU A [y — ki IEIRAS . 55 29 ATHEJSMR reu_node 4
R, RS 30 47IR[Ml. AEXFMELLT, W LU gee SRAAD 25 BR D Re v Bk
o5 32-46 17,

0, rcu_node ik RMA ZAEM, XTFEEEIRMIVIGN. 5 3217
FETBURR reu_node IR, AHE BT AR B AE 1L SRJE 20 33 AT3RTSF4FE reu_state
(r)>onofflock, PFjj1l CPU #JfiIETE RCU IR YEd #AE 2 M1 ph5e.

%34 17 E R AR E mp_end A — AN reu_node 4. H 35 AT
B REAR R mp_cur local AR rcu_node 45#4, &t -node B —ANEE R
%36 .« 3747 TE AR T reu_node 45, BEE ARSI NL I ARSI
CPUs ] K4 rcu_node FH M FEIAT

B D.44: w2455 37 T AELRAR, AN M4 3AFIEM T reu_node &5
g2 2 2

% 38 B R E mp_end A5 rcu_node £514, 5 39 1T IE R
AR & mp_cur A E— AN reu_node 45K, IXFEE 40-44 AT RGN I P
A rcu_node 73 FAR BRI F 45 1o ERE— RPN, 35 41 AT3R9S U1
rcu_node S5, 2R 42 47V B AELR CPUSs [IAHNAL, 25 43 FTB B

[E]E D.45: M ABMIARRES I 36-37 17 LU ER 40-44 4T 16 2 2

5 A5 AT B E reu_state Z5HA1Y ->signaled “FBL DL SRV Gl RS, 5B

46 17 i->onofflock LL 7o CPU Hdfidk #/E4Ed RCU KA.
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D.3.6.4 WEFFILRE

I3 RCU SEBL T —Fh oy A b i ARSI 7598, AEEH] 7 BN s
AR reu™ A reu_bhge P — K IDIRES I, 23l YA reu_gsctr_ine()
F1 rcu_bh_gsctr_inc(). I dynticks-idle F1 CPU- 2521 P Fif 1R A S Rp ik Ak
PR, B EES FXFER CPU WA R TR, PIARE TRk S A O AL T5
_IJ:;{j\(l;é%O
rcu_check_quiescent_state()k% 1 4 7 CPU & 75 C& L — Ik IIRAS, iR
JEIXAE, i A cpu_quiet().
cpu_quiet() @ IL A cpu_quiet_msk()RIR 545 CPU B84t T IR A .
R CPU AZ 2 41 CPU B — N4k CPU.
cpu_quiet_msk() & —HL& 7 THFIRA M) CPU. iX48 CPUs WAZIUE 4 Hif
CPU ELH BRI L T .
T IR K bR L
1 void rcu_gsctr_inc(int cpu)
24
3 struct rcu_data *rdp = &per_cpu(rcu_data, cpu);
4 rdp->passed_quiesc = 1;
5 rdp->passed_quiesc_completed = rdp->completed;
6}
7
8 void rcu_bh_gsctr_inc(int cpu)
94
10 struct rcu_data *rdp = &per_cpu(rcu_bh_data, cpu);
11 rdp->passed_quiesc = 1;
12 rdp->passed_quiesc_completed = rdp->completed;
13}

D.38: Code for Recording Quiescent States

D.38 J&7~ T rcu_gsctr_inc() A1 rcu_bh_gsctr_incQIACHS, ‘EAThRC 24 HT
CPU &1l T — K IEIRAS
rcu_gsctr_incO)ffI%5 3 4T3R145 % CPU 11 reu_data &5 HF6 4. 45 4 4T E
->passed_quiesc F-Bt, LAid & 1IRAS, 55 5 17% & ->passed_quiesc_completed -
Bty E—RSER grace period 4 (- 4F reu_data 45 K11 ->completed 7-EX).
rcu_bh_gsctr_inc() eREGEA—HE, AUAUEEE 10 47 M\ reu_bh_data % CPU 42
H R4S reu_data 55, AN reu_data £F CPU AF .
1 static void
2 rcu_check_quiescent_state(struct rcu_state *rsp,
3 struct rcu_data *rdp)
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44

5 if (check_for_new_grace_period(rsp, rdp))
6 return;

7 if (Irdp->qgs_pending)

8 return;

9 if (Irdp->passed_quiesc)

10 return;

11 cpu_quiet(rdp->cpu, rsp, rdp,

12 rdp->passed_quiesc_completed);

13}

D.39: Code for rcu_check_quiescent_state()

% D.39 7~ T reu_check quiescent_state() LAY, ‘&l 4% from
rcu_process_callbacks()if JH (7 D.3.2.4 5 liiR), LU e Hodl CPUs faf I 746 T
—/IN¥r grace period, Jf [ AS CPU i 15 d5cdfr (i IR

%5 5471 check for_new grace period() kA% —/NFiif grace period ¢
2 o Ath CPU JH 31, I HLHEH A% CPU [ JR IR 2 LA BHIX AN i 1 grace period
WS grace period B )E %), 6 ATNIRIE. 2 7 TR A RCU J& 4R
T CPU B IR o W AE, R 56 9 /74 2% H 2411 grace period /5
LK, A CPURE ALl | IREEIRES . WERBEAT, W 10 73R ],

RlE, MBEE 11178, RoRATI grace period 53R A%, A CPU
TR — IRE RS DL A VFIX A grace period 454, I H AR x /> CPU &4
211 T IR AN RS EAMELLT, 5 11-12 47 A cpu_quiet() 7] RCU i

) @ D.46: H-2 7] LA 1L & D.39 (145 11-12 47455 (14 | —> grace period
(IR LR 7] 241 grace period $i% 5 ?

1 static void

2 cpu_quiet(int cpu, struct rcu_state *rsp,

3 struct rcu_data *rdp, long lastcomp)

44

5 unsigned long flags;

6 unsigned long mask;

7 struct rcu_node *rnp;

8

9 rnp = rdp->mynode;

10 spin_lock_irgsave(&rnp->lock, flags);

11 if (lastcomp '= ACCESS_ONCE(rsp->completed)) {
12 rdp->passed_quiesc = 0;

13 spin_unlock_irgrestore(&rnp->lock, flags);
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14 return;

15}

16 mask = rdp->grpmask;

17 if ((rnp->gsmask & mask) == 0) {

18 spin_unlock_irgrestore(&rnp->lock, flags);
19 }else {

20 rdp->gs_pending = 0;

21 rdp = rsp->rda[smp_processor_id()];

22 rdp->nxttai[RCU_NEXT_READY_TAIL] =
23 rdp->nxttail[RCU_NEXT_TAIL];

24 cpu_quiet_msk(mask, rsp, rp, flags);

25}%

26 }

D.40: Code for cpu_quietO

K D.40 &7~ T cpu_quiet, 1X ISR AREE CPU e — IR IIRAS . IE WA
IR —FF, &0 Y HTHEAT ) CPU B & 5 4k CPU.

%59 1T3RTHA CPU [ reu_node M7 sl g5 b FR %l 5 10 473R1HMT
rcu_node M F2E I . 26 11 AT TR A, DAAORYT 2 grace period {33 F
B IAIERXRERIUG, B ALATIERRPR S, BLRRiZ CPU &) T —IREk IEIRAS .
55 L3 ATREBCIF BRI b, 58 14 AT IR 1R

), 55 16 47 W45 CPU A fli— AN . 55 17 ATRL AR B (47 S 75 475 8%
FEMF reu_node Z5 4, G RANTE S AL, JUIAE 55 18 AT RSO I BT 41 I I

i, WER CPU MATISRAFAEAE, % 20 4715 F&->gs_pending, XSt T
% CPU L& k1% grace period 287 T — IR 1IDIRES . 28 21 4705 JR AL & rdp
4T CPU ) reu_data 5354 . 55 22-23 47 Ba4T CPU MRl . o,
24 47 N F4E L3 ER reu_node 73 AR RN 7 E R cpu_quiet() BEIBCEE I R4 IT
T

[B]@ D.A7: 5 22-23 17 Wl ABESRRTIZ AT CPU ) RCU [RIH & 224 (1) 2

1 static void

2 cpu_quiet_msk(unsigned long mask, struct rcu_state *rsp,
3 struct rcu_node *rnp, unsigned long flags)
4 __ releases(rnp->lock)

54

6 for (;;) {

7 if (1(rnp->gsmask & mask)) {

8 spin_unlock_irgrestore(&rnp->lock, flags);
9 return;

10}

11 rnp->gsmask &= ~mask;
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12 if (rmp->gsmask 1= 0) {

13 spin_unlock_irgrestore(&rnp->lock, flags);
14 return;

15}

16 mask = rnp->grpmask;

17 if (rp->parent == NULL) {

18 break;

19}

20 spin_unlock_irgrestore(&rnp->lock, flags);
21 rnp = rnp->parent;

22 spin_lock_irgsave(&rnp->lock, flags);
23}

24 rsp->completed = rsp->gpnum;

25 rcu_process_gp_end(rsp, rsp->rda[smp_processor_id()]);
26 rcu_start_gp(rsp, flags);

27}

D.41: Code for cpu_quiet_mskQ

K D.41 &7= T cpu_quiet_msk(), ‘& 5 HT rcu_node 73 Ak 2 DL BRFERD S 45
FKIRH CPUs &) T IR . 1EREZE mp & AHMN CPUs [ ¥ rcu_node.

B]# D.48: % 2 4TS Z%0E unsigned long, ‘B 7EEL 64 4~ CPU ()

ARG b AT A HE ) 2
WA AT RN, Fon cpu_quiet_msk() BEHUH T reu_node 4R AK

o1 [ 2 (01 [ 1 (0] 4 [D?%*Egrent
(11 | 3 111 | 2 [1] H \
21 | 6 \&\4
(3] 0 [L] paremfj [Z2] pe
e ]
[0] mynode
[L] T T——————==|mynode
[2] L ]
(3] T ——— . |mynode
___—__—_—__————_
[4] I - [mynode {
[5] T
rcu_state — ________‘_—————g.mync

\\:

D.42: Scanning rcu_node Structures When Applying
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Quiescent States

5 6-23 47 I AE— IRAEIA AL BEFS 3 reu_node 2> AR R IK—2%, 1K D.42
ERN GRS Ny (A

5 7 ATR T 4T reu_node 454 f)->qsmask 7B BT AL T CATE %
WS, WZE 8 AT R I FFr I b Wro JRESS 9 TR . WRAE,
% 1147 M rcu_node Z5 4411 gsmask B HHTE BRFERD X N AL . 2 12 TR A
->psmask F S TIEAFERIR AL, IR, 2B I3 ATRIUF T IR, JF
L5 14 AR P #

0], A BEALEE reu_node S BAERTI T —Z. A T HERXNT T — kb
P, 16 ATV E A 24T reu_node SR 2%, 17 ATRC A 4T
rcu_node Z5H4 08 AFAEACE5 M, WNRANAEAE, WIZE 18 1T R 3. 53—y,
WA GE R AEAE, 25 20 AT B4 HT reu_node S5 R4, 55 21 478 mp E NE
AL, 5 22 ATIRIFACI B . ARJG AR B2 NER 7 AT HFaa AT -

WA 18 ATIR AN, AT AnIE 24y grace period CLZELE R, RN HH BT
4 CPUs & & id # 1 BARAS, 4 RENSERMR reu_node M7, FERXFIMELL T, 28
24 17 5B rou_state 454411 ->completed B, DAUCHC Al 45 W 1) grace period
Yy, IXFIN grace period F5L F SR, 5 24 4T A recu_process_gp_end()
LA£HTIZAT CPU 1) RCU I, eefim, 5 26 47 A reu_start_gp(), L HIZH
81—~ grace period, AT 24 RTIE4T CPU L4 T Al 75 ZIXFE—A> grace
period.

1 static void rcu_do_batch(struct rcu_data *rdp)

24

3 unsigned long flags;

4 struct rcu_head *next, *list, **tail;

5 int count;

6

7 if ('cpu_has_callbacks_ready to_invoke(rdp))

8 return;

9 local_irq_save(flags);

10 list = rdp->nxtlist;

11 rdp->nxtlist = *rdp->nxttai[RCU_DONE_TAIL];
12 *rdp->nxttail[RCU_DONE_TAIL] = NULL;

13 tail = rdp->nxttail[RCU_DONE_TAIL];

14 for (count = RCU_NEXT _SIZE - 1; count >= 0; count--)
15 if (rdp->nxttail[count] ==

16 rdp->nxttail[RCU_DONE_TAIL])

17 rdp->nxttail[count] = &rdp->nxtlist;

18 local_irq_restore(flags);

19 count = 0;
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20 while (list) {

21 next = list->next;

22 prefetch(next);

23 list->func(list);

24 list = next;

25 if (++count >= rdp->blimit)

26 break;

27}

28 local_irg_save(flags);

29 rdp->glen -= count;

30 if (list I= NULL) {

31 *tail = rdp->nxtlist;

32 rdp->nxtlist = list;

33 for (count = 0; count < RCU_NEXT_SIZE; count++)
34 if (&rdp->nxtlist == rdp->nxttail[count])

35 rdp->nxttail[count] = tail;

36 else

37 break;

38}

39 if (rdp->blimit == LONG_MAX && rdp->glen <= glowmark)
40 rdp->blimit = blimit;

41 local_irg_restore(flags);

42 if (cpu_has_callbacks_ready to_invoke(rdp))
43 raise_softirg(RCU_SOFTIRQ);

443}

D.43: Code for rcu_do_batch()

Kl D.43 £/~ T rcu_do_batch(), ‘E7E grace periods &5 W H RCU [A]3 .,
IAGEIEAEIZAT I CPU AT eI I - 58 CPUs i EfITH G
1] o

8] 8% D.49: dynticks-idle B{# 54k CPU [t RCU [b] 34 A2 iy 5 314 i
1) ?

% 7471 cpu_has_callbacks_ready to_invoke() LLAfi7E 241 CPU &5 A
RCU M TEZE e, WIRAE, WIEE 8 47k, 25 9. 18 74K ILJFEFiH FFHh
Wr. 25 11-13 47 A->nxtlist RS ERAES I, 55 14-17 47BN K R 1R
o

[B]R8 D.50: MA4sf 14-17 47 HE AT A0 B IeE 2
19 4T WIURAL R AR B count S O, YERS N T SR iE A B IR pR BT
B 5 20-27 AT AR AR FH — AN R1JE 0 IEEA T V-0 an SR FH 7oK Z2 i Iali ,
HAAESS 25-26 4TIR G o )42 100 R B F - 3X AN B 1 T A BE 48 FH o
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5528, ALATAR IR E BT W, 2B 29 AT HE r->glen FEL, &b A CPU

A3 —A> RCU [0 R B B0 5. 27 30 47K A A2 754 DRI kg 38 FH B 41 49 Je DRI g AN

REV ARl . G RAT SRR [nl, FOBr RS R AREr . 28 39-40 1Tk 5T BRI
WA RISl E, W5 42-43 47k RCU AbBE

D.3.7 Dyntick-ldle &%k

AT B EANAE CONFIG_NO_HZ fEN KRy, Aasilie X, %
JER) FELOG L, TERA XN WIS, e — S s BRI R AR . Xt
PR RCU &5 B2 G /MR E 1) CPU. &b T dynticks-idle #2(¥) CPU
W 2%, AN S AT 76 R AT NIMI A8 b 50h 4 28 e AT AT o i eR 5
] RCU {43 CPU ARZ.

—HREH T35 RCU N4 fRj R, 23 L EL7 715060 48 B i 1) B 52 A
AW HEIA . Manfred Spraul 7EA 5L THIRAS RCU AT gt 17 XA AL 42 1
[Spr08b,Spr08a].

D.3.7.1 TifiiiR 7 N FE B R ScdE N, B H dynticks-idle #::X, D.3.7.2 {iff
B M dynticks-idle £ 3E A NMIALEE R %, D.3.7.3 F5 4% M dynticks-idle #5X;
AW AL, D.3.7.4 i TR & HAth CPU & 154k T dynticks-idle A5z B

D.3.7.1 HAFIBH Dyntick-Idle £z

1 void rcu_enter_nohz(void)
2{

3 unsigned long flags;

4 struct rcu_dynticks *rdtp;
5

6 smp_mb();

7 local_irg_save(flags);

8 rdtp = & _get_cpu_var(rcu_dynticks);
9 rdtp->dynticks++;

10 rdtp->dynticks_nesting--;
11 local_irq_restore(flags);
12}

13

14 void rcu_exit_nohz(void)
15{

16 unsigned long flags;

17 struct rcu_dynticks *rdtp;
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18

19 local_irg_save(flags);

20 rdtp = & __get_cpu_var(rcu_dynticks);
21 rdtp->dynticks++;

22 rdtp->dynticks_nesting++;

23 local_irg_restore(flags);

24 smp_mb();

25}

D.44: Entering and Exiting Dyntick-1dle Mode

Kl D.44 7~ T rcu_enter_nohz()F1 rcu_exit_nohz()e& %4, ‘& FUVFH L2 3E
iBH dynticks-idle #5C. Rk, A rcu_enter _nohz() J&,,» RCU ¥Zm'e, H
F R reu_exit_nohz(), m#E i, & F—4 NMl.

rcu_enter_nohz()[*) 25 6 ATHAT—DNWAEDERR, BHORAT I RCU B2k A X E
FELSRAE B 5 RS 2 T & R . B JE IR RASIE A RCU 2 IX A CPU. 3 7. 114T

AEIETFI A b, DARE SRS R iR . 56 98 AT RS iz AT CPU (1)
rcu_dynticks %544, 55 9 4TI ->dynticks T (XFEE IR IEMEL, i%?ii
A~ CPU ¥4 21%), #5eJri o5 10 1736 k->dynticks_nesting 7Bt (IL{EE 4R &
LR TT XA CPU).

rcu_exit_nohz()fI% 19 . 23 1TmJt}F$¥ﬂTﬂ:EPUT Wk T T ph e
55 20 1713 211X A CPU 1) reu_dynticks Z5 #4454, 25 21 17163 ->dynticks %3

B (AR LR AT, o8 RCU DA T IXAN CPU), 2 22 4Ti614
->dynticks_nesting 7B (XFEE LR 1, #R-H AR T5 E XA CPU).

D.3.7.2 M\ Dyntick-Idle ¥k A NM

1 void rcu_nmi_enter(void)
2{

3 struct rcu_dynticks *rdtp;
4

5rdtp = & _get_cpu_var(rcu_dynticks);
6 if (rdtp->dynticks & 0x1)
7 return;

8 rdtp->dynticks_nmi++;

9 smp_mb();

10}

11

12 void rcu_nmi_exit(void)
13{

14 struct rcu_dynticks *rdtp;
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15

16 rdtp = & _get_cpu_var(rcu_dynticks);
17 if (rdtp->dynticks & 0x1)

18 return;

19 smp_mb();

20 rdtp->dynticks_nmi++;

D.45: NMlIs from Dyntick-Idle Mode

K D.45 75 T rcu_nmi_enter() Al rcu_nmi_exit(), eI TAEFEIEN GEH NMI.
JEH dyntick-idle FEECHEA NMIACFLT BURE 5 B , Hefuilii, RCU b20GH:
AT NMI AP BR B2 1) CPU #25K[01 ) dyntick-idle BEi¥) CPU. 1 NMI 4
HRF A e RCU IR X o IXA R NIRRR, FTLLL AN

rcu_nmi_enter()if1 55 5 173k #33X 4> CPU Y reu_dynticks 4544944, 28 6 17k
A% CPU £ EZA T RCU Y, WiRJE, WIFES 747 Hi%iRInl. A0, %8
AT Ig->dynticks_nmi FBt, XFEE MRS AT, B, 5B 19 4T HAT
ANIAEGERE,  DURAR F XS ->dynticks_nmi (3888 2578 B 5 1 RCU 321 X 2

reu_nmi_exit()[ 55 16 17 FFK3kAF CPU [ reu_dynticks 544845, 2 17 17
R RCU 2 DA KT CPU, WERAVE, WIFESS 18 173RH]. 2 19 47947 —
ANAAEBERR, B OR NMIAREE b 0 AT RCU B2l 5 XAE S 20 17345
->dynticks_nmi 7B, At CPU B Mo IXAN T BLHHE L AL B EL

[B]#% D.51: {HJEE D.45 sPff il kb FE 4 NMIs?

D.3.7.3 M Dyntick-Idle =i T

1 void rcu_irg_enter(void)

2{

3 struct rcu_dynticks *rdtp;

4

5rdtp = & _get_cpu_var(rcu_dynticks);
6 if (rdtp->dynticks_nesting++)
7 return;

8 rdtp->dynticks++;

9 smp_mb();

10}

11

12 void rcu_irg_exit(void)

13{

14 struct rcu_dynticks *rdtp;
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15

16 rdtp = & _get_cpu_var(rcu_dynticks);
17 if (--rdtp->dynticks_nesting)

18 return;

19 smp_mb();

20 rdtp->dynticks++;

21 if (__get_cpu_var(rcu_data).nxtlist ||
22 __get_cpu_var(rcu_bh_data).nxtlist)
23 set_need_resched();

24}

D.46: Interrupts from Dyntick-ldle Mode

K D.46 JE7r T rcu_irg_enter() A1 rcu_irg_exit(), e M IALFEHEN . B HI K.

rcu_irq_enterQf %5 5 4734 41T CPU ) reu_dynticks 45kJ45%F. %65 6 1T
i 4 ->dynticks_nesting 7B, AR IH{EZATE O EH#HA)IE UL, RCU Tl AR KT IX
A CPU T), &5 TATIEEHY. 750, % 8 4754 >dynticks 7B, AT
WARZE TR 9 ATHAT AN SRR, IXFE, X OGS BE o /E T Tk B
BT T AT RCU Bl X 2 Hirgi HoA CPU & 3

reu_irq_exit()ff15% 16 17315 475 CPU 1) rcu_dynticks £5#11 51 H . 17 4735
% ->dynticks_nesting 7B, WIHREEIRIE O (et ihul, HEAREIT T BT E R
H, 2 RCU DRAEITERXAS CPU), B4 18 1TiR . I, 28 19 474 AT —
ANPIAEBERR, IR FTAE A BT Ak 3L R 5P S I DR AE B 20 AT A 2w LA
CPU B2, % 20 17138 ->dynticks 7B (AELARA—MEEUE). 5 21, 22
A7 2 v R AL B R B Al TATAT reu B reu_bht [B1E, GRS, WSS
23 17 9] CPU AT BE, ‘B — BN A RCR L s il CPU IR HY dynticks-idle 5
X, B AVF RCU Ab P L4 [A] 3 bR 5475 221 grace period.

D.3.7.4 & Dyntick-Idle FEz{

dyntick_save_progress_counter() F1 rcu_implicit_dynticks_qs() &% KA
r—A~ CPU & 54t T dynticks-idle #i:X. dyntick_save_progress_counter() %%k
HAEH R, Wi CPU 43T 4T dynticks-idle A=K, MR [EIE 0 fi. @itk CPU
BAALT dynticks-idle B, @, T 4 ETE/ELL B TR NMIL, I8 AL
B 5 — 2L jiffies ', #48H reu_implicit_dynticks_qsQ &%, XA R B E 24 HTIR
A, W CPU 1L dynticks-idle JRAS N3 [7]E 0. reu_implicit_dynticks_gs() %%k
ATRER R E A, EEIER

1 static int
2 dyntick_save_progress_counter(struct rcu_data *rdp)
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3{

4 int ret;

5 int snap;

6 int snap_nmi;

7

8 snap = rdp->dynticks->dynticks;

9 snap_nmi = rdp->dynticks->dynticks_nmi;
10 smp_mb();

11 rdp->dynticks_shap = shap;

12 rdp->dynticks_nmi_shap = snap_nmi;

13 ret = ((snap & 0x1) == 0) && ((snap_nmi & 0x1) == 0);
14 if (ret)

15 rdp->dynticks_fgs++;

16 return ret;

17}

D.47: Code for dyntick_save progress_counter()

K D.47 J#&7~ T dyntick_save_progress_counter() [\ 4LHY, {53 T —/MF 5 CPU
f— %} rcu_state 4544 rcu_data. % 8. 9 173K75 CPU [ rcu_dynticks f¥]
->dynticks Fl->dynticks_nmi “FEBRIE, SRIGAEES 10 7THAT— DN AEBRRE, LU
PRIX A TR HEAE BE S AR 3K PR AME I AR BRI 2 2 Firge oA CPU B L. XA
7Bt S rcu_enter_nohz(), rcu_exit_nohz(), rcu_nmi_enter(), rcu_nmi_exit(),
rcu_irg_enter()F1 rcu_irg_exit() B N AEBERE A T BT . 5B 11, 12 ATAEREIX A
PRBE, IXREEATTAT LA BE S IE 6 reu_implicit_dynticks_gs( Vil . 5 13 17k A
AR IS AR E, XK R1Z CPU BEAAET non-idle #EFE, kb EE,
ANKETF NMIARBEFR . A REIXRE, 56 14, 15 /74t $->dynticks_fgs, &
S TR H 1. ANE B, 3 16 /TR FI{ER R CPU &1 4T dynticks-idle
B

E]RE D.52: JWftAfess 8. 94T 2 MBAT WAT ka2

1 static int

2 rcu_implicit_dynticks_gs(struct rcu_data *rdp)
34

4 long curr;

5 long curr_nmi;

6 long snap;

7 long snap_nmi;

8

9 curr = rdp->dynticks->dynticks;

10 snap = rdp->dynticks_snap;

11 curr_nmi = rdp->dynticks->dynticks_nmi;
12 snap_nmi = rdp->dynticks_nmi_snap;
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13 smp_mb();

14 if ((curr !'=snap || (curr & 0x1) == 0) &&

15 (curr_nmi !=snap_nmi || (curr_nmi & 0x1) == 0)) {
16 rdp->dynticks_fgs++;

17 return 1;

18}

19 return rcu_implicit_offline_gs(rdp);

20}

D.48: Code for rcu_implicit_dynticks_gs()

K D.48 Ji£7~ T rcu_implicit_dynticks_gs() 4% . 25 9-12 173k43 CPU )
rcu_dynticks %% #4[->dynticks 1 ->dynticks_nmi FBHHE, A LE—4
dyntick_save_progress_counter() i E—+F . &5 13 AT AT — AW AESERE, DA ORIL
fHAEJE 2210 RCU b B R 2 B HoAth CPU B2, 5
dyntick_save_progress_counter()—#¢, X/ANHNAEBERE L reu_enter_nohz(),
rcu_exit_nohz(), rcu_nmi_enter(), rcu_nmi_exit(), rcu_irg_enter()F1 rcu_irq_exit()
JEBORT IR 55 14-15 ATHHTRE &, BAAIfR 1% CPU T 224 4L T- dynticks-idle 4%
7. ((curr & 0x1) == 0 and (curr_nmi & 0x1) ==0) , %4 HiH
dyntick_save_progress_counter()LAK, 44Tt — W ER IR (curr 1= snap and
curr_nmi !=snap_nmi). 1% EIXFE, 25 16 1T ->dynticks_fgs Zeit % (R
T H ) L 58 1747 PR O R TR E CPU & & il — ki IEIRE .
I, 55 19 479 reu_implicit_offline_gs() (7€ D.3.8 Fi k) LK & 72 CPU
MEES DA L.

D.3.8 3EHER IR

R, 2ot RS CPUS K& M irid sk Rk, Ktk grace periods 5 A i)
M. HE, i = AN R — T BEBH L CPUs £ 1 IARAS -
v CPU 4t-F dyntick-idle RZ, ARG HBERSIENR . BARIXFET CPU
P B AT R IR, ANl T EARRITIR S, B EA R
AT AT AT 1 o
v/ CPU IEAE Bl M, RCU &A%, MEECs L. HEX
A~ CPU 38R ¥ AT PATARAY , 1A 7€ cpu_online_map F kricd fE & br i
1 grace period PR Zs%EfF e, (HEEARE AITE I —IXEHDIRES .
v\ CPU fEIAT HI ) &5, B #E N EE SR
FERF—MEOLT, RCU 756 AW [ CPU SKIAT 8. LLUF 15 iR X £ b
¥, D.3.8.1 1WHiiRict 5% dynticks-idle grace-period 4 5 [ K%k, D.3.8.2 TifiiiAk
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B2 S AR N ) CPU Rk %, D.3.8.3 Fi#tiik rcu_process_dyntick(), ‘&4
A AN ) CPUs, D.3.8.4 T5#iiR force_quiescent_state(), BRZNXTH Jig i ik
AR, BLRAE AR BN CPU b sl A — R 1R A

D.3.8.1 i3k Dynticks-Idle Grace Period

1 static void

2 dyntick_record_completed(struct rcu_state *rsp,
3 long comp)

44

5 rsp->dynticks_completed = comp;

6}

7

8 static long

9 dyntick_recall_completed(struct rcu_state *rsp)
10 {

11 return rsp->dynticks_completed;

12}

D.49: Recording and Recalling Dynticks-Idle Grace Period

D.49 7~ T dyntick_record_completed() ! dyntick_recall_completed() 1t
o EThIR) RR AN AE dynticks TN A€ L (# M) 3, CONFIG_NO_HZ W
BSHak ), SIEATe e .

%5 1-6 7)€ 78 T dyntick_record_completed(), ‘&K comp 25 (AL {4475
rcu_state %5 ->dynticks_completed 7. &5 8-12 1T/E/R T
dyntick_recall_completed(), ‘e/ix[nl&ciH dyntick_record_completed() Hf, 47
fiti{E rcu_state 4544 1A

D.3.8.2 AbIEEL KA KN F CPU

1 static int rcu_implicit_offline_gs(struct rcu_data *rdp)
2{

3 if (cpu_is_offline(rdp->cpu)) {

4 rdp->offline_fqs++;

5return 1;

6}

7 if (rdp->cpu !'= smp_processor_id())

8 smp_send_reschedule(rdp->cpu);

9else

10 set_need_resched();



RN PR IFAT i FE

11 rdp->resched_ipi++;
12 return O;
13}

D.50: Handling Offline and Holdout CPUs

K D.50 &7 1 reu_implicit_offline_gs()F4RAS, ‘BRI &2k CPUs, Jfakifl
FELRAHSE AR 1) CPUSs HEA — AN IR

0 3ATRI AR CPU 4k, Wi, o 4 1T gi vt £->offline_fgs
(BAHFIER), 25 5 1TIRFIEE 0 {HK R CPU & T4 i IR .

), CPU JRAEZ), kT dynticks-idle #ixX, I Hit&A L —IkE
IR B 7 AT A AR, CPU 215 4 21T cpu, WIRANE, 2 81T KIXHE
BOHEE IPL, 50, 55 10 47 & TIF_NEED_RESCHED 4, 5812417 CPU ik
AN E AT —1HHL T, CPU KR PR AN 1R - 56 11 1T 883 S8 vt 4 resched _ipi s
EWHTHEHR. &5, 5 1217R(F 0, RIRARMP CPU 1R AT
1ERE.

D.3.8.3 HWAARMMN CPUs

1 static int

2 rcu_process_dyntick(struct rcu_state *rsp,

3 long lastcomp,

4 int (*f)(struct rcu_data *))

54

6 unsigned long bit;

7 int cpu;

8 unsigned long flags;

9 unsigned long mask;

10 struct rcu_node *rnp_cur;

11 struct rcu_node *rnp_end;

12

13 rnp_cur = rsp->level[NUM_RCU_LVLS - 1];
14 rnp_end = &rsp->node[NUM_RCU_NODES];
15 for (; rnp_cur < rnp_end; rnp_cur++) {

16 mask = 0;

17 spin_lock_irgsave(&rnp_cur->lock, flags);

18 if (rsp->completed != lastcomp) {

19 spin_unlock_irgrestore(&rnp_cur->lock, flags);
20 return 1,

21}

22 if (rp_cur->gsmask == 0) {

23 spin_unlock_irgrestore(&rnp_cur->lock, flags);
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24 continue;

25}

26 cpu = rnp_cur->grplo;

27 bit=1;

28 for (; cpu <= rnp_cur->grphi; cpu++, bit <<= 1) {
29 if ((rnp_cur->gsmask & bit) 1= 0 &&

30 (rsp->rda[cpu]))

31 mask |= bit;

32}

33 if (mask != 0 && rsp->completed == lastcomp) {
34 cpu_quiet_msk(mask, rsp, rnp_cur, flags);

35 continue;
36}
37 spin_unlock_irgrestore(&rnp_cur->lock, flags);
38}
39 return O;
40}
D.51: Scanning for Holdout CPUs
[0] | 2 [0] | 1 [0] /_E** parent
[11 | 3 [11 | 2 [1]
121 | s \\
[3] 0 [1] | parent [2] | parend

—=rdal] /

(0] mynode
[1] I—
————— = |mynode
[2] —
[3] T —— . |mynode

@) [ 1 = fmnod]
rcu_state [S] ‘——*\ mynode

D.52: Scanning Leaf rcu_node Structures

K D.51 f&/R T reu_process_dyntick() 45, ‘& 4iHF rcu_node , DA%
RAAKMN, CPUs, HHE D.52 fiitaikbrill. B ARE—4 CPU [ rcu_data 4f
MW HAENZEE . WS lastcomp 2445 E 11 grace period VA4 W, Bk
1[4k 0.

5513, 14 1T HAFH—ANFEJG —A reu_node Z5RJ51 . 55 15-38 1T (76
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AR AL BRI A —/N i1 reu_node £ .

%16 ATWE AR mask 4 0. XA E A TRAF L@ T8 i btk
A CPU. 2 17 173R1% 10 rcu_node Z5 #4040, 2F 18 1745 £ 24 |1 grace period
RO, WA, 5 19BN, JEE 20 /T [HHE 0. S, 25 22
TR A 531X reu_node FHIRERII AR NIK] CPU. IR A XFEH) CPU, 2
2B ATREIIAN, JF HARS 24 A7 H R8I, JEAT — reu_node 45K TT4A

WX reu_node 4544 2 /DA — AN AR N CPU, WIFFER R 26 4T AT -
55 26,27 1T E R f cpu A bit 253X A reu_node AHIC 1) /N IAE - 5 28-32
AT IR IMAKS 25 5 2471 reu_node g5 4H G —A~ CPUs, 25 29 174 £ 1% CPU J&
TAJRAE T AR NARS B E T A T —IRE RS . WA R, 2
30 1794 FH 415 2 1) R i (dyntick_save_progress_counter() 54
rcu_implicit_dynticks_qgs(), HIHH#ETRE), W mEORBEHE 0 (7= 245 CPU 4
TR IERE), A% 3L ATHRE 2 HT CPU A7 3] mask 1.

5 3B AR AR CPU AL T JEmi RS, Wi, 5 34 17 H]
cpu_quiet_msk() 7 grace period A4 5547 IX 8 CPUS, 55 35 AT HUBT T 4G R
(& cpu_quiet_msk() BEAL T 24T reu_node B, Rl AT BESE R 24 HT current
grace period.) 750, WIRFTAH RN CPUs /3R AT W, 55 37 A7R 41
rcu_node 1.

— HPT M rcu_node C&AbEE, FUIBHEES. 5 39 170k [H] 0 7= M HT
grace period /38R 5 o il LR

D.3.8.4 force_quiescent_state()fLi%

1 static void

2 force_quiescent_state(struct rcu_state *rsp, int relaxed)
34

4 unsigned long flags;

5 long lastcomp;

6 struct rcu_data *rdp = rsp->rda[smp_processor_id()];
7 struct rcu_node *rnp = rcu_get_root(rsp);

8 u8 signaled:;

9

10 if (ACCESS_ONCE(rsp->completed) ==

11 ACCESS_ONCE(rsp->gpnum))

12 return;

13 if ('spin_trylock _irgsave(&rsp->fgslock, flags)) {
14 rsp->n_force_qs_lh++;

15 return;

16}
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17 if (relaxed &&

18 (long)(rsp->jiffies_force_gs - jiffies) >= 0 &&
19 (rdp->n_rcu_pending_force_gs -

20 rdp->n_rcu_pending) >= 0)

21 goto unlock_ret;

22 rsp->n_force_gs++;

23 spin_lock(&rnp->lock);

24 lastcomp = rsp->completed;

25 signaled = rsp->signaled;

26 rsp->jiffies_force_gs =

27 jiffies + RCU_JIFFIES_TILL_FORCE_QS;
28 rdp->n_rcu_pending_force_gs =

29 rdp->n_rcu_pending +

30 RCU_JIFFIES_TILL_FORCE_QS;
31 if (lastcomp == rsp->gpnum) {

32 rsp->n_force_gs_ngp++;

33 spin_unlock(&rnp->lock);

34 goto unlock_ret;

35}

36 spin_unlock(&rnp->lock);

37 switch (signaled) {

38 case RCU_GP_INIT:

39 break;

40 case RCU_SAVE_DYNTICK:

41 if (RCU_SIGNAL_INIT '= RCU_SAVE_DYNTICK)
42 break;

43 if (rcu_process_dyntick(rsp, lastcomp,
44 dyntick_save_progress_counter))

45 goto unlock_ret;

46 spin_lock(&rnp->lock);

47 if (lastcomp == rsp->completed) {

48 rsp->signaled = RCU_FORCE_QS;
49 dyntick_record_completed(rsp, lastcomp);
50}

51 spin_unlock(&rnp->lock);

52 break;

53 case RCU_FORCE_QS:

54 if (rcu_process_dyntick(rsp,

55 dyntick_recall_completed(rsp),

56 rcu_implicit_dynticks_gs))

57 goto unlock_ret;

58 break;

59}

60 unlock_ret:
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61 spin_unlock_irgrestore(&rsp->fgslock, flags);
62}

D.53: force_quiescent_state() Code

K| D.53 7/~ T/ERC S CONFIG_SMP K, force quiescent_state() FIfRAY.
) RCU A4 iy Bl i i i) CPUSs 18 i 1R AS EUINAR 24 if grace period N, i
R, LU N R AR, RCU Ak 35 B FEA

24T grace period T4 L =A jiffies (o th g 5 & 1101
RCU_JIFFIES_TILL_FORCE_QS), m#% CPU it call_rcu() 5# call_rcu_bh()
Fs—A RCU [N BART, KB 10,000 [F1 CLAEBNFI (34 2 A B s
E 240 ghimark).

5% 10-12 17 &5 — grace period IE7EACEE, WA NI H . 5 13-16 1T
S kg ->fgslock, ‘&P b5 AL 22 grace period A 2 A1 98 . 2448
TR, ahI->n_force_gs_lh 714, *% CONFIG_RCU_TRACE #JJFH/,
af Ll fqlh= field A& . 25 17-21 T2 5 HIALE NPT grace period.
Pet)ihin, 487 CPU £ 154 10,000 RCU Rl T2EA0IR A, 504 F 2411 grace
period 5 LK, B3 2 B UG IER HT grace period LK, B &R/t =
A~ jiffies. 25 22 47xf 5Ntk grace periods AT T4k,

% 23-36 1T1E rcu_node &R IR IR S R AT, 3L H IS B AR AT A 0
PUER, 24717 grace periods D45 N . 5 24, 25 47%) ->completed A1 ->signaled
FEGIATIE, & 26-30 47 B i £:fK) force_quiescent_state() fo 4 h AT i) 5 5 ()
I} A) o 575 31-35 AT A A £E F A3k 45 reu_node BiIY1TA], grace period & 75 CL4 451,
WX, WPRSIF iR Al

%5 37-59 179Kz} force_quiescent_state() JRZHL. 414 grace period {33 7EH]

B4, 55 41,42 AT T SR 9] 63X AV BE S 1) I ) #2030 H force_quiescent_state(),

UL T 5 K. W4T IF T dynticks (i CONFIG_NO_HZ Wi%%
¥, H—UH ] force_quiescent_state(VKFHhAT 25 40-52 1T, &5 R MBS R
BATES 53-59 1T. H—Jy1f, % dynticks BEAFTIT, I RE— R FH #CE R
1755 53-59 17,

55 40-52 47 B H ALK WA & Do L IRAS ) CPU 24T dynticks-idle
R IF Hads 4 ii e dynticks-idle SRAS((HIE 1T & AT 7EH WA NMI AL BE R %5
HO) CPU Wi kRS . 2 41-42 4T %1 gee , MFi OB AERANE
CONFIG_NO_HZ i, ZJcHM,. 25 43-45 178 H rcu_process_dyntick(),
H A& B — N 45 1 EIRZS Y CPU i H dyntick_save_progress_counter(),
T % grace period 445, MR H force quiescent_state() (7] fgSe T 4 KIMATE
B 2 IR CPU 440 T dyntick-idle #5X). 4% 46. 51 47 3RIUIfR
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JEAR reu_node 548 . 5 47 ATKI A 24T grace period & 1475 AR T 2L s I FLAth
CPU HEAFFIIRZS o WKL, 27 48 1P RPIRZSHLHERE S RCU_FORCE_QS IRZ,
o 49 1TIRAF 4T grace-period 'y, XX~ — force_quiescent_state() & H
o

IEWE R AT FTIA, 7ERCE CONFIG_NO_HZ I, % 53-58 {7 AbBLEE Ik K
[fIX} force_quiescent_state() (U, 7LV A BLE CONFIG_NO_HZ I, BAbFif;
*?j@ﬁ force_quiescent_state() 11 . 2% 54 . 5847 rcu_process_dyntick(),

i 7 BT TR A 4 T L IRES 1) CPUs, 73 i
rcu_implicit_dynticks_gs(), ‘& HKIREATIXEE CPU J& 14 )7 dyntick-idle HRZS (U
R CONFIG_NO_HZ #4TT), Kaddla @ EESF FELk CPU, o Kik—4
HOFTMIE IP1 454% T [) CPUS.,

D.3.9 CPU-ZEiR A5

il 'E T CONFIG_RCU _CPU_STALL_DETECTOR W#%Z ¥+, RCU k4T
JEIR CPU fafy. “HEIR CPUs" & LLIcHt by 5 H e CPUs, "EAIIFEAIK T R4t
M W B [ o X SEA Ayl ok record_gp_stall_check_time(), check_cpu_stall(),

print_cpu_stall(), 1 print_other_cpu_stall() BRECKSZINKT, & DNEREKAE T
ik . fE AT E CONFIG_RCU_CPU_STALL_DETECTOR Hf, IX%6 4 /&=

i (o

1 static void

2 record_gp_stall_check_time(struct rcu_state *rsp)
34

4 rsp->gp_start = jiffies;

5 rsp->jiffies_stall =

6 jiffies + RCU_SECONDS_TILL_STALL_CHECK;
7}

D.54: record_gp_stall_check_time() Code

D.54 75 T record_gp_stall_check_time() bR E AR HY . 26 4 4730 s 24w i

[f] (grace period JH AN [A], L jiffies v155), 28 5-6 4Tid kN 4y & CPU SEIR ]
iFIR], HES grace period WoiZ O &iadT— KB A] .

1 static void

2 check_cpu_stall(struct rcu_state *rsp,

3 struct rcu_data *rdp)

44

5 long delta;

6 struct rcu_node *rnp;

7
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8 delta = jiffies - rsp->jiffies_stall;

9 rnp = rdp->mynode;

10 if ((rnp->gsmask & rdp->grpmask) && delta >= 0) {
11 print_cpu_stall(rsp);

12 } else if (rsp->gpnum != rsp->completed &&

13 delta >= RCU_STALL_RAT_DELAY){

14 print_other_cpu_stall(rsp);

15}

16 }

D.55: check cpu_stall() Code

K D.55 J£7~ T check_cpu_stall [ff0RY, ‘&K # grace period &5 L& JH 3
KA, A RSE, WA print_cpu_stall() =3 print_other_cpu_stall()>K 4] Efl
—> CPU SEIRE &5 .

5 8ATUFAL A IR B A5 BN S AT BN LK, & ad (1] jiffies 2, Wilid Ay
ST EVE S A5 RIS R], I8 AFAEN 2 1. 28 9 4T 3RAF 41 CPU AH N1
rcu_node Z5 R HIFRER, 25 10 47K A 2417 CPU 2B C& L it — Rk IR A
grace period & 758 B R A (e A% U, 241 CPU J& & 1EiR), Wike, W 11 17
H print_cpu_stall().

0, %5 12-13 47K 2 2477 grace period &G AR 3%, I B2 &R
7 RCU_STALL_RAT_DELAY X4 AMINIE], 5, WAL 14 173
print_other_cpu_stall()-

[B]E D.53: MAAfEs 12-13 17 AN jiffies?
1 static void print_cpu_stall(struct rcu_state *rsp)
24
3 unsigned long flags;
4 struct rcu_node *rnp = rcu_get_root(rsp);
5
6 printk(KERN_ERR
7 "INFO: RCU detected CPU %d stall "
8 "(t=%lu jiffies)\n",
9 smp_processor_id(),
10 jiffies - rsp->gp_start);
11 dump_stack();
12 spin_lock_irgsave(&rnp->lock, flags);
13 if ((long)(jiffies - rsp->jiffies_stall) >= 0)
14 rsp->jiffies_stall =
15 jiffies + RCU_SECONDS_TILL_STALL_ RECHECK;
16 spin_unlock_irgrestore(&rnp->lock, flags);
17 set_need_resched();
18}
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D.56: print_cpu_stall() Code

K D.56 7~ T print_cpu_stall() IS
5 6-11 JTEREI G EIFTEN S [T CPU UHERL, M5 12-17 4745 Pk
CPU ZER & 515 I I [A]

O] @ D.54: ZEFTENAER A BT, i 1 grace period 45 I & A A4
Hy ?

1 static void print_other_cpu_stall(struct rcu_state *rsp)
2{

3intcpu;

4 long delta;

5 unsigned long flags;

6 struct rcu_node *rnp = rcu_get_root(rsp);

7 struct rcu_node *rnp_cur;

8 struct rcu_node *rnp_end;

9

10 rnp_cur = rsp->level[NUM_RCU_LVLS - 1];
11 rnp_end = &rsp->node[NUM_RCU_NODES];
12 spin_lock_irgsave(&rnp->lock, flags);

13 delta = jiffies - rsp->jiffies_stall;

14 if (delta < RCU_STALL_RAT_DELAY ||

15 rsp->gpnum == rsp->completed) {

16 spin_unlock_irgrestore(&rnp->lock, flags);

17 return;

18}

19 rsp->jiffies_stall = jiffies +

20 RCU_SECONDS_TILL_STALL_RECHECK;
21 spin_unlock_irgrestore(&rnp->lock, flags);

22 printk(KERN_ERR "INFO: RCU detected CPU stalls:");
23 for (; rnp_cur < rnp_end; rnp_cur++) {

24 if (rp_cur->gsmask == 0)

25 continue;

26 cpu = 0;

27 for (; cpu <= rnp_cur->grphi - rnp_cur->grplo; cpu++)
28 if (rnp_cur->gsmask & (1UL << cpu))

29 printk(" %d", rnp_cur->grplo + cpu);

30}

31 printk(" (detected by %d, t=%ld jiffies)\n",

32 smp_processor_id(),

33 (long)(jiffies - rsp->gp_start));

34 force_quiescent_state(rsp, 0);

35}
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D.57: print_other_cpu_stall() Code

¥ D.57 J7s T print_other_cpu_stall() A CHS, & T ENER 2417 CPUSs A1 HiAth
CPUs I AEIR 5 f5 L

%510, 11 473R155E — M1 reu_node S5 SIH,  DL SRS — AN T
rcu_node £S5 H 25 12 473R-1HAR rcu_node g5 491040, Jf H22 Ed . 25 13
ITTHE CPU IR E S5 A R 2 A (W IRIEEAT T B W 1] A 1), 25 14+
15 17K CPU JEIR 5 JE 75t gend 22 9F H. grace period %A 450K, WHRJEIX
FE, WZE 16 ATREIBU AR S 17 473 [H],

@)@ D.55: Jyt+4 print_other_cpu_stall() 754K grace period J& 75 45

2

0, 55 19, 20 AT THE N AT EVE AR BRI TR], 5 21 ARSI F E
FIHF . 2 23-33 474 ENFEIR CPUs 413, fJm, 2 34 1T H
force_quiescent_state(), KHEFNIEIE CPU & JFj— ki IR .

D.3.10 TBJREAYTRPE RS

I3 4% RCU 5 KA i) J8, v fig /2% 8 force_quiescent_state() %3k [/ il 7 CPUs
ff] rcu_data Z58). 7E— A LT CPUs RS H, XATRES B KA B LEIR,
AR B AR DS TG 0L T AT

XA AN SESEAE AR I )i, —AME R T7% & 3 5 force_quiescent_state().
TR K Yk 1 B 4E IR

MGy, S8 S G W BB IR ) R 4k, w LABR I CPUSs (%% H 5 4 H mf
7 RCU.

D4 WG RCU

A AT RCU BATH, B RVFsile Sty , I nr DABHZE DLAEAF4
E, AN KL B 5 BH ZE (191 3 5 wait_event() JRUESEATRHIE): R R 5
X, N SRCU, fEM IS . 5 SRCU XK, m4dr RCU 1XAX
FOVFIE AR SE AR RIBHZE Jivh, BV A il & CONFIG_PREEMPT KN,
ANfEFHZE . 7E RCU 2l 7 X SR A5 BH 228 & v 6 iy 291 F31 Ingo Molnar [ -rt b
1o {HJE, BRI RCU SEHL [McKO5c] 26, 45:

v B AN B AE AN T BB rp RN R e B b A

v T SR RN DR R A R N AR DR R, X RS T RS ) £ A
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v RCU IR A X AL [McKO7d].

2.6.26 NAZ TP BT AT RCU SZBL 2R 7 X SR, B stk it
[McKO7a]. fHJE, THHER: 7£26.32 %, CEK e B4 al— AN o PR 5 iy o) 52
T

()RR D.56: K41 ALErT 4 RCU B DX v (1 BH 28 S5 1 4 16 A 26 2%
4kK?
[a)@% D.57: Could the prohibition against using primitives that would block in

a non-CONFIG_PREEMPT kernel be lifted, and if so, under what conditions? End
Quick Quiz

D.4.1 RCU H§&:

H—MEZH RCU MK, HEIFIRAIE—A RCU SEBU AR i 8 7o AHY
45 MR AR RCU 2SR ZRMEIR . SEVEA IR, 155 0L 8.3.1 717,

RCU SEHLLAZUIE M LI H: il RCU B2 F DX H AT Al 7 ) 4 — A
grace period Z {i, 84 RCU B2l A X o 8 A 7 f) #5214 grace period 4

| H.eader| | Feader | | Reader |
|
| Reader | | Reader ,
I Forbiddean!
| Fteadar| Reader -
|
| Feader | | Reader
Re mowal Reclamation

D.58: Buggy Grace Period From Broken RCU

DA D.58 K2&45l, L] N Ae B4 k. 20 {50K) "Removal” HER <5 lIm
X, e RCU R A £t . Bilan, vialist_del_rcu(); KM "Grace
Period" HEZE7~—> grace period (surprise!) , & ] figifiid synchronize_rcu()i 1,
4 "Reclamation” HERRBEBOZR MM EI GER, WIFRELT kfreeREH
—/ME B "Reader” HEFR R —/ IR FAX, @4, H rcu_read_lock() FFaRIf
rcu_read_unlock() 45 R AR BE o 41 (LIl HE "Reader” HEJE— MR+ ATATIX
FEM RCU SEBLRETRN, & il — ANl A X 58 4% 15— grace period, X124
XFETE, R RAEAT I A7 BRI, A7 AT e SRS
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FrLAUt, 2 IXFEN RCU H B FERIAE B g ?

| Header| | I Reader | | Reader
I :
| fAoader | | Feadar | Grace Period
| o Extends as
[Reader] | feaer”  Needed
|
| Reader | Reader
Removal

Time
D.59: Good Grace Period From Correct RCU

WY g grace period, FIRELNE D.59 s, B, RCU Sl
PRATA 45 45 2 grace period ] RCU B1If F X 2AZILE grace period 14 5 AT
AR . XANFH LA LA A RCU B0AIE Ly T N — a5 187 5 1 AT A 146
T grace period ] RCU 3Ll AL X A Z0AE grace period 45 W HTZE W . IXF5 278 2 1)
BB SR B 1 4m 1PE 2% 1 CPU 3R RCU IfE ]

D.4.2 AJ#6 5 RCU FiEifiA

ARAEET Y RCU MR E SE . R 2 HAB eI I RE ), AT e oA
stk [MSMBO06,MS05]. A SO vE J-IX AN S BRI A U5k, Bdla 454,
grace-period AR, FFE A i J5UE S .
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D.4.2.1 ERHAE:

Cla=zsic RCU Preamptible RCU
call_rew() call_rcu()
next list naxtiail nextlist nexttail
waitlist walttail wraitlist[0] waiittailli0]
donalist donetail wiaitlist[1] waittaill1]
reu_procass callbacksd()
danalist donatail

rcu_process _callbacks()

D.60: Classic vs. Preemptible RCU Callback Processing

i 774 5 RCU 7 reu_read_lock() #1 rcu_read_unlock()-F AN 522 P 17 it i,
DRI e 7 22—~ 2 21 grace-period Al 5% o AN RS FH — A S — 11 (Bl R BSE 1 DA
FI(XER A HT R RCU SEIL 2 R 1Y), w3 dy RCU A H — N5 RF A5 AL,
AL RCU Bl M A RX A A A — A ez F o [l AR i) 22 5w w11l D.60,
FEIXANTHE 7 RCU SEBR Y, 45— grace period £ W 2 2543545 2 (FH 6 11,
2007/09/10 [¥ISEIh T [McKO7c] 8 DY £ 25 #54 4) o

XJJ-4F grace period YR BEER K UL, — X HER LR T AN 58 Bl grace period.
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Grace Period Stage 0 Grace Period Stage 1

k()

i i
] =] =
2 |cruo '€ |cPuo I
5 3 :
E'\\ reu_flipetr ! .E\ rcu_flipetr !

I | I
AN 3 \ o] :
o | |new 5 \ i 5
u
F I P g .
5 (1 K [1] :
T s , 8 |
E "ald" I E == "new" I
:I : :I :
B H B H

D.61: Preemptible RCU Counter Flip Operation

A T A€ —A> grace period fif I S 450, AT RCU ] T —4~%F CPU
FIW5 76 2% reu_flipetr B4R ER R IEAEALFE ) RCU S2IG A X o Hod— AN 2 IR
IH) RCU 2l A IX, #eigulhii, XLLim A X IT45-T 24977 grace period ZHi. 4k
RTCERERESFT I RCU B2 AL X, e B ixX Leilin F X T 461 241 grace period
AR, B4l e E A TR E grace period A A (A, & D.61 TRk,

T EER A reu_flipetr[0] ERESHTIK RCU B2l S X, RIE H
rcu_read_lock() i34, JfHi rcu_read_unlock()idisk. 2L, rcu_flipctr[1] FREE
IH RCU #21f ZL X X e /1 reu_read_unlock() ik, I MANIHHE

i1 14— CPU KJIH reu_flipetr[1] Jos WAKIIN, EATHI AR 42551 0,
BARLE RCU B2l FEIX [l = A 40 5 2 S B EUEAE 0, 2 14,
i, R CPU _ERAT45H M reu_read_lock(), #46dy T, ‘& 75 S 4K CPU
EFITUE, ARGV reu_read_unlock(). B4 —A CPU HIHHECK A +1
IF HES A CPU HTHEUEN M -1 B2, EATRRULR K 0. ANE AT ™ AR 14
d CYIHTEEUE SRS O I, BiRT LA A 2T AN B, an BT
N o

1EE BB, B —A CPU 1 reu_flipetr THE0E 41 o 2 840 £ (4 . reu_flipetr[0]
THEEIAEERER T ) RCU B2im A X, #eryifit, FRERCE grace period it Bt 0 id 74
FOIFLAIIR X o SEALET, reu_flipetr[1] BAZEERER B RCU B A X, ©AIIT4
T grace period BBt 1. [k,  rcu_read_lock() i##4 rcu_flipctr[1], 1M
rcu_read_unlock() 3R MT . Frnlit), WIRAHM ] reu_read_lock()7E
grace-period [rB 0 JT4f, #4 rcu_read_unlock() 20 reu_flipetr[0], {H &
WIRAIN [ reu_read_lock() JT45T grace-period BB 1, A8 rcu_read_unlock()
DR reu_flipetr[1]
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KB — AE T BRERIH RCU B2 AHX K reu_flipetr JC3 26207 45 16 ) o
BRIk, —REAIRAE R 0, AL,

rcu_read_lock() JsiiE ¥ F 4 grace-period & RIGAL
(rcu_ctrlblk.completed & 0x1) >k} reu_flipetr gl k4T R 51, I HAEAT 45450
TOSRIXANZR G, NV reu_read_unlock() i FH /e SR A 136 Yol AH Y. F)
rcu_read_lock() 1%, 244X, 13 RCU I X 4 4 dr, reu_read lock() T HEAS
7] CPU 3%, AR89 N reu_read_lock() & 4= BT/ i) CPU %8,

KF—A> CPU 44 rcu_flip_flag #1 rcu_mb_flag %} CPU Az .
rcu_flip_flag 28 & F 1%} 4 —A> grace period [ Bt T 4631 T [R5 : — HL$R 5 CPU
ELZEm Y. T 1 reu_flip_flag, ‘& LA 6 reu_flip Fdlcs, 2o RKUALE
C 2 T 1H grace-period BBk .

rcu_mb_flag 2% & T304 —> CPU 7& grace period FfrBL &5 s i AT —A
PAE BRI o SX L6 P A7 7 Bt B T DR A0 —NRe 2 grace period BB 45 A1 RCU 13
SR, e AEDT P T B R . XA 7R — > RCU B SHIX
GRRIEE R IR — AN UF AL, ST STIE AT IX LA 57 55 1R I AT B it
rcu_mb_flag #6214 0 1) CPU ¥ & 4 rcu_mb_needed, {H /2455
rcu_mb_flag {SUAXHEAH ¥ CPU &1 24 reu_mb_done, Ut i% CPU AJ BEIE 444
177 — WA DR

D.4.2.2 HIEGEW

AR T T RCU 1) 3 22 50dm 2544, 1045 reu_ctrlblk, rcu_data, rcu_flipctr,
rcu_try flip_state, rcu_try flip_flag #1 rcu_mb_flag.

D.4.2.2.1 rcu_ctriblk

reu_ctrlblk Z5f &4 /1, A LRI grace-period AbER (181 (fliplock) , &F
4= J7) grace-period 114 (completed). Completed /% )5 —47 H T rcu_read_lock()
TEFERTWE— AT EdEA T 1 4
D.4.2.2.2 rcu_data

rcu_data &5t —AMBE CPU 45, 5 LU B

lock PR A gl b i HAh 2 B
completed H K [F]22 CPU Ja#B#/ERT reu_ctriblk A 4= /H 4%



AR IAT RS

waitlistcount ISR 4E IE X EREHN R EL. XA F- B reu_pending() FH R A
SEA CPU 27547 RCU HH G125 25 T B2 58 o

nextlist, nextail, waitlist, waittail, donelist, I donetail & ¥ RCU [a]if{f, x4t
[ 18 pR 501 7E 25 4 grace-period &5 3R S —MERE — N ERER, VPRSI RCU
[l an P st T 8l .

call_reu()

!

nextlist nexttail

waitlizt[o] waittail[o]

waitlist[1] waittail[1]

donelist donetail

reu_process callbacks()

D.62: Preemptible RCU Callback Flow

K D.62 it7s T RCU [l iy 75— 5E 1 reu_data 5F 51 5. A
call_rcu() "#6%, H2 rcu_process_callbacks()# HhAT. & — AN (b 7 Sk Ko
— K grace-period IRASHLT R IARM, X AR S I &5 TP g TRk

D.4.2.2.3 rcu_flipct

TE W TR I IREE, reu_flipetr 4 CPU 8B40 & — bl $ees, M
KERERA T8 RCU BRIG A X o X ANEAH P AFA e v H s vl e A 45K
filan, 49— MESAE RCU BLim A X kil # 21 Hofh CPU INfo (HUE, THEERI G
FIAEAH R grace-period H 1] 22 4f 22 24 #PR4F 1IE K, 1T HLAE grace-period 45 AU 2
B 0.
D.4.2.2.4 rcu_try flip_state

rcu_try flip_state 2% & i grace-period RSN MRS, BE K5
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Eitipa

D.4.2.2.5 rcu_try Flip_ flag

rcu_try_flip_flag %F CPU 2 & %5 AIAH N [¥) CPU, iX%E CPU [f] grace-period it
OGP, tidsk CPU N . — HAF 2 CPU L MNE T ey B L1,
i Ja 4L reu_read_lock #AE 26201128 1Y) grace-period THE#s .

D.4.2.2.6 rcu_mb flag

rcu_mb_flag %F CPU A& & AAHN ) CPU, & PAT — DN INAEHFR, X
SN T AL FE grace-period ARSHL. B tHICsE CPU N Z ., — HARE CPU B4
AT T B AE BB, BT ET 2 1) RCU BRI 5 DX 1R A5 A1 , K AH Y grace-period
Je T PARKD BT L o

D.4.2.3 Grace-Period JRAHNL
A5 grace-period ARASHLAFITMEDL, SR 5 & B AT .
D.4.2.3.1 Grace-Period JRASHIAEN

FINHPRA (£ reu_try_flip_state Fhic %) wlAEH LR FRME -

rcu_try flip_idle_state: 7% RCU grace-period i1}, grace-period state ik
AP IR A . reu_ctriblk.completed grace-period 1-%#s 7618 H IR A 5 i 18
FIi 4 % CPU reu_flip_flag 28B4 ¥ & 4 reu_flipped.

rcu_try_flip_waitack_state: 26£5f1f5 CPU W4, UUK/REMICEH BIN—
AR R IB 1, SAT1¥% & reu_flip_flag 2854 reu_flip_seen. — ELATf5 CPUs #B
CLE N, FRATTEANTE 0 VT 2 a8 AN i s 4

rcu_try_flip_waitzero_state: 5545 IHTHELELE AL N 0. — HIMEE B ATY
0, FTE%: CPU 4% rcu_mb_flag 28 &4 1% & &4 rcu_mb_needed.

rcu_try flip_waitmb_state: %5451 CPUs #UT—MWAEBERER 4, IXHE
114 rcu_mb_flag A8 FE 4 rcu_mb_done KERHAT T — AN WAEGERE . — H T
19 CPUs L& IXFEA T, T CPUs #RLRIIERENS & £ 4EAH .11 grace-period JF4A
JE B RCU I A X AT s e BAELE 557 pLas bt 2 k.



AR IAT RS

reu_try flip_idle_state Still no activity
(Mo BCU activiby) :'

Incrament grace-pariod counter

Request counter—flip acknowledge ment
¥

rcu try flig waitack state
iW ait for acknowledgements)

Momeory barricr

)

rcu try flip waltzero stabe
{Wait for RCU read-side

sritical sections 1 complete)

Fequest memory barriers

Y
reu try flip weaitmb state

et for memoaory barriers)

D.63: Preemptible RCU State Machine
grace period RISHLE WL X LG SRS Z WEEA, W FEFR.

L)
= &/_\_\
_Y_ Either counter might
completed++ be incremented hera
E| | cPu2ack
E ~— CPU 0 ack
—— CPU 1 ack
B3~ CPU3ack
[iH]
B
g
=3~ 7= Old counters zero
Bl T CPU3mb
2| T CPUOmD
=
-— CPU 2 mb
-4~ -7 CPU1 mb
Lk
2
_%‘ - = completed++
(03]
3 7

D.64: Preemptible RCU State Machine Timeline
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Kl D.64 R TIRESHEWAIZAT . XERS WoRE RN A, KM H
PF S R AR AL, INFIA) AL P 1n) TR KT M EAT o AR S TSRS, AT
FEYN PRI A K]

TR, A — SO ) AR VY 5 T

%I reu_ctriblk.completed T3 16 38 7] GEdk ARl CPU £EAN [F] IS [R] & 2],
HER O IR R R . H2&, £ e CPU D&M XM F G, B
R v Hes . IR, — ELBTAT CPUs CL&8-T T WA, [HIHH 2N g s

—MRESE CPU AN AE N 5 - Hi s 1 G T #% 20 e i) [n i i A

WA R s — NS WAEEHETT e S 2R CPU 71 A [R] I [R] & 21 1 4
BAF o IXEME R E CPU 1] L HAtL—L8 CPU CL& M FIBAT 1, 7EihEdsit
WA PR B ET, A B R S2Pr b, MREE EORUE, — AR CPU
Al RERLAE BN AR RE 2 1T, & 2 reu_ctriblk.completed [ F— AN, (4
BIXA)IE A AR R, R AR TN AR, TE S L)

H T reu_read_lock() AN A BERR,  AHAY ) RCU BE I X 7] GE4 CPU
HEZ reu_read_unlock()J5. Kk, 752 A7 BRI A R RCU BS2ifs A X R A E

IEWIATTE 2, AR CPU A REAEAFIN A 2] flip RS 38 1k, XA
SERERE — UCIRSHLUIEE ot —A grace period SRV EAIL 1K) : 55 22 IR EE

D.4.2.3.2 Grace-Period IR&WEE

1 void rcu_check_callbacks(int cpu, int user)

24

3 unsigned long flags;

4 struct rcu_data *rdp = RCU_DATA_CPU(cpu);
5

6 rcu_check_mb(cpu);

7 if (rcu_ctrlblk.completed == rdp->completed)

8 rcu_try flip();

9 spin_lock_irgsave(&rdp->lock, flags);

10 RCU_TRACE_RDP(rcupreempt_trace_check_callbacks, rdp);
11 rcu_advance_callbacks(rdp);

12 spin_unlock_irgrestore(&rdp->lock, flags);
13}

D.65: rcu_check_callbacks() Implementatio
A E A S RCU grace-period RASHLIKT C AR, BT TR B2 I e B il
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. 76 s o T8 A reu_check_callbacks(). XA &%k sz 8l &) D.65. 25 4
AT3AF 2411 CPU AHCH] reu_data 4544, 57 6 1TH 211X 4> CPU 2 7 Wb 2 AT —
ANWAEBERE, BRREHLAFH reu_try flip_waitmb_state JIR7&. 55 7 17K &% CPU
21T B4R RS 21T grace-period BirBr, WERE, WIZE 8 47 22 iCRORASHL ) Hir
o 859y 12 ATHRAFHREIN reu_data ()8, AR AT LA, JUIAEES 11 AT P al i ek
AT o AEIE IE CONFIG_RCU_TRACE F1 R UL T, & 10 1758 RCU
WIRGEHE B

1 static void rcu_check _mb(int cpu)

24

3 if (per_cpu(rcu_mb_flag, cpu) == rcu_mb_needed) {

4 smp_mb();

5 per_cpu(rcu_mb_flag, cpu) = rcu_mb_done;

6}

7}

D.66: rcu_check_mb() Implementation

rcu_check_mb() BREAE L EEIN AT AN AEBERR, 1 B8] D.66. 5 34TH:
AYHT CPU 2 A LEHAT —NWAEsERE, R, W 41T730TE, 517
BRI HE: XA AT E 2H reu_mb_flag 1 RCU K&

FIXA~ CPU Z HI 1) RCU B F- X 1 A ERAE
1 static void rcu_try flip(void)
24
3 unsigned long flags;
4
5 RCU_TRACE_ME(rcupreempt_trace_try flip_1);
6 if ('spin_trylock_irgsave(&rcu_ctriblk.fliplock, flags)) {
7 RCU_TRACE_ME(rcupreempt_trace_try flip_el);
8 return;
9}
10 switch (rcu_try flip_state) {
11 case rcu_try flip_idle_state:
12 if (rcu_try flip_idle())
13 rcu_try flip_state = rcu_try flip_waitack_state;
14 break;
15 case rcu_try_flip_waitack_state:
16 if (rcu_try flip_waitack())
17 rcu_try flip_state = rcu_try flip_waitzero_state;
18 break;
19 case rcu_try_flip_waitzero_state:
20 if (rcu_try_flip_waitzero())
21 rcu_try flip_state = rcu_try flip_waitmb_state;
22 break;
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23 case rcu_try_flip_waitmb_state:

24 if (reu_try_flip_waitmb())

25 rcu_try flip_state = rcu_try flip_idle_state;

26}

27 spin_unlock_irgrestore(&rcu_ctrlblk.fliplock, flags);
28}

D.67: rcu_try_flipQ Implementation

rcu_try flip() BRECSZILTNZ ) RCU grace-period IRASHL, Wik D.67 Fizr.

% 6 AT 4 RCU IR, dn RAEZ MR AT 28 5. 7 4749 RCU
RS (B2 E CONFIG_RCU_TRACE I JFHITEIL F). 2 10- 26 17 ATHR
AP FEAREWA —ArE 8 WERTRZEFH IR, & ek iz 0],
AARE 00 BRI E, NSRS AL B PAT, (HORfEScEr, RATERSFEA
R, ARRARREIR o 3, 26 27 ATREI 4 RCUCIRASHLEN, ‘e 415 6 173k 15

1 static int rcu_try flip_idle(void)

24

3intcpu;

4

5 RCU_TRACE_ME(rcupreempt_trace_try flip_il);

6 if ('rcu_pending(smp_processor_id())) {

7 RCU_TRACE_ME(rcupreempt_trace_try flip_iel);

8 return O;

9}

10 RCU_TRACE_ME(rcupreempt_trace_try flip_gl);

11 rcu_ctriblk.completed++;

12 smp_mb();

13 for_each_cpu_mask(cpu, rcu_cpu_online_map)

14 per_cpu(rcu_flip_flag, cpu) = rcu_flipped;

15 return 1;

16 }

D.68: rcu_try_flip_idle() Implementation

1 RCU grace-period ARANLIE ZARERS, reu_try_flip_idle() p&ZEH: I H
R Y A B2, & 54T A 3 grace-period. & HACHS 414 D.68 iz, 5 6 4T
R A2 7574 54 RCU grace-period {45 /EAx CPU _FgleHEile, Ay, WAL 8
ITIRH, S URTIZIRENILR LA T 0 RS . I R 55 T EEA0 B, 28 11 4T3
14 grace-period BrBcitE, B 23 ATHAT - ADNWAEDERR, DA ORAE R 27
N, SEEZPHRTH . 5 13, 14 AT E T e 4k CPUs [ reu_flip_flag. %),
% 15 H AT EIRASHIRPIRASHED 2 — AR

1 static int rcu_try_flip_waitack(void)

2{
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3intcpu;

4

5 RCU_TRACE_ME(rcupreempt_trace_try flip_al);
6 for_each_cpu_mask(cpu, rcu_cpu_online_map)

7 if (per_cpu(rcu_flip_flag, cpu) '=rcu_flip_seen) {

8 RCU_TRACE_ME(rcupreempt_trace_try flip_ael);
9 return 0;

10}

11 smp_mb();

12 RCU_TRACE_ME(rcupreempt_trace_try flip_a2);
13 return 1;

141}

D.69: rcu_try_flip_waitack() Implementation

rcu_try flip_waitack() BREEET R, KEEZL CPU R ELNE T flip
% (AKA "increment”, but called "flip" because the bottom bit, which
rcu_read_lock() uses to index the rcu_flipctr array, does flip). WHRCLNET, &
B AT RS HLERE R N — SRS

56 AT TG 464k CPUs, 55 7 474 & 41T CPU & 15 & N
—A flip tH8. Wk A, 5 9 AT A= grace-period ARAHLLKZE CR+F 4 HiIR
Ao W, WRPrAE{EZ CPUs TN T, WIEE 11 4T7HUT MW AEDERE, LA
iR I e — CPU AT, FRATA LKA 0. IXEFE KA RA%E, {Hit CPUs
WA IR S MR T PR S . I a, 2 1347 A1THJ= grace-period R
A2 2T AR

1 static int rcu_try flip_waitzero(void)

24

3intcpu;

4 int lastidx = !(rcu_ctrlblk.completed & 0x1);
5intsum=0;

6

7 RCU_TRACE_ME(rcupreempt_trace_try flip_z1);
8 for_each_possible_cpu(cpu)

9 sum += per_cpu(rcu_flipctr, cpu)[lastidx];

10 if (sum 1= 0) {

11 RCU_TRACE_ME(rcupreempt_trace_try flip_zel);
12 return O;

13}

14 smp_mb();

15 for_each_cpu_mask(cpu, rcu_cpu_online_map)

16 per_cpu(rcu_mb_flag, cpu) = rcu_mb_needed:;

17 RCU_TRACE_ME(rcupreempt_trace_try flip_z2);
18 return 1;
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19}
D.70: rcu_try flip_waitzero() Implementation

rcu_try_flip_waitzero() e3P D.70 i, K dfiTfs C&A74E ) RCU i1k

AXRMT LTSRN, R, WA FPRASTL W ATEEFORAS . %6 8. 94T 1A
MR, 55 10 /TR A 4h FR 0 0, WHRAE, 5 12 /75 ARASHUR B R
KEPIRA . W, 25 14 AT HAT DI AFEBRRR, LAAERA CPU & /E LB T 1Y
RCU i im At X 2 HiF 2 e 2L 45 R . IR EARWAT mT5E, {H2& CPUs #%¢
THE ORI 25 15 . 16 AT EPTA{EL CPUs [ rcu_mb_flag 42 #, 5 18
’/ﬂtlﬂil:%H’{j(;ujﬂ/lﬂ"{j(;uj;&ﬁiu—lré/\’{k N o

1 static int rcu_try flip_waitmb(void)

24

3intcpu;

4

5 RCU_TRACE_ME(rcupreempt_trace_try flip_m1l);

6 for_each_cpu_mask(cpu, rcu_cpu_online_map)

7 if (per_cpu(rcu_mb_flag, cpu) '=rcu_mb_done) {

8 RCU_TRACE_ME(rcupreempt_trace_try flip_mel);

9 return O;

10}

11 smp_mb();

12 RCU_TRACE_ME(rcupreempt_trace_try flip_mz2);

13 return 1;

14}

D.71: rcu_try_flip_waitmb() Implementation

rcu_try_flip_waitmb() #%iK D.71 FioR, bi"‘ﬁfﬁﬁféf CPU E 5 L&k
ITT WEM N AR, W, WS RPRSNL A, 2 6. 71T &R —4
fELk CPU 25 AT T LB WA bR, WREA, 5 9175 AIRENIAE
I ETAERE . 0, WERPTA CPU C&PUT — NN SRR, 5 11 ATHAT AN AE
BEbs, 35 13 47 AR HL R AT HERE .

1 static void __rcu_advance_callbacks(struct rcu_data *rdp)
2{

3intcpu;

4inti;

5intwlc =0;

6

7 if (rdp->completed != rcu_ctrlblk.completed) {

8 if (rdp->waitlistf GP_STAGES - 1] !'= NULL) {

9 *rdp->donetail = rdp->waitlistf GP_STAGES - 1];

10 rdp->donetail = rdp->waittail[GP_STAGES - 1];
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11 RCU_TRACE_RDP(rcupreempt_trace_move2done, rdp);
12}

13 for (i = GP_STAGES - 2; i >= 0; i--) {

14 if (rdp->waitlist[i] '= NULL) {

15 rdp->waitlist[i + 1] = rdp->waitlist[i];

16 rdp->waittail[i + 1] = rdp->waittail[i];

17 wic++;

18 }else {

19 rdp->waitlist[i + 1] = NULL,;

20 rdp->waittail[i + 1] =

21 &rdp->waitlist[i + 1];

22}

23}

24 if (rdp->nextlist I= NULL) {

25 rdp->waitlist[0] = rdp->nextlist;

26 rdp->waittail[0] = rdp->nexttail;

27 wilc++;

28 rdp->nextlist = NULL;

29 rdp->nexttail = &rdp->nextlist;

30 RCU_TRACE_RDP(rcupreempt_trace_move2wait, rdp);
31}else{

32 rdp->waitlist[0] = NULL;

33 rdp->waittail[0] = &rdp->waitlist[0];

34}

35 rdp->waitlistcount = wic;

36 rdp->completed = rcu_ctrlblk.completed,;
37}

38 cpu = raw_smp_processor_id();

39 if (per_cpu(rcu_flip_flag, cpu) == rcu_flipped) {
40 smp_mb();

41 per_cpu(rcu_flip_flag, cpu) = rcu_flip_seen;
42 smp_mb();

43}

443}

D.72: __rcu_advance_callbacks() Implementation
__rcu_advance_callbacks() sR¥uniE D.72 Frows, HESERI RS, FEXT flip
TR ATV . 55 7 4TH A 42 R reu_ctriblk.completed 1% %% A 24/ CPU ik
VAR AL LK, 7 O A, (ol R oA 75 224k (5 8-37 17).
0], 28 8 - 37 ATHERE NI e BUHER (7 wic AR rh 4Edh 1 AR R HR) . HL
& BN, 5 38-43 AT ZEIN N flip 714K

B R D.58: 4% 3-37 AT HATI, 45 38-43 AT & U AT 112
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D.4.2.4 iR JRiE

AT fERE reu_read_lock() A1 rcu_read unlock() J5iiE, B 5 isHiSIix AN SZEL a0
A b3 P A R 05 A A 7 A B B IX AN 5L

D.4.2.4.1 rcu_read_lock()

1 void _ rcu_read_lock(void)

24

3intidx;

4 struct task_struct *t = current;

5 int nesting;

6

7 nesting = ACCESS_ONCE(t->rcu_read_lock nesting);
8 if (nesting = 0) {

9 t->rcu_read_lock nesting = nesting + 1;

10 }else {

11 unsigned long flags;

12

13 local_irq_save(flags);

14 idx = ACCESS_ONCE(rcu_ctrlblk.completed) & 0x1;
15 ACCESS_ONCE(__get_cpu_var(rcu_flipctr)[idx])++;
16 ACCESS_ONCE(t->rcu_read_lock_nesting) = nesting + 1;
17 ACCESS_ONCE(t->rcu_flipctr_idx) = idx;

18 local_irq_restore(flags);

19}

20}

D.73: __rcu_read_lock() Implementation

rcu_read_lock()JSEBLUIE] D.73 Fion. 55 7 473RAHT45 1 RCU 21l S Xk
B W EE 84T R ILIXANTHEUE N AR 0, FRATT V& AE 73 #h—4> reu_read_lock()
ORGP, XMEOLS, 55 9 AT TR B I B XA T

HIE, WX EHRANER) reu_read_lock(), 84T HEAMME 2 Hts . 46 13,
18 AT AR 1 H M A B, DA ORAH DA BEANBE 46 7, AR 2 B B e e T 1
(45847 grace period IRA&HL). 5 14 173K15 grace period 1%k, 45 15 {1 A
CPU HYmivh4, &% 16 /Teb i kst 4, 28 17 ATl R IR S = 51, XFf
rcu_read_unlock() RT A3 sAH N A THEL

ACCESS_ONCE() “ #ilZ PE44 UV i) A2 . BARIX A 2xBis 1k CPU HEHE
PAF T 5 AEUR B ARAS CPU 1 f) NMI AT SMIFR I AR B J ] LA IS ) o
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T ) E L)

FEXT idx WA IS /b ACCESS_ONCE() , 4n i hEmS: (a) ZBR RikAr & idx
(b) 528 14 47 BI85 g 30 SR 16 G- A B4, X reu_ctrlblk.completed ()5
K 2 TF ISR S AP EAE o W RAESEIAM],  reu_ctriblk.completed L4484k,
KA reu_flipetr AOE

WIS reu_read_lock_nesting IR (3 17 47) #EFEHEAEXT reu_flipetr 1)
B (55 16 A7)0, I H NMIAEX AN FAF 2 )R, 8 AAE NMI AR pR 20 1)
rcu_read_lock K55 FIIA A e B4 7E reu_read_lock()FIARY R T .

WX reu_read_lock_nesting [RRAEL(ES 17 4T) #EEHEZIXS reu_flipctr_idx
ME G (5 1817), JFHAERXWAFAEZ I KA NML, B4 7 NMI ]
rcu_read_lock() A reu_flipetr_idx, #JAESEAH MK reu_read_unlock() ¥
RSV BUE - 4K 17 S 20 511 45 R grace period, AN 5E IR #E IR —> grace period,
A ] REIR] N R A

ANEFRf 25T nesting (RIIBLE (] ACCESS_ONCE & 50540, AN
smp_read_barrier_depends() (58 15 17)/& 5 2 21 : W INE LU IR & 14 index 5
J AT 2 F 7 1) o

55 134T HIZE 19 477 K P W oG HA 1) Js R G

R — CPU %% rcu_ctrlblk.completed (58 14 17), #RJG 58 — 4> CPU i# 1Y
XAME, SRIGH— CPU AT AL BT 2 —A> CPU ¥ & IL'E 75 B
& flip th4 JF BRI FRfl . IR N B0 A i S i 1 T - s, (R XA
CPU R IR AN o AR )L, 3XAY CPU AJ BEAE AU JEE IS e Bk [ i 37
RPARAE y s DRl e 20 XA T B0 PR 326 B R A B i AT — I 2 R A o AT — s
WKL grace-period A iIAR# I FLAES K .

AR KA AT — N PR RO AR A . W XA AR SR
rcu_ctrlblk.completed (3£ 14 17) A3 rcu_flipetr (55 16 17) 2 B840 &, © Al RE
WAL # 2 HAth CPU. XK FBERIR T RIS TH . XA CPU RS EFAT
rcu_read_lock() m# rcu_read_unlock(), Horb—/Nish M Ek g s ok 5ok, X Al
5 grace-period Ao AR PR ELAL K . £F RISC AL8% b, R4 by ke Az i Bk Fi v
FHIF s R T Re R 2E (FESRIUEE )5, AHEAEAAAE TH U EUE D) -

FERS 16 A7 AR A, JF HAe 5/ T8 247 CPU 9 reu_flipetr $414%
DB e 2 ), e SECRLI R, HAl CPU B s b ik il GE4t £
%o

ANEE L AT REAE G T RCU ZRIMG, 5B RCU 45t
rcu_read_lock_nesting LAfffisE — MESS A A lHEAE T4 RCU B A X H . 14
n, —MESAEIBRE reu_flipetr f5, 7E 58T reu_read_lock_nesting By A2 A4EFG by, H8
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A B AEIR RCU grace periods.
R, B Ja =N P AT DUIE I A L AN DG R AR P, (R TG W
S AN D DAL 5 A b

D.4.2.4.2 rcu_read_unlock()

1 void _ rcu_read_unlock(void)

24

3intidx;

4 struct task_struct *t = current;

5 int nesting;

6

7 nesting = ACCESS_ONCE(t->rcu_read_lock nesting);
8 if (nesting > 1) {

9 t->rcu_read_lock nesting = nesting - 1;

10 }else {

11 unsigned long flags;

12

13 local_irq_save(flags);

14 idx = ACCESS_ONCE(t->rcu_flipctr_idx);

15 ACCESS_ONCE(t->rcu_read_lock_nesting) = nesting - 1;
16 ACCESS_ONCE(__get_cpu_var(rcu_flipctr)[idx])--;
17 local_irqg_restore(flags);

18}

19}

D.74: _ rcu_read_unlock() Implementation

rcu_read_unlock() HIZELUNE D.74. 5 7 173843 rcu_read_lock_nesting I
B, 8 ATR T R AE—MRE reu_read_lock() R4z . WISE, 94T
PR R T

B2, % rcu_read_lock(), FATAEIABAE N 75 2M0E 2 )it . 28 13,
17 4725 1E 350 A2 i, ARG 1EAE reu_read_unlock iR e ] grace-period R &AL
INF, P2 A R EE e b o 25 14 473R75 reu_flipetr_idx, ‘&4 AN ) reu_read_lock()
{RA7, 2 15 17 9% rcu_read_lock_nesting, IXAFJSHITIHKIAT NMI/SMI Ab3 p5
HOK 5B reu_flipetr, 25 16 A7 gk h 2 (LA S5 AH P reu_read_lock ()3 FH AH [F] 1)
R IBATIER R, [HE AT BEAEAIRIR) CPU L),

5 reu_read_lock() i) 5t [RIAHTR], ACCESS_ONCE() % VAR a1 b & b
TR

)& D.59: Wik rcu_read_unlock()H {7 ACCESS_ONCE() AT 4 1% &3
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B JE 25 A4 i) 2

o) g D.60: 4% rcu_read_unlock()H {17 ACCESS_ONCE()I4T# cpu
B JE 25 A4 i) 2

Quick Quiz D.61: w7 rcu_read_unlock() H A WA # < 1K R BA T

A fE L

D.4.2.4.3 WAFBFETT K% &

[¥] D.75: Preemptible RCU with Read-Side Memory Barriers

TR IX A JSUEAE S WA bERE, BRIt BLIE CPU fEAT
rcu_read_lock()Z {85 EHAT reu_read_unlock():2 J5 AT I S X ARHS
rcu_try_flip_waitmb_state ) H ¥&20 T ORI BERIEL . (RN AE—A grace
period FFURELAE S5 . I T AT AXAIERA T, H%EE D75, ©
JEIRTERF—A RCU JFUG NS5 A (1 1 7 B B — AN P AE DE B IX AR S8 1) 5 K T FE
[MSMBO6].
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D.76: Preemptible RCU with Grace-Period Memory Barriers
"MB" s WATBERE, JF HAXOGL St BRI BRRE A &2, Mt il, 16—
AMEEE CPU |, f—A grace period 128 — Ml G — AN Bk A 420 . Ak
Al RCU SEHLK W A7 B 5 grace period AH2CEE, #1& D.76 Fior.
LINUX kA BLEESE—AN grace period $44T 1 74 RCU Ik A X, J5—
T 5925 P LA B30 T )1 4 s IS Th) 5 300 3 R P A B2 DX P A e
43 WEF|—AN grace period .

D.4.3 3§uFA[i6 5 RCU

D.4.3.1 K

A RCU $73400 MI7E 997111 POWER4 fl POWERS CPUs L1 Jf]
rcutorture =47 T 24 /N, JF HRAER. 498K, A IMESRIE B IX AN
SR B2, XU ZEA S X AL R 218, B4 T4 RCU 111 BUG
IR I R AR DR AT 75 25 22 (W 30 IE

XA T LR HERUE I 0 715, A0 FATh A .

D.4.3.2 FEFIGUF

T rcu_read_lock() F1 rcu_read_unlock() #8405 N AEGRRE, Rk RCU
VLI FHX RS AL E T REELIY o 1f) HL, ARXT5EFAT RCU SEBALVF CPU 75—
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grace period JF4f 45 WAL AE—BHEIA — 30 XAk — AN —AMEEE
RCU 115 7 X T GEW5 AH < 1) grace-period RASHLIZEK £ A ?

[¥] D.77: Preemptible RCU Worst-Case Scenario

BN N D77 Bis. fEiE, CPU O 04T R al B4 1R 5 [nl et

I CPU 1 HAT R AT RER LI S X ot TAANAE N2 flip v HT, (R BA S
WA, da, CPU O 7B F Ik .2 flip tHEHTHAT list_del_rcu() Al

call_rcu().call_rcu() ¥l 3 CPU 0 [ F—AMg13k, ek N~ — MR
SRl 2] wait[0] 513, XANEERAE CPU O [ F— flip tH5 88 5 28—~
FEI e b B Sl (N wait[0] ZIRAE 3 wait[1] F1%). ALK, KR
flip THEER AR % 3 J5 38—V BB B b A wait[1] 2136 F8 8 2 58 A K
Bt JE, Rk S BB

[, CPU 1 $AT—A RCU BEIF X . ikFAME % reu_read_lock() 75—
A flip VM2 JE (L A EEN 1), IXFF reu_read_lock() 634 CPU 1
reu_flipetr[1] 1%, & H T reu_read_lock() AN &AM N FEGER, i AL X )
WA RERE CPU 42 RTHAT . HZ, XM PUTEREARER: CPU 1 a5 — A
WAL B 2 BTHAT . BTN . AR, X T, rcu_dereference() mJfgsk
54—/ CPU 0 (1 list_del_rcu()MHER 135 H .

H T rcu_read_lock() 3% index-1 +1%#s, AN rcu_read_unlock() w4Z07E
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BRI "IHE A 0" FAEZ AT . 542, T reu_read_unlock() 75

—ANWAEBERE, AR RCU B2 A X I 2 (RTReA & — M4 CPU O BRI H

M5 H) TRk CPU 1 BHJEHUUT . H2, BARETE CPU LI F— N WAESREZ

JEAT, W 7R . B CPU 1 a5 51 CPU 0 s L[l , g K 7 ik

grace-period RSN LI B —AN 58 2411 grace period, R R T A A0 2 22 4= 11 -
#define GP_STAGES 2

IB]RE D.62: {E%7E rcu_read_lock() 2 (- v Wi VE Bl B e A 28 1130
% GP_STAGES 114 semi?

B]f D.63: 44 rcu_dereference() ASHELE N AEBEFE 2 Fi 2

D.4.3.3 FHERWKIF

REXA LT AL+ F ), HR R BT 2 1 T — A 5Ek
XA UE R T AR B SRl

IB]RR D.64: G4 HAEm 7 k3 B"CPU 0 1 B H.7E CPUL 15—
WA BEBR 2 I 3] CPUL By 12
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E. oz U3GuE

HATEZET RS, E2fE T WAER 2 VNER), [HEEFIEAE.
B P sa g A R AR LZE T REAR /N o IERR IR A2 2 L.

A — A TR B P e 4 52 B R A I — S8R TR O &7 1L,
40, Promela 15 FI'E M4m i ay Spin, WEARTHHIIA. E.1 142 4E T Promela
A Spin (AR EAN4. E2 W5JE7R T Promela Al Spin (1, LA E—ANEE T
3 14 1) 55 o] E.3 158 F Promela A1 Spin ZoE— N 2RALLH JR 13 B4 7 491
E.4 545 H T4 H Promela F1 Spin [ 2i/r28. E.5 JiJ&7s T —1 spinlock [1)
Promela #i%!, E.6 75N ] Promela Al spin %iF—AN& #.¢ RCU sK8l. E.7
% | Promela %:3F— A 46 &7 RCU HiT dyntick-idle 22 i) 157 4 544, E.8 it
T AATREERGUEM R R . &a, B9 g T Bl TR
UEFFAT S

E1 {47 Promela f! Spin?

Promela & —Fh it >R Bh Ik il s 5, (2R T30k M F47
k. IBHZRALT C S Promela SKRE B 5 5H3%, FFAHATIEMMERIE. R )5
{5 FH Spin St Hoe 4 ok i) LA PEIa AT (1) CREIF « s A AR P R AEAN LIRS

ARSI 2 S AR R IR, HE e — X8 W R 1 R K= 2,
BH S Promela SEELAS LD, WAERT RESS AN o 10 H., BTG 78 2 I N A
PR M SR Z KINAE . B, 1R EIRE 2 H 2N FFAT R A A X
ANTHE BRENR & AP SN EE CEAR U LINUX JiZ) ¥
A HRERE o

Promela F1 Spin wJ LAk http:/spinroot.com/spin/whatispin.html T 2%,

AR R S] Gerard Holzmann 3¢ [Hol03] Promela #1 Spin J5[fi
A EE IR, AT LGS R R R AT AR L R

http://www.spinroot.com/spin/Man/index.html.

AP T A T am ] Promela KR AT B, 56T 45 1 FF 45,
INJE IR o
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E.2 Promela 7~fl: 35+ 1Y

1 #define NUMPROCS 2

2

3 byte counter = 0;

4 byte progressiINUMPROCS];
5

6 proctype incrementer(byte me)
7{

8 int temp;

9

10 temp = counter,;

11 counter = temp + 1;

12 progress[me] = 1;

13}

14

15init {

16inti=0;

17 intsum =0;

18

19 atomic {

20i=0;

21 do

22 :: i <NUMPROCS ->

23 progress[i] = 0;

24 run incrementer (i);

25 i++

26 :: i >= NUMPROCS -> break
27 od;

28}

29 atomic {

30i=0;

31 sum =0;

32do

33::i<NUMPROCS ->

34 sum = sum + progress][i];

35 i++

36 :: i >= NUMPROCS -> break
37 od;

38 assert(sum < NUMPROCS || counter == NUMPROCS)
39}

40}

E.1: Promela Code for Non-Atomic Increment
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Kl E.1 @R T BRHS BRI = AR s e 4 e . S LT L T is
AT IR B (B TR e e A SRS I ROR), 55 3 4708 X T 4
5 AATH T SEILES 29-39 AT W

5 6-13 4708 X— AN, HERARI T HERE I T3S . S50 me L3RRS
T, B B . TR Promela 1B AJEB BN IR T, Fodi 1020
W SEACAS o A 10-11 AT 28 12 AT IIE e AR B FE . BT Spin R4E
S RIARE D), W ETTREMPIRESIUT, & A7 B F AL e R

85 15-40 AT WIEAWARIE P, EHR AT . B 19-28 AT SEBR AT HI TR AL,
M5 29-39 ATHATII S« EANIHE IR 73, DLk s AN ZE R MRS s il PAA
TS ERT K.

5 21-27 471 do-od &5 MySEZIL T —> Promela fE¥F, AT LLAKE & —AM
& switch i A) 1 C for (;;) TR 4F (AT ) HA—w S 5 22-25
AT do-od SATAAALIL I FLIT, BATIHN AL, G AR R, B 26 1T
AN do-od HAEAT-55 ) 801 Ja iR R .

55 29-39 AT M PR AL B — AN R do-od AEHR, & VST BUE 1K SR
55 38 4T assert() RIS ITA WIS RO AL ER T .

f&n] LW (W 7 RIs AT RE T -

spin -a increment.spin # Translate the model to C
cc -DSAFETY -0 pan pan.c # Compile the model
Jpan # Run the model

pan: assertion violated ((sum<2)||(counter==2)) (at depth 20)
pan: wrote increment.spin.trail

(Spin Version 4.2.5 -- 2 April 2005)

Warning: Search not completed

+ Partial Order Reduction

Full statespace search for:

never claim - (none specified)

assertion violations +

cycle checks - (disabled by -DSAFETY)

invalid end states +

State-vector 40 byte, depth reached 22, errors: 1
45 states, stored

13 states, matched

58 transitions (= stored+matched)

51 atomic steps

hash conflicts: 0 (resolved)
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2.622 memory usage (Mbyte)
E.2: Non-Atomic Increment spin Output
¥R B2 B BB AT E R RATM S HOE R T BB AT HIER

R SR W S R A i S . T Warning” 47 H FIZESRATAORER, IR ARG A
AT BB T BANIRAS R B RS K ES . MU

/\‘/'v‘

45 FieikE&s . wa AT Bon TAER M N AT
T iy 2K BRI S AR g mT s A X

spin -t -p increment.spin

Starting :init: with pid 0

1: proc 0 (:init:) line 20 "increment.spin”
2: proc 0 (:init:) line 22 "increment.spin”
2: proc 0 (:init:) line 23 "increment.spin”
Starting incrementer with pid 1

3: proc 0 (:init:) line 24 "increment.spin”
3: proc 0 (:init:) line 25 "increment.spin”
4: proc 0 (Ginit:) line 22 "increment.spin”
4: proc 0 (:init:) line 23 "increment.spin”
Starting incrementer with pid 2

5: proc 0 (:init:) line 24 "increment.spin”
5: proc 0 (:init:) line 25 "increment.spin”
6: proc 0 (:init:) line 26 "increment.spin”
7: proc 0 (:init:) line 21 "increment.spin”

(state 1) [i = 0]

(state 2) [((i<2))]
(state 3) [progress[i] = 0]

(state 4) [(run incrementer(i))]
(state 5) [i = (i+1)]

(state 2) [((i<2))]

(state 3) [progress[i] = 0]

(state 4) [(run incrementer(i))]
(state 5) [i = (i+1)]

(state 6) [((i>=2))]

(state 10) [break]

8: proc 2 (incrementer) line 10 "increment.spin” (state 1) [temp = counter]
9: proc 1 (incrementer) line 10 "increment.spin” (state 1) [temp = counter]

10:
11:
12:
13:
14:
15:
16:
16:
17:
17:
17:
18:
18:
18:
19:
20:

proc 2 terminates

proc 1 terminates

proc 0 (Ginit:) line 30 "
proc 0 (Ginit:) line 31"
proc 0 (Ginit:) line 33 "
proc 0 (Ginit:) line 34 ™
proc 0 (Ginit:) line 35"
proc 0 (Ginit:) line 33 "
proc 0 (Ginit:) line 34 ™
proc O (Ginit:) line 35"
proc 0 (:init:) line 36 "
proc 0 (Ginit:) line 32 "

increment.spin”
increment.spin”
increment.spin”
increment.spin”
increment.spin”
increment.spin”
increment.spin”
increment.spin”
increment.spin”
increment.spin”

proc 2 (incrementer) line 11 "increment.spin™ (state 2) [counter = (temp+1)]
proc 2 (incrementer) line 12 "increment.spin” (state 3) [progress[me] =

1]

proc 1 (incrementer) line 11 "increment.spin™ (state 2) [counter = (temp+1)]
proc 1 (incrementer) line 12 "increment.spin™ (state 3) [progress[me] = 1]

(state 12) [i=0]

(state 13) [sum = 0]

(state 14) [((i<2))]

(state 15) [sum = (sum+progress[i])]
(state 16) [i = (i+1)]

(state 14) [((i<2))]

(state 15) [sum = (sum+progress[i])]
(state 16) [i = (i+1)]

(state 17) [((i>=2))]

(state 21) [break]

spin: line 38 "increment.spin®, Error: assertion violated
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spin: text of failed assertion: assert(((sum<2)||(counter==2)))

21: proc 0 (Cinit:) line 38 "increment.spin" (state 22) [assert(((sum<2)||(counter==2)))]
spin: trail ends after 21 steps

#processes: 1

counter =1

progress[0] = 1

progress[1] =1

21: proc 0 (Cinit:) line 40 "increment.spin” (state 24) <valid end state>

3 processes created

E.3: Non-Atomic Increment Error Trail

E.3 Promela 7~ffl: JR i

1 proctype incrementer(byte me)
24

3 int temp;

4

5 atomic {

6 temp = counter;

7 counter = temp + 1;

8}

9 progress[me] = 1;

10}

| E.4: Promela Code for Atomic Increment

(Spin Version 4.2.5 -- 2 April 2005)

+ Partial Order Reduction

Full statespace search for:

never claim - (none specified)

assertion violations +

cycle checks - (disabled by -DSAFETY)

invalid end states +

State-vector 40 byte, depth reached 20,
errors: 0

52 states, stored

21 states, matched

73 transitions (= stored+matched)

66 atomic steps

hash conflicts: 0 (resolved)
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2.622 memory usage (Mbyte)
unreached in proctype incrementer
(0 of 5 states)

unreached in proctype :init:

(0 of 24 states)

E.5: Atomic Increment spin Output
FILASR ISR, ] S PR 326 184 o 8080380 Dt 7 o o ] DT SR KK R AT
Hi counter = counter + 1, [KI2% Promela iBA) &5 7. WAL, #REH)
TR BRI o dn L&

E3.1 AS

7 E.1: Memory Usage of Increment

Model
# # mega
incrementers | states bytes
1 11 2.6
2 52 2.6
3 372 2.6
3,49
4 2.7
6
40,2
5 5.0
21
545,
6 40.5
720
8,52
7 652.7
1,450

X EL Won TAREEE DA AEGR IS FO8 @ X NUMPROCS):

SEATA B E BRI A AT, EUR 652MB 2B [ 5 & 2 i A
bR A B
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R IXAM 1, BATTEERAL AT 24 fir 2ok 70 B Promela B4, 2 FOREFEE
ZIEABI

E4 Wa[ffH] Promela

Y558 — NI SCHE greu.spin, BT BAAE T T A4

spin -a greu.spin GJEE—A3CE panc , ZSCHERITEIRSHL.

cc -DSAFETY -0 pan pan.c Zi A i PIRASHL. iR H W=,
-DSAFETY A A g R . WA R et fr, WA ZiAl F-DSAFETY i
ITH 1

-DSAFETY LAl & R K P i, PRI 21 B A F B I, R 24 A
—MAGEAE-DSAFETY (145 172l ik DMP A& 2135 4 o

Jpan ELIEMHRZARES S RIS/ NRPRESNL, RESHEB T RER] LT
A PIFE AN KNAEILES . B, A 3N EE M 2 N E# I greu.spin
T4 2.7GB WAF.

WAL A CRGH L ENAE, Hide— D HEEAT top, 25— AN H
1247 Jpan . Ky Jpan i, IXAERTPAPLE R EE

ABUSREU, R R AT AL B T AR B

AR SRR AL S A, W 2EE R -f i 4TS 8T weak fairess'.

spin -t -p greu.spin ZERGERER SO, i e AR RIR D, g RS e R
AR, -1 R R A S 1 AR

E.4.1 Promela ¢k

BRI THE N 5 AOE AL, (22 Promela /3R 454 C, C++, 8L
Java R AATT7H7 R — LE P 75

7E CHp, " SR — 45 f] . 7F Promela 1, ‘B IE AT 20 B . SEIS A,
I (1) Spin FAS EL AR5 L EL AR B AR T

Promela [AJfi ¥4, do iff). do i FJZRALT if-then-else AR,

& C 1 switch 15, WA BA VLTS oL, FEANME R4 2 0% . 71 Promela
H, WA IERE I RIA S, BRI — AN PR, RS D R R E S
RESAT, KL AAE if 5K do AR IR T AN SAES

HAE C A — N Ay, T s AT LR AR ERE. /E Promela
W, T EEAT N, RN Promela S R I ATRERI 45 R . A7
T HAE Promela TR ERAE, B0, WURTER AT ZARAE, XS
IR (R A
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(5 C ot SRR AR EORIEE 2 I e R 7
Promela 1, {EFRV SO ARG G i Z0B GRLEIRE ), PG A4 S HORA %
R A . I EER B, 7 Promela 1, A FHl— Ao BR R SRS B 1t
4 W

76 C P MRARRAT Y, G A MG R . XS T,
PRI A K A S AT T o 6 Promela o, (U7 77 FLALTT e 7 it
A MR . B A, B8 A 5 (LS L, &R MT
e, XA G 32 MIRA . AR, MR AT 6 AR, R
BHOAED T 5 (. 5 FRAA R I, (S B AL BT 150M R
A2 X% 10GB 17

ik S C AL Promela [IBESEIIRACT T, Shr—AMEAGE AL
assert.

75 Promela 1, AMMIVAZ SR I, SRR A AR TS o 45— Ak
PR 45 B/ K BTSSR 48 & SBOR A b 50710 sqrt A4 % . il
100 Ji MRS LA KA BT ARZSH . RO Promela JFEE TTHE, ff
PRI A7 T /b, PN N BT A T 5 T4k A

E.4.2 Promela 4wt T4

Promela # i it HI T2t HIK, DR M T IFAT g FEA AR SF o BU R A%
Wl U Bh e A e .

WAFELIP . BT iR, e RAE x. y iR/ R rl. r2
o XA AR T T I CRATBEERYD, LA R U7k

1if
2:1->r1=x;
3 2=y
4::1->r2=y,
5 rl=x

6 fi

P F 73 SORAREVERT . UG EATIFR R T I DRy s 2R A3 1)
T e A i T A IS
MR, 2RI S BRSSP . 54, XL ETR
F P RERIELE L o
1i=0;
2sum=0;
3do
4:i<N_QRCU_READERS ->
5 sum = sum + (readerstart[i] == 1 &&
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6 readerprogress[i] == 1);

7i++

8:i>= N_QRCU_READERS ->
9 assert(sum == 0);

10 break

11 od

E.6: Complex Promela Assertion

1 atomic {

2i=0;

3sum=0;

4 do
5:i<N_QRCU_READERS ->
6 sum = sum + (readerstart[i] == 1 &&
7 readerprogress[i] == 1);

8i++

9:i>= N_QRCU_READERS ->
10 assert(sum == 0);

11 break

12

E.7: Atomic Block for Complex Promela Assertion

ISR . R ERNW S, 1 atomic KIME. &5, EMIAEH
(35 Horp—AM 1 E K

BB HAER WS, RS SEbr EAREIRR 5. T4
RSB IRAS SR, AT LUK & 3 atomic B,  PLigbJC H FRIR S
=

Promela AN$EALpR %L, WAZ0AT ] C FALBE 2ok . (HIE, /O
i,

WAE, FRAIHES IR —F 3 B A4+
E.5 Promela 7~41: i

1 #define spin_lock(mutex) \
2do\

3::1->atomic {\

4if\

5:mutex==0->\

6 mutex = 1; \

7 break \

8 :: else -> skip \

9fi\



RN PR IFAT i FE

10 }\

11od

12

13 #define spin_unlock(mutex) \
14 mutex =0

E.8: Promela Code for Spinlock

AT 0B G ), spin_lock() A1 spin_unlock() %A lock.h #2t, wf
PL4E Promela B840 2, W& E.8. spin_lock() L& — do-od ZEfEIS (55
2-1147) P — DRI B, AE A iffi AL it SRR T
do-od 4i#y, {HZEHAT —IKIMARL —MEH . WERTED 517 ARMAH, 25 6
ITRECE, 6 TATIER R (WIR R PO S5—J7m, R Bie s 8 17,
PO T, WA mAG, 4 if-fi DL JRFEy, ki NS ZIE R,
HENAH .

spin_unlock() % &7 5. IE R U

R ATE N A SRR, 04 Promela R ¥& 57 1. {EAT 45 E /) Promela
R, Pras A MR SR, U S PRSI . X 5tk
VHENLRGEH) “MUF — k" WAFBRSEALL (2 IPS AT PA-RISC).

1 #include "lock.h™

2

3 #define N_LOCKERS 3
4

5 bit mutex = 0;

6 bit havelock[N_LOCKERS];
7 int sum;

8

9 proctype locker(byte me)
10{

11do

12:1->

13 spin_lock(mutex);

14 havelock[me] = 1;

15 havelock[me] = 0;

16 spin_unlock(mutex)
17 od

18}

19

20 init{

21inti=0;

22 int j;

23

24 end: do
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25: i <N_LOCKERS ->
26 havelock[i] = 0;

27 run locker(i);

28 i++

29 ::i1>=N_LOCKERS ->
30 sum =0;

31j=0;

32 atomic {

33do
34::j<N_LOCKERS ->
35 sum = sum + havelock([j];
Bj=j+1
37::j>=N_LOCKERS ->
38 break

39 od

40}

41 assert(sum <= 1);

42 break

43 od

443}

E.9: Promela Code to Test Spinlocks

XA E9 o) Promela AP, SX BeARHS Ly i 1 i 4
P 2RABL, 25 =ATH) N_LOCKERS % & X T MHAREFEHR . mutex 7E%6 5 177€ X,
55 6 478 SCHUBUA T T ERERBIRE A 2, 268 7 AT S AR A ], HISRA SR AN A
A — AR B

55 9-18 4742 locker BREL, (EHS 134T AR HEBL, 28 14 fTR0R 3k
BT B, 208 15 AT BRI T8, 5 16 AR

55 20-44 47 1A AR o 2R 26 AT HIARAL AT BICIRAS B A . 56 27 178 3)
locker £ F2, 55 28 T34 N N — A4 5 . — H T locker ZEFEMiGI%E, do-od 1
I UEPAT R 29 17, KAWis . 28 30, 3L ATHlipfhsihlas &, 5 32-40 17 )51
PITHE AT SR, B AL AT IS, 42 AT B AEIR

FeATTAT ARG LA AR B E) lock.h R lock.spin SRIZATIX MR, 12
ITEL M

spin -a lock.spin

cc -DSAFETY -0 pan pan.c

Jpan

(Spin Version 4.2.5 -- 2 April 2005)
+ Partial Order Reduction
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Full statespace search for:

never claim - (none specified)

assertion violations +

cycle checks - (disabled by -DSAFETY)
invalid end states +

State-vector 40 byte, depth reached 357, errors: 0
564 states, stored

929 states, matched

1493 transitions (= stored+matched)
368 atomic steps

hash conflicts: 0 (resolved)

2.622 memory usage (Mbyte)

unreached in proctype locker

line 18, state 20, "-end-"

(1 of 20 states)

unreached in proctype :i

E.10: Output for Spinlock Test

W FE RRBIZRIT K EL0 0% o i Rk, B WS % (Cerrors:
0").

Bl E.1: JyfhAfE locker AT —4 ANFEIEIHEA? e, XARE—A
SR MR G?
[BJRR E.2: XA T4 Promela AR R il 02

E.6  Promela 7~%l: QRCU

I Ji — M1 & 4F Oleg Nesterov [ QRCU [Nes06a,Nes06b] 4 552 i F () 715
i, (HiEL B, LA E synchronize_greu() MIHE %

B, fhast QRCU?

QRCU & SRCU [McKO6] 12844, H Tt £, I HARMR A LB (11 .
WHER B B, BAE— TR ARSI Ok . 5 HoAh RCU SEBUAHLE, A U ZEIR

greu_struct & X —4 QRCU. % SRCU —#f (5 HAh RCU ZZ44AA—FF),
QRCU A4 R, &% T4 M greu_struct.

greu_read_lock() A1 grcu_read_unlock() & X T QRCU iZIf FIX o A 1]
grcu_struct must 45 BIX L8 5 iE A, reu_read lock() AR MR 0 S5iA% i 45
rcu_read_unlock().

Bl

idx = grcu_read_lock(&my_qrcu_struct);
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/* read-side critical section. */
grcu_read_unlock(&my_grcu_struct, idx);

synchronize_grcu() BB FHIE, HIEPTASE —MCOLAAAER QRCU LIRS
X 5ER%, 5 SRCU #) synchronize_srcu()—#¥. QRCU H] synchronize_grcu() 121X
TSP T greu_struct.
141, synchronize_grcu(&your_grcu_struct) AASERERE LY QRCU 1211m 5t
X, #EMXTH, synchronize grcu(&my qreu_struct)fy b BE454%, A4 e dE = AH A
f] qreu_struct.
—/>QRCU [fJ LINUX WiZ4h T C et [McKO7b], {H & H %) 2008 4
HAAGEBA R T HEA LINUX NHZ,
1 #include "lock.h"
2
3 #define N_QRCU_READERS 2
4 #define N_QRCU_UPDATERS 2
5
6 bitidx =0;
7 byte ctr[2];
8 byte readerprogressIN_QRCU_READERS];
9 bit mutex = 0;

E.11: QRCU Global Variables

71 QRCU [#) Promela fUiY, 4:jmAciifii] EAL, XA I8, Pl
BT lock.he T35 A1 7 1 4R v] Be AT FH M define 15058 o idx 2B
W —A ctr #5041 11523 - readerprogress A8 & 714 W &5 40 BT BT A 52 3 4 5B 5 1 (I
H BB MR ECE DA 8 W e seim A X I, QRCU A FVF 58 L #T).
readerprogress FZH A W MR, XESE S T HPIRA:

0: WA I

1: 4F QRCU iLis FIX.

2: 52/ QRCU iEIfiFtIX.

I Ja, mutex A& THEBRER ST

1 proctype grcu_reader(byte me)
24

3 int myidx;

4

5do

6:1->

7 myidx = idx;

8 atomic {

9if

10 :: ctr[myidx] > 0 ->
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11 ctr[myidx]++;

12 break

13 :: else -> skip

14 fi

15}

16 od;

17 readerprogress[me] = 1;
18 readerprogress[me] = 2;
19 atomic { ctr[myidx]-- }
20}

E.12: QRCU Reader Process

QRCU i Ab B #4252 greu_reader(), W14 E.12. do-od A T2 5-16
17, 2B 6 AT AT 1" RN —NMERFN . 3 T AT B R R 51 4 i,
B e IME A & O(atomic_inc_not_zero()), WIEZE 8-15 1T FRUE G S (GFE H
FEAEIR) . 2 17 ATAnid E4b T RCU B2 FH X, 28 18 A7hrid & MIm S X AR Hh o
55 19 A7 I 1 B YA [ () ot H s

1 #define sum_unordered \
2 atomic {\

3do\

4::1->\

5 sum = ctr[0]; \
6i=1;\

7 break \

8::1->\

9 sum = ctr[1]; \
10i=0;\

11 break \

12 od;\

133\

14 sum = sum + ctr[i]

E.13: QRCU Unordered Summation

W EA3 1) C TALER T HE VI EER UB R, B P IS, 5 2-13
ITHAS L — AN EES, 5 14 ATHUR S0 M E IR T SR . R H B —> do-od
WA XA do-od ifif) (BF 3-1217) ARG HIK, BEWEWALEAD
X 4. 847), X33 Promela FEALAFLERH AT AT —A (FFXPERE, 4RE
] )9 2R 530 Promela fse 04318 T A W REIFIERE) o 55— N4 349 2105 0 ANt
AT BCE 1A L (RIS 14 AT 3RBCE — R o 28 AN SR I A
BRI T EER IR T BCED 0 (KIS 14 1PRRAG 28 — AN e -
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B @R E.3: LS do-od TEA)I?
1 proctype grcu_updater(byte me)
2{
3inti;

4 byte readerstartifN_QRCU_READERS];
5 int sum;

6

7 do

8ul1->

9

10 /* Snapshot reader state. */

11

12 atomic {

13i=0;

14 do
15::i<N_QRCU_READERS ->
16 readerstart[i] = readerprogress][i];
17 i++

18 ::i>= N_QRCU_READERS ->
19 break

20 od

21}

22

23 sum_unordered;

24 if

25 ::sum <=1 -> sum_unordered
26 :: else -> skip

27 fi;

28 if

29 ::sum>1->

30 spin_lock(mutex);

31 atomic { ctr[lidx]++ }

32 idx = lidx;
33 atomic { ctr[lidx]-- }
34 do

35 :: ctr[lidx] > 0 -> skip

36 :: ctr[lidx] == 0 -> break

37 od;

38 spin_unlock(mutex);

39 :: else -> skip

40 fi;

41

42 [* Verify reader progress. */
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43

44 atomic {

45i=0;

46 sum = 0;

47 do

48 i <N_QRCU_READERS ->
49 sum = sum + (readerstart[i] == 1 &&
50 readerprogress[i] == 1);

51 i++

52 ::i>= N_QRCU_READERS ->
53 assert(sum == 0);

54 break

55 od

56 }

57 od

58}

E.14: QRCU Updater Process

{fH sum_unordered %%, FATIAE AT LAan i E.14 Fros b B Simid #8 . 5 b
AN E R E B HAT, AN do-od FEFAM T2 7-57 17 28— KA E L3k 1G4
J&) readerprogress A PR IE, A7 2 5 readerstart 204 (38 12-21 47), XA
PREECK T35 53 4TINS - 4 23 4TI sum_unordered, #AJ5, 5 24-27 47
Bl A sum_unordered.

IR L, (E5 28-40 A7 PATIREANAS, 26 30, 38 4T3RMT. BIEH,
55 31, 3BATHMRG], H 34-37 TR NS 5E K.

% 44-56 17 LLEE readerprogress #4155 (1) readerstart ZUZH ) M HiAE, A RAT:
B AL B E AN RIS AT Z R FHUR IR, ¥ Ak S .

B E.4: It 4t 12-21 47 UL L5 44-56 17 & J5F-He?

()RR E.5: 55 24-27 47 (R FH 1S B TE f1) BL A0 AL 06 B2y 1
Linit{
2inti;
3
4 atomic {
5 ctr[idx] = 1;
6 ctr[lidx] = 0;
7i=0;
8do
9:i<N_QRCU_READERS ->
10 readerprogress[i] = 0;
11 run greu_reader(i);
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12 i++

13 ::i>= N_QRCU_READERS -> break
14 od;

15i=0;

16 do

17 ::i <N_QRCU_UPDATERS ->

18 run greu_updater(i);

19 i++

20 ::i>= N_QRCU_UPDATERS -> break
21 od

22}

23}

E.15: QRCU Initialization Process
FCAR AR 2 WA B, an P8 B.15 X AR B (M AE 56 5-6 1T Wl Un AL T h 2 ds
RS T-14 AT00 R e 2o fE, E50 15-21 1T RIS H ke, M T iR &=,
XSRS H AL T 5 TP

E.6.1 iz17 QRCU 7

HHE1T QRCU 7= M, K iy — 15 BACRS Fr Be2i & 2 504 S greu.spin 1o Jf
HX#$ spin_lock() #1 spin_unlock() )& SUBEISCAE lock.h e SR JEAH LU R
fir & M 1247 QRCU:

spin -a grcu.spin

cc -DSAFETY -0 pan pan.c

Jpan

%< E.2: Memory Usage of QRCU Model

updaters |readers |# states MB
1 1 376 2.6
1 2 6,177 2.9
1 3 82,127 7.5
2 1 29,399 4.5

2 2 1,071,180 |75.4



RN PR IFAT i FE

2 3 33,866,700 |2,715.2
3 1 258,605 22.3
3 2 169,533,000 |14,979.9

SRR A TSR PR AE, 1847 = A M =AN 52 LU, (H
& XKL LT MWL, Bk, ZEATN N — L] BRI Tk

BEBDKIEE NG H R

T T IEFTER S

s 2 A T

G2

Je LA R X J LR i

E.6.2 BRHEZ/MEENEE?

— AN /N IR AT Promela A0S greu_updater(), iETER, 4 IREAR
WAUAE B RS T R B, AR 2 A — D5 T RS BUR A

EREOLT, e W), &N AU IAT — N R X AR S
BH . ATRESS: S BRI 2 R

E.6.3 Al IERMERER

—AEIEA L [McKO7h] iR

XJT synchronize_greu() i 5L H 5L, 7 synchronize_greu()F AT, %
KD —AEH IEARIBAT

FESCIIE], 5 e AR Y v Es 002 1.

synchronize_grcu() A GIIL R —AN a8 208 1.

I, AT —%E R ARE s 20 2, 8 i TSR T 0.

{H4&, synchronize_greu() PsiARAL R BEZETR & I TR) e T H s 11

There can be at most one reader persisting through such a race condition, as
otherwise the sum would be two or greater, which would cause the updater to take the
slowpath.

But if the race occurs on the fastpath's first read of the counters, and then again
on its second read, there have to have been two counter flips.

Because a given updater flips the counter only once, and because the update-side
lock prevents a pair of updaters from concurrently flipping the counters, the only way
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that the fastpath code can race with a flip twice is if the first updater completes.

But the first updater will not complete until after all pre-existing readers have
completed.

Therefore, if the fastpath races with a counter flip twice in succession, all
pre-existing readers must have completed, so that it is safe to take the fastpath.

Of course, not all parallel algorithms have such simple proofs. In such cases, it
may be necessary to enlist more capable tools.

E6.4 mli&fA BEETH

HAR Promela #1 Spin +73AH], MAAAEE 2 TR, il T4 uEiif.
REWE . WK AR OB VHDLE S, gl TR IERZ
WIIFAT SR, AUl DOk e T HH A . (H2, XS T A&t

AR 2 AR B A 1) H U AT e 3 20 H i IR 2 8], (ER A
A AKIIFEB o

38k, SCRFEAAM Spin REFIE T 2 EE BUR M NAE, (H2, FERUEIFHAT
LR, TMKALE B CAE XA I AR Y .

TN TR Z

E.6.5 Ali&FA: DAL

WHNGOL R, R RIFFATHIR 1N R B nlBE, IR R] LI )k 1)
‘eAlle B, —> 10-billion-state 4524 w] BEMYL 73 i H51> 100,000-state . 1sf
WIXBI VAN AL Promela SXFEIK) TR AT fif 5, (H2RX A MEILE S T
P

E.7 Promela Parable: dynticks A17]#& /& RCU

£ 2008 %), —> RCU (A4 dy AR Ml i 21 LINUX 29332, IR SCH sk
I AES% o ZEBLT-rt b T ) RCU 528 [Mol05]. SEINAF:45 7 2 nl 4 RCU,
MFEAE T RCU SEILE RCU BRIG S IX i 25 L T4, X REOL LR .

B, s B-rt SCB — Al (FEN b FiaR) R — AN RN 2 b —
A CPU L TAEA IR, BRI CPU AbFIK LY ¥ dynticks-idle" JRZS, XFh
RET BASHAT RCU LIG FLX (). dynticks-idle [RIAEVE R : 45H CPUs W4
SEARRIRPAI I LA T Rt . AU, fEddo i LINUX Wiz, ml4edy RCU
A REZE 1L energy-conservation Jifig. H4R Josh Triplett 1 Paul McKenney L\ 481+
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—EeTTE DL ALV CPUSs £ RCU JAIA PR B low-power HRAS (AR B LINUX
Vqﬁ%ﬁ%ﬁ’]ﬂj £), H#| Steve Rostedt 7E-rt #b T 1 SLILHFHE A7 1) RCU [RHT
dyntick Hi, HIEERAIABNIRE L,

XA FE—A Steve [ RGAE boot A H5EE, K7E+ B4y, Paul Amf
5 RCU %W'E T —) dynticks-friendly FENSURA . Steve 4w’5 rcu_irg_enter()
A reu_irg_exit() #EH, XPHAMEILE irg_enter() Al irg_exitOREH T h T
¥ RCU A] FEfR AL B dynticks, reu_irg_enter() A1 rcu_irg_exit() pREUE L.
X IE B, Steve IRGEREIER A2 T o {Had Paul fEE A TAGE—
RS e AT, R R S A AR

Paul M 2007 4+ F1 31 2008 4 F e FH & A, )L A e s 20—
A BUG. Hph—AMi 7t Paul L RAEEEA HIEINAS]—4> BUG &2
BUG ZHiI, HtgmhdIFlit—MEE .

EZ HIREIN %, Paul Xt DA sl 7. Bt v B Promela Al
spin [HolO3]1¥1#E B, 4npfsk D.4 il v . Bt E7R-t4 Promela #i%4Y,
& AT 40GB IFPIRAS 73 18] 3 N A+

SEE ST E, Promela F1 Spin &I T —/MEAMESEELT BUG!

B]RR E.6: Yeah, A&f 17! HifE, Wi %A 40GB WH N AE NS, B4

f§27?

H IR BN (PR TR R T B ) PO B BT T

E.7. 14545 T Al #6 5 RCU ) dynticks 4% 22, E.7. 2 4%, AIE.7.3 5%
TN B o

E.7.1 "J#,5 RCU #I dynticks /r4H

iF CPU [£] dynticks_progress_counter 7% & & dynticks F17] 46 5 RCU 2 [H] )
HEE ] XA T PR AU, T ANE AR ) CPU 25 4T dynticks-idle 15
X, BT HAE. CPU BT LA R =AM AEE H dynticks-idle #5538

FHRIBAT—MT5,

NS HM 2 R T KT b 2

HEN NMI AREE,

AT ) RCU ) grace-period ML AT dynticks_progress_counter 2% & K] ,
LU € dynticks-idle CPU 1 I fig i] LA 22 4 1) 2205

BE G =4 TSR0 . P /INMI 32 I RE S, DL K grace-period L
Gnfr g A dynticks_progress_counter A% .
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E7.11 fF&#0

H—MRFER CPU I A AL S5 Eis AT dE A dynticks-idle Bz,
‘&1 rcu_enter_nohz():
1 static inline void rcu_enter_nohz(void)
2{
3 mb();
4  _ get_cpu_var(dynticks_progress_counter)++;
5 WARN_ON(__get _cpu_var(dynticks_progress_counter) & 0x1);
6}

XA bR EA ] BRI 15 dynticks_progress_counter A 45 R &AL, H
ST EPAT WA bR, DL R A7) HoAh CPU 75 I dynticks_progress_counter
FUHHE AT, K5 25E 2IHTHEATAT RCU B2 FHX D258 .

KA, 24T dynticks-idle B CPU #ER AT — BN AT S5,
‘A reu_exit_nohz:

1 static inline void rcu_exit_nohz(void)

2{

3 __get cpu_var(dynticks_progress_counter)++;

4 mb();

5 WARN_ON(!(__get _cpu_var(dynticks_progress_counter) &
6 0x1));

7}

XA R B GE I dynticks_progress_counter, [ S AT — AN AR GRRE, L
HARAT AT HoAth CPU & 2B )5 1Y RCU 321 F X (K 45 i, K 213818 )5 1)
dynticks_progress_counter {5 . # )i, rcu_exit_nohz() 5 #ris o 145 B 54—
AT HUE

rcu_enter_nohz() A rcu_exit_nohz pRECALEE CPU M ik PiATAE 45 My gk A Bl
B dynticks-idle A1 .

E.7.1.2 O

rcu_irg_enter() A1 rcu_irq_exit() eRECLEEREA L B H TP E/NMI S 4
SR, R BT A ) v B, T RE I RS R W R A AN CPU AR EEAL I
rcu_update_flag, 7E#EAN—F ek NMI(rcu_irg_enter()) i i3 & ilfl, FHAE
B H IR O (reu_irg_exit()). 4h, EAFAERT in_interrupt() JRiE FRIX
I3 AT BN A T WIS Ak TR T T

HEN AT H N T ) reu_irg_enter AbFE.

1 void rcu_irg_enter(void)
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2{
3 intcpu =smp_processor_id();
4
5 if (per_cpu(rcu_update_flag, cpu))
6 per_cpu(rcu_update_flag, cpu)++;
7 if (lin_interrupt() &&
8 (per_cpu(dynticks_progress_counter,
9 cpu) & 0x1) ==0) {
10 per_cpu(dynticks_progress_counter, cpu)++;
1 smp_mb();
12 per_cpu(rcu_update_flag, cpu)++;
13}
141}

% 3ATEIET CPU 5, Wi rcu_update_flag fE ANk 0, WIZE 5. 6 17 i
Wt B 79 TR ATNTE T A T RAMNET W, WA EXFE, 55 10 17
#4 dynticks_progress_counter, & 11 ATHAT—NWNAFESERE, o 12 fTiHH
rcu_update_flag. #1[A] rcu_exit_nohz(), A7 5#REff CRATA] Al CPU & 2 W Ak
R E0h ) RCU 21l 5 IX. (B reu_irg_enter() FIZBCRET, BiEH S
dynticks_progress_counter F{J{E

)R E.7: M A R 6 reu_update flag, SR JE AN ANALE i 1 3 18
dynticks_progress_counter???
BIE E.8: WRH 747K O TRANE PR, FRATA S5

dynticks_progress_counter?
AR, FRIBTIE H H reu_irg_exit()Ab B :

1 void rcu_irg_exit(void)

2{

3 intcpu =smp_processor_id();

4
5 if (per_cpu(rcu_update_flag, cpu)) {
6 if (--per_cpu(rcu_update_flag, cpu))
7 return;
8 WARN_ON(in_interrupt());
9 smp_mb();
10 per_cpu(dynticks_progress_counter, cpu)++;
11 WARN_ON(per_cpu(dynticks_progress_counter,
12 cpu) & 0x1);
13}
14}

% 3 1731541 CPU 5. 58 5 17K rcu_update_flag & 753F 0, WAL
WISZRPR =] A0, 25 6-12 47 HFahistT. 5% 6 471k rcu_update_flag, 4nA4s
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SR O W3R [m] o 55 8 AT A A P T (1R)AR H I Hh 2 T BT 5 9 AT AT — AN N A7 B b,
% 10 1714 dynticks_progress_counter, i 11 . 12 TR & IX AN EIAEZ1E
. 5 rcu_enter_nohz()—#%, WAFHFEEAA{RATAT A CPU 75 2
dynticks_progress_counter 338 45 i, R 22 H ) RCU B21n FEIX R RCR «

X HEA T HEA B E B 1 dynticks-idle Gl AT£5 888 ) I, wif 4
" dynticks_progress_counter AR o Ji5 [1 Y 51 R X AR B WA 4 el e RCU
i

E.7.1.3 Grace-Period £

P94~ mT 6 5 RCU grace-period RA&WIE D.63 Frs (F¥sk D.4), XAX
rcu_try flip_waitack state() A1 rcu_try flip_waitmb_state() IR AT 225 15 HiAth
CPUs i v/ ,

MR, WAREEE CPU AT dynticks-idle R7, FATAN M55 M. Kk,
TERENIX PFRZAS AR, BART PR SRA345E CPU 11 dynticks_progress_counter 42
R, BRI S — AN CPU A8 5. cu_dyntick_snapshot. 1% & i i 1 H
dyntick_save_progress_counter S<HLIE), IR

1 static void dyntick_save_progress_counter(int cpu)

2{

3 per_cpu(rcu_dyntick_snapshot, cpu) =

4 per_cpu(dynticks_progress_counter, cpu);
5}

rcu_try flip_waitack_state() KA rcu_try flip_waitack_needed(), Wi'F:
1 static inline int
2 rcu_try flip_waitack _needed(int cpu)

34
4 long curr;
5 long snap;
6
7 curr = per_cpu(dynticks_progress_counter, cpu);
8  snap = per_cpu(rcu_dyntick_snapshot, cpu);
9 smp_mb();
10  if ((curr == snap) && ((curr & 0x1) == 0))
11 return O;
12 if ((curr - snap) > 2 || (snap & 0x1) ==0)
13 return O;
14  return1;

15}
% 7 . 8 1THUH dynticks_progress_counter [ 24T {E AP IR KIME . WAL
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R Afi % reu_try flip_waitzero_state [l 5 FOVHEUR & . WS A ERIESRIELCR, &
22 4E dynticks-idle ARAAEAERE, WHRA O CGEMAEBA L5452 1) CPU AT
). 2510, 1147 [M 0. ZRRUK, Wi CPU &H#)J2 dynticks-idle IRA&EFH & 2
KSR — Ik dynticks-idle RZ, 5 12, 13 4T7HIR[AI 0 WX L5 AR HA
WAL, S 14 4TIR A, A CPU i 2245 2 Wi Y. o

Ve AR 384y, reu_try_flip_waitmb_state i ]
rcu_try flip_waitmb_needed(), 1 F:

1 static inline int
2 rcu_try flip_waitmb_needed(int cpu)

34
4 long curr;
5 long snap;
6
7 curr = per_cpu(dynticks_progress_counter, cpu);
8  snap = per_cpu(rcu_dyntick_snapshot, cpu);
9 smp_mb();
10 if ((curr == snap) && ((curr & 0x1) == 0))
11 return O;
12 if (curr !=snap)
13 return O;
14  return1;
15}

X5 reu_try flip_waitack_needed 43281, A2 T-55 12« 1317,
DR R AR AT N B 3B 1Y dynticks-idle R A SRR H0AT T
rcu_try_flip_waitmb_state() 7 2 1 P A7 B 5 .

MM CAEF 2] T Pra7E RCU Al dynticks-idle 2 W H AR, F—7
Fgdt Promela BRI UEIX LAY

B R E.9: #fsdk AT BUGS 4?

E.7.2 IQUER]$E &5 RCU 0 dynticks
XA I K — AT dynticks F1 RCU 2 7] 1 /) Promela #5754,

R AR AE DR, A MMESPAS TR, IS . P, B
NMls.

E.7.2.1  FAA

ARG dynticks BEA L IR ACAS LUK S SR Ak PEAC B 2k
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Promela [Hol03]. AT 2.6.25-rc4 1% 1¥) rcu_exit_nohz() #1 rcu_enter_nohz()
THG, B eEAsSU& i1 Promela 1145, IXAEEA . JBH dynticks-idle #5215
BTk

1 proctype dyntick_nohz()

2{
3 bytetmp;
4  bytei=0;
5
6 do
7 = i>=MAX _DYNTICK _LOOP_NOHZ -> break;
8 :1i<MAX_DYNTICK_LOOP_NOHZ ->
9 tmp = dynticks_progress_counter;
10 atomic {
11 dynticks_progress_counter = tmp + 1;
12 assert((dynticks_progress_counter & 1) == 1);
13 }
14 tmp = dynticks_progress_counter;
15 atomic {
16 dynticks_progress_counter = tmp + 1;
17 assert((dynticks_progress_counter & 1) == 0);
18 }
19 i++;
20 od;
21}

%6 . 20 fTE N MEN . — BRI | ol
MAX_DYNTICK_LOOP_NOHZ [Riil, 2 7 /TSR HAEH. 26 8 AT UMEM 45
FHATH 9-1917. HT5 7 AT RIS 8 AT IS 2 AH AR i), At Promela A
SBENLERE. 59« 1LATHN reu_exit_nohz() 1) dE J5l -4
dynticks_progress_counter, 1fii 2% 12 17447 WARN_ON(). J5i~ 4544 i 5 1) kb
Promela K245 18], 44 138, WARN_ON() A& 5L 1 — 385 . [FIRERYT, 25 14-18
i rcu_enter_nohz H 1 IE 3 A1 WARN_ON() . 55 » 25 19 AT B A vH s -

B UAEREBIAT— 1k CPU JBHY dynticks-idle U (W1, JFEAPAT
—MT4%), SRJGEBFEA dynticks-idle B (W1, AT45HEBHZE 7).

B]@8 E.10: Afl4 rcu_exit_nohz() #1 rcu_enter_nohz() ) A 17 i b v
A2

E]R E.11: A7—ANNEER, A4 reu_exit_nohz())s &R 1
rcu_enter_nohz()? 43k N PR (IR H AN & B F AR ?
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TR RCU I IR BB 1. D, FRATTL 2R
dyntick_save_progress_counter(), rcu_try flip_waitack needed(),
rcu_try_flip_waitmb_needed(), LA 53140 reu_try_flip_waitack() A
rcu_try flip_waitmb(), ‘E1# K AT 2.6.25-rc4 WH#%. FIH K grace_period()
Promela I FEBLIX LT fE

1 proctype grace_period()

2{
3 bytecurr;
4 byte snap;
5
6 atomic {
7 printf("MDLN = %d\n", MAX_DYNTICK_LOOP_NOHZ);
8 snap = dynticks_progress_counter;
9 }
10 do
11 =1->
12 atomic {
13 curr = dynticks_progress_counter;
14 if
15 . (curr == snap) && ((curr & 1) ==0) ->
16 break;
17 : (curr -snap) > 2 || (snap & 1) ==0->
18 break;
19 1 -> skip;
20 fi;
21 }
22 od;
23 snap = dynticks_progress_counter;
24 do
25 1->
26 atomic {
27 curr = dynticks_progress_counter;
28 if
29 . (curr == snap) && ((curr & 1) ==0) ->
30 break;
31 i (curr 1= snap) ->
32 break;
33 1 -> skip;
34 fi;
35 }
36 od;
37}

o5 6-9 47 L AGIR PR IR reu_try flip_idle() HFA9—AT40Y, IXATACHS
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W dyntick_save_progress_counter(), ‘& 3k 24/ CPU K
dynticks_progress_counter A& & 1) — AR X AT IR 5 BIFAT LAIR AR 5 1]

5 10-22 47#5A4)7 reu_try flip_waitack()F (AN ACHD, X SeAALE
rcu_try_flip_waitack_needed(). 1X /MM JE PR ML 45— CPU N2 )
NE, (HRANAGEIH 5 dynticks-idle CPUs A8 HIF#4

%5 23 ATH reu_try flip_waitzero() H1i—4T, X—4TIHH
dyntick_save_progress_counter(), f5—X3kH{ CPU [#J dynticks_progress_counter 7%
PRI

HJh. H 24-36 K reu_try flip_waitack() FHICHILAY, X AL
rcu_try_flip_waitack_needed(). X MEFMEA] JE & PR ASHLSE A BE—> CPU i
T—ANWAEBERE, B BAEY dynticks-idle CPUs A8 H.ff—34)

o) @l E.12: F4%%1 £F Linux PM#%H, dynticks_progress_counter Al
rcu_dyntick_snapshot #f5 per-CPU A8 &, {H & A A BB — AN i — 14 R AR

H?
XA EEAI R (dyntickRCU-base.spin), 7E4# ] runspin.sh JHIAS iz 4TI,
R 691 MIRES, ASEBUTMTEN R T — 2 PR

E7.2.2 ZEMKK

LA RCU SEHL S VF— AN A IEAT AT A8 J5 1 2 B R 3 RCU 3275 58
W BT . XSl grace_period_state A% S RAFEAT ), B A LA =MA
1 #define GP_IDLE 0
2 #define GP_WAITING 1
3 #define GP_DONE 2
4 byte grace_period_state = GP_DONE;
grace_period() i FEW EIXAAL R, 1K
1 proctype grace_period()

2{

3 bytecurr;

4 byte snap;

5

6 grace_period_state = GP_IDLE;

7 atomic {

8 printf("MDLN = %d\n", MAX_DYNTICK_LOOP_NOHZ);
9 snap = dynticks_progress_counter;

10 grace_period_state = GP_WAITING;
11}
12 do
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

45}

nl->
atomic {
curr = dynticks_progress_counter;
if
i (curr == snap) && ((curr & 1) ==0) ->
break;
: (curr -snap) > 2 || (snap & 1) ==0->
break;
1 -> skip;
fi;
}
od;
grace_period_state = GP_DONE;
grace_period_state = GP_IDLE;
atomic {
snap = dynticks_progress_counter;
grace_period_state = GP_WAITING;
}
do
nl->
atomic {
curr = dynticks_progress_counter;
if
i (curr == snap) && ((curr & 1) ==0) ->
break;
i (curr 1= snap) ->
break;
1 -> skip;
fi;
}
od;
grace_period_state = GP_DONE;

% 6,10, 25, 26,29, fl 44 1THFXMEHE, FF AV dyntick_nohz() IS FEE:
ilE RCU %4 @ 1t
B)R E.13: 7£%5 25. 26 17, A back-to-back HIZs1L, FATHMA 1S

55 25 AT A S FR?
dyntick_nohz() Promela it #2SZHLEGE, 415
1 proctype dyntick_nohz()

2{

3
4

byte tmp;
byte i = 0;
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5 bitold_gp_idle;
6
7 do
8 i>=MAX DYNTICK LOOP_NOHZ -> break;
9 :1i<MAX_DYNTICK_LOOP_NOHZ ->
10 tmp = dynticks_progress_counter;
11 atomic {
12 dynticks_progress_counter = tmp + 1;
13 old_gp_idle = (grace_period_state == GP_IDLE);
14 assert((dynticks_progress_counter & 1) == 1);
15 }
16 atomic {
17 tmp = dynticks_progress_counter;
18 assert('old_gp_idle ||
19 grace_period_state '= GP_DONE);
20 }
21 atomic {
22 dynticks_progress_counter = tmp + 1;
23 assert((dynticks_progress_counter & 1) == 0);
24 }
25 i++;
26 od;
27}

G RAEAT S5 TFARIAAT I I 5%, grace_period_state {1/ GP_IDLE, gt /E% 13
TRCE /N7 old_gp_idle bRk, WRAEATATHATIER 1, grace_period_state 7%
44 % GP_DONE, M5 18 . 19 4TIl =¥k . A RCU il AL X
ANBEBR IS — N S I

763847 runspin.sh JEIASIE:, 5 )5 (R4 2 (dyntickRCU-base-s.spin) 7~ 4 964 4
WA, HFHEARR. T8 B - 5 E

E.7.2.3 HAHFHKIF
AR AN TI0TF, (H Rt —AN W i H 15 . 55— & 48 dyntick_nohz()

W —~ dyntick_nohz_done & SR/~ e CLEHATIE, WIFEE 27 AT H7R:
1 proctype dyntick_nohz()

24

3 byte tmp;

4 bytei=0;

5 bitold_gp_idle;

6

7 do

8 :i>=MAX_DYNTICK_LOOP_NOHZ -> break;
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e S

9 :1i<MAX_DYNTICK_LOOP_NOHZ ->
10 tmp = dynticks_progress_counter;
11 atomic {
12 dynticks_progress_counter = tmp + 1;
13 old_gp_idle = (grace_period_state == GP_IDLE);
14 assert((dynticks_progress_counter & 1) == 1);
15 }
16 atomic {
17 tmp = dynticks_progress_counter;
18 assert('old_gp_idle ||
19 grace_period_state '= GP_DONE);
20 }
21 atomic {
22 dynticks_progress_counter = tmp + 1;
23 assert((dynticks_progress_counter & 1) == 0);
24 }
25 i++;
26 od;
27  dyntick_nohz_done = 1;
28}

T IX AN &, AT LA I —/NW7 5 21 grace_period() , o A AN EL I RH

1 proctype grace_period()

24

3 bytecurr;

4 byte snap;

5  bit shouldexit;

6

7  grace_period_state = GP_IDLE;

8 atomic {

9 printf("MDLN = %d\n", MAX_DYNTICK_LOOP_NOHZ);

10 shouldexit = 0;

11 snap = dynticks_progress_counter;
12 grace_period_state = GP_WAITING;
13}

14 do

15 =1->

16 atomic {

17 assert(Ishouldexit);

18 shouldexit = dyntick_nohz_done;
19 curr = dynticks_progress_counter;
20 if

21 .. (curr == snap) && ((curr & 1) ==0) ->

22 break;
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23 ;> (curr - snap) > 2| (snap & 1) == 0 ->
24 break;

25 ;2 else -> skip;

26 fi;

27 }

28 od;

29  grace_period_state = GP_DONE;
30 grace_period_state = GP_IDLE;

31  atomic {

32 shouldexit = 0;

33 snap = dynticks_progress_counter;
34 grace_period_state = GP_WAITING;
3% }

36 do

37 1->

38 atomic {

39 assert(!shouldexit);

40 shouldexit = dyntick_nohz_done;
41 curr = dynticks_progress_counter;
42 if

43 . (curr == snap) && ((curr & 1) ==0) ->
44 break;

45 i (curr 1= snap) ->

46 break;

47 :: else -> skip;

48 fi;

49 }

50 od;

51  grace_period_state = GP_DONE;

52}

FAAES 5 47450 shouldexit A2, E5 10 1R HATIRtE N 0. 21 17 17756
WEE A E. 5 18 174 shouldexit B¢'E A4 dyntick_nohz_done ,
dyntick_nohz_done f¥Jfi i1 dyntick_nohz()4f 4. 417 dyntick_nohz()5e 444758
i, BATREPATEL— K wait-for-counter-flip-acknowledgement 75, DK fitk
RIZXAWE . fefa, Wk dyntick_nohz()#i4T 565, WA 2 FPIRASAR AR A
B, XFEFEOUEI

95 32, 39 A1 40 ATDARRUE MBI (NAEHERE) HEHEAT.

{HJE, IBATIXAMEAY (dyntickRCU-base-sl-busted.spin) #3500, 55 23 17
R A DRI AR B o0 iR 8. IXAE, spin farth—A>trail” SO
(dyntickRCU-base-sl-busted.spin.trail), 1%3CFidsg T 38U R KPR T . Al
] spin -t -p -g -1 dyntickRCU-base-sl-busted.spin  ir4- % H X SEIR A FE, A
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T HI3E A LL M A8 5 )8 (dyntickRCU-base-sl-busted.spin.trail .txt) o {3 &4 H 47
HAE EF AT 5 — 20 Bk SEBR )RR — AN 3 — b . fHE, 47
Ej AR SRR (dyntickRCU-base-sl-busted.spin).

HAES]: dyntick_nohz() FEAELS 34 el R 34, (HE
grace_period() i FE¥ A B G curr RIS 6 (W %5 35 28) 1 snap AU
5 (SN 17 ). RILE 2L 4713 —ANAEAN 2, R4 curr 1= snap, 2 23
ITHSE AN AT AL, BIh snap 22774k, 110 curr AXAXLEE snap KT 1.

B, XK — N EANEMT . 7% rcu_try_flip_waitack_needed()
AR

If the CPU remained in dynticks mode for the entire time and didn't take any

%
%

interrupts, NMIs, SMIs, or whatever, then it cannot be in the middle of an
rcu_read_lock(), so the next rcu_read_lock() it executes must use the new value of the
counter. So we can safely pretend that this CPU already acknowledged the counter.

AL, Eif curr == snap Jf H. if curr ZAEEL B AMNY
ff) CPU C.&4b T dynticks-idle #ixt. KW IRATEF B MRS

If the CPU passed through or entered a dynticks idle phase with no active irq
handlers, then, as above, we can safely pretend that this CPU already acknowledged
the counter.

SAFI S — T A BRI, AW curr A1 snap 12 2, A /D& —
RETECIRAS, FHN A2 it — Yk dynticks-idle BYBL. (HAE, SRS —akn#
/RFFIGT dynticks-idle #C, (HIE B AT 85 R Tz Btk AT 220 curr
HTI A2 snap {H -

IEMRE) C AR R

1 static inline int
2 rcu_try flip_waitack _needed(int cpu)

34
4 long curr;
5 long snap;
6
7 curr = per_cpu(dynticks_progress_counter, cpu);
8  snap = per_cpu(rcu_dyntick_snapshot, cpu);
9  smp_mb();
10 if ((curr == snap) && ((curr & 0x1) == 0))
11 return O;
12 if ((curr - snap) > 2 || (curr & 0x1) == 0)
13 return O;
14  return1;

15}
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% 10-13 LA &I, AR o SRRt i
rcu_try flip_waitmb_needed.

1 static inline int
2 rcu_try flip_waitack _needed(int cpu)

34
4 long curr;
5 long snap;
6
7 curr = per_cpu(dynticks_progress_counter, cpu);
8  snap = per_cpu(rcu_dyntick_snapshot, cpu);
9 smp_mb();
10  if ((curr - snap) >= 2 || (curr & 0x1) == 0)
11 return O;
12 return 1;

13}
BHUG FIFERY (dyntickRCU-base-sl.spin) 724 1 IERA RIS IESS B, %45 540
T 661 MMIRSTF AT E R (HAE, 25— A I A dir P10 UE 2 AT R ST, A
MR IEA S A BUG.
BATC A BTN HE T 2 A a4, AR AERN T HERREAT MIPH 2
BANE T BB W, XA F— AT .

E.7.2.4

& Promela 1, A Py LA T

/il C-preprocessor %15, 7F dynticks_nohz()id F& 145 — 451 f1) 2 i) A
WiAb PR RRE, B AE AN ST (i R H R v T Ak 3L R £

BEREE RONERPRA S R A, BRSO s 7 iz AT v
AbFE PR H

SIS [P HE Promela SOVF IR T 5G] o X AN 15 AV BAT S — AN R b Ab B AR A,
HHEFiY dynticks_nohz(), F I BRI IX MR, AAE bR & B A BEE I
{4 AT dynticks_nohz(). X LIAEH C FAb 2 580

1 #define EXECUTE_MAINLINE(label, stmt) \

2 label: skip; \

3 atomic {\

4 if\

5 .. in_dyntick_irq -> goto label; \
6 :else -> stmt; \

7 fi; \

8 A

AIREIAE a0 T
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EXECUTE_MAINLINE(stmt1,
tmp = dynticks_progress_counter)

5 ATEIE MR EFRREE ), 2B 3-8 AT MR T, Bl
in_dyntick_irq &, WRXANREWKE FoRhWnERIET), Rt 300
BhIEIbR2E, I, 55 6 ATHATREE BB . SISO TE R WHs AT, i ik
PAT, HIEETRATH LRSS

E.7.2.5 IGUFA B Ab3E pR %

55— K dyntick_nohz() ##:i EXECUTE_MAINLINE() 38, WiF:
1 proctype dyntick_nohz()

2{
3 bytetmp;
4  bytei=0;
5 bitold_gp_idle;
6
7 do
8 5 i>=MAX DYNTICK LOOP_NOHZ -> break;
9 :1i<MAX_DYNTICK_LOOP_NOHZ ->
10 EXECUTE_MAINLINE(stmt1,
11 tmp = dynticks_progress_counter)
12 EXECUTE_MAINLINE(stmt2,
13 dynticks_progress_counter = tmp + 1;
14 old_gp_idle = (grace_period_state == GP_IDLE);
15 assert((dynticks_progress_counter & 1) == 1))
16 EXECUTE_MAINLINE(stmt3,
17 tmp = dynticks_progress_counter;
18 assert('old_gp_idle ||
19 grace_period_state != GP_DONE))
20 EXECUTE_MAINLINE(stmt4,
21 dynticks_progress_counter = tmp + 1;
22 assert((dynticks_progress_counter & 1) == 0))
23 i++;
24 od;
25  dyntick_nohz_done = 1;
26}

TR G 4B B 11-14 1T REAE 18 45 EXECUTE_MAINLINEQHT,
AL T A RS TR

B]RR E.14: Wif{rseA EXECUTE_MAINLINE() T ffiE A AR S R 5 140,

17, MAxE e
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)@ E.15: Wik dynticks_nohz() itFEfT “if" sk “do" A, IXLLEA)

N2 7R HL AR B PR R AT ?
TP 245 dyntick_irq() LR LA Hh T Ad HE pR .
1 proctype dyntick_irq()

24
3 byte tmp;
4 bytei=0;
5 bitold_gp_idle;
6
7 do
8 :i>=MAX_DYNTICK_LOOP_IRQ -> break;
9 = i<MAX_DYNTICK LOOP_IRQ ->
10 in_dyntick irg = 1;
1 if
12 . rcu_update_flag >0 ->
13 tmp = rcu_update_flag;
14 rcu_update_flag = tmp + 1;
15 .. else -> skip;
16 fi;
17 if
18 2 lin_interrupt &&
19 (dynticks_progress_counter & 1) ==0 ->
20 tmp = dynticks_progress_counter;
21 dynticks_progress_counter = tmp + 1;
22 tmp = rcu_update_flag;
23 rcu_update_flag =tmp + 1;
24 .. else -> skip;
25 fi;
26 tmp = in_interrupt;
27 in_interrupt = tmp + 1,

28 old_gp_idle = (grace_period_state == GP_IDLE);
29 assert('old_gp_idle || grace_period_state !'= GP_DONE);
30 tmp = in_interrupt;

31 in_interrupt = tmp - 1;

32 if

33 . rcu_update flag =0 ->

34 tmp = rcu_update_flag;

35 rcu_update_flag =tmp - 1;

36 if

37 . rcu_update flag==0->

38 tmp = dynticks_progress_counter;

39 dynticks_progress_counter = tmp + 1;

40 .. else -> skip;
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41 fi;

42 :: else -> skip;

43 fi;

44 atomic {

45 in_dyntick_irq = 0;
46 i++;

47 }

48  od;

49  dyntick_irg_done = 1;
50}

o5 T-48 AT B 2% MAX_DYNTICK_LOOP_IRQ MHlr, %5 8 Al 9
ITHI AR G54, 56 45 4TI Ar . 2 10 4745 7F dyntick_nohz(): I
IEAEIZAT, 25 45 477 9F dyntick_nohz() Wi C &b Fsete. 25 49 1TH kA
WIBAIF . 31X 55 dyntick_nohz() &%) .

[B]@R E.16: Mfl-4%E 45 Rl 46 172 51 I3AT 1 (the in_dyntick_irg = 0;
and the i++;) ?

55 11-25 17454%5 reu_irg_enter(), 5% 26 A1 27 47445 __irq_enter(). 25 28 Al
29 W4T 224 MERAE, X5 dynticks_nohz()& &Y. 45 30 Al 31 Fif)
_irg_exit(), FJa. # 32-43 A7) reu_irg_exit().

[B) & E.17: dynticks_irq()i FEASREREDT AT 4 rr b Jg 2

grace_period i FEUI T
1 proctype grace_period()

24

3 bytecurr;

4 byte snap;

5  bit shouldexit;

6

7  grace_period_state = GP_IDLE;

8 atomic {

9 printf("MDLN = %d\n", MAX_DYNTICK_LOOP_NOHZ);

10 printf("MDLI = %d\n", MAX_DYNTICK_LOOP_IRQ);
11 shouldexit = 0;

12 snap = dynticks_progress_counter;
13 grace_period_state = GP_WAITING;
14 1}

15 do

6 =1->

17 atomic {

18 assert(!shouldexit);

19 shouldexit = dyntick_nohz_done && dyntick_irq_done;
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20 curr = dynticks_progress_counter;

21 if

22 . (curr - snap) >=2|| (curr & 1) == 0 ->
23 break;

24 :: else -> skip;

25 fi;

26 }

27  od;

28  grace_period_state = GP_DONE;
29  grace_period_state = GP_IDLE;

30  atomic {

31 shouldexit = 0;

32 snap = dynticks_progress_counter;

33 grace_period_state = GP_WAITING;
34 }

35 do

36 1->

37 atomic {

38 assert(!shouldexit);

39 shouldexit = dyntick_nohz_done && dyntick_irq_done;
40 curr = dynticks_progress_counter;

41 if

42 i (curr !=snap) || ((curr & 1) ==0) ->
43 break;

44 :: else -> skip;

45 fi;

46 }

47  od;

48  grace_period_state = GP_DONE;

491

grace_period() () SE I AEH T 5. ME— AR A2 AR5 10 AT 39— i)
interrupt-count %, %48 28 19 A1 39 17, ¥ INHTIY dyntick_irg_done A% & T
IR A, CMARTESE 22 AT IR 42 AT BT Tk

XA (dyntickRCU-irgnn-ssl.spin) 72— N IERARIIIESE R, KL 7K
M PR ], (R, IXAMRARIRI A A B E T . R — R b B A
R

&

o

E.7.2.6 RiIFREHWLFE

ATLLKE dyntick_irg() [ TEER Aoy, LABEOT A R e, 0 T
1 proctype dyntick_irg()
2{
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© 00 N o 0o W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

byte tmp;

byte i = 0;
byte j = 0;

bit old_gp_idle;
bit outermost;

do
2 i1>= MAX_DYNTICK LOOP_IRQ &&
j >= MAX_DYNTICK_LOOP_IRQ -> break;
i < MAX_DYNTICK_LOOP_IRQ ->
atomic {
outermost = (in_dyntick_irg == 0);
in_dyntick_irq = 1;
}
if
:: rcu_update_flag > 0 ->
tmp = rcu_update_flag;
rcu_update_flag =tmp + 1;
:: else -> skip;
fi;
if
2 lin_interrupt &&
(dynticks_progress_counter & 1) ==0 ->
tmp = dynticks_progress_counter;
dynticks_progress_counter = tmp + 1;
tmp = rcu_update_flag;
rcu_update_flag =tmp + 1;
:: else -> skip;
fi;
tmp = in_interrupt;
in_interrupt = tmp + 1;
atomic {
if
. outermost ->
old_gp_idle = (grace_period_state == GP_IDLE);

:: else -> skip;
fi;

}

i++:

Tj<i->

atomic {
if
Djtl==i->

assert(lold_gp_idle ||
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47 grace_period_state 1= GP_DONE);
48 :: else -> skip;

49 fi;

50 }

51 tmp = in_interrupt;

52 in_interrupt = tmp - 1;

53 if

54 :: rcu_update_flag =0 ->

55 tmp = rcu_update_flag;

56 rcu_update_flag = tmp - 1;

57 if

58 :: rcu_update_flag==0 ->

59 tmp = dynticks_progress_counter;
60 dynticks_progress_counter = tmp + 1;
61 :: else -> skip;

62 fi;

63 :: else -> skip;

64 fi;

65 atomic {

66 j+H+;

67 in_dyntick_irq = (i '=j);

68 }

69 od;

70  dyntick_irg_done = 1;

71}

XKLL dynticks_irg()id A2 B 5. BAESE 5 AT I — MR AR i o
ERLIE | RFE N PR BT AL BREA T TH 2, § o0 IR H A T REAT U2, B 7 4T 1 outermost AR
HA T grace_period_state W EJEGHEMAT M. 2 10, 111TH
loop-exit £ A& AT E AN T HREE R TR BT XF 0 R B RS 21028 41 47, 25 13-16
BE outermost A%+, LLFR/NIX &S & — MR EF W . 3 H & in_dyntick_irq 4%
i, XM T dyntick_nohz() 1. % 34-40 173K grace_period_state 4%
HIRE, (HRAUNAE A NE WA XA

5 A2 AT P IR IR T S RO A B T IR B> T HEA IR
B, MR H—"hWil e Gk . 5 43-50 7T TR e, (H2 MK
MIMEANZ PR . &5, 5 65-68 173G INNE i j, R iR K
A EHWT, U BR in_dyntick_irg.

XM (dyntickRCU-irg-ssl.spin) /=4 —ANIE#f IR 45 H, RS W
Mo HE, AR B BAT A B NMI, KR T 15 AR B A 8]
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E.7.2.7 IiF NMI A3

AEEENM I, FATRA S W —FE 7%, TR NMIs A IRE .. w4
dyntick_nmi() XFEU T
1 proctype dyntick_nmi()

2{
3 byte tmp;
4  bytei=0;
5 bitold_gp_idle;
6
7 do
8 :1i>=MAX_DYNTICK_LOOP_NMI -> break;
9 :1i<MAX_DYNTICK_LOOP_NMI ->
10 in_dyntick_nmi =1;
11 if
12 :: rcu_update_flag > 0 ->
13 tmp = rcu_update_flag;
14 rcu_update_flag =tmp + 1;
15 :: else -> skip;
16 fi;
17 if
18 2 lin_interrupt &&
19 (dynticks_progress_counter & 1) ==0 ->
20 tmp = dynticks_progress_counter;
21 dynticks_progress_counter = tmp + 1;
22 tmp = rcu_update_flag;
23 rcu_update_flag = tmp + 1;
24 :: else -> skip;
25 fi;
26 tmp = in_interrupt;
27 in_interrupt = tmp + 1;

28 old_gp_idle = (grace_period_state == GP_IDLE);
29 assert('old_gp_idle || grace_period_state != GP_DONE);
30 tmp = in_interrupt;

31 in_interrupt = tmp - 1;

32 if

33 :: rcu_update_flag =0 ->

34 tmp = rcu_update_flag;

35 rcu_update_flag = tmp - 1;

36 if

37 :: rcu_update_flag==0 ->

38 tmp = dynticks_progress_counter;

39 dynticks_progress_counter = tmp + 1;
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40 :: else -> skip;

41 fi;

42 :: else -> skip;

43 fi;

44 atomic {

45 i++;

46 in_dyntick_nmi = 0;
47 }

48  od;

49  dyntick_nmi_done = 1;
50}

AR, b I NMIs 7 S — L2005 . 40, EXECUTE_MAINLINE() %
WAZITE RS NMI ALFE R % (in_dyntick_nmi), X5 FR A3 ek %
(in_dyntick_irq) , Sl dyntick_nmi_done A ERSZHLA, WIH:

1 #define EXECUTE_MAINLINE(label, stmt) \

2 label: skip; \

3 atomic {\

4 if\

5 s in_dyntick_irq || \

6 in_dyntick_nmi -> goto label; \
7 :else -> stmt; \

8 fi; \

9 A

BAMB G| N—/ EXECUTE_IRQ() %, ‘Efi£xr in_dyntick_nmi L ftifF

dyntick_irq() $T dyntick_nmi():
1 #define EXECUTE_IRQ(label, stmt) \

2 label: skip; \

3 atomic {\

4 if\

5 ;2 in_dyntick_nmi -> goto label; \
6 . else -> stmt; \

7 fi; \

8 ja

A DR dyntick_irg() 4 EXECUTE_IRQ() » #F:
1 proctype dyntick_irq()

24

3 byte tmp;
byte i =0;
byte j = 0;
bit old_gp_idle;

bit outermost;

© 00 N o o1 b~

do
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10 ::i>= MAX_DYNTICK_LOOP_IRQ &&

11 j >= MAX_DYNTICK_LOOP_IRQ -> break;
12 :i<MAX_DYNTICK_LOOP_IRQ ->

13 atomic {

14 outermost = (in_dyntick_irg == 0);

15 in_dyntick_irq = 1;

16 }

17 stmtl: skip;
18 atomic {

19 if

20 ;2 in_dyntick_nmi -> goto stmt1;

21 2 lin_dyntick_nmi && rcu_update_flag ->
22 goto stmtl_then;

23 . else -> goto stmtl_else;

24 fi;

25 }

26 stmtl_then: skip;

27 EXECUTE_IRQ(stmt1_1, tmp = rcu_update_flag)

28 EXECUTE_IRQ(stmtl_2, rcu_update_flag = tmp + 1)
29 stmtl_else: skip;

30 stmt2: skip; atomic {

31 if

32 ;2 in_dyntick_nmi -> goto stmt2;

33 : lin_dyntick_nmi &&

34 lin_interrupt &&

35 (dynticks_progress_counter & 1) == 0 ->
36 goto stmt2_then;

37 . else -> goto stmt2_else;

38 fi;

39 }

40 stmt2_then: skip;

41 EXECUTE_IRQ(stmt2_1, tmp = dynticks_progress_counter)
42 EXECUTE_IRQ(stmt2_2,

43 dynticks_progress_counter = tmp + 1)

44 EXECUTE_IRQ(stmt2_3, tmp = rcu_update_flag)

45 EXECUTE_IRQ(stmt2_4, rcu_update_flag = tmp + 1)
46 stmt2_else: skip;

47 EXECUTE_IRQ(stmt3, tmp = in_interrupt)

48 EXECUTE_IRQ(stmt4, in_interrupt = tmp + 1)

49 stmtb: skip;

50 atomic {

51 if

52 ;2 in_dyntick_nmi -> goto stmt4;

53 2 lin_dyntick_nmi && outermost ->
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54 old_gp_idle = (grace_period_state == GP_IDLE);
55 :: else -> skip;

56 fi;

57 }

58 i++;

59 nj<i->

60 stmt6: skip;
61 atomic {

62 if

63 .2 in_dyntick_nmi -> goto stmt6;

64 = lin_dyntick_nmi && j+1==1i->

65 assert(lold_gp_idle ||

66 grace_period_state 1= GP_DONE);
67 :: else -> skip;

68 fi;

69 }

70 EXECUTE_IRQ(stmt7, tmp = in_interrupt);

71 EXECUTE_IRQ(stmt8, in_interrupt = tmp - 1);
72

73 stmt9: skip;

74 atomic {

75 if

76 ;2 in_dyntick_nmi -> goto stmt9;

77 2 lin_dyntick_nmi && rcu_update_flag =0 ->
78 goto stmt9_then;

79 . else -> goto stmt9_else;

80 fi;

81 }

82 stmt9_then: skip;

83 EXECUTE_IRQ(stmt9_1, tmp = rcu_update_flag)

84 EXECUTE_IRQ(stmt9_2, rcu_update_flag =tmp - 1)
85 stmt9_3: skip;

86 atomic {

87 if

88 .2 in_dyntick_nmi -> goto stmt9_3;

89 2 lin_dyntick_nmi && rcu_update_flag ==0 ->
90 goto stmt9_3_then;

91 . else -> goto stmt9_3_else;

92 fi;

93 }

94 stmt9_3_then: skip;

95 EXECUTE_IRQ(stmt9_3_1,

96 tmp = dynticks_progress_counter)
97 EXECUTE_IRQ(stmt9_3_2,
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98 dynticks_progress_counter = tmp + 1)
99 stmt9_3 else:

100 stmt9_else: skip;

101 atomic {

102 j+H+;

103 in_dyntick_irq = (i '=j);
104 }

105  od,;

106  dyntick_irg_done = 1,

107}

W, BAVETF T A (5 17-2917). 4, AbBEREHIRESTE A
ANAE dyntick_nmi() AT .

), grace_period() w7 ZEHHT LB
1 proctype grace_period()

24

3 bytecurr;

4 byte snap;

5  bit shouldexit;

6

7  grace_period_state = GP_IDLE;

8 atomic {

9 printf("MDLN = %d\n", MAX_DYNTICK_LOOP_NOHZ);

10 printf("MDLI = %d\n", MAX_DYNTICK_LOOP_IRQ);
11 printf("MDLN = %d\n", MAX_DYNTICK_LOOP_NMI);
12 shouldexit = 0;

13 snap = dynticks_progress_counter;

14 grace_period_state = GP_WAITING;
15 }

16 do

17 =1->

18 atomic {

19 assert(Ishouldexit);

20 shouldexit = dyntick_nohz_done &&
21 dyntick _irgq_done &&

22 dyntick_nmi_done;

23 curr = dynticks_progress_counter;
24 if

25 (curr-snap) >=2 || (curr & 1) == 0 ->
26 break;

27 .. else -> skip;

28 fi;

29 }

30 od;

31 grace period_state = GP_DONE;
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32  grace_period_state = GP_IDLE;

33  atomic {

34 shouldexit = 0;

35 snap = dynticks_progress_counter;
36 grace_period_state = GP_WAITING;
37 }

38 do

39 1->

40 atomic {

41 assert(!shouldexit);

42 shouldexit = dyntick_nohz_done &&
43 dyntick_irgq_done &&

44 dyntick_nmi_done;

45 curr = dynticks_progress_counter;
46 if

47 i (curr !=snap) || ((curr & 1) ==0) ->
48 break;

49 :: else -> skip;

50 fi;

51 }

52  od;

53 grace_period_state = GP_DONE;

54}

BAAEE 14T T printfQLAFTEI MAX_DYNTICK_LOOP_NMI Z:%,
FEHS 22 AT 44 47%F shouldexit WA, %007 dyntick_nmi_done.

XA (dyntickRCU-irg-nmi-ssl.spin) 724 — AN ERIIR S, HOR AL )
1 M.

[B] R E.18: Paul &4 HUX P (¥ KUK G 5 1R AT 1 2

E.7.3 [ElpR

static inline void rcu_enter_nohz(void)

{

+mb();
__get_cpu_var(dynticks_progress_counter)++;
- mb();

}

static inline void rcu_exit_nohz(void)

{

- mb();
__get_cpu_var(dynticks_progress_counter)++;
+mb();
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E.16: Memory-Barrier Fix Patch

- if ((curr - snap) > 2 || (snap & 0x1) == 0)
+ if ((curr - snap) > 2 || (curr & 0x1) == 0)

K] E.17: Variable-Name-Typo Fix Patch

T 1) 5% )4 — 8 2R VG i 22 [m] ot

Promela 1 spin 1] AR B /NMI B2 TR H.AZ BRI

ARAG P R SCRS A LAFE B B 12 A7 BUGS.  FEXRIEIL R, SCRYFEBhENr T
rcu_enter_nohz() A1 rcu_exit_nohz()H i) A A7 b B A B A, WKl E.16 Fras kb
T

S BB IEAARY, G T A SO AR S T X B T
rcu_try_flip_waitack_needed() " —AMRF LD 1%, IXANET 15842 120 XE T A
WK, £ T BT,

SR TR O A AR . I8 PR R R — AR BUG,
I BATFHASIACAD A ZR e . 28R, a AR IREGX AN BUG, 3l 22 A ARG A
1 BUG. fHu2, WERIRAETIXFGOL, — R A B IR A & W b
AN

R R FR2 nT ARA RS . AR, 8 cmpxehg B 748245 v
A, R IXFMEOL R A KIEH -

T BT IR, W SRS TR, s AT IR R — A
IR T, FE T — TR/ 4.

E8 BRATERIZIIRES

Al AT RCU 11 dynticks £ & 2%, 20 A T irgs A1 NMIs A T 4H
[) A A s A R AH R FPR S A i o XTI IRATTA — AN RE: Kb R NMIs 14X
AR FIAR 20 T, X C. 4 20 41 RCU [McKO08a] 58 /% 1, iX /& i1 Manfred Spraul
B A1 B I [SprO8b]

E.8.1 f&ER Dynticks EORIRSEE

1 struct rcu_dynticks {
2 int dynticks_nesting;
3 int dynticks;

4 int dynticks_nmi;

5}
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6

7 struct rcu_data {

8..

9 int dynticks_snap;

10 int dynticks_nmi_snap;
11 ...

E.18: Variables for Simple Dynticks Interface

K E.18 R T Hif%RE CPU R & . X UG 4 B — ANy, DLAYT
ZAMAL Y RCU SEHL(W reu A1 reu_bh) BLOS A 2352 dynticks RS, 7
NI, EATRT PN A A AN ST ) B CPU AR &

dynticks_nesting, dynticks, ! dynticks_snap A& H T irg 1G4,
dynticks_nmi I dynticks_nmi_snap “Z& T NMI i3, HIX NMI A 5]
I (EAME M) dynticks_nesting A5 & . IXSS{E F U0 R 7y 4EH -

dynticks_nesting: JXANAE &6 AN ) CPU M 244 RCU 1521 7 X M # rt vk 5
ATV i3 CPU 4bF dynticks-idle X, 4 e &% Wi 2o 144
13 W ER T ik E ] .

Dynticks: WA ) CPU 4t T dynticks-idle #5X, I H &AW Ab B g %
FEIZAT, MIEAS TS R (E R 2 AT s S A . ei)idud, gt
B AT E, A AMNI CPU AT fEALT RCU 1R AL X

dynticks_nmi: 1A ) CPU 4T NMIAEFEER Kb, I H NMI AUV &4
CPU 4t T dyntick-idle X BLM, XA VIEES MM AL BN, XA
ORIEPS i Ei

dynticks_snap: iX;g& dynticks TSP, (SIS Y HT RCU LA
JE IR AEKAT R A A BRI (a2 it an AR A, X AMEAR
PO A, R T,

dynticks_nmi_snap: X/t dynticks_nmi 13 1P

TE— AN T B Y, i SR dynticks F1 dynticks_nmi #2 H5E, B4
I CPU & & it — IR IR .

B E.19: Wifrr —Arh Wi B e Be B, KRR T A NMIL T, 8
KA, R NMIFFERisqT, BRI ATRRITS, X kA2

E.8.2 #EAFIIE ! Dynticks-ldle &=,

1 void rcu_enter_nohz(void)

2{

3 unsigned long flags;



RN PR IFAT i FE

4 struct rcu_dynticks *rdtp;

5

6 smp_mb();

7 local_irg_save(flags);

8 rdtp = & _get_cpu_var(rcu_dynticks);
9 rdtp->dynticks++;

10 rdtp->dynticks_nesting--;

11 WARN_ON_RATELIMIT(rdtp->dynticks & 0x1, &rcu_rs);
12 local_irq_restore(flags);

13}

14

15 void rcu_exit_nohz(void)

16 {

17 unsigned long flags;

18 struct rcu_dynticks *rdtp;

19

20 local_irg_save(flags);

21 rdtp = & __get_cpu_var(rcu_dynticks);
22 rdtp->dynticks++;

23 rdtp->dynticks_nesting++;

24 WARN_ON_RATELIMIT(!(rdtp->dynticks & 0x1), &rcu_rs);
25 local_irg_restore(flags);

26 smp_mb();

27}

E.19: Entering and Exiting Dynticks-ldle Mode

Kl E.19 fE7s T rcu_enter_nohz() 1 rcu_exit_nohz(), ‘“HEA. 1B
dynticks-idle 50, tHAIIA A& "nohz" . XA A ERE R SO A .

S6 ATHRARAT ] SE T IR P ARV 10 (LB 7E RCU I S IX (17 W) 7E 38\
dynticks-idle 7, Al #tifh CPU B . 28 7 12 A725ILJFE BT I 28
8 173R#3 41 CPU K rcu_dynticks 5t Fa%t, 25 9 47314 241 CPU ) dynticks
T e, XANSTHEUE N 2 A SRR BATTIEAE RS B R SN
dynticks-idle #:X. 5, 25 10 17380k dynticks_nesting, ILLE &M 42 O,

rcu_exit_nohz() pRECIEH B, (WAGEIENE dynticks_nesting 1A 2 i ke,
[A] I 6 2 dynticks.

E.8.3 M Dynticks-ldle £zl A\ NMIs

1 void rcu_nmi_enter(void)

24
3 struct rcu_dynticks *rdtp;
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4
5rdtp = & _get_cpu_var(rcu_dynticks);

6 if (rdtp->dynticks & 0x1)

7 return;

8 rdtp->dynticks_nmi++;

9 WARN_ON_RATELIMIT(!(rdtp->dynticks_nmi & 0x1),
10 &rcu_rs);

11 smp_mb();

12}

13

14 void rcu_nmi_exit(void)

15{

16 struct rcu_dynticks *rdtp;

17

18 rdtp = & _get_cpu_var(rcu_dynticks);

19 if (rdtp->dynticks & 0x1)

20 return;

21 smp_mb();

22 rdtp->dynticks_nmi++;

23 WARN_ON_RATELIMIT(rdtp->dynticks_nmi & 0x1, &rcu_rs);
24}

E.20: NMIs From Dynticks-1dle Mode

K E.20 W7- T rcu_nmi_enter() A1 rcu_nmi_exit() B&%L, F7~ M dynticks-idle
FERHEA L B NMI. {BSE, Wi NMI e i b3 Rl 21, 384 RCU 2
ZEVERFMET CPU 9 RCU B AX T Rl reu_nmi_enter 155 6 « 7 4741
rcu_nmi_exit ()55 19 . 20 174F dynticks Sk AFEK gtz o] . A, XA
PRI dynticks_nmi, PN R ECER ARG HITAT BER) RCU 132l AHIX Z [RIHAT N
FrBERE, Zralnss 11, 21 AT s,

E.8.4 Interrupts From Dynticks-Idle Mode

1 void rcu_irg_enter(void)

2{

3 struct rcu_dynticks *rdtp;

4

5rdtp = & _get_cpu_var(rcu_dynticks);

6 if (rdtp->dynticks_nesting++)

7 return;

8 rdtp->dynticks++;

9 WARN_ON_RATELIMIT(!(rdtp->dynticks & 0x1), &rcu_rs);
10 smp_mb();
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11}

12

13 void rcu_irg_exit(void)

14 {

15 struct rcu_dynticks *rdtp;

16

17 rdtp = & __get_cpu_var(rcu_dynticks);
18 if (--rdtp->dynticks_nesting)

19 return;

20 smp_mb();

21 rdtp->dynticks++;

22 WARN_ON_RATELIMIT (rdtp->dynticks & 0x1, &rcu_rs);
23 if (__get_cpu_var(rcu_data).nxtlist ||
24 __get_cpu_var(rcu_bh_data).nxtlist)
25 set_need_resched();

26}

E.21: Interrupts From Dynticks-ldle Mode

K E.21 75 T reu_irg_enter() FI rcu_irg_exit(), XN R EGE 4 RCU T &
S NFE . reu_irg_enter() FES 6 1T dynticks _nesting, 1 HIX AN AR
AR O, B 7ATEHFERM. SN, 2 8 4TidNY dynticks, IXAEE AR RAT AL
i, X5 CPU MAEREW AT RCU BLIm A X 2 —8Uk . 2 10 7THUT — 1N A7
Brk, LARfRX) dynticks (338 7EATAT 5 2110 RCU B2l S X AT BLAT R, 2215
IR/

rcu_irg_exit (1155 18 1Tify dynticks_nesting, #1R45HAE 0, 25 19 47 H %
REl, AW, 520 ATHAT AN NAEBERE, LA ERN dynticks 1) 3G 75 AT o] 2 Fi
eI R 2 5 a] We 55 22 47563F dynticks A {B%. 5 23-25 47K & S 75 4E irq
WEBEZ A RCU [l R EAEHERA, i 2axat, mtilid—> reschedule IPI 5%
X/~ CPU IR dynticks-idle #:sK,

E.8.5 i Dynticks i 1loIRA&

1 static int

2 dyntick_save_progress_counter(struct rcu_data *rdp)
3{

4 int ret;

5 int snap;

6 int snap_nmi;

7

8 snap = rdp->dynticks->dynticks;

9 snap_nmi = rdp->dynticks->dynticks_nmi;
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10 smp_mb();

11 rdp->dynticks_snap = shap;

12 rdp->dynticks_nmi_shap = snap_nmi;

13 ret = ((snap & 0x1) == 0) && ((snap_nmi & 0x1) == 0);
14 if (ret)

15 rdp->dynticks_fgs++;

16 return ret;

17}

E.22: Saving Dyntick Progress Counters

K E.22 fE7r T dyntick_save_progress_counter(), ‘& 3K HUEf 32 CPU 1] dynticks
FI dynticks_nmi counters (PRI . 55 8 . 9 AT KFIX AN AR B B IR (A7 31 = AR
B 5 10 AT AT AN AR BERE, bR 18 E.19, E.20 AT E.21 N A7 R
Boxdo o5 11, 12 f7d e, BLUS R reu_implicit_dynticks_gs 28 H X A48
B, 5 131TK A CPU 2 E AT dynticks-idle #555X, Ff H.3AT PRI NMI IE £
AL (it U, PN PRIRE AR AR ), RN T — A E RS WX
FE, 55 14 . 15470 PIXAN AR, 5 16 47IR [H] trues

1 static int

2 rcu_implicit_dynticks_gs(struct rcu_data *rdp)
34

4 long curr;

5 long curr_nmi;

6 long snap;

7 long snap_nmi;

8

9 curr = rdp->dynticks->dynticks;

10 snap = rdp->dynticks_snap;

11 curr_nmi = rdp->dynticks->dynticks_nmi;

12 snap_nmi = rdp->dynticks_nmi_snap;

13 smp_mb();

14 if ((curr '=snap || (curr & 0x1) == 0) &&

15 (curr_nmi !'=snap_nmi || (curr_nmi & 0x1) ==0)) {
16 rdp->dynticks_fgs++;

17 return 1;

18}

19 return rcu_implicit_offline_qgs(rdp);

20}

E.23: Checking Dyntick Progress Counters

E.23 7~ dyntick_save_progress_counter, ‘& #% i F LAHfi & CPU /& 15 2.4
HE dyntick-idle #:xC. 55 9 F1 11 473REC—/MBr i dynticks F1 dynticks_nmi
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RIBRIE, S 104 12 AT4T FOHT R R 56 O 7 HH dynticks_save_progress_counter ()
TRAFHIPR IR . 28 13 AT PAT— DA bR, XA A7 beRE 55 1 E.19, E.20 A1 E.21
IR A B B X Y o 2 1415 AT K 2 CPU 24 i 2 & Ak F—ANEf IBIRAS (curr A
curr_nmi A HEE) 2 B M dynticks_save_progress_counter() LAk B4 48
Jiid— AN R A (dynticks F1 dynticks_nmi (KB 4 0038) . a0 B Ry 75 14
RERS A O/ CPU £ i —> dyntick-idle & (EARES, A S5 16 171 FXAMFisk.
95 19 TR B V] e P BUE RCU W38 R— MBS 4 CPU IsE 4 4511

[E)RE E.20: XABRANUE I, A AR —A cpumask_t STk R

—~ CPU J& 40T dyntick-idle #z0, 24#E NP KTEE NMI B BRAH Y A,
{EIE W E e

E.8.6 1918

— AN AR S8 RCU (K] dynticks 2 14 T SEmRME itk . SRBERIAR (L
JEIR D AE R WA NMI R ST AR AR AL I B R, oE— T L5202 E NMI
EFICEIA irg AR R (dynticks AR ). X FPRAS LR AR, A NMI
PRE M S IB BUX AN i, BRI E IREAE NMI A BE & 25000 Az i JE R e AR 1
5 E7 AR, fEIXE, NMI ARELE irq eRECHAT I I iz, S SO iR
4

/BN o

B2 AN ER AR, ER T RS

E9 &

Promela J&— A FHRAR I N IAT LI AR s NI T H . &I T N AZ R
F LR AEEARAN 3, AN YEME——K. QRCU MZ It
FE—FpiE DL TEIL Promela 556, 1EAAPEUERE, LAAIZEAT reutorture, FRINAEXT
QRCU FEFSEIA A MG O o AR RAAGHE I Hrh—F 7, AR EH
IXFPF L T !

SR, WA INERE 2, Bt RIUKHOB T TR, FENEM %
JEHCHT AT B BN, E7 R EIRENTHE Y RCU ) dynticks % SEIL, S
B B — AN R AT IR SZ L, W E8 IR . oAb AL A A, S R A
I LGS0 E — AN S0 T 4
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