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A) > HEEEITEAEGEKE o
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[1] “The Free Lunch Is Over: A Fundamental Turn Toward Concurrency in Software,” Herb
Sutter, Dr. Dobb’s Journal, 30(3), March 2005. http://www.gotw.ca/publications/concurrency-
ddj.htm.
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HR—REREEZHOMERN » ERRA > IHRRERAEHATRFTFIREFAINS > A
H %18 & 7T A6 2 ARAT 3 A Bk K36 72 ShARA o
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RIRA ERFOMERE > LRI EFROAHL S » RRFZBLIEMEA 9T Lk EA
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ok | MAEMRE — e 5C++MAEREZEMRIFSR - BT RRB?2—ANC++ Z AR Z/F LT
RILE » CHALEFRENMCHERTETS » AFTLTE ~ EUARARZFHAES - EF—RH| &£
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1.4.1 R4 > FRER

IN— AT A4 1 — AT 9 “Hello World." 8982 /7 © — AN JEF £ 8 £ $ A AL P 24789
Hello World#2 54 T AT 7 » % &KRA155 % &A20 » BT UEA— R E -

#include <iostream>
int
{
<< "Hello World\n";

IAAL T BT 38 2 3 “Hello World” B Az s H iR - ik RN S5 TaF LA T MH %2
#1“Hello, Concurrent World"#2 5 # AN iz » €RB#H T — MR I EE LT TRIANME 4 o

FH¥ 1.1 —/~f £ 8 Hello, Concurrent World#2 5 :
#include <iostream>

#include <thread> //Q)
void hello() //@

{
std::cout << "Hello Concurrent World\n";
3
int main()
{

std::thread t(hello); //®
t.join(); //@



H—ANAR A A I T #include <thread> O AFMEC++E P2t % K AL L4509 5 AL I 69 K M
b ERAEY R RE <thread> PAA o MR X FHIEO R X EL LA FF
B o
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2 FHAEAL > TLAE std::thread M L9 ERFF I ET—KBF > Hw L At
89 std::thread *F £ I A #7 & hello()1F 4 046 K4k -

T—ARA| 5 E#ES AR RS BT Amain()iB Ahello()F Rl > %27 B 3 T — M2
BRI BEBKE—0AH ——— 8 EA 4 FTmain() » @ #4424 Thello() °

MU BRBHIEQ » MBBRBLEIIT - wRELFANEEER > ERK AN A %L E
TEmain()f % R > NG REF—A THRAELEHEIBETIN  c ERAAFTL2LE@R D
B join() #9/RH FRFH2F » X2 FHAMEAE(Emain()F)FHFE std::thread £
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ﬁ%#% FRFHOCH++ 1ML T AR S EN SRR LT  c SHHBRBET USSR OHT
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o BHIBA
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569 | HERFCBETIHERMESEEET o MEHLAR?2BEHAERE - B REAL > TA TR E L
RP2CHHAFMEE T R EZEIE std: thread XFENER » L FREEIRLEL T @ o R >
WefERERIE S TAERERRTERES o

ATHNARAS  BEH—ANEHE > FRHEINEEER ) IRAEEGEIT - BAAAERS
R AN BAERZRAERLR  ARE LB —ABRGPTA BRI E T std: ithread ¥ EH XL 5
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HMEFETA —ANEAE  PATmain()J KRG EAE » BRASBEALELE AN [ - ZRHR
% &A(Amain() A A B &3 6G ZA2)F Bt E4T o de Flmain() R & MAT R 2B B —4 0 3 &R
RN RG> ZRLLEBEE o £A—NEBEQET —A std::ithread £ 5 » FRFHFZ
MNEARER AR BEFTRAAITES o TERKBE HEAE ©

211 & &4

F1FEF » AL std::thread TR B(ALBHEES)N B o KELOHFLT » £54
SREE S RFAESARERTG R o XA RIELPTBEARLES A8 JFHITR
Bo BBARERT o £-RRBFEALT » GREFN > EFHFHREMEFLALTEIMNE
MAUH BAT S E3% > RAEPAT— A2 284, T LB @Al £ %15 5 » &A1
ik o BRERMATL > AR 2AHAIZEB ) » ERAEXER - S RACHHARE B B
T A std:thread A £ :

void do_some_work();
std: :thread my_thread(do_some_work);

A TIiE%RFH RG] std::thread R > XA £ 695 FAE 64 <thread> KX o 2Bl K % 4
CH++ir e —H > std::thread T AR TREA XA » K4 AF JFOR R F LA 6 5] 4%
X std::thread R » B3 KIAGH & KL -

class background_task
{
public:
void operator()() const
{
do_something();
do_something_else();

}
}i

background_task f;
std::thread my_thread(f);



AP > J 80 F ot B HL R AT AAZH BRI 5 b o Fdoet 280 AT A R AT B
BB E AP AT o BE R0 8l AR 5 R & R ARHE— B BRI 84 R a5 R A
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AHFFREL  SRJIFTZEANNEENE R P » FRE RS AL 09155
#7"(C++’s most vexing parse, T L /) o e RARFZT —MNERHEEZ > MR L—MP LT
FiCHABFEAB LM ARKEYN > M LZRAS LT L -

5] ho

std::thread my_thread(background_task());

BREAMEEERT—ANLAmy thread®) H%k » IMREFA —MHAR(H L4 HBORA 5
#4538 ®Wbackground_task*t % 69 % %k) » ;R & — /> std::thread X £ 8 %%k > mERH T —A4
KAL o

AR @S Rt Z 7N RAEH L AEFTO 0 AL A FHL— i EXQ » T A%
F,3X NP R o

S N 5 N

std: :thread my_thread((background_task())); // 1
std: :thread my_thread{background_task()}; // 2

1% Flambda & ik X AL AE#E %,3X 4~ 17 A o lambda& ik X ZC++1189 — AN H 4 » © A FE R —
AT R R BT Z R R B (T REE fAF % 55 0 A N2.27F) o BEEIKEY T #flambdak
R 0 T ZAGAST o ZATHB]F T AR E Hlambdak ik X a9 XA ¢

std::thread my_thread([]{
do_something();
do_something_else();

1)

BT RERAHELF/EBEERIAR—SN2.1.27) AL A LEF(5
G % R2.1.37F) %R std::thread *F FHEZ AR AMERT » BERESLLE

( std::thread B9MTHI HZ 2B std::terminate() ) Bk » B EH FF B AL » L FZHK
AL 6895 SE 24 69 Jw A (joined) X, 4~ & (detached) ° 2.1.3F ¥ » &A@« f 69 7 i R L 3L X A A
oo FFxFNA » b std: thread ¥ 4 KX AT 22 » TNRGFEFH &40
(std::thread #9 47 44 % 2k 278 M std::terminate() » X8 ALk T LR FF) -
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BAPHARTRAELEZELERER > HRLE BB OEAR > AN EERICEFA JHEEH
REOREARGNA o TEFEFRERT ZHG—FHFI -

FR2 1 RPOCBE R BEIREGEAREE

struct func

{
int& 1i;
func(int& i) : i(i_) {3}
void operator() ()

{
for (unsigned j=0 ; j<1000000 ; ++j)

{
do_something(i); // 1. BREGFRBRE: BE5A

}
i

void oops()

{
int some_local_state=0;
func my_func(some_local_state);
std::thread my_thread(my_func);
my_thread.detach(); /] 2. FEKFEBRER
} // 3. AL AT EAT

5

LA TP LR RERFHREAEL R(AEA T detach()@) » AT A % oops() &k Z AT T AR B
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MHEREIBRHE o2 Tt ZF 2034 F5] AT F2E > Bl FE2APT o LA —A
IR EN R EANEEEL - MBI E(GET AT EE AL JRT RS
R) e sboh o T Hjoin() R B R AR AL R T ARATE R o
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o RFBEFHFEAE > MK std:thread EHF Z1E Ajoin() o FHE21F »

1% my_thread.detach() %éjﬁjg my_thread.join() ° ol foﬁfﬁj%%ﬁgé—ﬁéifiﬁﬁié i
HE o ERXMAHIT » AARBAZAEL AR T HFRARMAZAF » RFA -8
REPATRRZAREEM  PASHARET » REABREZAFACHIHRY 2228
HENFERERM—EF G T/ FFAIEERER -

join() &M LB FHERTARTFH SRFEFE/THARA E I FOIEHE > 1
o E—TENERAGTER » KARFH/F BB (RN R RH| EAABI) o AEME K

B R F AR E AU R TR 0 ke KT A0 A (futures) A8 X 893038 Sk B4 gk
% o WHAjoin()AATA » BIFET HAEMXOEHTS > ZH std:thread FEK TR LE
TR BARA AT KB o X ERA » A —AEEMEA —Kjoin(),— B 24 AT

join() * std::thread 3 FHTEEF KA T » % 2t H4% Mjoinable()dt » 4418 Elfalse °

2.1.3 R FEATHFSF

T AT AT 0 F Bt — AN R KA std::thread 4% Mjoin()Sdetach() e R B Z 5 & —4
BA > TUELRERE G » B Adetach()#AT0 & o wRITHF/A AR EZ > NEFR-mS
Peik B Mjoin() K42 B o % £ BALEATZG F AR Ejoin()I8AZATHe > 3k EokAE LKA
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G AP R R FALE > RFRMER—ARE BT MO TELERFFHHATR
Rijoin()it » F&AFFRAEIR T AMjoin() > A% AR RGBT w57 FHE~Z
— AT o
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struct func; // BXEF#£2.1F
void f()
{
int some_local_state=0;
func my_func(some_local_state);
std::thread t(my_func);
try
{

do_something_in_current_thread();

3
catch(...)

{
t.join(); // 1
throw;

}
t.join(); // 2

HE22FV I RAAE R T try/catch RAKRIG FI AR SO EARREE » JIBA LR TR
EFREE > APATEOL I FZFMATIRFTRERFE > BF2WMITEOL  try/catch *
RREHOMREZTRE R > AR ERL > FERXIOERE R o o FAREEL KA

%R EHEAGRAAGEIBEANT AT EHI A AEREMARRA e B g — T

BETHRABHROGERZ  RREFEE » TUARBE—DRZOMAH > REAFRZIANEA -

—#h 7 X AR5 R AR BB 454k 77 X”(RAI > Resource Acquisition Is Initialization) » F B
Rp—ANE > EATHRE T Ajoin() » 4= BT @iFE F KRG o F € fT JAL() &2 o

F 2.3 4% FIRAINZAF & 42 7%



class thread_guard
{
std: :thread& t;
public:
explicit thread_guard(std::thread& t_):
t(t))
{3
~thread_guard()
{
if(t.joinable()) // 1

{
t.join(); // 2

}
thread_guard(thread_guard const&)=delete; // 3

thread_guard& operator=(thread_guard const&)=delete;

Iy
struct func; // TXEFE2.1¥F

void f()
{
int some_local_state=0;
func my_func(some_local_state);
std::thread t(my_func);
thread_guard g(t);
do_something_in_current_thread();
3} // 4

L AR PATI@R A » Bt L BME FHET o Bk s thread_guardst £.g& F — M4
9ray o X AARAMH R T W Im N@F| R4 L&A T o Britdo_something_in_current_thread
W —ANFF o IMZIRE SR AL -
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1A RIS > 3§ 2 G B4R o
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Yo F RAAF A RARLE £ 0 T A & (detaching) 442 » MM %57 % % 4*(exception-safety) ]
Ao Ri > HRRAITAH T ARG std::thread M EHIK A > ARBABNMALEE 6 ETH » 4 BE
YEALAEAA PR std::terminate() /£ std::thread % £ 48 & A WA o

21.4 5 6 BT A

1% Fldetach() 21k &AL G 6 84T BAAERAE ZABEFREI A ELAHRIE LT T
SEHFIANBHELER s WREESH > AR TTEA std::thread A Z RN AE » 2B LR
WA EG G BAT » PTAG B AR TR o FRCH+EATERIE » 3 ERAZBEN » A X TR
BYRESS SE AR B 0 G 6 BAR 2 B R IE R CH+ B AT EAT AR o

WF R & AAR A T & 42 (daemon threads),UNIX ™ 547 & A2 248 » ZA AT L NG P 4
O FAEBEEEBITHAM  c IMNEARNBFLERL KT RET s ZROAGANTRSNE—
Mo AABE R TRAEBEEUAIHAL  TATHRSEHAITHE » TRNIIEL
MBATRAG © B—F @ > 2 H AN H— 7 @R AT X2 A& LS R 0 R )G B & (fire and
forget) 89 1& % 3h ik A Bl X A2 69 X A0 77 K, o

422,12 P& » A std::thread & i &fkdetach()k 2 & —MNEAE - X5 » AR
8] std::thread M £ G ERPIATHERBELXT » FEINERLELEZmA

std: :thread t(do_background_work);
t.detach();
assert(!t.joinable());

AT I std::thread X £ F 9 & %ﬁi(ﬁﬁ%%/ﬁqﬁf“f%% g 22 A2), R A ad ZAH PATARR
89 std::thread * %1% Fldetach(), 4L Zjoin()891& A &t » B Z R R A 7 X#fThEdE—
% std::thread * %1% At joinable()& &4 Ztrue » £ 7T ¥XA4% A t.detach() °

KB TRIE— AL FLEE AR %S S AT - Bie LA P @ T2 AR AR
BAT » ARG Bk Tk o BR > BEFOARRLZARILY  EANFORAE TR L
By R E R o (2N BATE R — AR EH T o —ARIFRLEF XA EHEANAIBLEE
TINA B T AR BEANRBREBITRIAGRE » FasE FEEH oL L RIE o ek A%
THFHA—AIERERH—ANHEAE o BA A IR L0 A #ATIRME » FTAE R LS5 L
BARTR Bt LERTUEIBRAET o ETey &G4 E -

T @ ARG ] R T ARk

HE2 A48 R B ARAR R LI A A



void edit_document(std::string const& filename)
{
open_document_and_display_gui(filename);
while(!done_editing())
{
user_command cmd=get_user_input();
if(cmd. type==open_new_document)
{
std::string const new_name=get_filename_from_user();
std::thread t(edit_document,new_name); // 1
t.detach(); // 2

¥
else
{
process_user_input(cmd);
b

e R P BB F—AH I FEBH—AHEAELIITAHIEO F 9 ELEQ - 55T
BAZME R —4F > HIABRARIAITA S — AR L o AL 0 edit_document & £ 7T v
B o B AE AR XAT A3 69 Ui o

BB FHETTIELBHEAZN ik AT YAE) std::thread W& R DIE# K L » &
T BT FENSR(FES) c CH+EBEN T RUTEREF o 3R WA EMT X TR
RPN R > oo e Al — A A BIE AR R AR 7 R RE—ANF B 4A0EE K¥ -



2.2 w) &AL R FAF % S

HHE24F > B std::thread W RFE PO TRANE » RRFAEZ N HAHBEEE TR
B KANAREE NI GERIALG T » B AREF AN KX » LT A EHEEL TS
795 18] o Bk A — AT

void f(int i, std::string const& s);
std::thread t(f, 3, "hello");

KA &I T —MNE A3, "hello") 8 & A2 o ‘& > HEFFE—A std::string FEMEHF=A
Hgk o 12X B4 R L FHB T EAE 0 LKA char const * R o 25 0 ALK ET L
P ARFWEE std::string FF 9L o FRBEFHREIZ SHQAHI TR EAN LK
1E 3% S BARGEFIL » R T

void f(int 1i,std::string const& s);

void oops(int some_param)

{
char buffer[1024]; // 1
sprintf(buffer, "%i", some_param);
std: :thread t(f,3,buffer); // 2
t.detach();

ZAFLT » buffer@2— M4 E € > O AT E > ARG AT Fil Zbufferts & 5] 37 4%,
BFQ o tH s RBARATHRASLEFEMEIEILAR std: :string 3 £ AT 4 3 (oops) » i F
BB REUGITH o A LBERBENEHE T OEEHRA RN std: :string £
{2H std::thread MM ERZ 2 EHRHOEE  RREHN T RABBARNZEVGTHETF
0 fA o

fR R TT RRAAEAEHE P std::thread W RBZ I ATHE F@EEIA std::string £ ¢



void f(int i,std::string const& s);
void not_oops(int some_param)
{
char buffer[1024];
sprintf(buffer, "%i", some_param);
std::thread t(f,3,std::string(buffer)); // 1&Mstd::string #
F & ER 4
t.detach();

TR B AR AL A AR (A ZREHT o SRR EH 5] AE

BRI LEME 0 IHHFARTRA L » oo

void update_data_for_widget(widget_id w,widget_data& data); // 1
void oops_again(widget_id w)

{
widget_data data;
std: :thread t(update_data_for_widget,w,data); // 2
display_status();
t.join();
process_widget_data(data); // 3
3

& Rupdate_data_for_widget® &9 % =S HKIFHEAN— NG 2 12T std::thread B9 EFK
ROH T4l s B RRAENREPFOHARER > AFENENCREGTE - TERZAN
update_data_for_widgetik it » 1% 3% 2 & b9 S kot data T 2 AHRE N6G 51 A - & IE 5B A
HE51 R o Ak > ZEAELERE > NAFE NLIEK 2 ELIEZHHBARME » B
process_widget datai$ £ 2| A A 5 t9dataT £Q o TTIAE A std::ref A& 548k 4 7
R & K o I T EAZGRER LA LTH K

std::thread t(update_data_for_widget,w,std::ref(data));

f£1XZ )5 » update_data_for_widgetst &34 8| —MdataZ 4951 Al » mE—NdataZ E# N
895 R/ o

S RARE std::bind ° MR A A LA LG KRB 12> BA std::thread HiER
'ﬁi%ﬁ std: :bind éﬁ#%‘?%ﬁﬁiﬁ/ﬁ/f};?iiﬁ? ’ EJ‘V’({%]%"/]\)&.EI gﬁ%ﬁ%é‘ﬁ‘]’f’ﬁ?‘@é’iﬁiﬁg%{( ,
ARG 0 1 RATHAE N B — M



class X
{
public:
void do_lengthy_work();
i
X my_x;
std::thread t(&X::do_lengthy_work,&my_x); // 1

B T » FH & A2 my x.do_lengthy work()VE 4 A2 %40 5 my x93 ak@1E A 45 4t 2t %
RS R o WA T REIRESI 0 std::thread WE R F NS ER AR R HE
B 5% — N3 AL R (R4 T > FH 8 de) o

class X
{
public:
void do_lengthy_work(int);
3
X my_x;
int num(0Q);
std::thread t(&X::do_lengthy_work, &my_x, num);

AL BB HRT A3 > 2 REHEN o "Bah" T RE Z P HORIEZBL H —xF
% MBSO XLERBERTBELERESZFRE T (F4 © R AE TR T 0"

fE) o std::unique_ptr ERXM —Fr RU(EFL : CH+11FOF RIS IHXB A E R
W2t FRBEAE 85T ZABES © ROREK) o F—BRARA » AAF—

A std::unique_ptr EAIGEA AL TR 0 FE G EZA LA G 5 35 & 8 3t L AL M
M o 4% 30 4 3& % % (move constructor)f=# b K 48 # 1F 45 (move assignment operator) &, # — 4
3t 4 %A std::unique_ptr EILFAER (A X" BH"GEL AR EHEEHRERANAIAIT) -
1R B EASIRT R G 0 MG T — AN ERE(NULL) © 5 3h B AF T A0 3 45 3 s T 3% 89
R fldo AR SR HIEETGER o BRAZRE -GN TZH > 8 sHBATHAHIRE
e Rt F - L EE > BRAFEZGITIZERE ZAEA std:move() AT L THF o Ty
RAETT stdimove B9 % » AT T std:imove AW fTHEH —Ash A3 F B —NMEEF X
8 :



void process_big_object(std::unique_ptr<big_object>);

std::unique_ptr<big_object> p(new big_object);
p->prepare_data(42);
std::thread t(process_big_object,std::move(p));

F£ std::thread 89 XK FIE T std::move(p) ,big_objectst % 69 BT A AL sk Ak & st 45 2] #
QI ZAZ 0 ARG 6L P 0 X5 153 %process big_object &3k -

AR BEEAE T A std::unique_ptr EPT B LA ABNLIE L XA 69 XA 4F)LAF » std::thread A
—ﬁ-“”(" o B s std::thread ?&MN%‘L std::unique_ptr ﬁﬁﬁ$ﬁ€$ﬁ"/l\if]/§ﬁ%»é@ﬁﬁ7ﬁ
Ao AR ERE B A AT R AL IR R TR A PATEA o PATBAR G PTA AT AL
% /> std::thread 6P ZABFEA » ZEEB T std::thread EHIETH 3 L RT B H M o R
TR ARMEET £ B —BFE] & 0 — /> std::thread S R 48X —DMPATEAE  THAMEALT
AL R TR TRE » A ZHIIMA EERPATRAZ BT A AL ©



2.3 R AREITA KR

BAREE—NEGEERBFHEARNY [ BB T HBEAAREGITHAERZXNREL o T2
SHABRLEERENAN ARSI RRGEE HE—ANEE FAERRPESLITAER
HRLM B F/ARE R o B2 HAREYITARIE B84 o

BRABFH )N std::thread #9RH » C++ir & T Ak % %R & A (resource-owning) £ A »
tbde std::ifstream , std::unique_ptr &7 std::thread AF A A3 » 2R T H N o X LHLH
PATEA T A AT AL std::thread P FH 30 > TERET—ABIF - #lFF 01T A
APIATEAL » B/ std::thread 5228 (11,12F413)45 % PT A AL

void some_function();
void some_other_function();

std::thread ti(some_function); // 1

std::thread t2=std::move(tl); // 2
tl=std::thread(some_other_function); // 3

std::thread t3; // 4

t3=std: :move(t2); // 5

tl=std: :move(t3); // 6 MAEBRVEKALAL R A3

5 8 XAEA std::move() RIERED 1T ARKERL T2 - B » t1FMITERTE R
K% T ; #iTsome function#y & I £ 512 % 8% o

KRG » =M std::thread T EZAXOBZEBH T o AT LA FENAM std::move() ¥
BEARR? BA » TAEEZ M st F—B R EK¥ 2R GRAA -

131 Al KA & 7 RAN 2@ » SEATHATEAZA LA X5 o B std::move() K G512 XK LA
T AAEBZINBTO c AARZE— Mot % » FRIEXOAA std:move() ° HHREG
TR » 115 #ATsome_other_functionty & A248 X8k » 12 54T & A2AR £ X 8% » 135 AT
some_function#y £ 4248 X 8% o

e — M FHAE 0 Fsome_functionE BT A REH OBt - FHL LA H T —ANEEK
b9 &2 (#4Tsome_other_function®y £ 42) » PTAX L AL A3 M std::terminate() ZFaEA2
Jo k453847 o XA (R AF » std::terminate() AnoexceptHI)ALA T Rk

5 std::thread 89T REIGITA —B e 211F F » FRAZE AT » 2 XGFHK
BAETR RBEHEHE s BATBRMAT 4 F 2R LR B LA - Tl — /N #1a

% std::thread 3 £ 897 X k"EF"—MEA) o

std::thread X 5% %) » L ERE ARG AT AL RF IR ITHS > ko TERF—4F

FH225 KRS std::thread X £


http://www.baidu.com/link?url=5JjyAaqAzTTXfKVx1iXU2L1aR__8o4wfW4iotLW1BiUCTzDHjbGcX7Qx42FOcd0K4xe2MDFgL5r7BCiVClXCDq

std::thread f()
{

void some_function();
return std::thread(some_function);

std::thread g()
{

void some_other_function(int);
std::thread t(some_other_function, 42);
return t;

LT AL J B A ERAEE » SRATF std::thread EBITHA 51728 » KT @

void f(std::thread t);
void g()
{

void some_function();
f(std::thread(some_function));
std: :thread t(some_function);

f(std::move(t));

std::thread X345 3h 894748 & T vA4) #thread_guard £ 69 4 (€ LWL 7F$£2.3) > FELAA
HBARGHT A o Sthread_guard™ AT A 9 BAR CEMI| A > BahBAELT A8 2R %
T BRI 3 RERE > BENANZESTEEOTARE > ERF RS EBERIT AR
SF o AT HAREBREFBRBEANTRK > TR LT L Tscoped thread® o I AL » KA1k
F—TRBENREG :

7 %2.6 scoped_thread#y A i



class scoped_thread
{
std: :thread t;
public:
explicit scoped_thread(std::thread t_): // 1
t(std::move(t_))

if(!t.joinable()) // 2
throw std::logic_error(“No thread”);

}
~scoped_thread()

{
t.join(); // 3
}
scoped_thread(scoped_thread const&)=delete;
scoped_thread& operator=(scoped_thread const&)=delete;

Iy
struct func; // TXEFE2.1¥F

void f()

{
int some_local_state;
scoped_thread t(std::thread(func(some_local_state))); // 4
do_something_in_current_thread();

3} // 5

5%$2%Mﬂ’Kiﬁﬁ%%ﬂ%ﬁ%%ﬁﬂmmm¢mmm?@’%#M Z— NS E 4

T o B T AMB L) RIS REN » scoped_thread s £ 24 % » KRB AQR )& &
ﬁ@ﬁ%%%ﬁﬁ%?% %Em$2yﬁﬂm%dgwmﬁ’%ﬁﬁﬁﬁﬁﬁﬁﬁé%“%
" A" e RERRERETHRERIRFO  HFEASEELThAN > HAF o

std::thread X £ &5 > ‘ﬁﬂ% NE B A H BB (Yot > A2 F ) std::vector<s ) » A
2 HBRAERBRERN TRERS o THRILE » kTR E BRMF L2 7 9K » K F >~
T—&EE . FEEHFENER-

FR2T7 ESBA  FHEENE L



void do_work(unsigned id);

void f()
{
std: :vector<std::thread> threads;
for(unsigned i=0; i < 20; ++1i)
{
threads.push_back(std::thread(do_work,i)); // 7F A%
3
std::for_each(threads.begin(), threads.end(),
std::mem_fn(&std::thread::join)); // s&#ALAE
A join()
3

BB EERBREINE AN EGIIHT FIAEE RS RN THHBARLR S

R oo FE2THIABALIA TAER ARS8y > F AL RRATIHEZIRIBOY R o o RIOH

BEME > AR AR TARFRGER - EEANREEZA  BEAEEE AL ZH
2E%

B 69 &4 Kok o RUELERETRA AR PEHSOHARTE » KN P4EFRRITH -
¥4 std::thread ZX\ std::vector =W XA HILEHEZ R FE—F | FEAHAXIREZEZLE R

bR #r.ELJ%%M] BiEhA o Tlde el S M— A4 - 4l "‘éﬂéiﬁi(%izflé HW’%
) ’HEE B—F R K> mIFRFE2TAFCNEE TR F LA -



2.4 EE TR F

std::thread: :hardware_concurrency() E?ﬁﬁﬁc++7ﬁi BE ‘1’7%"‘/1\454;5}*] 89 E o A RE

BEGEFNHRLE—MFFHRREE o fldo 0 SHRART » BEETURCPUMS 9 3
T o BEMEERRA—MET » B AABELRFRIHE > RPALLRE0 o 1258 » LA EFEHE
S XK B BARK TGN B) -

HE28FIMT —ANIFATAREY std::accumulate ° KAD P I BAR TR 4 i IME S R BB A

E o AP RERIMEFE RATHLF ARSHEA - BFTREERERE A
EP B FF o tbdw o stdi:thread WERREEZ B H—MIAITEAE > shEWE—NFF - £
MNEEPHBAFTRE CEBEANANGF R TEE > IARAERMNE L FEEF HRTH -

FH$2.8 R A FAITHRE std::accumulate

template<typename Iterator, typename T>
struct accumulate_block

{

void operator()(Iterator first,Iterator last,T& result)

{

result=std::accumulate(first, last,result);

}
};

template<typename Iterator, typename T>
T parallel _accumulate(Iterator first,Iterator last,T init)

{

unsigned long const length=std::distance(first, last);

if(!length) // 1
return init;

unsigned long const min_per_thread=25;
unsigned long const max_threads=

(length+min_per_thread-1)/min_per_thread; // 2

unsigned long const hardware_threads=
std::thread: :hardware_concurrency();

unsigned long const num_threads= // 3



std::min(hardware_threads != 0 ? hardware_threads : 2,
max_threads);

unsigned long const block_size=length/num_threads; // 4

std::vector<T> results(num_threads);
std::vector<std::thread> threads(num_threads-1); // 5

Iterator block_start=first;
for(unsigned long i=0; i < (num_threads-1); ++i)
{
Iterator block_end=block_start;
std::advance(block_end,block_size); // 6
threads[i]=std: :thread( // 7
accumulate_block<Iterator,T>(),
block_start, block_end, std::ref(results[i]));
block_start=block_end; // 8
}
accumulate_block<Iterator,T>()(
block_start,last, results[num_threads-1]); // 9
std::for_each(threads.begin(), threads.end(),
std::mem_fn(&std::thread::join)); // 10

return std::accumulate(results.begin(),results.end(),init); //
11

}

FHARKRK AT LE L RAAGEEA O > LA ANt 4 LZ > o REE A
ST —AAEH > MERAIEE N ERERARRCR) T RAMEFH 0 I RATE 54
BORRLEQ » IR RELRRGTHTRRGRRE o tdo » —E328 894 E £ » RASMK
FEUHE o WRBHTI2NAEAE -

HHLE A A £ AR o B A B AN EFS o A LT Kk
SRR EARER  TARE R A BB S AR S TR IFYEAERE -

% std::thread::hardware_concurrency() & =0 » R ABF—NEZ G RAME ARG TLE s £
AP REFT2" LT BE—CEBNE LR H RS AR > AAZHRRRGERE

B0 A TR R LR AT R R o

BNBRFREGAERE,ALAFTAETHESTHRARBRGNI T LY@ o T 52 EH
G KNG @Tw o



WA AT T AN AL —A std::vector<T> BBHAPRLER » HFHEXAELE—
A~ std::vector<std::thread> & & ® o X B F BT ZHL 0 B 7 69 XA Fonum_threads
TN AALERBHIACEAR T —MNEE(ZEHE) -

1% R 1 S 69 PR IRk B B AL block_endik R B & ARG KRG > F B H—MHEAEA
AMREMERD - BRRBEBGLARGREN » BHT— RO o

BAMABAES » @F WARSAERARNER o T HRTY > BAf il RAR LN~
Ao MAEARTH S PARKEREART o

L R g IR E R o TULF A std::for_each @B KAL) Tk (4o B £ 7 £2.7 F 69 R
) X B A std::accumulate W FTA 4R BAT R Aol o

G RBIABTFZ AT 0 FEAM TR G ho ks F R R4S (4e > 3t Tfloat Rdouble
Ao ERATEREN » AARTRAMBBTRE) AARCEAF ALY 25K
parallel_accumulatef¥ %] 894 R T4 5 std::accumulate B 69 R TRF] o FlAf8g » X Fadik
REGERF WK LAALEIERE > M std:;accumulate o VAL RENERBGHF R
TIAE o st Tl diresults & 5 > F2RETAH R EJ L o 4T HEHAT > AFTHLIH
RSP At FRARBEZARAG RN BETRNHITIX c HEHITEEFREEAR Lin
ANt o FREZY  RAFRBEBEN—NEBEFET—ME > Tl E B results &
B RMEBAREF L o F— Ak BIMIKRBREBRPATHER 1 F4TF - KAVKAER
B2 (futures) T M X # 77 £ o

5 AREITH A LRGSR RRAEARBRT & OHARITSRGEE - it -
3T st s AR RA AR TIH K > Tk —AMriRE > Bl 2.7 81 -
it o BF 2R R RAAE R ARG IEE » B i A ALERAZL TR %R AR L FRLHLS
TEGIRAENA o 4FH B A A ZHCHBREEN » AR T XAEN» AL EH R THL
FANBAL I Ao TR —ARIRAF ©



2.5 17 7 & A2

HARIR KL std::thread::id * TARE A F R#ATHRE o F—H > TRARL A

F std::thread 3t %89 R #%K get_id() KR EHFRM o o R std::thread T L EH 51’%1’?1&
ITARAZAD £ B 0 get_id() 1R & std::thread::type FKIAA &ML » I AMER T XA &AL o

=4k BATARAZF A std::this_thread: rget_id() ( MNHEE LA <thread> J‘Kﬁ‘q’)

VARAF B ARARIR

std::thread::id St £ A B G893 NAn st tb M AR RFARTAE A o e R A A2t £
8 std::thread::id ABF » REAIHA R —MEAL » JEA A LA © W RTF - MARAK
ETANRRBAL  RE—ANHBAL 5—8H o

BALE RLRFNE EREEAEAFZRAEE—H » std::thread:: Rt Z 124t 4 % £ 589tk
BAE ke BB RGBTSR ”ﬁﬁfﬁﬁﬁ%mkiéﬁﬁzﬁﬁﬁL’ﬁﬁ

oo B E A X 8 sk o KR F AR T FIME 8 std::thread::id * PTVARANTA T
é!J % a<b * b<c B ﬁ‘ a<c °’ é}’ ° #T/{{E‘&J#;E/f/\ std: :hash<std::thread::id> ﬁw’% ’ ﬁff
VA std::thread::id W A A L7 & 8 694248 o

std::thread::id £ B F AAER M AR LG F BT —LBAF > Hode ﬁ}ﬂ%ﬁi% 7& —H L
Hf(miF5$£2.8) TEHBRTRER— L5 EMWEERE G I c IHFLT » BaLgAE

A LﬁTVX/]%Q T ZAZIDIA T std::this_thread::get_id() 33| » F#AITHM - AR EMH
S G (PR BARA — AR 09) BABBERERE—T » LAY EEZIDET G4 A2 6D
A o

std::thread::id master_thread;
void some_core_part_of_algorithm()

{
if(std::this_thread::get_id()==master_thread)
{
do_master_thread_work();
}
do_common_work();
}

A9k BATAAZE) std::thread::id J§ 7% B — M4 IE 4 #’7“1’ o X GBI A B AT
A2 09|1D 5 A ik 09 BAZIDBCA b 0 kR R BRAE A AHF > & AYE £ (permitted/required) ©

Rl A GBRA ARG HE T EROBRT R ABRIDEEEFTIEARE o flde » ZET
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std::thread::id T WAMEA —ANEARGA AR IRE » SRR R 53E 0 X (e » $B89 %
I s MFEZZIANAFTET o W ME R4 B IA( std: :cout )RIEF—A std::thread::id &
By 48 o

std::cout<<std::this_thread: :get_id();

BARB 3 H R P AR T AR LI > CHin )" — 2 R3b B2 RIEIDIIR L A FH)
AL LR AR A A i o
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FIAE 6 980 > B4R A BAR o 3 BAZ 05 ) 2E FRABOY T4 > o 8 — LS > FRRE L
AT AR o BA » —ARAREHT A FLIE - FRALREALAATEI o NG FIE
AR > Fl—#ARF e ZABRAITHERT > AAA K - RO FEERALS 2R
bugt) — M EEREA » FABEREWAEMKGEHE L0 E o

AFTHRALCHT AT LLEORERFT AT - #HEH LA LALRE PG L LY R - K3k
FRIEGRHEIRFRK



3.1 H F 4B W ok 69 17 &
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#include <list>
#include <mutex>
#include <algorithm>

std::list<int> some_list; // 1
std::mutex some_mutex; // 2

void add_to_list(int new_value)

{
std::lock_guard<std::mutex> guard(some_mutex); // 3
some_list.push_back(new_value);

}

bool list_contains(int value_to_find)

{
std: :lock_guard<std::mutex> guard(some_mutex); // 4
return

std::find(some_list.begin(), some_list.end(),value_to_find) !=
some_list.end();

}
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class some_data

{

int a;

std::string b;
public:

void do_something();
i
class data_wrapper
{
private:

some_data data;
std::mutex m;
public:
template<typename Function>
void process_data(Function func)
{
std: :lock_guard<std::mutex> 1(m);
func(data); /7 1 BRI TRIEL T P RE
}
Iy

some_data* unprotected;

void malicious_function(some_data& protected_data)

{

unprotected=&protected_data;

data_wrapper Xx;

void foo()

{
x.process_data(malicious_function); // 2 fEiE—ANEE R
unprotected->do_something(); // 3 FE TR LT % AR k3B
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template<typename T, typename Container=std::deque<T> >

class stack

{

public:
explicit stack(const Containeré&);
explicit stack(Container&& = Container());
template <class Alloc> explicit stack(const Alloc&);
template <class Alloc> stack(const Containeré&, const Alloc&);
template <class Alloc> stack(Containeré&&, const Alloc&);
template <class Alloc> stack(stack&&, const Alloc&);

bool empty() const;

size_t size() const;

T& top();

T const& top() const;

void push(T const&);

void push(T&&);

void pop();

void swap(stack&&);
3
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stack<int> s;

if (! s.empty()){ // 1
int const value = s.top(); // 2
s.pop(); // 3
do_something(value);
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Thread A Thread B
if (!s.empty);
if(!s.empty);
int const value = s.top();

int const value = s.top();

s.pop();
do_something(value); s.pop();

do_something(value);
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std::vector<int> result;
some_stack.pop(result);
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#include <exception>
#include <memory> // For std::shared_ptr<>

struct empty_stack: std::exception
{

const char* what() const throw();

hir

template<typename T>
class threadsafe_stack
{
public:
threadsafe_stack();
threadsafe_stack(const threadsafe_stack&);
threadsafe_stack& operator=(const threadsafe_stack&) = delete;
/7 1 TRALIRAE DM

void push(T new_value);
std::shared_ptr<T> pop();
void pop(T& value);

bool empty() const;

}i
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#include <exception>
#include <memory>
#include <mutex>
#include <stack>

struct empty_stack: std::exception
{
const char* what() const throw() {
return "empty stack!";
Iy
3

template<typename T>
class threadsafe_stack
{
private:
std::stack<T> data;
mutable std::mutex m;

public:
threadsafe_stack()
: data(std::stack<T>()){}

threadsafe_stack(const threadsafe_stack& other)

{

std::lock_guard<std::mutex> lock(other.m);
data = other.data; // 1 ZM&EJRFIRTFEIHATHE N

threadsafe_stack& operator=(const threadsafe_stack&) = delete;



void push(T new_value)

{

std::lock_guard<std::mutex> lock(m);
data.push(new_value);

std: :shared_ptr<T> pop()
{

std::lock_guard<std::mutex> lock(m);
if(data.empty()) throw empty_stack(); // ZHBApop7l » HEKL

o

A

R

std::shared_ptr<T> const res(std::make_shared<T>
(data.top())); // EHBEERAT » 4B BREEE

data.pop();

return res;

void pop(T& value)

{
std: :lock_guard<std::mutex> lock(m);
if(data.empty()) throw empty_stack();

value=data.top();
data.pop();

bool empty() const
{
std::lock_guard<std::mutex> lock(m);
return data.empty();
}
Iy
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H¥3.6 LB FIEA std::lock() #7 std::lock_guard

// ZEE&std::lock()F & ES<mutex>k LAHF
class some_big_object;
void swap(some_big_object& lhs,some_big_object& rhs);
class X
{
private:
some_big_object some_detail;
std::mutex m;
public:
X(some_big_object const& sd):some_detail(sd){}

friend void swap(X& lhs, X& rhs)
{
if(&lhs==&rhs)
return;
std::lock(lhs.m,rhs.m); // 1
std: :lock_guard<std::mutex> lock_a(lhs.m,std::adopt_lock);
// 2
std::lock_guard<std::mutex> lock_b(rhs.m,std::adopt_lock);
// 3
swap(lhs.some_detail, rhs.some_detail);

}
};

Bh o BESREGETRRGEH » HARERB R std: :mutex & F L8948 » BT S Ak
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F std::recursive_mutex {RBEXAE G AE o FIH N3.3.3F) o KRG » WA std::lock() @H{E
BANEFE > FFEAA std:lock_guard EH LR L EIF@D® o 34 std::adopt_lock 5&IAT
& std::lock_guard 3t % T REAIZ 9 » LA X W std::lock guard M EEHE > M AF
# std::lock_guard * Z AEMEH A o
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BARGE T AR — AR A o A2 TP RS R IR L o RABEAT c RERH
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hierarchical_mutex high_level mutex(10000); // 1
hierarchical_mutex low_level_mutex(5000); // 2

int do_low_level_stuff();

int low_level_func()

{

std::lock_guard<hierarchical_mutex> lk(low_level_mutex); // 3
return do_low_level_stuff();

void high_level stuff(int some_param);

void high_level_func()
{

std: :lock_guard<hierarchical_mutex> lk(high_level_mutex); // 4
high_level_stuff(low_level func()); // 5

void thread_a() // 6

{
high_level_ func();

hierarchical_mutex other_mutex(100); // 7
void do_other_stuff();

void other_stuff()

{
high_level_func(); // 8
do_other_stuff();

void thread_b() // 9
{

std::lock_guard<hierarchical_mutex> lk(other_mutex); // 10
other_stuff();
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Bl FALETT A — 2 ° std::lock guard<> BHREGA P T X ELFE XA —AlEA - 2R
hierarchical mutex & c++ 1 EH—F 5 » EEECERXRE S + —AMEEGERALET £
38FETHERk - REECA—NAPL ZXLEA » T VAR T std::lock_guard<s> BEHRF » AA €
W) SEIA ZA R HEH T A ZFE4RE ¢ lock(), unlock() #= try lock() ° & AT & Wit
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7 %38 MEMEREFE LI
class hierarchical_mutex
{

std::mutex internal_mutex;

unsigned long const hierarchy_value;
unsigned long previous_hierarchy_value;

static thread_local unsigned long this_thread_hierarchy_value;
// 1

void check_for_hierarchy_violation()

{
if(this_thread_hierarchy_value <= hierarchy_value) // 2
{
throw std::logic_error(“mutex hierarchy violated”);
¥



void update_hierarchy_value()

{
previous_hierarchy_value=this_thread_hierarchy_value; // 3
this_thread_hierarchy_value=hierarchy_value;

public:
explicit hierarchical_mutex(unsigned long value):
hierarchy_value(value),
previous_hierarchy_value(0)

{}

void lock()

{
check_for_hierarchy_violation();
internal_mutex.lock(); // 4
update_hierarchy_value(); // 5

void unlock()

{
this_thread_hierarchy_value=previous_hierarchy_value; // 6
internal_mutex.unlock();

bool try_lock()
{
check_for_hierarchy_violation();
if('!'internal_mutex.try_lock()) // 7
return false;
update_hierarchy_value();
return true;

¥
Iy
thread_local unsigned long
hierarchical_mutex::this_thread_hierarchy_value(ULONG_MAX);
// 8
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BINA —ANEBRBAITHRRE > FEORALT LRI - A LHFAA8F » AL S5
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BT vk s % — R & 4240 £ — M hierarchical_mutex®t  this_thread_hierarchy value 4 %
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LR C A REABE I © std::lock() F7 std::lock_guard AEZEAR Al £ 69458 & K % 2 »
XA ERE L8 IEM o EREFI » T4E A Az AEREEE std::unique_lock AR ©
42 std::lock_guard * EXEZ—ANMHEFIHZFEREKE  FHECRERSZRAIXES A KT
¥ std::lock_guard RA o T VATERAL F e X &
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std: :unqiue_lock REANORGTATE » LA std: :unique_lock g’-@‘]*%&—%ﬁﬁ%%#&
YRR A X » 4 AR E std:lock_guard A #7E o A% > T4 std::adopt_lock 154 %=
MHEFAEANMERR > SEFEHRTEIE ; T std: :defer_lock 1EH B =5 dfbid s
* 0 RALFERRFAHKRE o ZH o LT UMK std: :unique_lock X% %’»(;f:i%ﬁ.ﬁ:'_%)é/?
lock() ik % 89 AT R EBL » K A% std::unique_lock 3 % 3| std::lock() F o H$£3.67T A4 5694
A FH#3.9° 1M std::unique_lock #7 std::defer_lock @ * M

JE std::lock_guard #7 std::adopt_lock ° XAZ Kk EAFE » JLF5H » E— KR &3k

A& 1 std::unique_lock & & AR S 89 » H B b std::lock_guard 1% — & o fRUE R EM
FATE RN 0 IARM A AP std::unique_lock W RH ZFE 15 8 OB » LK
23 e

H¥3.9 X BT std::lock() #7 std::unique_lock #94%

class some_big_object;
void swap(some_big_object& lhs,some_big_object& rhs);
class X
{
private:
some_big_object some_detail;
std: :mutex m;
public:
X(some_big_object const& sd):some_detail(sd){}
friend void swap(X& lhs, X& rhs)
{
if(&lhs==&rhs)
return;
std: :unique_lock<std::mutex> lock_a(lhs.m,std::defer_lock);
// 1
std::unique_lock<std::mutex> lock_b(rhs.m,std::defer_lock);
// 1 std::def_lock @ TFTALHNEZFE
std::lock(lock_a,lock_b); // 2 = AKX E L4
swap(lhs.some_detail, rhs.some_detail);
}
Iy

51 %3.9F » WA std::unique_lock X #Flock(), try_lock()Funlock()m& it &%k » FT VAR
¥4 std::unique_lock *t %453 %] std::lock() @ ° X F]E 69 R i R I KB A L IREG T
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T A R Z B AA » AR EWBEALE L AT o A > std::unique_lock 3t % 69K A3A
%ﬂ%‘ﬁb std: :lock_guard 5@%»/){ » B4F R std: :unique_lock %E);{/Pi std::lock_guard ° A A 42t
HRERITELINEIHIAELE » RSB EEMGHEAEET © D std::lock_guard T & A4S i TAR
BHR MRAZAXRBRBEERACE o BFZE R FOHH > KTk
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std: :unique_lock %% AHEGAFMEAGEFE » —NEFEGTART AL SR -
ETF b 4T o ZEFT » INEHTAHREN Bl S JFRET—AF

Bl s BEEILT » FELNEAM std::move() RMATHEHRE - WAR L > FRRHT
BRAL AT A e ——— DR R R A 5] =N E——— NGB XA o B IRAE A —
MNEWE s AT HFESTARTIREESE > bR X FH R A © std: :unique_lock =& 7T #%
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—HERTREAF—AREENE—AZFE > FLEAARBERRE L FTARR A
T VAL Z AN ARAP 89 TE B A AT B 9P 89 B AF o

T@egf 5 R BRETT @ Rifkget lock()HIET ZF € » REEEHKIE » Byl 6gEH K%k :

std::unique_lock<std: :mutex> get_lock()

{
extern std::mutex some_mutex;
std::unique_lock<std: :mutex> lk(some_mutex);
prepare_data();
return 1k; // 1

}

void process_data()

{

std::unique_lock<std: :mutex> lk(get_lock()); // 2
do_something();



KEZBRFHEAHNAHDTE > EFFEZRAM std:imove() * TRAEFREO(4hFES K 5w
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B AR R T R kAN 42 st R AP 23R 69 95 AR AT LA o X ARFILT o BTA 6915 FIAR L
WAM KRR BRBRGF R F BRI X K09 £ B (4 B A @ 896 F - @ L8 A
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std::unique_lock 89 R &P Fl A AL ALV 26 248 S AT A 4R A 6940 o =T x4 Aunlock() &
W F > B —/NEZFE : std::unique_lock BI AR N FHELIREE RMLTH & Fo B4 ZJF €89
A ° std::unique_lock S0 /24K Z AT GG » LA A A LB AR A YR > TAAE
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3.2.3% F - TAMBREAPTT B B89k E & —AMEF KiE(hand-waving term) » k4%
A i — MR A 9 RIE & K o — Atk B 4 (a fine-grained lock) A& 9% AR AP 4% )~ 89 2k 32
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void get_and_process_data()

{
std::unique_lock<std: :mutex> my_lock(the_mutex);
some_class data_to_process=get_next_data_chunk();
my_lock.unlock(); // 1 FEi4i{E69ZFEMidprocess() Hzkt9AA
result_type result=process(data_to_process);
my_lock.lock(); // 2 ATEA%E » S EZFEHKEH
write_result(data_to_process, result);

T FH AR 6 I JF € ML *tprocess()H 2 AR A » FTAT AL R AAOI N ZFE T3
A FRAEZ BN EBRREHD -

BREAFRAA-NLZFERPEAREZMROEL > TRTELSA LS 80585 L
B F A AR o RS BRETREZRREA—ALFRE LGS > TAFAH G &L
K o RA LB EAT HALT A A A AL R T W E B Ao 7T R o

o B @ 8] T o 4 TACR RSN A i S » AT BRI B I BT R R4E
B AT R SR8 A 4 o — AR LT o AT o6 B0 4R B > ROTT 06 45 40 69 B ) 45 31
Bl o AT ERA — iR B AR 0 bde : RIS — AN (R AR Je R R A R E
) 0 BE R AR TR A b B — A (R R -

HE3.6403.9F 0 ABBEFTEHEANLFE » LAHRZRF L F R AN L o BRA KM
Podk 8 & — A 09 F B R (bdetint R ) 0 B A A2 RE 2 ?inté) 3 WARSRMN > FAT
VAR 5 6y AT SR B F] 0 S AL aF A A Zxt R 09480 0 £ AR B #ATEE
FEN o ThERE » ERENBANFHEANALZFE » FHERT2LEFH AR N FHEHR
BA—AN e TEOHFEPRRT —MEZIHEFEFFOYL FALETT —MaF iR ER 6
ML o

PR30 AREFF —RUE—NZFE



class Y
{
private:
int some_detail;
mutable std::mutex m;
int get_detail() const
{
std::lock_guard<std::mutex> lock_a(m); // 1
return some_detail;
}
public:
Y(int sd):some_detail(sd){}

friend bool operator==(Y const& lhs, Y const& rhs)
{
if(&lhs==&rhs)
return true;
int const lhs_value=lhs.get_detail(); // 2
int const rhs_value=rhs.get_detail(); // 3
return lhs_value==rhs_value; // 4

}
by

AT o iR B il A A get_detail() ik i Hdkih £ IR BEQO » Rk F
AR AR — AR F @ o IWRBEFSEIBILRFIIEROE® - i2& 1 RARZXERRY
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SEQFORHITR M » IHKLKR IR EL - FMRRTRLE D rue » Kk EZAXAHA
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BAfRG— N EFR > WERNRDI R, TRERIT AN IBEEEITRERSHAE o

i R 1 (Lazy initialization) & £ A A2 XA R F L—H —MRERE R A RETHE
AT T REBAFHEA > REEEEA A RT » REATF R

std: :shared_ptr<some_resource> resource_ptr;
void foo()

{

if(!'resource_ptr)

{

resource_ptr.reset(new some_resource); // 1

}

resource_ptr->do_something();
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std::shared_ptr<some_resource> resource_ptr;
std::mutex resource_mutex;

void foo()
{

std::unique_lock<std::mutex> lk(resource_mutex); // PiA%&#EE
5 7)1k

if(!'resource_ptr)

{

resource_ptr.reset(new some_resource); // RAmEILIEETERK

¥

}

1k.unlock();

resource_ptr->do_something();

R ARG ST o LRGSR IR LR BRI 0 IR S AR R AT A — 6y Ak
REIHF > GEFLRBON TR EHEX

void undefined_behaviour_with_double_checked_locking()

{

if(!'resource_ptr) // 1

{

std::lock_guard<std::mutex> lk(resource_mutex);
if('resource_ptr) // 2

{
resource_ptr.reset(new some_resource); // 3
¥
}
resource_ptr->do_something(); // 4

AR —RIEBREBERFEEZRBAO » FELRA A ANULLE £+ FZRBA - K5 > TR
B G 2 AREE—RQ (BRANERLENINY) BLA—YWEBRESF—RIEE
J& B dEAt » 3t Bk B A AL R o

BABANMNTLZFLRER? AARXREARAENEHERES » AR RP O ERBEORASEL
o2 AR B9 B AIREQBAAITR F o Ak~ A 5B 7% INKHE L T IUB L
HRE » TLRaBLEatf ;s B — AN EBRE S —NEETRTEHHRITEAN B



LR A A 3 # 01 # f9some_resource 52 %] 0 ARG R A do_something()@ & » 13 %] I~ sE 44 69 4
o WA F R —FBAYG LN TEEF—HIELE > o+ RETRARSBIEEARE LT
Ao BAPFEFH T ATAE LG o TUHRFHEE > MEA L SN ARG $6 > B465%3E
TR, o

CH+ir & il Sk A F M F R BR T E » FTACHAT R E R

T std::once _flag #2 std::call_once ﬂiﬁifﬂl‘iﬁ‘l’f Moo ARSI FZ o 9%.11.5\@177}/‘"‘5}3
4 BANBRAFEAEM std::call once * /£ std::call once 894 RE » BLAER A 694l i
H OB LM EAEMBILT o 128 std::call once I ARMBALZFZHAYTRE Y » 4
B & ST RSE o T@HE T RFT 5K £3.11°F 8 R RME > X242

T std::call once ° ERXAFAT » LA EARN LT AK » RIFEZHEBREERAL PR
BBEAREZAFHREAE o wF RS BRAREE TG REZ—F > A RBAER > KA
A BB 0 std::call once T VAFeAEAT R Z K T A A 2 £ —AqE A o

Rl

std::shared_ptr<some_resource> resource_ptr;
std::once_flag resource_flag; // 1

void init_resource()

{

resource_ptr.reset(new some_resource);

void foo()

{

std::call_once(resource_flag,init_resource); // TTAZEH#IT—
Rt
resource_ptr->do_something();

FEIZAB]FF > std::once_flag OFn 45 1L4F 69 FIEAR T o % F 1A RIR GG 2F £ » 12
A& std::call_once() TARAFA LR AEILEG KA R T » 4o Bl T @a95]-F—4% :

HE312 42 std::call_once TF A E MR R 893 RS (XL L)



class X

{

private:
connection_info connection_details;
connection_handle connection;
std::once_flag connection_init_flag;

void open_connection()

{

connection=connection_manager.open(connection_details);
}
public:
X(connection_info const& connection_details_):
connection_details(connection_details_)

{3
void send_data(data_packet const& data) // 1

{

std::call_once(connection_init_flag, &X::open_connection, this);
// 2
connection.send_data(data);

}

data_packet receive_data() // 3

{

std::call_once(connection_init_flag, &X::open_connection, this);
// 2
return connection.receive_data();

}
i¥

%) F ¥ % — /8 Ml send_data()® HKreceive_data()® 81 &2 T AL 42 o 48 AR B %%k
open_connection() & ##1L 38 » & F B thiste st iF it & o o L EAR R T8 R —4 >
B2 TREAE > tde std::thread 9 & HE A7 std::bind() » BT

%) std::call once() @1% i —ANE 9169 A Fk B ANRAE ©
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SR IO EHEFAAZELY  AALES AR » HENEREHAY RN ZE—
MBI BEAN T ZEA  R—ANEEN T E2RITHEI > MBS EBREREANZINTE

i AL AR E R TR o AC+HIARAE T » XL FMAREART @ BILAE LT LA
SR RAE  HARA EAABALTAEMBAC TR L #ATLE > K45 F LTt
B BHWEZEREREFNS c AAFTEZ—A2RAEOIFLT » ZERM—

/> std::call_once B9H K7 £

class my_class;

my_class& get_my_class_instance()

{
static my_class instance; // ZBERANWHBILTAE
return instance;

% BAZT A% 4898 A get_my _class_instance()® &%k » A A KB L F RS o

AR DA LA BB LA R REMACH AR 58 o £ RS HRFLT » AP EIELH
RREE B BASIIF L RREORBMBEE » R — DR EMFR LI a7
e A ok

3.3.2 fRAP AR I F 37 o) BB L5

KA A THBAL I LA XIPt > BNELATHHKT —HRDNSA TR o« BF - %
FDNS# B ARKG—BH B NEFTRE - BR > ERA P HRIRF ML » 9N 0 T4
WA B AP B R EEBETRELAGANARERE « AT HBEEEFACTHAE
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BARLHABERA > EEREATHRAL > FELEZIANATEER S MEALG ] » INMEAR®
FEAT EHRAEMIFERY » ZA&A T ARAEA KA B4R AA HLIE -

BAAER E R RAE M > XAy RAFETH » AR EF e B 52109 (2 % 89
Bl FEFZCFFZTEFTNE) o BN EHEREEE & RIBEHGT R B3 E 7R EHE
fEo B HAR HIEEMTTHLSBHEFFILLRELAN o M std: :mutex K FRAP FIE
i SHHRR DI E(R AL LA REGEE » CHERA L EREIEGTREMN) ZEF
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BRBZMIFZNRARZCLEILHRAEEN L 122 e WREERETLRBEIHFG LS
F[3] c WA AR MRS » A F £ AT F1% A 69 £Boost/& 32 4t 89 52 3, (Boost R A T &
ANEW) o R EFEE T AR > MO ELTREEEE R AHERATAEELPHRLESHK
B FA G A Aol A BATH R BA % o A T AR I &G TR RAFR RIS » B
A EGRAEGREARER -

FeALAE B std::mutex FEBI#ATE W > R4wiE Al boost::shared mutex RMFH o xf-F & H7i%
18 > T A

Rl std: :lock_guard<boost: :shared_mutex> Fa std: :unique_lock<boost: :shared_mutex> L4t o ﬁ;
A std::mutex B9BHARFT E * 5 std:imutex PTRLE) —AF » X ALARIRIE EHAAL MR &7 19 o
AEBRETRE R XA REKIBEN > PTAL Tt

J boost::shared_lock<boost: :shared_mutex> RG] AL o L 5L R std: :unique_lock —#%
Mk % BAZE A BB REUE] — A boost::shared_mutex A 3£ F 4 o s — g RA| ¢ HIE—5&AL
WA - EFHE > BAEERSZ KRR EH L%ILE'J L2 A2 A F AT 894 5 BIAE
8 0 SE—SBRMA — MR S > AMEEREERFEZTH R &4 0 A2 F—MEAE
AR B4 o

Yo Rl Z AT A4 > TEMRBFLRETT AN ELYDNSEH > £ std::map FAEH
#3E > 1% B boost::shared mutex FITHRI o

F %313 12l boost::shared mutex *I#xiB 4 49 # 47 4R 47



#include <map>

#include <string>

#include <mutex>

#include <boost/thread/shared_mutex.hpp>

class dns_entry;

class dns_cache
{
std::map<std::string,dns_entry> entries;
mutable boost::shared_mutex entry_mutex;
public:
dns_entry find_entry(std::string const& domain) const

{

boost::shared_lock<boost::shared_mutex> lk(entry_mutex); //

std: :map<std::string,dns_entry>::const_iterator const it=
entries.find(domain);
return (it==entries.end())?dns_entry():it->second;
}
void update_or_add_entry(std::string const& domain,
dns_entry const& dns_details)

std::lock_guard<boost::shared_mutex> lk(entry_mutex); // 2
entries[domain]=dns_details;
¥
Iy

H¥£3.13F > find_entry()1% A boost::shared_lock<> kAR £ Fh R EARO 3 ZhAEF % &
A2 7] VAR iR Al find_entry() » LR & 444 o 5 —7 @ » update_or_add_entry()i£

F std::lock_guard<> ] » %R FELEHFQ » A LREE &5 AR
update_or_add_entry() & Z 8 A Bt o JE & 4 & PRk A ot BB A AT R 0 R ELMEE
A28 A find_entry() °

3.3.3 & &4
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BT std::recursive_mutex £ o LI E std:imutex £ B TART LUNE —& 4209 %
AU RIS A o BB AR R BAZAT » AR L AR AR AR A 8 BT BT L % AR
lock()= X Bt » 4R AL54 70 8 Alunlock()= X © sE#1%

R std: :lock_guard<std: :recursive_mutex> Fo std: :unique_lock<std: :recursive_mutex> T AH
e 4 T8 3 2 2] B o

REEHAT » SREZHLEME > KRR RITRAT RS o S B8 — A £ 7T H L35 ]
HRE s FTALME R 2RP L oa i 4B o DR REAT 22t 2R & B4 KB &R
MEE AR LERBHLFE - AL ARAR B SAA F — AR R4 AL

T BRI R B REANEELFE TR FHREATHGR A - TR MRy R
SH AR EHAREN » B AR N BRI 8 AT B4 > I B R B AR R L IAT o

{2+ B M7 REFHAES » BARETER » ARSI o 52 > SHRBA
Mo 5 R TR A EARE K - LdokA 0 STEFELATHNE > FAAR S
BT F BT © — SRR R » P BRI — S B KO KR A
S R B A S AT o AR R OR 20t I B AT B (A AR AR
) o R o ARAEE B —F » AP AT B RABRIR A -

[3] Howard E. Hinnant, “Multithreading API for C++0X—A Layered Approach,” C++
Standards Committee Paper N2094, http://www.open-
std.org/jtc1/sc22/wg21/docs/papers/2006/n2094 .html.


http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2006/n2094.html
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AFHBT SAABRAORTIIBE A BRAR RS 2H RS 27 THRA > Fitib T
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FERART — ] T ARG LAEAK LB TRTHITARGES » AR—LE STk
BOE SR A AFA o 1B W T ERRFLT » RERPOBERTE > #

4o std: :call once() Fa boost::shared_mutex °
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Er—FF > RNABNEAHESEZRARY LZHIEBO T % o SETREARRY HIE > THE

FRGBBRBATEY o bldo > AR —ABBRIRI > TREZFHF —ANEBEPITER - @

FHALT » BRAF/F ML FHORE » AFF/FE—FBHER(Atrue) e BTRERZE
P EEHF TR R0 AEEMG R BAB EFRIEF 2R 5RAERELERS - K
HHEARERZABZRTHATRAY » oo REERB/T - LT ETHATRFHRM > B X LR

A % % & (condition variables)#= #1 % (futures) °
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4.1 FHRH—ADFHELMFH

PBARARAE AR > i BLOE 2 — 4R /2 A BATE) K E b o 7 A] > dofT 2 E A BY 35 AT HR 2 —
A EAEGMERE > KRG EEE TH—35 c T > FRFLHIHRER KL 5 > 128
M SIEREBIRIEAE o Ash > RTUFE—TH AL » 11— T KE 2% B 6936898 1E » R
BTt A & R B R4S 0 RB IR T AL ST o XANF ETARLER
o WEABIRET R R RS KER RGRAZ » RABHL T 8T o SR
AP BT AR AR W T > FFRMRELS c MAYNFZ XL R bATHBE > RELKE
BIsE g AR 0 A AR KK BAIefRREE o shAFT o

BRI BERAHZKEZR?2IFC s kRN KREKA—T o T—NEEF/FI - ANEBZRES
o ExARSGHF - F— CTUFLENRELFTRERSNTHREY TEWLZFE) &
BB —BELRIEN N ZAFEHATET R - A > AE—FRF : ARFLZE T ORI
REFggeESEirdE s FLSLFERFAEE LG » LS EREA 5 ERBA » K

HABERLSFEFHF - A LT X FHEERH TR #ﬂﬁm}?&ﬁ[ﬂhiﬂﬂnéﬁu
B o BAEAENEG  REFERSFINEERRHT L ERAFFLZEER R
ARSI TG EZ S » TAKEFEE KGR > FREBISE o B » FHGEELFH

FRagatE > R ERRALLEHILERATR

BN B REFHAERLEAERE > 127 std::this_thread::sleep_for() 478 #6914 Bk
(FR4.37):

bool flag;
std::mutex m;

void wait_for_flag()
{
std::unique_lock<std: :mutex> 1lk(m);
while(!flag)
{
lk.unlock(); // 1 MR4{ELF=
std::this_thread::sleep_for(std::chrono::milliseconds(100));
// 2 fREX100ms
1k.lock(); // 3 BAMELFE

BAEIRF » ERRATQ » JIBRAEZFZRITRHNO > FALEKREREHANLFE#
B0 PTVA 5 SN B RAZREA ML2 R ELH R B AR R o
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BRET 7] o K42 69K ARFr A PRER —4F » AR AR B HATET A 5 KK OGIRARES 1) » T AR & 1E4E S
EHBALR R o RIRI AR KRS NOER > ARARXRSEREYARRZFHITY  SAESY
AHRT » CEAREEN  RE—ANERHEAFRET —ARER -

HEANBRFAARLGLIF)E  EACHAZRAERBO T AL FAFHGLAE - B —4&
ALAR A F AL A R ARG B 7 X (Bl e 1 ARG LB EHINEGIE S E) o AR
RAKHTEE c MRRALRWK » —MEABTELH55AMNF/HR A AL LIRS
NEAZ LS LA R o S X RBAML I > A T Rad 54552 (AT S5 BELSE T
LB G FFE AR B AR R 91Z 4 o

4.1.1 FFFHE KR

CHttiz Ext & BT EHRAES
I, . std::condition variable 47 std::condition_variable any °© AT IR 6,4

& <condition_variable> 3k SUAF69 & BH P o B E AR ?ﬁ”g‘%”ﬁ\iﬁé‘*%@ﬁﬁEL{@(iﬁ%%
ATRY): THERIETE std:imutex —A LA » fJGg & T AFe LT L R AkAT A0 ZF & —
A TAE s e £ T _anyt9/a % o A std::condition_variable any £ Awifi Al » KT 4RI
RAR S MRAE s AR AR TR 77 @ F £ BRI F4E > PTVA std::condition_variable —#&
fEAFRIH R+ 5 REMARIEL RN » KA 254

& std::condition_variable_any °

BT VA » 4ofa4% Bl std::condition variable 2%t ¥2 Z A[4% 3| 695 5L LA ¥ E AT
dof ek BEAKER P A9 B EATLE?I AT HFERTT —ME RN FH T ML 7 X o
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std: :mutex mut;
std::queue<data_chunk> data_queue; // 1
std::condition_variable data_cond;

void data_preparation_thread()

{

while(more_data_to_prepare())

{
data_chunk const data=prepare_data();
std::lock_guard<std::mutex> lk(mut);
data_queue.push(data); // 2
data_cond.notify_one(); // 3

void data_processing_thread()

{

while(true)
{
std::unique_lock<std: :mutex> lk(mut); // 4
data_cond.wait(
1k, []{return !'data_queue.empty();}); // 5
data_chunk data=data_queue.front();
data_queue.pop();
lk.unlock(); // 6
process(data);
if(is_last_chunk(data))
break;

Bk RMA — AR KA AN R IR GO o B 5B R AT 0 4R

F std::lock_guard X% L4 » FEEGFOEIEREARI PO » )G &AL I] b 69 3k
L4 o SREIAA std::condition_variable f#9notify_one()m i &k » i F A6 BAL (e RA FAF
ZAL)HATHA IO o
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¥ std::unique_lock Z b std::lock_guard @ fwsiE——Hor K mbmid k o KA G 2R
Jl std::condition_variable /% i & %kwait() > %% — M4 A= — ANlambda & $ & ik X (14 %
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B3 > JELIE R AA  B AT 5 Bl dewait() B o AT P 1$%
lambda® & []1{return !data_queue.empty();} &+ &data_queue L&A =
data_queue ™4 %# HERAE NI T OEEZSFRIET o M RAHAST %‘Lambdaﬁa;&
F L0458 -

wait() & &4 & & & A GEA A A AT R 69 lambda & 2K) » % & % & (lambda & 23R Etrue)
B R E] o 43R A R % R (lambda & 3R Efalse) » wait() &k 25 248 2 fF £ 0 R BF X ALE
(LERIGQAEHIE G EAR)E THEERFARS o 54 & 34869 & A28 Anotify_one()ill 4=
AU RN AEEIBGREINERRESF 82 » EHRWEZFH > FASEHRREE
FE AR RFRT » Mwait)BR = F 4 S H 40 o 55472 » KRGS LT EHY -
HEEFHFHFF o IRAAH LA std::unique_lock ™ 1% std::lock_guard Fi5d
MBRRELAEFHERABRLFE > HFEZXRZXZENEZFERRES > M std::lock_guard &
ﬁ AREWwRELFEESGEKRIBARFIERS » EERIEGEZBES R EZHELRF
s WFIERMEBAEBI AP F » RIS » FHERAKET RS I8 FHFTIHEL -

HEAMERT —AF E8lambda A THFAG > IANAREATRERITH A E » 71
15 &6 H g A TR st LA T A4 A wait() ° SHRELEEH T —MRFHEUA S LHRFF
SRR EE RIS AT VL A A R EAE Await() 5 R — & IEE A —
lambda& & X ¥ o £ 18 Await() 32 Y » — M EHTETRREERLESTFHL TR A
w0 C AL LFE WA N XA 0 B B A S AR I K A6 R BGR Etruet 0 B S B

RE o 3FLBBREHRRLFEAEL N wREAFEER AL S —NEEGAL

3 3k A P78 89 0+ B2 (spurious wakeup) ° Bl 4 AT o 82 49 AR RAR R R T8 0 XL
TEDE R — /ARG RBREHRE o BIRZIFEMRT » kL AMEF % R7" A 1ER
IINNE 327 - S

FEA std::unique_lock B9 % &M » RALE A T xtwait()e9 B A 5 wE T AR T A AFLE(2E R
IR RIE® o 4T EIE T RE A —ANFLET 093 4F 0 B fRAE F3F A8 > Rkl A 4
BEt R kA AL 2R EF o

1 RGN % AN BAR T 5545 3B (o 7 241 RARF LAY o AT 695 » BB 4E T ARSLE
RF|AY » B R 8t 55 I EL AR o AT RBHFL » WAEMNFELATRR
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template <class T, class Container = std::deque<T> >

class queue {

public:
explicit queue(const Containeré&);
explicit queue(Container&& = Container());
template <class Alloc> explicit queue(const Alloc&);
template <class Alloc> queue(const Containeré&, const Alloc&);
template <class Alloc> queue(Containeré&&, const Alloc&);
template <class Alloc> queue(queue&&, const Alloc&);

void swap(queue& q);

bool empty() const;
size_type size() const;

T& front();
const T& front() const;
T& back();
const T& back() const;

void push(const T& X);

void push(T&& x);

void pop();

template <class... Args> void emplace(Args&&... args);

i¥

R BwEAE ~ MR X R AE 0T » (RLAIT T ZARAF 1. HEARI| G RERTEN
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#include <memory> // A T4 Mstd::shared_ptr

template<typename T>
class threadsafe_queue
{
public:
threadsafe_queue();
threadsafe_queue(const threadsafe_queue&);
threadsafe_queue& operator=(
const threadsafe_queue&) = delete; // TAHMA LKA

void push(T new_value);

bool try_pop(T& value); // 1
std: :shared_ptr<T> try_pop(); // 2

void wait_and_pop(T& value);
std: :shared_ptr<T> wait_and_pop();

bool empty() const;
3

AR AT A BRI ARAE o AR R RS M ERZTT - FFEZ LT A 69 L WAL o
FaZ AT —AH o ARALE B R A AR ARty _pop()Fewait_for_pop() ° F—MNE &K Etry_pop()®
HERATEFHEAERRE s FIAECTURRBEART| FEGRE s SR EI AT Z0
Heds 8 Etrue » G NS A Efalse(E RA2T) o HFATHORFRMEKET > BRACLARE
WREGFMEY o BRAMBTHFE » ZANRET AR GNULLEE 4 -

ARAFAERT o dof A L A ih 41 F 6 RADA8 KR 24578 » HAVLERRE R E X
F X B o AR VIR AT B9 KAL F 2 B push()F=wait_and_pop() * = A TH £ o

H 4.4 NEE4.1F R B push()Frwait_and_pop()

#include <queue>
#include <mutex>
#include <condition_variable>

template<typename T>
class threadsafe_queue

{



private:
std: :mutex mut;
std::queue<T> data_queue;
std: :condition_variable data_cond;
public:
void push(T new_value)
{
std::lock_guard<std::mutex> lk(mut);
data_queue.push(new_value);
data_cond.notify_one();

void wait_and_pop(T& value)

{
std::unique_lock<std: :mutex> lk(mut);
data_cond.wait(1lk, [this]{return !data_queue.empty();});
value=data_queue.front();
data_queue.pop();

}

3

threadsafe_queue<data_chunk> data_queue; // 1

void data_preparation_thread()

{

while(more_data_to_prepare())

{
data_chunk const data=prepare_data();
data_queue.push(data); // 2

void data_processing_thread()

{

while(true)
{
data_chunk data;
data_queue.wait_and_pop(data); // 3
process(data);
if(is_last_chunk(data))
break;



BRERINGEBFOEALTFEREAMTE  IARIOTERTFTEZTO » 5 B Apush()
WARFEEINFRA T - 54 > wait_and_pop()EEHM A H T EHEHFD o

7 — M wait_and_pop() &%k 69 F & B A RMARINA T o R T 09 REABINFEIS5FE NG F
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HEA5 A EFHEZHEIRRLAERI(ZER)

#include <queue>

#include <memory>

#include <mutex>

#include <condition_variable>

template<typename T>

class threadsafe_queue

{

private:
mutable std::mutex mut; // 1 ZFELAETEE
std: :queue<T> data_gueue;
std::condition_variable data_cond;

public:
threadsafe_queue()

{3

threadsafe_queue(threadsafe_queue const& other)

{
std::lock_guard<std::mutex> lk(other.mut);

data_queue=other.data_queue;

void push(T new_value)

{
std::lock_guard<std::mutex> lk(mut);

data_queue.push(new_value);
data_cond.notify_one();

void wait_and_pop(T& value)

{



std::unique_lock<std::mutex> lk(mut);
data_cond.wait(1lk, [this]{return !data_queue.empty();});
value=data_queue.front();

data_queue.pop();

std::shared_ptr<T> wait_and_pop()

{
std::unique_lock<std: :mutex> lk(mut);
data_cond.wait(1lk, [this]{return !data_queue.empty();});
std: :shared_ptr<T> res(std: :make_shared<T>

(data_queue.front()));

data_queue.pop();
return res;

bool try_pop(T& value)

{
std: :lock_guard<std::mutex> lk(mut);
if(data_queue.empty())

return false;

value=data_queue.front();
data_queue.pop();
return true;

std::shared_ptr<T> try_pop()
{
std::lock_guard<std::mutex> lk(mut);
if(data_queue.empty())
return std::shared_ptr<T>();
std::shared_ptr<T> res(std::make_shared<T>
(data_queue.front()));
data_queue.pop();
return res;

bool empty() const

{
std::lock_guard<std::mutex> lk(mut);



return data_queue.empty();

}
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#include <future>
#include <iostream>

int find_the_answer_to_ltuae();

void do_other_stuff();

int main()

{
std::future<int>

the_answer=std: :async(find_the_answer_to_ltuae);
do_other_stuff();
std: :cout<<"The answer is '"<<the_answer.get()<<std::endl;

5 std::thread 8 HF N—H# > std::async A FHRB LRGN 698 R 53k > & K 4% 3% 5
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#include <string>
#include <future>
struct X
{
void foo(int,std::string const&);
std::string bar(std::string consté&);
Iy
X X;
auto fi=std::async(&X::foo,&x,42,"hello"); // HAMp->foo(42,
"hello") » pA&4 Ax #9454t
auto f2=std::async(&X::bar, x, "goodbye"); // AH
tmpx.bar ("goodbye") » tmpxAx&H N & A
struct Y
{
double operator()(double);
Iy
Yy;
auto f3=std::async(Y(),3.141); // ARAtmpy(3.141) > tmpyiB YL 3
) 3% & AT 3
auto f4=std::async(std::ref(y),2.718); // #AMy(2.718)
X baz(X&);
std::async(baz,std::ref(x)); // #AMbaz(x)
class move_only
{
public:
move_only();
move_only(move_only&&)
move_only(move_only const&) = delete;
move_only& operator=(move_only&&);
move_only& operator=(move_only const&) = delete;

void operator()();
Iy
auto f5=std::async(move_only()); // #Mtmp() A8 3
std: :move(move_only())# &3 3
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auto fé=std::async(std::launch::async,Y(),1.2); // EFE&AELHAT
auto f7=std::async(std::launch::deferred,baz,std::ref(x)); // ik
wait()skget () ¥ A B MAT
auto f8=std: :async(
std: :launch::deferred | std::launch::async,
baz,std::ref(x)); // FILHZHFMATH X
auto f9=std::async(baz,std::ref(x));
f7.wait(); // ARAERFKEK

ERFHE \fﬂﬁ" R8T o RS BRRE K » 4%l std::async &1L E| KB &A
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template<>
class packaged_task<std::string(std::vector<char>*,int)>
{
public:
template<typename Callable>
explicit packaged_task(Callable&& f);
std::future<std::string> get_future();
void operator()(std::vector<char>*,int);

};

K E 4 std::packaged_task T EA—ANTRAANZ » FHETAELEE—A std::function
ZF o 4% 3] std::thread FEF > MTEAZRRRE s 4F#E 5 —NREF » sRAFA TR
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#include <deque>
#include <mutex>
#include <future>
#include <thread>
#include <utility>

std: :mutex m;
std::deque<std: :packaged_task<void()> > tasks;

bool gui_shutdown_message_received();
void get_and_process_gui_message();



void gui_thread() // 1

{
while(!gui_shutdown_message_received()) // 2
{
get_and_process_gui_message(); // 3
std: :packaged_task<void()> task;
{
std::lock_guard<std::mutex> 1lk(m);
if(tasks.empty()) // 4
continue;
task=std: :move(tasks.front()); // 5
tasks.pop_front();
}
task(); // 6
}
3

std: :thread gui_bg_thread(gui_thread);

template<typename Func>
std: :future<void> post_task_for_gui_thread(Func f)
{
std: :packaged_task<void()> task(f); // 7
std::future<void> res=task.get_future(); // 8
std::lock_guard<std::mutex> 1lk(m); // 9
tasks.push_back(std::move(task)); // 10
return res;
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#include <future>

void process_connections(connection_set& connections)

{

while(!done(connections)) // 1

{

for(connection_iterator // 2

connection=connections.begin(),end=connections.end();
connection!=end;

++connection)
{
if(connection->has_incoming_data()) // 3
{
data_packet data=connection->incoming();
std: :promise<payload_type>& p=
connection->get_promise(data.id); // 4
p.set_value(data.payload);
}
if(connection->has_outgoing_data()) // 5
{
outgoing_packet data=
connection->top_of_outgoing_queue();
connection->send(data.payload);
data.promise.set_value(true); // 6
}
}
}
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AAXTEENGRBE > &F—T » 4p4%#-1%square_root() T ot » €M —NF% > 5t
BREANAFFHLMARNEEE

double square_root(double x)

{
if(x<0)
{
throw std::out_of_range(“x<0");
}
return sqrt(x);
}

8% 78 F square_root() & # R & 5 AT &AL

double y=square_root(-1);

IR A& XA RGP R A A SRR

std::future<double> f=std::async(square_root,-1);
double y=f.get();

W RAFAAZ AR GG LB RAEA  AAEMELT  yRABEAR %R > 54
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W5 FELEAHAt 0 REAEH stdiiasync 99— 50 BEBEARNME—NFF > PR
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extern std::promise<double> some_promise;

try
{
some_promise.set_value(calculate_value());
}
catch(...)
{

some_promise.set_exception(std::current_exception());

LEERT std: :current_exception() Z‘t\ﬁ?%hﬁﬁl]%% 3 T std: :copy_exception() 1'1F7‘{7
"/I\%é%’fﬁiﬁ?ﬁ > std::copy_exception() /ﬁ\ﬁffiﬁf%”/l\%ﬁﬁﬁ%'%ﬁfﬁz:%ﬂi :

some_promise.set_exception(std::copy_exception(std::logic_error(
"foo ")));

Rk KAk Mtry/catch3k e ikii » S A4 % R AR oty > CIE R ML 5 FEE A KA
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BRI E > FTABFAAL std::future ° ik » std::future WHERM » ER S EELLEF
FOEAE » RA—NEABRREBRFFLER  c SLNEABRELEET RO EIHGER > T
F4¢ F std::shared_future K& std::future T ©
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% 5 std::shared_future T VARHARA R o B A std::future LR 69 » BTV AT A AT ¥A
FERF 8RB b EAatE % o A2 RAH —ANEH T AR R G R T LR

™ std::shared_future SEH| AT H NEG > PTd % A3t LT UG ARl — KRB E LR o

FEH— std::shared_future 898 23t F ER R REA AR DG EREZREFE » BTAA
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G EFRGERRAL A o TILAEL

Thread 1 Thread 2

Datarace on =¢£
without synchronization

sf.wait () sf.wait ()
shared variable = £
] L

" otd: cshared future<intspE |

refers|to
asynchronous | result
y

int

Thread 1 Thread 2

Copying is safe
aute local=sf; / \ auto local=sf;
], shared variable sf 1+

std: :shared future<int>

refers|to
. asynchronous | result
local l X local

Istd.‘ :shi"d_futurifinb'"—) int - std: :shared future<int>
refers t refers to

local.wait () 1
™\, separate objects,
s0 no data race

cal.wait ()

O




EH4.1 1'9*\71?] % A std: :shared_future a %%ﬁ%iﬁﬁ‘ﬁ%

A T HE41E R std::shared_future 8937y » 4w » ST KRBT B 269 & F R A& 69 AT AT

F—NEARAE LG > BRANLAET TR LA A F oG I A Z N KT FAF5] 89 -

ARITT AR G RARB T H AL Tt » KRBT AE A —A std::shared_future s £ 5] Al %
— AR AR o B HEANF ARG XX HATIATE » ZEAEF 2L 8 77 X TR
IAE s R SEFATE T RZRB LA E AN s AR LA CRESMIAE » BB RH LT
B BYE R B o XAk A R RAZ L AR R T R 69 s fF & o

std: :shared_future &% 52 1451 Ig]"‘}' std::future 89K E o H std::future X %’»‘fiﬁ—’%ﬁ-{&i‘f
%\%—ﬁ%—ﬁj "‘f’]ﬁ/&};ﬁﬁﬁl ’ ﬂlgz};ﬁﬁﬁlﬁi‘fﬁ/fi)ﬂ std: :move J%Fﬁﬁﬁxﬁ%ﬁ
F| std::shared _future * EKUAHEZF LT :

std::promise<int> p;

std::future<int> f(p.get_future());
assert(f.valid()); // 1 "#3E" f Z&*H

std: :shared_future<int> sf(std::move(f));
assert(!f.valid()); // 2 "BWE" f REZFEEY
assert(sf.valid()); // 3 sf ILELZEEH

BE > M2 AESZNO  AACI A ZREDPY R SRS » BRAEHSSIGRESE »
fEREET@  msfikAEXNTO -

o KT 2t F—H » 5 PTA AT E AL T8 NARE » PTAART A std::promise Xt
%89 %% B R Zkget future()A9 R B » B EM & — A std::shared_future £ > 4o :

std::promise<std::string> p;
std::shared_future<std::string> sf(p.get_future()); // 1 BEX##H
T A A

Eﬁﬁ%%ﬁﬁﬁﬁii%%fﬂ% s A —ANAEME std: :shared_future<> °* es
F| std::future<std::string> XA EZHD o

std::future B9 XAP4FME » TR std::shared_future B94E M » B X T WL B o9 2d KA 474
BT > M Ands b Z AN KA T F(1F LM FA > ABT) e std::future A —Ashare()& i &%k »
T kBB std::shared_future ° BT A BB LT A R o LR GR
U R ZERA R 37 &



std::promise< std::map< SomeIndexType, SomeDataType,
SomeComparator,

SomeAllocator>::iterator> p;
auto sf=p.get_future().share();

/{553/1\{9']%“1’ » sféy j‘éﬁ’ﬁiﬁdﬂj std::shared_future<std: :map<SomeIndexType, SomeDataType,
SomeComparator, SomeAllocator>::iterator> * — AL ERFELRT o % AR B R 4B A AT
A o ARRE B RE R RATHRBP T AR XA o8 B A HORETHS R
AT o

AR T ERZFH—AFHGIE > R K E A IR E EA R (— B8 2 0 R
TRAEXBE A ATR)  TARA £ FHRARRGBEN » H AL R TEFRHTE
BRTA A TRBRMER > REFHIEEANTIHEAHHTE

[1]1 £ (83T £ %745 %) (The Hitchhiker’s Guide to the Galaxy) ™, i+ AL 21t RE &%
o BAEIRAFTETY G ERALAAL2



4.3 IR € F 4501

2B MERR » 2 RE— AT AZ O I BALE A E B SO FR
Ao BRSWRT » B0 7 XA > 225 R R— LT » RRE LR —TRA2F
HOBAT o ZAKGE %2 RRTAENEL > RRELTERA P > S
A2 RGP AA A AR T AR TN AR SR S A o

NBAFTRARAZBZOEE 7 X | — LT HEGREF X » F -8 7
NoF—MrX > FEMT AN A4 30EH) ;s H =7 X > LT — A8 E & (H
%o 0 P # R B [UTC]17:30:15.045987023 » 2011511 A308 ) o 3 KRS Xt T & - 2t
AN 7 KBTI o L BFLEN R TR forFABR > LHEEH R T E

A" until"fE 4 & 4 o

FTvA s % std::condition_variable #9 @ AN 5 & Zkwait_for()Fewait_until()m& 5 &%k 5% A A
AR A AR R Swait()k R HE e R A K P — A AR LA R
BRI AZH > TR — AR AR EE > B RN > 2 EHRMGIEE > FARAELEA
truelt 4 2B O (X AH T Z 6 F R R) > RAEEMAB o

JE BTN AR, B3y F AT » (kRN AL — T R AECH PIR T 7 X » LI 4F
e, |

4.3.1 i 4P

T CH+in A R W AP AR HZ &R o 32 B R—A %> RET o TR HE
f. -

FIGNI

o IJLiLif A

o XY

o SIBAPFIGNA > FIBHA R ERE

B4 69 2 A7 B JR] 7T 38 R A #F A R B R Finow ()BT AP K R IR 5 4

42 > std::chrono::system_clock: :now() EH4 IR E & GLAT 4789 5 AT BT 8] o 4% & 69 B IR B KA T
vAil it time_pointfy Zx¥Etypedef sk it k48 2 » FTvhsome_clock::now() &y £ A 3t &
some_clock::time_point °

£ 40 A UK R R AR A R R ) > SR B BB kR — B A —

A2 F A o A— MBI A std:iratio<1, 25> * H — B4R EG AT 4F T 4852 58— K o
BT AL T A std::ratio<s, 2> ° % B 4P 44 H B BATHAL £ iksm Bl » T8 — A4



TR AR EAT S R T]ﬁﬂTuﬁuiuTé’J%i’JHTlsﬂ Kb o E g e at1a] T Ak A B 4P
o RFEABEETETMET - IRTRIELAL TR FRED T 4 REANE 1G4 R
348 I A o

LEt4r VI AR ( R R AT AMARER) » LR TREE » IAP4PRARAE T o &
is_steady# & x4 & R Atruelt » FARXANHAFHZRLTH » TN > AR L - BFHE
DL » std::chrono::system_clock A& A& T 69 » WA B4P LT » BP 2L X ARB FHiE
B AP S o AP TS AR o A now()iL S 85 £ P T £k A
now()PT& @ eget e » ZbiE R T TRMENGH Y5 H o BT R4 TR GTARER > AT
VACH+AR M B -4 — M & T BT 4P std::chrono: :steady_clock © CH++iw /& 3R 4E 69 bt 4 7T &
7 A std::chrono::system clock (£ L@ E2IREF) > BRAT AL 409 IR " JF A
RBET RECT I BT ] B 45 AL A time tER A A4 5 std::chrono::high_resolution_clock ] A&
H&E?ﬁﬁ%ﬁﬁﬁlﬁﬁﬁ%ﬂﬂAﬁ 2 AE B[99 R]) 4P o € 15 B Ztypedef
b9 75 — AP BT 4F 0 BT b e H b L A Al 4E K 09 TR o AR E LEE KU o

HNDEkxA—THA AR LTAFY  REXZH  KNAF—THEHALE2RT
8 o

4.3.2 o2

B 2E L AT 1A SR 45 1 £ 69 5 std::chrono: :duration<> R EAL AR AE G5 xF B 2E 4 AT 4L W (R ALE AR
R B8 FT A C++Ef B A T A > #R /£ std::chrono 5 % 15] I*J) B MERSEE—ARA
AR (Fd= 0 int > longskdouble) » F = MNEAR S F A B T » RN BT AR o H
Yo s B JU4R 69 Bt Al 2 5 Eshort XA B » T VA B A%, std::chrono: :duration<short,
std::ratio<60, 1>> °* B AB0FZ 4 Z1454F » FTA % =A% 45 M std::ratio<6e, 1> ° 5 —
@ % FERN A RITEA £double R B! P B 0 FTVAE R, std::chrono: :duration<double,
std::ratio<1, 1000>> * A A1 F T1000&4)

A= AEJE/E std::chrono & ER A » AN T ERE— A7 Z LEA : nanoseconds[##] ,
mlcroseconds[4ri7f/] milliseconds[£1/] , seconds[#] , minutes[%-]#=hours[&] o Fote s 1R E
HE—ANEENE AT —BABILE00FE » MR LEBTASFRT RER » A TR
ﬁm%ﬁ@%ﬂoé%’ K EALRE LT — & EIRZE42H](SI, [#*]le Systéme international
d'unités)’\’& » T[N std::atto(107(-18)) 2| std::exa(10n(18)) (RESPiE @ BAREGF & X 35128

{ AR )T AR E B E UL » flde » std::duration<double, std::centi> * LT KA4E
Al —“/~double £ & 69 & & & 71/100 °

B B KARBTAE 69 B DU (B 4% e s Ay L L R AR 5 A2 R AY 4% e s B 30 TR AT) B 2E 89 4% T 1 K
b9 o R4 T VAW std::chrono: :duration_cast<> 5k TAK ©

std::chrono::milliseconds ms(54802);
std: :chrono::seconds s=
std::chrono::duration_cast<std::chrono::seconds>(ms);



R P ERIABBE > M AERAITT SN AVAsTIREG KA 454 -

R IFHTHHE » TR st A E T E#ATho R » RF A A ETERHB—ADF K
(W H— DM SRR RGN H LR T F - #]4= » 5*seconds(1)4 seconds(5)3&minutes(1)-
seconds(55)—# o & B2 F =T A3l i count() Ak i FORAF ALY 1] 69 B F o 1)

4= s std::chrono::milliseconds(1234).count() ¥LA1234 o

A TEF2E S/ T ® std::chrono: :duration<> kTR © Blde » REF NP EZRETARLE
C4A35%H :

std::future<int> f=std::async(some_task);
if(f.wait_for(std::chrono::milliseconds(35))==std::future_status
::ready)

do_something_with(f.get());

FRRAREBE—NREME » RATF/F BN » BAREFF o ERZXMFILT » RTAF
=N s TS R FHAAE > 2R E std::future_status: :timeout ; F“PE"RE
L KIS IRE std::future_status::ready ; ZME EFHERT » [ LR

© std::future_status::deferred ° AT B2 89345248 B A 30 & R AL 6942 T 0 4F > kAT
B 5 BTVA o BAR AR AY £ FA R BORE (SRR G E) » 5BV E A X L ERA 0 095
FBFISEA o B K > BUATAAEY R LA R R R R4 AT kA L ESET
IR R B 3 ] 8 52 BRe ] 7T Ag S k35 24 & o

B 3E P A A RIAF 6 Ak R LI LR BT ARATE BAF T 2 it aE 69448 o B > KA
ERAAR R ZE2H A -

4.3.3 B 7] &

B 49 69 B 8] & ST VARl std::chrono::time_point<> 89 X B AEIR 4] 5k & 7 0 L] 69 H — A
R k48 BT EAE R B9 B 4 0 B = AN R A RO kR R A 891 AL (4L

f9 std::chrono: :duration<> ) o —ANE ] & 69 A KT B 8] 69 K B (12 48 2 B 18] 6912 3 A) 0 ]

4o 48 Z “unix it 18 B (epoch) A — ANEE ] & o B JA) B AL B 4P 69 — AN R R B o A2 R R T L A
£ 0 RAECHHRET LA E o BF > unixi A B A& ~1970F1A 18 00:00 » BP i+ FALE 3
S AR FPEE o BEAP T AR F —ANBE R B 0 B A gk gt R K o B A A4 R — AN e
i o L —Atime_pointRX 2 Tl G 5 — AN B4 R A F time_pointda X3 c X2 0 BAKRE
% Fa Bunix B A B A AT 2 0 A2 AR T A i 2 48 T time_point& A 4% Altime_since_epoch()k
FRELET 1A K, o AR R R IA R & — AN AEAE 0 X ANBYAE4A 2 48 5T B A & B B4 8 unix B 1) B
4 R Bt o

B 4a s AR 7T 448 2 T —ANEFJA] & std: :chrono: :time_point<std::chrono: :system_clock,
std::chrono: :minutes> ° XG5 AL A X » BELSFFPH—045 A 444 2 % 748 F
(BFENLA)



AR VA 3 std::chrono::time_point<> 24|k Ae/ik Bt 2L » R RAF—AF G AT R] & 0 BT

VA std::chrono: thight_resolution_clock::now() + std::chrono::nanoseconds(500) /I%ﬁ'i'] 5004
G B ET 1A o B4R Fril — R ARG B T R IFAE R o X xd Tt F e xd A R 69 A8 B R — AT & o
BEAFRA o FARBATERIAM 3 X FFAREELE AT FHRRETEF T o

TR ABE A A 2 (=F FEEFF AR ) o ZREAANE 26 EZ o X TR
A R 6 THET AR A R A 0 Bl

auto start=std::chrono::high_resolution_clock: :now();
do_something();
auto stop=std::chrono::high_resolution_clock: :now();
std::cout<<”do_something() took “
<<std::chrono::duration<double, std::chrono: :seconds>(stop-
start).count()
<<"” seconds”<<std::endl;

std::chrono: :time_point<> 52 19] 8 B 4% 4 2T AL AL 9% 48 T unix Bt A K EG o SR — A%

A5 R B (28 24 B R AB B B 77 X )4 B ] B o B JR] & A9 B 4P S S sh AR R R M E B JA) o & Ab4Y R
B AP AR EHER BN EBIGEIA 0T AT » B8 A 1A 8 now()
AR R > A AR — AN AR AR B A A48 o H B4 @ AT AL o SRR T AR F AT RS A
B &K E (SR ERAT M Z4a00) s B4 @B R KA TR mFHAT R G ERE o

e R INE GG AREE » JE B _unitl 89 (A R T E A4 A AT B o il F A AR A R et 4

89 inow() (BB F— BT R &)EA WA > KA &G ALN4H X Tk

Bl std::chrono::system_clock::to_time_point() ## A N X%k > £ P TAE A & L3478
BN o Bldo > HARA -3t S FHAB00EH 8 » B 5HREMXGFF > RTULE LT
KA

HEAN FHAEXHLE—ARH AR



#include <condition_variable>
#include <mutex>
#include <chrono>

std::condition_variable cv;
bool done;

std::mutex m;

bool wait_loop()

{
auto const timeout= std::chrono::steady_clock::now()+
std::chrono::milliseconds(500);
std: :unique_lock<std: :mutex> 1lk(m);
while(!done)
{
if(cv.wait_until(1lk, timeout)==std::cv_status::timeout)
break;
}
return done;
}

BAP 7 NARMNBEFS » SHRAAFTLZFFTAFHNE » TE—THRFPFFEHTE - A
BAY 7 NP o VIR ER R ERA TR o R EAANAF PHT R » SR EAHEE(ELEFTH)
Bt o ARIEE BAR RAEIR » X AN T A IR EE o SR A& EIRF A2 Mwait_for()B » R T a2 F
BT RG R EE RFH(EBRBRZAT) BT —RFHIFET o XTHREZRS K
1% 452 45 Bt A £ 30 R FR o

Blok o A KB BB SRR RIRCETRT o A ERNK TR —ThfMie Rk Fi
LR

4.3.4 B A A &AL

1 AR 2T AHA > =M AR —NERLE  BRANARELITEEN »
HAe bR TH AL EARL TGN E o REAAT FAHL—NBIF - RIEIFK Edone’ iz & °
A2 3 K45 5] & std::this_thread: :sleep_for() 7 std::this_thread::sleep_until() ° &
1169 TAERRAR — AN £ 09 R 4F @ ZAAZR A 38 & i iE i A8 AR A » T 4% f sleep_for() &2 ;
K E 48 2 bR B EEAR 89 0 7T 4% Flsleep_until: &2 o sleep_for() 894 4= F] £4.17%F F 694 F >
HEELMEIRTHECEN TR FTARKAZERREE o 5 —7 @ » sleep_until() 7
e XA A ] B R R B AR BE o XA T A/ BRI &1 0 R4 T L6:004T FP TR A B4R

R o TR SR AR A AR A BT — WUR] F7 B A AT AR o



LR RIRA ARG —FH X RCEERT » BT UERSAHT
J o AR HE T L ZRFI—A I R4

Rl o std:

795 std:

imutex A7 std:

:timed_mutex F7 std:

try_lock_until()a& i &2k > TAE—BEE AR 2

T CH+Ar A E T E AN HEK

R4 THEAR G 2%

RE ey %

std::this_thread[namespace]

std::condition_variable 2%
std::condition_variable_any

std::timed_mutex 2%
std::recursive_timed mutex

std::unique_lock<TimedLockable>

std::future<ValueType> =X,
std::shared_future<ValueType>

:recursive_timed_mutex )}L#f °

{BF (2 2 fr & L 3FA )R
‘recursive_mutex AR X IFABET4E 0 {2
L A AR K

2R 0 R AE

sleep_for(duration)
sleep_until(time_point)
wait_for(lock, duration)

wait_until(lock,
time_point)

wait_for(lock, duration,
predicate)

wait_until(lock, duration,
predicate)

try_lock_for(duration)
try_lock_until(time_point)

unique_lock(lockable,
duration)

unique_lock(lockable,
time_point)

try_lock_for(duration)

try_lock_until(time_point)

wait_for(duration)

wait_until(time_point)

L g AR — Ak

AL A try_lock_for()F=
BRI AR RICE R4 o R4 KT
o K H| R A “IE " (duration)sh B & std::duration<> B9 5%

] > FF B2 & 4 B ] & (time_point)sh /il & std::time_point<> #9547 o

std::cv_status::time_out
std::cv_status::no_time«

% o B B 5 3R
18 18 69 4 R
bool B4 B 2R =]
true » & N iR Elfasle
N/A it #4969 2

18 il owns_lock();

& 3R BUA B 2R Etrue o
& Elfalse

& 4R B4 B 2R
=lfalse

bool
true » & MR

%A BE
std::future_status::timec
LG 5 &
std::future_status::read
SMLHA AR
MR KL > RE
std::future_status::defer

Rk ﬁﬂ‘]iﬂ‘%}éﬁ?fm%’ BARHTE MR RBRATENES c KHBENE R0 AR

FAEFRENF B XHE R

X hE] 0 BALRAR Y R W ARAE o
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4.4 1¢ F ] F B A4E 5 AR A

Bl TR &R ERTARAMER » RT AKX ER L E R 98R4F » ®IF LARAE R 6940
H o B HFRALFOHFRE » BE—AT AR AR FACRG KRG8 7 X > R L Z 09 B3k
W7k o oAt e SABAER BHEXFHIE > EMEFMAACHREL LG R ELF > F LA
RITVAG AALZAZRAT &> ARFRER ML RZRT ©

4.4.1 12 A7 0 H AR AL

R3E& & 44t % #2 (functional programming) 3] Al T —# %4275 X, » Z 5 X P69 R4 R AR
B THENRIZG S FHTIRBINIERE o F—ANREGEHKZMmA4 LA » B4R4E A48 R 8
HBPERZANREAR > BARGEREZ AR o cor InEE FIR S 5 FA0 X 69 R 54T
A XA > Flde o sin(iE7%),cos(R TR ) Fesqrt(FAR) s 3R BARREUE G HELEH >
Blde » 343 2 6*9 0 K1.3/4.7 c — N R TR XX TAEMMINRRE » SFAZIMFHEZTLAR
# T XA AGREE o

REHBEZ A ST AFGHL  HH AL HATRAN > RALER =T RI$6E 0 &
SPAEALELTHBEL S EFTHBRAAMRGER  MAKTEELN LS HAXALE
BRLFERRY EFHIE o ZT S RAZHATR K AL > FliwHaskell i3 Z[2] > /£ Haskell ¥
BRI AR LG BB TR EARRBAIAATAREZRE - RAHKS
B B A AR A FELH O RB T R TR AREAFEARE > IARLRE &
LR R By BEARGE A o

R FACRAL R EFALL o R IR T AR LA AR A BN A K (LR8BS o crr R—AFHEAH
BE 0 RLTUAG HFPRAAEF o £ crr1n FRMF XNBI crios HEHF S >

A c++11 X Frlambdak ik X (F LM FA > A6T) > & T BoostATR1F 8 std::bind > ¥A
BBHTAAATHEM R AT E(F LM KA ATT)  “ME AP B RE —%k > €
T 2 FAG R AL X H ZAG(FP-style concurrency) & c++ P A T RE 3 — AN MZ 3 R T A

GARR LRGSR > HAFEF - MHEEREBT A —ANER > mEFEFTIIEG I X

9 e

Heif JE5 FPAL AR

AT R EJRFACPR)H X FERBRL » LR KA A — A L6 E I Bk BEF FE o
GRFORAREGHERNE 5T —ANEIET & RBEBBELF AT RE » B 7] &
84 2 B A o P T 4 —ae P RME K s B —AF RAE D o X G aF TP A 6 e
TR - AR EBEFAF P & 5 BREF A 5 Boad et /A R A AR ATHER 0 R E Bk
T a5 & o B42F KT TI0MN AR A 7 X TRATHF 9L A2 o



http://zh.wikipedia.org/wiki/Boost_C%2B%2B_Libraries
http://zh.wikipedia.org/wiki/C%2B%2B_Technical_Report_1
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F4.2 FP-#E X 89 3% Ja BE )7

TaFEd R ZFP-EXMEF LN » BFZEAIN L FHEET—AT K > mIE
5 std::sort() BPRIEGFRF o (F4H 1 stdi:sort() LALBEMEL o B A S R IEM G £ K
%+ BRI T U RS LA B AT BB BB o T A Hsorl()

HEA12 iR PEF——IN 5 IR


http://www.cplusplus.com/reference/algorithm/sort/?kw=sort

template<typename T>
std::1ist<T> sequential_ quick_sort(std::1ist<T> input)
{
if(input.empty())
{
return input;
}
std: :1ist<T> result;
result.splice(result.begin(), input, input.begin()); // 1
T const& pivot=*result.begin(); // 2

auto divide_point=std::partition(input.begin(),input.end(),
[&](T const& t){return t<pivot;}); // 3

std::1ist<T> lower_part;
lower_part.splice(lower_part.end(), input, input.begin(),
divide_point); // 4
auto new_lower (
sequential_quick_sort(std: :move(lower_part))); //

auto new_higher(
sequential_quick_sort(std::move(input))); // 6

result.splice(result.end(),new_higher); // 7
result.splice(result.begin(),new_lower); // 8
return result;

B AR XEFPRE X8 » 12 B /R4E AIFPA X B » AR F BMK F 693 NARAE > BT VUE R
oAt M LB 6y S X o RBIFFH— DA /A 5 1& A splice()DH A8 &ML E(F
RAE)IANGERT AT o BRZXA 7 X F ANERTHRTLZRL(EH K E G ich L #Hhit
1E) » 122 std::list BARMTFAF B R i K A9 18] » B A 4k £ T3 735 1 69 o AR AR
PR ZF LR > BTRTT A B0 245 R 69« 1A E 3R AT S AT 4% o ILAERIE F =1L
A BB ATIOER » ITAR EAR T — AN H@ > AT#LTZ9FEN o 5 » RT L
R std::partition 5 /52| ¥ 6948 2 Ak TP BV EG 40 Fe K TP R"A A0 o sk L6974 ik
AL A lambda & 248 E R 5-69 47 4 5 AR R SR ELAY 3] 8 oot R A 69 3 (F LI

A A5 » %K Xlambda® #0915 &) -
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std::partition() MF|R#ITEE » FRE—MEGBEALECR TP RA"E) %
NERE L

KRN ARTRSRE » FARTUE lauto X XYM » it BiEE B ER
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AT & o AR T A Al splice() & # kM Z 4 F » Finput?] & I Tdivided_point#9 184 5 3| #7 7]
Zlower_part®F o EALR UG Einput?| R F o 5 > RTMERAZREAAGO®N F X » 2
AT RATHES o LE L AAEA stdi:move() BP| ZABH B X H T » IR HFXNEAN T 8
SR F O I NI o &> ART AR/ RAE A splice() » Fresult® 9 4 R vAE #6917 5 3% 47 Hf
# ° new_higher#s @ #9183 £ ¥ 1A "4 6956 @@ » new_lowerds ) 89 45 A AL “ T 18] 44 89 AT &

°

ik BE 5 FPAE X A& A2 72 1LAR
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HEAN3 iR PEF— I H TR



template<typename T>
std::1ist<T> parallel_quick_sort(std::1ist<T> input)
{
if(input.empty())
{
return input;
}
std: :1ist<T> result;
result.splice(result.begin(), input, input.begin());
T const& pivot=*result.begin();

auto divide_point=std::partition(input.begin(),input.end(),
[&](T const& t){return t<pivot;});

std::1ist<T> lower_part;
lower_part.splice(lower_part.end(), input, input.begin(),
divide_point);

std: :future<std::1list<T> > new_lower( // 1
std: :async(&parallel_quick_sort<T>,std::move(lower_part)));

auto new_higher(
parallel quick_sort(std::move(input))); // 2

result.splice(result.end(),new_higher); // 3
result.splice(result.begin(),new_lower.get()); // 4
return result;

KERROGTAE » BATRER TP AR50 R #ATHF > 1 std::async() O£
H—EAENLRITHT o KTHSINEK » wRZA—# A% 285 X THFO - R
)28 F parallel_quick_sort() » RLTAF A T A9 FH AT o std::async() &8 FH—A#H
AL XM BB PEZRE  REAANEREBEEBITT 3 ShEEHRETRYA1000M T
Z0F K)o RARFERL T oRB AR o RE S E1024NMPATEAR © BBITHE AR
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template<typename F, typename A>
std::future<std::result_of<F(A&&)>::type>
spawn_task(F&& f,A&& a)

typedef std::result_of<F(A&&)>::type result_type;
std: :packaged_task<result_type(A&&)>

task(std: :move(f)));
std: :future<result_type> res(task.get_future());
std: :thread t(std::move(task),std::move(a));
t.detach();
return res;
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struct card_inserted

{
std::string account;
Iy
class atm
{

messaging: :receiver incoming;
messaging: :sender bank;
messaging: :sender interface_hardware;



void (atm::*state)();

std::string account;
std::string pin;

void waiting_for_card() // 1
{
interface_hardware.send(display_enter_card()); // 2
incoming.wait(). // 3
handle<card_inserted>(
[&](card_inserted const& msg) // 4
{
account=msg.account;
pin="";
interface_hardware.send(display_enter_pin());
state=&atm::getting_pin;

}
)i
b
void getting_pin();
public:
void run() // 5
{
state=&atm::waiting_for_card; // 6
try
{
for(;;)
{
(this->*state)(); // 7
}
}
catch(messaging: :close_queue consté&)
{
}
3
Iy
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void atm::getting_pin()
{
incoming.wait()
.handle<digit_pressed>( // 1
[&](digit_pressed const& msg)
{
unsigned const pin_length=4;
pin+=msg.digit;
if(pin.length()==pin_length)
{
bank.send(verify_pin(account, pin, incoming));
state=&atm: :verifying_pin;

}
)

.handle<clear_last_pressed>( // 2
[&] (clear_last_pressed const& msg)
{
if(!pin.empty())
{
pin.resize(pin.length()-1);

}
)

.handle<cancel_pressed>( // 3
[&] (cancel_pressed const& msg)
{
state=&atm: :done_processing;
}
)
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atomic_bool std::atomic<bool>
atomic_char std::atomic<char>
atomic_schar std::atomic<signed char>
atomic_uchar std::atomic<unsigned char>
atomic_int std::atomic<int>
atomic_uint std::atomic<unsigned>
atomic_short std::atomic<short>
atomic_ushort std::atomic<unsigned short>
atomic_long std::atomic<long>
atomic_ulong std::atomic<unsigned long>
atomic_llong std::atomic<long long>
atomic_ullong std::atomic<unsigned long long>
atomic_char16_t std::atomic<char16_t>
atomic_char32_t std::atomic<char32_t>
atomic_wchar_t std::atomic<wchar_t>
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atomic_int_least8_t
atomic_uint_least8_t
atomic_int_least16 _t
atomic_uint_least16_t
atomic_int_least32_t
atomic_uint_least32_t
atomic_int_least64 t
atomic_uint_least64 t
atomic_int_fast8 t
atomic_uint_fast8 t
atomic_int_fast16 _t
atomic_uint_fast16 _t
atomic_int_fast32_t
atomic_uint_fast32_t
atomic_int_fast64 t
atomic_uint_fast64 t
atomic_intptr_t
atomic_uintptr_t
atomic_size t
atomic_ptrdiff t
atomic_intmax_t

atomic_uintmax_t
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int_least8_t
uint_least8_t
int_least16_t
uint_least16 _t
int_least32_t
uint_least32_t
int_least64 t
uint_least64 t
int_fast8_t
uint_fast8 t
int_fast16_t
uint_fast16_t
int_fast32_t
uint_fast32 t
int_fast64_t
uint_fast64 t
intptr_t
uintptr_t
size t

ptrdiff_t
intmax_t

uintmax_t
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std::atomic<> RBEM TR —EHILRA » AN ZERLTAERN A P 2 LEA
PIEMEORTEE - BA > ©E—NEMA LB > BAEMRA] Hload(),store()(RA4ALF= 4%
A B P %7%), exchange(), compare_exchange weak()f#compare_exchange_strong() °

FAY J B R GBRERA —ANTRAGITF AR BALECTAA R8P E GAER 5 o
BES53FF » &3t B ERFRMAATEFEE c WA REZEREI AR

1. Store#fk » T4 TIN5 : memory_order_relaxed, memory_order_release,
memory_order_seq_cst °

2. Load#:1k » T4 T/ 5 : memory_order_relaxed, memory_order_consume,
memory_order_acquire, memory_order_seq_cst °

3. Read-modify-write(#%:-7-5 )#4F » T4 TR A : memory_order_relaxed,
memory_order_consume, memory_order_acquire, memory_order_release,
memory_order_acq_rel, memory_order_seq_cst °
Ff A 424 89 BAIR 5 #F £ memory_order_seq_cst °

M » BN RE—THEMr AR F LA #4709 > LI std: :atomic_flag FFH7E ©

5.2.2 std::atomic_flag?® 48 x 12 1F

std::atomic_flag A= I% A L 89ARAERFEA » ?i?T*‘/\iﬁL’ﬁ,ﬁ o A 83 2T
AARNKRASR I  ZEESR c CHATRZRGEE » REHA—AMWEBREGE - KRS

BARHBAE > BIEE T+ 0B GERLT o £R ik > BHEL 6 LR T £ B 64
A0 BT AR — R T A 6 K% -

std::atomic_flag R A 83t LM AHATOMIC FLAG_INIT#451% o #nds s 42 2F AR
'i‘&‘ © “ /fL/fﬁ' ;J;—‘F ) /\#T/\.; \;ﬂiﬁ’ﬂ‘ﬁ“fbﬁ“/ﬂ Fé"\” .

std::atomic_flag f = ATOMIC_FLAG_INIT;

LR T Z69E0  AELTEAEZCEAA o €AF—F Bl b 455869 5 Xk 1L eg
JRFRA > f2 g —RIELH G KA o R std::atomic_flag A# B FMEET » AR L3k
RIEE B #H A wmisibey » Lt ok A ZA MBACRGE F R 3 EE e AR » LA E 244
1t o

B AR A5 A G O AL o AR AR RSB A 0 AR Rk B (B AT AL o i
FHat a8 &35 51 5E - clear()R it &4k 0 Frtest_and_set() A& il &% ° clear()#=
test_and_set()& R & 3T V35 R4 W A5 o clear() 2 — &k #4E » FTA TR A



memory_order_acquires.memory_order_acq_reli& 3L » 12 -&test_and_set()-& —AN“1%-&-
BRAE o PTA T A AR A B AR 2 o B—ANR TR 0 BKAINEY R BT AT A
memory_order_seq_cst © |4 :

f.clear(std: :memory_order_release); // 1
bool x=f.test_and_set(); // 2

&2 P Aclear()@ A E R o & A BEBE LA MARE » % Mtest_and_set()@14 A &KL A
BRI E AR 0 FFEA T A -

RFEEH NME A — std::atomic_flag M % 5 HEH» RFEE — NN ERT A —

A std: :atomic_flag ﬁ%» ° 3&%7\7‘% std::atomic_flag 4%751-% ’ ﬁ%ﬁﬁﬁ}?%%ﬁ%ﬁéﬁ °
—MRFT RGP BAEAERT 69 AR 3 NEA T A Z - Zhhaldn T84
BT o ERBHFILT » ¥ N NREAR 2K S - FOERATER  ABE AT
ABS—=A o A TRAMRLG R » LERAAMRZORET » S&HZ AN RELEETR
RT8g o Bk » BAFRFAKAN o

IR EAEIF std::atomic_flag EFESTIEARZIFH - miibirE-2“F%R» A LA
FERLTREMRE - ATH LELFE » #h3FE1Ttest_and_set() A 2| & 14 #false » #L &% A &
MNEBRCEWRE Atrue T - MM EZFEA—HRELGFF > FAREFRNT - LA+ ThE
WAL T

H¥514E M std::atomic_flag 523 B 3¢ L JF 4

class spinlock_mutex
{
std::atomic_flag flag;
public:
spinlock_mutex():
flag(ATOMIC_FLAG_INIT)

{3
void lock()

{

while(flag.test_and_set(std::memory_order_acquire));

}

void unlock()

{

flag.clear(std::memory_order_release);

}i



B EFELRRARN 2L BLE RIS std::lock _guard<> A T (FLFE3FE) o XARA
WA Elock()F F1 - FTAEEJLFRTHA RSB - HBTAARLS - 5 &4145 A
B35 LR s AR I 2 A B E AT A e AT o — AN IR A ARG 0 384 58 BT 89 o X ANME] T I
53.6% ¥ & e

BT std: ratomic_flag Jy R PE K 5% A Efsfbﬁg*}iﬁ%fié%ﬁ%ﬁ ’ E’%i*ﬁﬂ%%@éﬁjﬁ/ﬁ
Ar EARHEAE R o FTVL > AR 4F4% A std::atomic<bool> * ¥ T Rt EAVE A K Gt fTiE A€ o

5.2.3 std::atomic 48 % 4

ﬂ%f—gi\éﬁﬁ; FHEA LA std: :atomic<bool> ° WARATH: E’ﬁﬁ o std: :atomic_flag F
FAa e RAR AR o B AR ERE FRAE Nt WK » 2R T Mg — AR T8
bool £ R #y# B » BT vAE 7T A4t A true K false » FF BLARAL T YK —4~3E)R Fbool & & K
fE%5 std::atomic<bool> 9 5249| :

std::atomic<bool> b(true);
b=false;

Bt E B A0 FIEN > JER Tbool 7 8 WAL ELAE T F) 40 % 89 4 (45 # A xS 2 0 8
B » ARG A M2 ) © B E — ool RAXBIE R AL - REARTRAF » 5—4
FOLOBR MR R WA (RS % R TR E A A o e B— AR
FE G RRED T o EATRI G Z AR LR KBTS 3 R ho 8K M 7 6 19)
B+ R TR A B I 80 BAL PR A5 7 o i A A 3R O JF R T4 AT AR 69 7 X, o 1R T iz
GRS A he B > I AT B 60 4 9 52 IR 75 60 4 o

BRH N BT FE LA R 1224 Astore()& B A(truesifalse)it £ 47T std::atomic_flag F
IR MEAR 7% 89 clear() © FlA£89 » test_and_set() & &AL =T A4 & Jmid A 69exchange () it & %%
B &% » exchange() & i & A FARAE AR BT L0 A R % S 550948 - SR A S0k kR4
& o std::atomic<bool> ¥ X Fr AL (R T R)EK » Lot LR Ne9s4hy —1NE
i B9boolfh » R & =~ 8918 Mload()k T © LR T » store()& — A 4RAE > Mmload()£— 4
He B 424E - exchange() & —/Mi%-2-5 "4 1F ¢

std::atomic<bool> b;

bool x=b.load(std::memory_order_acquire);
b.store(true);

x=b.exchange(false, std::memory_order_acq_rel);

std: :atomic<bool> % HEfJexchange() @ FAAX A —NE-P-F RN s CENB T — #3169
BEr X 0 & SATES M — B AR AT RAE -



B — A (B8 )BT % AT

T — AP B RIRAE » R/ R 0 w89 X &I 4 compare_exchange_weak()#=
compare_exchange_strong() & il 2k o “Pei/ X" BELR TR ARG AL SRR T
TESafife— N INEE > SAREAFE > BHEREME - ZTRETRF > PZ AR EH
ARTFTEEFE o i/ X" REAE AL — Mbool T & > % & Eltruelt AT 4 4 #1E » Lfalse
M| & H A AL o

2t T compare_exchange _weak()& 4k » % R4 E 5 APE— BT » BELTRETRY : £
A FF T Z6E 2R EXRT » 3 Hcompare_exchange weak()9 & B Zfalse © X 7 #¢
KAV 8 A CASIRAE(“HLAR- RIS A E b o B AT TARIE R ANMRIE ALY B 89
TR ——T REE B A BAR G BRI SR FN T H X H > FF B A —MEAR RG4S0 2
BUEAAIT R B(ZEEEK S TRESKET) o ZAWARA“P) KK (spurious failure) » B Fj 3 &,
BAPH LR A AR R > TR EAE o

F 4 compare_exchange_weak()®T XAty & B” » BT A3k L3l 4% ] — AN B3R

bool expected=false;
extern atomic<bool> b; // % E®H 4
while(!'b.compare_exchange_weak(expected, true) && !expected);

FZABITFF o J5IRF expected 89 4544 4 Zfalse » & ~compare_exchange_weak()& £ 4 &9
RIK o

A—7 @ e REIMEGHZ AR » compare_exchange_strong()#t Aé ke {4 & Efalse © X
A HIR A BIRGFE L KT U ELERAGEHLTT —AEE s KCIEF—DEETRK °

Yo RIFBERT T EME BB ETH A(TRERE S ANEEHTOME) EHEHME
WK ERERR 3 BRFRBIFGIAE » PLZEARR TR > FTA S BA LA ALF 15
I Z et o P3N F 2t compare_exchange_weak()#.compare_exchange_strong()#9 # Jil 4 &
ET—R(F=R)VRI o o FAELG T FEARE 5 5 0% » A8 24% Fl compare_exchange_weak() 4
F 4789 8 % — AN EMBIFG AT » RBP4 compare_exchange weak() ™ & &t K K (H st
compare_exchange_strong() &4 —/MNAIR) o 5 —7r @ » e R0 58K & E4E8T8 o
AR 2 % M2 AR T A > 4% Flcompare_exchange_strong()™ vA#E a8 69 & 8 115 o =t

T std::atomic<bool> X AR R FH— B F ATEA MAPA {2 & st T LAty )z F R A 3k
HIEKGFH AT °

“POERI R "R FAR Y 2 B AIA N AR 09 S R ATIRAE 0 ZRRB AT N AR E SUE R
Fo K M 89 45] F A BT ARR 3 3T 6 & stmemory_order_acq_reli& L8 — X R RA o fxt
memory_order_relaxedi& sL&7 — X XA IRF o — R KA PLIR/ K7 R A#ATB6% > BT
VA“Fadz ) X 4% 3 4F 1 4641 A memeory_order_release®memory_order_acq_reli& 3L o H it »



X RARIEAR AL 69 3 Al REAE ) R BB o AR AL TR AR SR AR FL R ID I B e AR 69 R KA
RF 5 S4% % Zmemory_order_acquire3memory_order_seq_cstE A kK& 5 » AR sb /i e
Fl“36 & C N 2 R 1E 7 ARAE R o

S0 RAR B A A8 RGBT 0 ARRAR R A A 890 A —HE 89 0 TR T release®f 9 895
memory_order_release % sxmemory_order_relaxed * 3 B memoyr_order_acq_rel % &
memory_order_acquire ° %= FARA K45 E o M1 KM A 3% A memory_order_seq_cst » XA
R AT ot A S Ae R Mg 2Bk o T @ 2t compare_exchange weak() 89 # X 8 A & SN

8y :

std: :atomic<bool> b;
bool expected;
b.compare_exchange_weak(expected, true,
memory_order_acg_rel, memory_order_acquire);
b.compare_exchange_weak(expected, true, memory_order_acqg_rel);

KA53F T LM TR A GGG SR o

std::atomic<bool> #7 std::atomic_flag 89 R Fl XA/ T » std::atomic<bool> & 449 ;
ATHREREOR T > AEAFEEZ-AABGLFE o SR THRFILE > ART AL
is_lock_free()a B %k » (4 & std::atomic<bool> EAJRIEAG A o XEH—4 > B

T std::atomic_flag X9t » AT A R -F R AL A 69 4F4E -

B E R TFRAZHICR T4 std::atomic<T*> * #E T R AF C Lt fT TAEH

v, o

5.2.4 std::atomic: 15 4 & 5

JRFIAEA > T AR ELXAE XA T XL EMT » @ d 4L std:atomic<T*> #HTE L » 3
4o Bl 4% I bool £ & & 3L std: :atomic<bool> R —#% o &R JL-F— > 12,2 € o948 A2t
TAR X KA 94541 » M IEbooMA A © %1% std::atomic<bool> * BA TR ML »
AR IR > A28 AT A8 3 038 69 KAV 35 4F AT A 3 A0 AR © 4o B AR BT 2R 2L
is_lock_free()—#% » std::atomic<T*> {LA load(), store(), exchange(),
compare_exchange_weak()#*compare_exchage_strong() s i % 4k »

5 std::atomic<bool> #93& L A8 F] » KELG R E &G KA AT » & R Zbool

std::atomic<T*> # 384118 FL IR L #7 09 3 AF o AR RIR1E A fetch_add()F=fetch_sub()#2 4 » €11
J B ok EUR F ek Fe ik 0 4= o= 4+ S 603 R o xd T A B XA 89 3R14E -
4o AR ¢ 4o FEXA std::atomic<Foo*> R A 693 69 F Huht » REx+=31L LimAb 3] F w /i~
A FH M > FHBRE —ANERE Foor A BAMEH AR GRATFEFOMLE -
fetch_add()#=fetch_sub()#9 & © {A %A T~ F] (P7 vAx.ftech_add(3)itxd& @ F @A L% » F B %



FOR @G @ F — AU HAE) o AP IR MARAR A K de-Aa e 0 F B Z— AR TF 89495
BEAE ﬁaﬁ]exchange()ﬁﬂcompare exchange_weak()/compare_exchange_strong()—#% °
-\]:—4% ﬂb’fmﬁzﬁﬁ?f? s REME A — ALl 6 T 4 o YF'W;F;’E std::atomic<T*> X‘I%éﬁg];ﬂ » BT VA
I8 R AXAG =T AR T AT 69 4A 3 4T mﬁ-

class Foo{};

Foo some_array[5];

std::atomic<Foo*> p(some_array);

Foo* x=p.fetch_add(2); // p/2> #L&EF
assert(x==some_array);
assert(p.load()==&some_array[2]);
x=(p-=1); // pRl’ FEEREMA
assert(x==&some_array[1]);
assert(p.load()==&some_array[1]);

o
B

4

SR B RV A IR T8 SUAE A b R BB g

p.fetch_add(3,std: :memory_order_release);

R A fetch_add()##fetch_; sub()%lS P ’””#ﬂ’ﬁ s AT AR AR E G ARG & 0 AR
TN B| = ANBHF TP o BT BEEREROH N » BAZDERELENRE L
& eI XA B A memory_order_seq_csh% S e

BTOHRTREBAREMERS @ NAAFRRTER > HF BARMA RGO (KT 4 X
BABEEBR—H)e TORMNAKAEAFZ-LELH o

5.2.5 ix A0 JR F A a9 AR X 4E

4o ] -£-3d 89 32 4F & & —# (load(), store(), exchange(), compare_exchange_weak(), #=
compare_exchange_strong()) * # std::atomic<int> #7 std::atomic<unsigned long long> L
A —E TR T U A« fetch_add(), fetch_sub(), fetch_and(), fetch_or(),
fetch_xor() » & A £ &M X((+=, -=, &=, [=F91=) » AR ++Fa—-(++X, X++, --xFox--) o & A&
s FEAAGEMN R IEFEMETRERRE  BLT 9 BERET : RARE - ik
Aol B R AL c RA » BHRTERFT A RETHESE » A 2HEH » FTAA EREY
BERIFFRERLZEE  WwREE > HMeG3R4E T 2 compare_exchange weak ()3 A& IR
TR,

2T std::atomic<T*> £ K AR X 69 A AR 3k A fetch_add()Fefetch_sub() 5 &R T

1 > %’I—,ELzEEI\EI{é’ s A S TRAEE B AR EHAE o AR e Ae B GG Ll H ik —4F  ++X
SR EHITAN » FELEREHAE ; dx++3t T F A Ao o RE G4 o EL R AA » £



AT > 2 RA AR KB 8 — M

ENOBELIHALRRTFER B THKAZ std: :atomice> KRB » mIFLHFLEA - AR
23T RIEEANI KT A —T std::atomice> AR o

5.2.6 std::atomic<> T Z X Ik

FIRRGBLE S EHTHRAERTEVIS AFAPEAAZLERQE-NMNETFEE o R
AT B F LR AAR T VA4E A std::atomice> 89 @ BRAL—RRELIT o H T2

F std::atomic<upT> (UDTAM P Z XL ER) » IAXBLRA P NIREZFF o TRERA K
MR TREA AT IR R RE R L AR LFAL A i 501 2093 N MAEIRAE o FRAAR
Moo R RA P PTAR 6K KA I A BB AR R ALAR E R I NRAERAE o X(AA LA
P %E 54 A memcepy() © XRAEIRE GG FNARME > RA N EZINF RAR P R o

WG+ ZASRA LM L E T by (bitwise equality comparable) ° X 53 A R EXR %
RAALE BT 0 —ANUDT R A 2t £ T A& Aimemcepy()i# 4745 M » 3% 28 7 23t £ 7T vA4% A
mememp() S AL # AT AR o LT ABRZ L % » B4 THRIEPLiR/ K R AFREEF 89 T4F -

VAL P2 A% 8 IRAFIAT AARYE H 3 F a9 —MNEDL 0 RRIFH T R A 8 5B » A 5] A SRAg a9
AN EASBERLRA P REG R - AFHNT » A iEBETEL Y std::atomic<udT> XA A
IR > PTVAE N 3 BT A ARAEAR A — A R34 o 4o R A P AR AL 6 35 L KA 3 LA IR A 4K
R AR ARRE B BRI RZIBOIN AN —ASE o ARABRTHEFELT - 2RTi#
fEF et > BFELTA RN EH > A ALEITEATRN P REJKFAH > IHERAT
A6 = 2 R4 (S A A B — AN AR 0 MILE T A AAR) o & 0 B Y X H R T AL R AE
BRRAPEXLGEBEEA—BRIEFT > ATARKIFS T A std::atomic<upT> A HEAE AR
T A8 A (B B — A4k £ 4 4) ©

/i%? » & RAE ] std::atomic<float> ﬁk std: :atomic<double> (1*] Eii‘%é\?éﬂi%/i&)ﬂ
memcpyfrmemcmp iz ) o 12% €141/ compare_exchange_strong & & ¥ 69 & I T fE &
ANIFF o BBMEIES S ATEAR i 0 IARMELTR A » THRAAWEE—NRE 7
R#gRIE o AR F R4 RTIH AR T o £42 A compare_exchange_strong i 4 8
AP ARTHRLSBIAEGER > wRIREM std::atomice> HFIL—AMA P B EXLEA » B
BAEA R LT 4Rk » M AR EE S mememp LA TR BETRAERK  BH
P AR S A I A TR 89 R 7 X o

4o RAREGUDT £ A 69 K I 4o Bl (S T)—Mint& voidr £ » RSB FEHK S

2t std::atomic<unT> AR Fi54 o AEFETRLSA P A T L LA (A& TintX void* 8
KANHFILE) std::atmices R AR T4 o &P G F LIFATIR LT T i L
#"(double-word-compare-and-swap * DWCAS)#5 4 » X /35 4 5 compare_exchange Xxx
AARIA o BAIEAS LI T HERMRGZABRKRGHE Y » BIKGABRLEFTET® ©


http://en.wikipedia.org/wiki/Double_compare-and-swap

vA k& Fgﬂ%ﬂ’@a%“ﬁﬁﬁ;ﬁ%$%ﬁ'$ﬁgﬁi s e o @'U%"‘/I\ std::atomic<std::vector<int>> &
e RERREACEATTEE > AP A LA R > EARILEE - BARX R &
GEAEATIFAL > 128 » MAR ROBKIBLEY » RARS 9RERZ LM RIEARRMEF L
B RIMERAEAET » REFIEA std: mutex FRIUEFIB AR L T 0912 E PTARAP » 3R F
ey o

SRR P L EBTHATEBIMLE > std::atomic<T> 897 A 23t R A load(), store(),
exchange(), compare_exchange weak(), compare_exchange_strong()f= A& 1F » AR &
KT B 69IRAF o K53 R T H— AR T R AT ALAL A 09424 -

: : . atomic atomic
: atomic |atomic | atomic ,
Operation - <integral- | <other-
flag <bool> Tk
type> type>

test and set v
clear v
is lock free v v v v
load v v v v
store v v v v
exchange v v v v
compare exchange weak, v v v v
compare exchange strong
fetch add, += v v
fetch sub, -= v
fetch or, |= v
fetch and, &= v
fetch xor, “= v
++, -- v v

%5.3 F—NRT LA AT REAR A 0932 4E

5.2.7 R THA 6B &%

BB L > RAERA FRAAR R KRBT RFRBBREGH KX o (28 » EXRRGRTFEAF
WHFNGIERR REABE o REBIFAR R G L 52 m R REKA X 2E2F
F“atomic_"1EA AT 4 (ke + std::atomic_load() )° XERHEMAM AR G R FRUMER o
ER/E—NNGFIRER > T2 RAmFr : —FRAIRE > 5 —#K%_explicit’™E 4 &
% FREFR-AFINGSE > I ABRFEARE > TFRAF A% (H]



%2 > std::atomic_store(&atomic_var,new_value) 5 std::atomic_store_explicit(&atomic_var,ne
w_value, std: :memory_order_release ) ° Fif » /R F-xf AR5 2 H K5I A o A A I HAR
BA—MEORTFHELGIAIEAFE—HR) o

#l4= > std::atomic_is_lock free() AA —MEM(RALH AN ER) > F AL TR —
N3t %a std::atomic_is_lock_free(ga) R E{A5a.is_lock free()ta Fl o Fl#%

f9 > std::atomic_load(&a) #A7a.load()é91Efl —# » 2 FREZENE > 5
a.load(std::memory_order_acquire)< #8934 A& std::atomic_load explicit(&a,

std::memory_order_acquire) °

BRI GE AN T EH5CIEZTRE  ACT R4 » RARIEATA o flde >
compare_exchange_weak()#compare_exchange_strong()& il &k 69 % — M (IZ1E) £
— /31 » M std::atomic_compare_exchange_weak() (% — /5245 & 0948 4)89 =4
HEA—NEEH o std: :atomic_compare_exchange_weak_explicit() &%—ﬁ"f%iﬁi#] Fo kW G A
555 0 f AR R R R R R AR — AR A B X (BRA

A& std::memory_order_seq_cst ) * Z R HAT AHHRIRI Fo KK A 557 o

2t std::atomic_flag B93RAFA“REIAE » £ ARLIRE P A4 &89 8 AR
A . std::atomic_flag_test_and_set() #7 std::atomic_flag_clear() ° {2&¥A“ explicit"# & 4
B 2 SPRAE AL RE G5 46 R R AR

R . ostd: :atomic_flag_test_and_set_explicit() F7 std: :atomic_flag_clear_explicit() °

CHHAr B3 e — MR F XA P8 std::shared ptr<s % A635 4t 3 A 4241 5 30 B 3k o X 478K
TRARTFEA » AR 8R FHMAE RN » X E std::shared_ptr<> HFEZ A ARTFEH -
{2 s CH+ir i R ARG 3 LIRS G R AR TR o T4 A9 R FHAFEA : load,
store, exchange#f»compare/exchange » X &RF TR T Az R T RA6GRAF > HF ELRIR—
/A~ std::shared_ptr<>* 14 % — /%4 :

std::shared_ptr<my_data> p;

void process_global_data()

{
std::shared_ptr<my_data> local=std::atomic_load(&p);
process_data(local);

¥
void update_global_data()

{

std::shared_ptr<my_data> local(new my_data);
std::atomic_store(&p, local);

YEAFe R FRAF—FIAE A 6 LA » R explicit’ T2 » AFRIBTAFOAFI
H H std::atomic_is_lock_free() SR VAR kg & I HAE A4 o RARERFIE o



Yo Z A B 0 AR CRJR T R RARAR A A T # FAIE L F AT E R R SLRAE 0 BN ZE AR
R P 3R B BAZ LG IRAE S AT R AT o A 52 B HE 5 A 2B AR Ao B W ARAE 9 ARk 5 4]
47 0 std::mutex #7 std::future<s ° FTVA» ik RHBLETHAZHNAELTEL | IHEREMAEF L
@8 %+ Ao T R F A R 2 Ao 58 B A -



5.3 F| ¥ &1 4= 2% % Pk fr

BRI BANEAE > —ANEFIELEH PEALIE » 5 —NEIRPIELE W P ORIE o A T # %,
EMHEAGES  FABEERE—NMrd o ARAVLECELAESH®HE ) FAE - ANEEL
IR E R B RRIEIREIE o TEOORFFERLZIMGFR o

HE52 R A HIENGET
#include <vector>
#include <atomic>

#include <jiostream>

std: :vector<int> data;
std::atomic<bool> data_ready(false);

void reader_thread()

{
while('data_ready.load()) // 1
{
std::this_thread::sleep(std::milliseconds(1));
}
std::cout<<"The answer='"<<data[0]<<"\m"; // 2
¥
void writer_thread()
{

data.push_back(42); // 3
data_ready=true; // 4

Sede A5 BB RO E — (REFRZIAEIF > F0ARESAENR L FIIERL T
FIREY IR B —RALM AR TFE) ARG wE s BEFERTROFEOAF —RIELEMH
HATRF G P > B2 FERTXATAG KL L » B Z ANEIRE L 5 R 17 12 08 740 ™ 44 69 18
FH e

5% 4|15 P 5 @ 2 std::atomic<bool> XA 89data_ready T & # AT T AREY 3 X EIRAEA
i 47 4 2 (happens-before)f= F] # & 4 (synchronizes-with)# & 50 26911 5 o B A KIEQ )
¥4 > £ 5 Adata_readyis S@ MR A A » H A EBAREOR AL FREBOA o 4
data_ready® Atrue * EHRER LG HERER Y » B —MNETLE X E c AARITR
AR AREN  TAEARKEORIT T EARED » XAAMTA AT T Bz & 69481


http://en.wikipedia.org/wiki/Happened-before

© » LA ORA AT TR IEIE@ » ARRIA T RAIA 1 5 ALHE 47T 35 4B »
EAKRAAT o 52K T T RATR AL RN G THM o &K &% KA Gwhiled IR F Ko
T xR -

data ready.load()
(returns false)

v Y

data ready.load()
(returns false)

data.push back(42)

data ready=true

\

data ready.load()
(returns true)

Y

datal[0]
(returns 42)

Writer thread Reader thread

’5.2 st 3k )R F4R4E - A& AR FARE TR # BEF

A A A RIS AN 1 — AR %ﬁﬁ%%%%ﬁﬁﬁ'ﬁ&u@mﬁ%ﬁ%ﬁ
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#include <iostream>
void foo(int a,int b)

{
std::cout<<a<<”,6 "<<b<<std::endl;
}
int get_num()
{

static int i=0;
return ++i;

3

int main()

{
foo(get_num(),get_num()); // ZAFAMAget_num()
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memory_order_consume, memory_order_acquire, memory_order_release,
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#include <atomic>

#include <thread>
#include <assert.h>

std::atomic<bool> x,vy;
std::atomic<int> z;

void write_x()

{

X.store(true,std::memory_order_seq_cst); // 1

void write_y()

{
y.store(true,std: :memory_order_seq_cst); // 2
¥
void read_x_then_y()
{

while(!x.load(std::memory_order_seqg_cst));
if(y.load(std: :memory_order_seq_cst)) // 3

++7;

¥

void read_y_then_x()
{

while(!'y.load(std::memory_order_seqg_cst));
if(x.load(std: :memory_order_seq_cst)) // 4
++2;

4

}

int main()

{



x=false;

y=false;

z=0;

std::thread a(write_x);
std::thread b(write_y);
std::thread c(read_x_then_y);
std::thread d(read_y_then_x);
a.join();

b.join();

c.join();

d.join();

assert(z.load()!'=0); // 5
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Initially x=false, y=false

7

<

xXx.store (true)

=N

x.load ()
returns true

Y

y.load ()
returns false

~
P

y.store (true)

y.load ()
returns true

x.load()
returns true

write_x

read_x then_y

read_y then_x

write_y
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#include <atomic>
#include <thread>
#include <assert.h>

std::atomic<bool> x,vy;
std::atomic<int> z;

void write_x_then_y()

{
x.store(true,std: :memory_order_relaxed); // 1
y.store(true,std: :memory_order_relaxed); // 2

}

void read_y_then_x()

{
while(!y.load(std::memory_order_relaxed)); // 3

if(x.load(std::memory_order_relaxed)) // 4

++2;

3

int main()

{
x=false;
y=false;
z=0,
std::thread a(write_x_then_y);
std::thread b(read_y_then_x);
a.join();
b.join();
assert(z.load()!'=0); // 5
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Initially x=false, y=false

N

> il

X.store (true,

relaxed)

v.store(true, y.load (relaxed)

relaxed) returns true
x.load (relaxed)
returns false

write_x_then_y read_y then_x
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#include <thread>

#include <atomic>
#include <iostream>

std::atomic<int> x(0),y(0),z(0); // 1
std::atomic<bool> go(false); // 2

unsigned const loop_count=10;

struct read_values

{



int x,y,z;

iy

read_values
read_values
read_values
read_values
read_values

valuesl[loop_count];
values2[loop_count];
values3[loop_count];
values4[loop_count];
values5[loop_count];

void increment(std::atomic<int>*

{
while(!go)

std::this_thread::yield();
for(unsigned i=0;i<loop_count;++i)

{

var_to_inc,read_values* values)

// 3 Bk FRIEF

values[i].x=x.load(std: :memory_order_relaxed);

values[i].y=y.load(std::memory_order_relaxed);

values[i].z=z.load(std::memory_order_relaxed);

var_to_inc->store(i+1,std::memory_order_relaxed); // 4
std: :this_thread: :yield();

void read_vals(read_values* values)

{
while(!go)

std::this_thread::yield(); // 5 B /&5
for(unsigned 1=0;i<loop_count;++1i)

{

values[i].x=x.load(std: :memory_order_relaxed);

values[i].y=y.load(std: :memory_order_relaxed);

values[i].z=z.load(std: :memory_order_relaxed);
std::this_thread::yield();

void print(read_values* v)

{

for(unsigned i=0;i<loop_count;++i)

{



if(1i)
std::cout<<",";
std::cout<<"("<<v[i].x<<", "<<v[i].y<<", "<<v[i].z<<")";;
}

std::cout<<std::endl;

int main()

{
std::thread ti(increment, &x,valuesl);
std::thread t2(increment, &y, values?2);
std::thread t3(increment, &z,values3);
std::thread t4(read_vals,values4);
std::thread t5(read_vals,values5);

go=true; // 6 JH¥E&IATEBIRIES

t5.join();
t4.join();
t3.join();
t2.join();
tl.join();

print(valuesl); // 7 T¥sPR&4%
print(values2);
print(values3);
print(values4);
print(values5);
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(0,0,0),(2,0,0),(2,0,0),(3,0,0),(4,0,0),(5,7,0),(6,7,8),(7,9,8),
(8,9,8),(9,9,10)
(0,0,0),(0,1,0),(0,2,0),(1,3,5),(8,4,5),(8,5,5),(8,6,6),(8,7,9),
(10,8,9),(10,9,10)
(0,0,0),(0,0,1),(09,0,2),(9,0,3),(0,0,4),(0,0,5),(0,0,6),(0,0,7),
(0,0,8),(0,0,9)
(2,3,0),(2,3,0),(2,4,1),(3,6,4),(3,9,5),(5,10,6), (5,10,8),
(5,10,10),(9,10,10), (10,10,10)
(0,0,0),(0,0,0),(0,0,0),(6,3,7),(6,5,7),(7,7,7),(7,8,7),(8,8,7),
(8,8,9),(8,8,9)
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#include <atomic>
#include <thread>
#include <assert.h>

std::atomic<bool> x,y;
std::atomic<int> z;
void write_x()

{
x.store(true,std: :memory_order_release);
¥
void write_y()
{
y.store(true,std: :memory_order_release);
¥
void read_x_then_y()
{

while(!x.load(std::memory_order_acquire));
if(y.load(std::memory_order_acquire)) // 1
++2;

4



void read_y_then_x()

{
while(!'y.load(std::memory_order_acquire));
if(x.load(std: :memory_order_acquire)) // 2

++7;

}

int main()

{
x=false;
y=false;
z=0;
std::thread a(write_x);
std::thread b(write_y);
std::thread c(read_x_then_y);
std::thread d(read_y_then_x);
a.join();
b.join();
c.join();
d.join();
assert(z.load()!'=0); // 3
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Initially x=false, y=false

.
< | ==
x.store(true, y.store(true,

release) release)
\\} < | |
x.load (acquire) y.load (acquire)
returns true returns true
y.load (acquire) x.load (acquire)
returns false returns false
write_x read_x_then_y read_y_then_x write_y
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#include <atomic>
#include <thread>
#include <assert.h>

std::atomic<bool> x,vy;
std::atomic<int> z;

void write_x_then_y()

{
x.store(true,std: :memory_order_relaxed); // 1
y.store(true,std: :memory_order_release); // 2

}

void read_y_then_x()
{

while(!y.load(std: :memory_order_acquire)); // 3 B > FiFy#%
B Atrue

if(x.load(std::memory_order_relaxed)) // 4

++2;

3

int main()

{
x=false;
y=false;
z=0,
std::thread a(write_x_then_y);
std::thread b(read_y_then_x);
a.join();
b.join();
assert(z.load()!'=0); // 5
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std::atomic<int> data[5];
std::atomic<bool> synci(false), sync2(false);

void thread_1()

{
data[0].store(42,std: :memory_order_relaxed);
data[1l].store(97,std::memory_order_relaxed);
data[2].store(17,std: :memory_order_relaxed);
data[3].store(-141, std: :memory_order_relaxed);
data[4].store(2003,std: :memory_order_relaxed);
syncl.store(true,std: :memory_order_release); // 1.i&&syncl

void thread_2()
{

while(!syncl.load(std: :memory_order_acquire)); // 2.#Z%|syncl
REG 0 JEIRLE R

sync2.store(true, std: :memory_order_release); // 3.1k &sync2

}
void thread_3()

{
while(!sync2.load(std: :memory_order_acquire)); // 4.E3|syncl
REJG 0 PEIRLE R
assert(data[0].load(std: :memory_order_relaxed)==42);
assert(data[1].load(std: :memory_order_relaxed)==97);
assert(data[2].load(std: :memory_order_relaxed)==17);
assert(data[3].load(std: :memory_order_relaxed)==-141);
assert(data[4].load(std: :memory_order_relaxed)==2003);
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compare_exchange_strong()k #kitthread 13t % & R ﬁﬁ—*b’t £ 97

std::atomic<int> sync(0);
void thread_1()

{
/] ...
sync.store(1,std: :memory_order_release);

}

void thread_2()

{
int expected=1;
while(!sync.compare_exchange_strong(expected, 2,

std: :memory_order_acq_rel))
expected=1;

}

void thread_3()

{
while(sync.load(std: :memory_order_acquire)<2);
// ..

3
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struct X

{

int 1i;
std::string s;

}:

std: :atomic<X*> p;
std: :atomic<int> a;

void create_x()

{
X* x=new X;
X->1=42;
x->s="hello";
a.store(99,std::memory_order_relaxed); // 1
p.store(x,std: :memory_order_release); // 2

void use_x()
{
X* x;
while(!(x=p.load(std::memory_order_consume))) // 3
std::this_thread::sleep(std::chrono::microseconds(1));
assert(x->1i==42),; // 4
assert(x->s=="hello"); // 5
assert(a.load(std: :memory_order_relaxed)==99); // 6

int main()

{
std::thread tl(create_x);
std::thread t2(use_x);
tl1.join();
t2.join();
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int global_data[]={ .. };
std::atomic<int> index;

void f()

{
int i=index.load(std: :memory_order_consume);
do_something_with(global_data[std::kill_dependency(i)]);
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#include <atomic>
#include <thread>

std::vector<int> queue_data;
std: :atomic<int> count;

void populate_queue()

{
unsigned const number_of_items=20;
gueue_data.clear();
for(unsigned i=0;i<number_of_items;++1)
{

gueue_data.push_back(1i);

count.store(number_of_items, std: :memory_order_release); // 1
s A 5 B

}

void consume_queue_items()

{

while(true)

{
int item_index;
if((item_index=count.fetch_sub(1,std::memory_order_acquire))
<=0) // 2 —A"iE-K-BUEMAE
{
wait_for_more_items(); // 3 ¥##%1%
continue;

}

process(queue_data[item_index-1]); // 4 ®4AHqueue_data

int main()

{



std::thread a(populate_queue);
std::thread b(consume_queue_items);
std::thread c(consume_queue_items);
a.join();

b.join();

c.join();
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release
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acquire

Process count.fetch sub ()
queue data acquire

Process
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populate_queue consume_queue_items consume_queue_items
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#include <atomic>
#include <thread>
#include <assert.h>

std::atomic<bool> x,y;
std::atomic<int> z;

void write_x_then_y()

{
x.store(true,std: :memory_order_relaxed); // 1
std::atomic_thread_fence(std::memory_order_release); // 2
y.store(true,std: :memory_order_relaxed); // 3

void read_y_then_x()
{
while(!y.load(std::memory_order_relaxed)); // 4
std: :atomic_thread_fence(std: :memory_order_acquire); // 5

if(x.load(std::memory_order_relaxed)) // 6
++7;

int main()
{
x=false;
y=false;
z=0,;
std::thread a(write_x_then_y);
std::thread b(read_y_then_x);
a.join();
b.join();
assert(z.load()!'=0); // 7
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void write_x_then_y()

{
std: :atomic_thread_fence(std: :memory_order_release);
X.store(true,std::memory_order_relaxed);
y.store(true,std: :memory_order_relaxed);
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#include <atomic>
#include <thread>
#include <assert.h>

bool x=false; // xAEA—"FRFRZ
std::atomic<bool> vy;
std::atomic<int> z;

void write_x_then_y()

{
x=true; // 1 EWMERHEX
std::atomic_thread_fence(std: :memory_order_release);
y.store(true,std::memory_order_relaxed); // 2 ZEWMEE Gty

void read_y_then_x()
{
while(!y.load(std::memory_order_relaxed)); // 3 HE#2B AW #%
std: :atomic_thread_fence(std: :memory_order_acquire);
if(x) //7 4 ZEZFERE| 69 ZH1F BN
++Z,
b
int main()
{
x=false;
y=false;
z=0,;
std::thread a(write_x_then_y);
std::thread b(read_y_then_x);
a.join();
b.join();
assert(z.load()!=0); // 5 Mgk FreAk
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#include <exception>

struct empty_stack: std::exception

{

const char* what() const throw();

i¥

template<typename T>
class threadsafe_stack
{
private:
std::stack<T> data;
mutable std::mutex m;
public:
threadsafe_stack(){}
threadsafe_stack(const threadsafe_stack& other)

{

std::lock_guard<std::mutex> lock(other.m);



data=other.data;

threadsafe_stack& operator=(const threadsafe_stack&) = delete;

void push(T new_value)

{
std::lock_guard<std::mutex> lock(m);
data.push(std::move(new_value)); // 1

}

std::shared_ptr<T> pop()

{
std::lock_guard<std::mutex> lock(m);
if(data.empty()) throw empty_stack(); // 2
std::shared_ptr<T> const res(

std: :make_shared<T>(std::move(data.top()))); // 3

data.pop(); // 4
return res;

3
void pop(T& value)

{
std: :lock_guard<std::mutex> lock(m);
if(data.empty()) throw empty_stack();
value=std: :move(data.top()); // 5
data.pop(); // 6

¥
bool empty() const

{
std::lock_guard<std::mutex> lock(m);
return data.empty();
}
¥
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template<typename T>

class threadsafe_queue

{

private:
mutable std::mutex mut;
std: :queue<T> data_gueue;
std::condition_variable data_cond;

public:
threadsafe_queue()

{3

void push(T new_value)

{
std::lock_guard<std::mutex> lk(mut);
data_queue.push(std: :move(data));
data_cond.notify_one(); // 1

void wait_and_pop(T& value) // 2

{
std::unique_lock<std::mutex> lk(mut);
data_cond.wait(1lk, [this]{return !data_queue.empty();});
value=std: :move(data_queue.front());
data_queue.pop();

std::shared_ptr<T> wait_and_pop() // 3



std::unique_lock<std::mutex> lk(mut);
data_cond.wait(1lk, [this]{return !data_queue.empty();}); //

std::shared_ptr<T> res(

std: :make_shared<T>(std::move(data_queue.front())));
data_queue.pop();
return res;

bool try_pop(T& value)
{
std::lock_guard<std::mutex> lk(mut);
if(data_queue.empty())
return false;
value=std: :move(data_queue.front());
data_queue.pop();
return true;

std: :shared_ptr<T> try_pop()
{
std::lock_guard<std::mutex> lk(mut);
if(data_queue.empty())
return std::shared_ptr<T>(); // 5
std::shared_ptr<T> res(
std: :make_shared<T>(std::move(data_queue.front())));
data_queue.pop();
return res;

bool empty() const

{
std::lock_guard<std::mutex> lk(mut);
return data_queue.empty();
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template<typename T>
class threadsafe_queue
{
private:
mutable std::mutex mut;
std::queue<std: :shared_ptr<T> > data_queue;
std::condition_variable data_cond;
public:
threadsafe_queue()

{3

void wait_and_pop(T& value)

{
std::unique_lock<std::mutex> lk(mut);
data_cond.wait(1lk, [this]{return !data_queue.empty();});
value=std: :move(*data_queue.front()); // 1



data_queue.pop();

bool try_pop(T& value)
{
std::lock_guard<std::mutex> lk(mut);
if(data_queue.empty())
return false;
value=std: :move(*data_queue.front()); // 2
data_queue.pop();
return true;

std::shared_ptr<T> wait_and_pop()

{
std::unique_lock<std: :mutex> lk(mut);
data_cond.wait(1lk, [this]{return !data_queue.empty();});
std: :shared_ptr<T> res=data_queue.front(); // 3
data_queue.pop();
return res;

std::shared_ptr<T> try_pop()

{
std::lock_guard<std::mutex> lk(mut);
if(data_queue.empty())

return std::shared_ptr<T>();

std::shared_ptr<T> res=data_queue.front(); // 4
data_queue.pop();
return res;

void push(T new_value)

{
std::shared_ptr<T> data(
std: :make_shared<T>(std::move(new_value))); // 5
std::lock_guard<std::mutex> lk(mut);
data_queue.push(data);
data_cond.notify_one();



bool empty() const
{
std::lock_guard<std::mutex> lk(mut);
return data_queue.empty();
}
i
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template<typename T>
class queue
{
private:
struct node
{
T data;
std: :unique_ptr<node> next;

node(T data_):
data(std: :move(data_))

{}
};

std::unique_ptr<node> head; // 1
node* tail; // 2

public:
queue()
{3
gueue(const queue& other)=delete;
gueue& operator=(const queue& other)=delete;
std::shared_ptr<T> try_pop()



if('head)
{
return std::shared_ptr<T>();
}
std::shared_ptr<T> const res(
std: :make_shared<T>(std::move(head->data)));
std: :unique_ptr<node> const old_head=std: :move(head);
head=std: :move(old_head->next); // 3
return res;

void push(T new_value)
{
std::unique_ptr<node> p(new node(std::move(new_value)));
node* const new_tail=p.get();
if(tail)
{
tail->next=std: :move(p); // 4

}

else

{
head=std: :move(p); // 5

}
tail=new_tail; // 6
}
Iy
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template<typename T>
class queue
{
private:
struct node
{
std::shared_ptr<T> data; // 1
std: :unique_ptr<node> next;

i

std::unique_ptr<node> head;
node* tail;

public:
queue():
head(new node), tail(head.get()) // 2
{3

gueue(const queue& other)=delete;
gueue& operator=(const queue& other)=delete;

std: :shared_ptr<T> try_pop()

{
if(head.get()==tail) // 3
{
return std::shared_ptr<T>();
b

std::shared_ptr<T> const res(head->data); // 4



std: :unique_ptr<node> old_head=std: :move(head);
head=std: :move(old_head->next); // 5
return res; // 6

void push(T new_value)

{
std::shared_ptr<T> new_data(

std: :make_shared<T>(std: :move(new_value))); // 7

std::unique_ptr<node> p(new node); //8
tail->data=new_data; // 9
node* const new_tail=p.get();
tail->next=std: :move(p);
tail=new_tail;

}
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template<typename T>
class threadsafe_queue
{
private:
struct node
{
std::shared_ptr<T> data;
std::unique_ptr<node> next;
iy
std: :mutex head_mutex;
std: :unique_ptr<node> head;
std: :mutex tail_mutex;
node* tail;

node* get_tail()

{
std: :lock_guard<std::mutex> tail_lock(tail _mutex);
return tail;

std::unique_ptr<node> pop_head()

{
std::lock_guard<std: :mutex> head_lock(head_mutex);
if(head.get()==get_tail())
{

return nullptr;

}
std: :unique_ptr<node> old_head=std: :move(head);
head=std: :move(old_head->next);
return old_head;

}

public:
threadsafe_queue():
head(new node), tail(head.get())
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threadsafe_queue(const threadsafe_queue& other)=delete;
threadsafe_queue& operator=(const threadsafe_queue&
other)=delete;

std::shared_ptr<T> try_pop()
{
std::unique_ptr<node> old_head=pop_head();
return old_head?o0ld_head->data:std: :shared_ptr<T>();

void push(T new_value)

{
std::shared_ptr<T> new_data(

std: :make_shared<T>(std::move(new_value)));

std::unique_ptr<node> p(new node);
node* const new_tail=p.get();
std::lock_guard<std::mutex> tail_lock(tail_mutex);
tail->data=new_data;
tail->next=std: :move(p);
tail=new_tail;

}
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std: :unique_ptr<node> pop_head() // &XZANA shIE69 52
{

node* const old_tail=get_tail(); // O #head_mutexitHsrMkEE
B A E

std::lock_guard<std::mutex> head_lock(head_mutex);

if(head.get()==0ld_tail) // @
{
return nullptr;
}
std::unique_ptr<node> old_head=std: :move(head);
head=std: :move(old_head->next); // @
return old_head;
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template<typename T>
class threadsafe_queue
{
private:
struct node
{
std::shared_ptr<T> data;
std::unique_ptr<node> next;

i

std::mutex head_mutex;

std::unique_ptr<node> head;

std::mutex tail_mutex;

node* tail;

std::condition_variable data_cond;
public:

threadsafe_queue():

head(new node), tail(head.get())

{}

threadsafe_queue(const threadsafe_queue& other)=delete;

threadsafe_queue& operator=(const threadsafe_queue&
other)=delete;

std::shared_ptr<T> try_pop();

bool try_pop(T& value);
std::shared_ptr<T> wait_and_pop();
void wait_and_pop(T& value);

void push(T new_value);

bool empty();
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template<typename T>
void threadsafe_queue<T>::push(T new_value)
{
std::shared_ptr<T> new_data(
std: :make_shared<T>(std::move(new_value)));
std::unique_ptr<node> p(new node);
{
std::lock_guard<std::mutex> tail_lock(tail_mutex);
tail->data=new_data;
node* const new_tail=p.get();
tail->next=std: :move(p);
tail=new_tail;
}

data_cond.notify_one();
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template<typename T>
class threadsafe_queue
{
private:
node* get_tail()
{
std::lock_guard<std::mutex> tail lock(tail_mutex);
return tail;

std::unique_ptr<node> pop_head() // 1
{

std::unique_ptr<node> old_head=std: :move(head);
head=std: :move(old_head->next);
return old_head;

std::unique_lock<std::mutex> wait_for_data() // 2

{



std: :unique_lock<std::mutex> head_lock(head_mutex);

data_cond.wait(head_lock, [&]{return
head.get()!=get_tail();});

return std::move(head_lock); // 3

std::unique_ptr<node> wait_pop_head()

{

std::unique_lock<std: :mutex> head_lock(wait_for_data()); //

return pop_head();

std::unique_ptr<node> wait_pop_head(T& value)

{

std::unique_lock<std: :mutex> head_lock(wait_for_data()); //

5
value=std: :move(*head->data);
return pop_head();
}
public:

std: :shared_ptr<T> wait_and_pop()

{
std: :unique_ptr<node> const old_head=wait_pop_head();
return old_head->data;

void wait_and_pop(T& value)
{
std::unique_ptr<node> const old_head=wait_pop_head(value);
}
Iy
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template<typename T>
class threadsafe_queue
{
private:
std: :unique_ptr<node> try pop_head()
{
std::lock_guard<std::mutex> head_lock(head_mutex);
if(head.get()==get_tail())

{

return std::unique_ptr<node>();
}
return pop_head();

std::unique_ptr<node> try_pop_head(T& value)

{
std::lock_guard<std::mutex> head_lock(head_mutex);
if(head.get()==get_tail())
{

return std::unique_ptr<node>();

}
value=std: :move(*head->data);
return pop_head();

}

public:

std::shared_ptr<T> try_pop()

{
std::unique_ptr<node> old_head=try_pop_head();
return old_head?old_head->data:std: :shared_ptr<T>();

bool try_pop(T& value)
{

std::unique_ptr<node> const old_head=try_pop_head(value);
return old_head;

bool empty()
{

std::lock_guard<std::mutex> head_lock(head_mutex);



return (head.get()==get_tail());

}
iy
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template<typename Key, typename Value, typename

Hash=std: :hash<Key> >
class threadsafe_lookup_table

{
private:
class bucket_type
{
private:
typedef std::pair<Key,Value> bucket_value;
typedef std::list<bucket_value> bucket_data;
typedef typename bucket_data::iterator bucket_iterator;
bucket_data data;
mutable boost::shared_mutex mutex; // 1
bucket_iterator find_entry_for(Key const& key) const // 2
{
return std::find_if(data.begin(),data.end(),
[&] (bucket_value const& item)
{return item.first==key;});
}
public:
Value value_for(Key const& key,Value const& default_value)
const

{

boost::shared_lock<boost::shared_mutex> lock(mutex); // 3

bucket_iterator const found_entry=find_entry_for(key);

return (found_entry==data.end())?
default_value:found_entry->second;



void add_or_update_mapping(Key const& key,Value consté&
value)
{
std::unique_lock<boost::shared_mutex> lock(mutex); // 4
bucket_iterator const found_entry=find_entry_for(key);
if(found_entry==data.end())

{
data.push_back(bucket_value(key, value));

}

else

{

found_entry->second=value;

void remove_mapping(Key const& key)

{
std: :unique_lock<boost: :shared_mutex> lock(mutex); // 5
bucket_iterator const found_entry=find_entry_for(key);
if(found_entry!=data.end())
{

data.erase(found_entry);

}
};

std::vector<std::unique_ptr<bucket_type> > buckets; // 6
Hash hasher;

bucket_type& get_bucket(Key const& key) const // 7
{

std::size_t const bucket_index=hasher (key)%buckets.size();
return *buckets[bucket_index];

public:
typedef Key key_type;
typedef Value mapped_type;

typedef Hash hash_type;



threadsafe_lookup_table(
unsigned num_buckets=19,Hash const& hasher_=Hash()):
buckets(num_buckets), hasher (hasher_)

for(unsigned i=0;i<num_buckets;++1)

{

buckets[i].reset(new bucket_type);

threadsafe_lookup_table(threadsafe_lookup_table const&

other)=delete;
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threadsafe_lookup_table& operator=(
threadsafe_lookup_table const& other)=delete;

Value value_for(Key const& key,
Value const& default_value=Value()) const

return get_bucket(key).value_for(key,default_value); // 8

void add_or_update_mapping(Key const& key,Value const& value)

{
get_bucket(key).add_or_update_mapping(key,value); // 9

void remove_mapping(Key const& key)

{
get_bucket(key).remove_mapping(key); // 10

}
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7 ¥6.12 B Mhreadsafe lookup_tabletf 4 — /> std: :map<>

std: :map<Key, Value> threadsafe_lookup_table::get_map() const
{
std: :vector<std::unique_lock<boost::shared_mutex> > locks;
for(unsigned 1i=0;i<buckets.size();++1)
{
locks.push_back(
std::unique_lock<boost::shared_mutex>(buckets[i].mutex));
}
std: :map<Key, Value> res;
for(unsigned 1=0;i<buckets.size();++1)
{
for(bucket_iterator it=buckets[i].data.begin();
it!=buckets[i].data.end();
++it)

res.insert(*it);

}

return res;
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template<typename T>
class threadsafe_list

{
struct node // 1
{
std::mutex m;
std::shared_ptr<T> data;
std::unique_ptr<node> next;
node(): // 2
next ()
{}
node(T const& value): // 3
data(std::make_shared<T>(value))
{}
Iy

node head;

public:
threadsafe_list()
{3

~threadsafe_list()
{

remove_if([](node const&){return true;});

threadsafe_list(threadsafe_list const& other)=delete;
threadsafe_list& operator=(threadsafe_list const&
other)=delete;

void push_front(T const& value)

{



std: :unique_ptr<node> new_node(new node(value)); // 4
std::lock_guard<std::mutex> lk(head.m);
new_node->next=std: :move(head.next); // 5
head.next=std: :move(new_node); // 6

template<typename Function>
void for_each(Function f) // 7
{
node* current=&head;
std: :unique_lock<std::mutex> lk(head.m); // 8
while(node* const next=current->next.get()) // 9
{
std: :unique_lock<std: :mutex> next_lk(next->m); // 10
1k.unlock(); // 11
f(*next->data); // 12
current=next;
lk=std::move(next_1k); // 13

template<typename Predicate>
std::shared_ptr<T> find_first_if(Predicate p) // 14
{
node* current=&head;
std: :unique_lock<std::mutex> lk(head.m);
while(node* const next=current->next.get())
{
std::unique_lock<std: :mutex> next_lk(next->m);
lk.unlock();
if(p(*next->data)) // 15
{

return next->data; // 16
}
current=next;
lk=std: :move(next_1k);
}

return std::shared_ptr<T>();



template<typename Predicate>
void remove_if(Predicate p) // 17
{
node* current=&head;
std::unique_lock<std: :mutex> lk(head.m);
while(node* const next=current->next.get())
{
std: :unique_lock<std: :mutex> next_lk(next->m);
if(p(*next->data)) // 18
{
std: :unique_ptr<node> o0ld_next=std: :move(current->next);
current->next=std: :move(next->next);
next_lk.unlock();

Y} // 20
else
{

lk.unlock(); // 21
current=next;
lk=std: :move(next_1k);

}
};
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class spinlock_mutex
{
std: :atomic_flag flag;
public:
spinlock_mutex():
flag(ATOMIC_FLAG_INIT)

{3
void lock()

{

while(flag.test_and_set(std::memory_order_acquire));

}

void unlock()

{
flag.clear(std::memory_order_release);
¥
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template<typename T>
class lock_free_stack
{
private:
struct node
{
T data;
node* next;

node(T const& data_): // 1
data(data_)

{}
it

std::atomic<node*> head;
public:
void push(T const& data)
{
node* const new_node=new node(data); // 2
new_node->next=head.load(); // 3
while(!head.compare_exchange_weak(new_node->next, new_node));
// 4

}
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template<typename T>
class lock_free_stack
{
public:
void pop(T& result)
{
node* old_head=head.load();
while(!'head.compare_exchange_weak(old_head, old_head->next));
result=o0ld_head->data;
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template<typename T>
class lock_free_stack
{
private:
struct node
{
std::shared_ptr<T> data; // 1 154 KRBk
node* next;

node(T const& data_):
data(std: :make_shared<T>(data_)) // 2 itstd::shared_ptrig
CEZE P E LN
{}
iy

std::atomic<node*> head;
public:
void push(T const& data)
{
node* const new_node=new node(data);
new_node->next=head.load();
while(!'head.compare_exchange_weak(new_node->next, new_node));

}
std: :shared_ptr<T> pop()

{
node* old_head=head.load();
while(old_head && // 3 /A5 Aar#£old_head& & A £ 454t
'head.compare_exchange_weak(old_head,o0ld_head->next));
return old_head ? old_head->data : std::shared_ptr<T>(); //

}
I¥
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template<typename T>
class lock_free_stack
{
private:
std::atomic<unsigned> threads_in_pop; // 1 RF¥% ¥
void try_reclaim(node* old_head);
public:
std::shared_ptr<T> pop()
{
++threads_in_pop; // 2 ZE#MFZA > HEfiiml
node* old_head=head.load();
while(old_head &&
'head.compare_exchange_weak(old_head, 0ld_head->next));
std::shared_ptr<T> res;
if(old_head)
{
res.swap(old_head->data); // 3 kMK &
}
try_reclaim(old_head); // 4 M¥ & ¥ AERIIEE > mIEHE N 454t
return res;
}
3

threads_in_pop@/R TR A K12 %A % VAR RXBREAT O LE ° Zpop() &AM 8
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template<typename T>
class lock_free_stack

{

private:
std::atomic<node*> to_be_deleted;

static void delete_nodes(node* nodes)

{

while(nodes)



node* next=nodes->next;
delete nodes;
nodes=next;

}
}
void try_reclaim(node* old_head)
{

if(threads_in_pop==1) // 1

{

node* nodes_to_delete=to_be_deleted.exchange(nullptr); //
2 BT MR 5 A
if(!--threads_in_pop) // 3 ZFRA—NE&ERAApop()?
{
delete_nodes(nodes_to_delete); // 4

}
else if(nodes_to_delete) // 5

{

chain_pending_nodes(nodes_to_delete); // 6

3
delete old_head; // 7

}

else

{
chain_pending_node(old_head); // 8

--threads_in_pop;

}

void chain_pending_nodes(node* nodes)

{

node* last=nodes;
while(node* const next=last->next) // 9 iktnexti&4tisdsk k9K

3
{
last=next;
¥
chain_pending_nodes(nodes, last);
3

void chain_pending_nodes(node* first,node* last)



last->next=to_be_deleted; // 10
while(!'to_be_deleted.compare_exchange_weak( // 11 R{EFK&EK
1Elast->next #9.E 7%
last->next, first));

}
void chain_pending_node(node* n)
{
chain_pending_nodes(n,n); // 12
}

}i
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std: :shared_ptr<T> pop()
{
std::atomic<void*>&
hp=get_hazard_pointer_for_current_thread();
node* old_head=head.load(); // 1
node* temp;
do
{
temp=0ld_head;
hp.store(old_head); // 2
0ld_head=head.load();
} while(old_head!=temp); // 3
/] ...
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std: :shared_ptr<T> pop()
{
std::atomic<void*>&
hp=get_hazard_pointer_for_current_thread();
node* old_head=head.load();
do
{
node* temp;
do // 1 HEE|¥K R&454 % 4 headds 4t
{
temp=0ld_head;
hp.store(old_head);
old_head=head.load();
} while(old_head!=temp);
}
while(old_head &&
'head.compare_exchange_strong(old_head, old_head->next));
hp.store(nullptr); // 2 3 EBATR > HERAIELE4
std: :shared_ptr<T> res;
if(old_head)
{
res.swap(old_head->data);
if (outstanding_hazard_pointers_for(old_head)) // 3 &M%k AT
xR EFE 4] R T R #ATR S
{
reclaim_later(old_head); // 4

}

else

{
delete old_head; // 5

}

delete_nodes_with_no_hazards(); // 6

}

return res;
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7 %7.7 get_hazard_pointer_for_current_thread() & £x 49 & % 52 2,

unsigned const max_hazard_pointers=100;
struct hazard_pointer
{
std::atomic<std::thread::id> id;
std: :atomic<void*> pointer;
Iy

hazard_pointer hazard_pointers[max_hazard_pointers];

class hp_owner

{

hazard_pointer* hp;

public:
hp_owner (hp_owner const&)=delete;
hp_owner operator=(hp_owner const&)=delete;
hp_owner():
hp(nullptr)

for(unsigned i=0;i<max_hazard_pointers;++1i)
{
std::thread::id old_id;
if(hazard_pointers[i].id.compare_exchange_strong( // 6 %
X E RS 35 4t 89 BT A AR



old_id,std::this_thread::get_id()))

{
hp=&hazard_pointers[i];
break; // 7
}
}
if(!'hp) // 1
{
throw std::runtime_error("No hazard pointers available");
}
}
std::atomic<void*>& get_pointer()
{
return hp->pointer;
}

~hp_owner() // 2
{
hp->pointer.store(nullptr); // 8
hp->id.store(std::thread::1id()); // 9
}
Iy

std::atomic<void*>& get_hazard_pointer_for_current_thread() //
3
{

thread_local static hp_owner hazard; // 4 H#AZELEH A TH AL
154+

return hazard.get_pointer(); // 5

get_hazard_pointer_for_current_thread()#y 5= & A kK 5 £ : —/~hp_owner@® £ A &9
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5 #Lget_hazard_pointer_for_current_thread()& * outstanding_hazard_pointer_for() 3 #L 3k i
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bool outstanding_hazard_pointers_for(void* p)

{
for(unsigned i=0;i<max_hazard_pointers;++i)
{
if(hazard_pointers[i].pointer.load()==p)
{
return true;
¥
}
return false;
b
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template<typename T>
void do_delete(void* p)

{

delete static_cast<T*>(p);

struct data_to_reclaim

{
void* data;
std::function<void(void*)> deleter;
data_to_reclaim* next;



template<typename T>

data_to_reclaim(T* p): // 1
data(p),
deleter(&do_delete<T>),
next(0)

{}

~data_to_reclaim()

{
deleter(data); // 2
}
3

std::atomic<data_to_reclaim*> nodes_to_reclaim;

void add_to_reclaim_list(data_to_reclaim* node) // 3
{
node->next=nodes_to_reclaim.load();
while(!nodes_to_reclaim.compare_exchange_weak(node-
>next, node));

}

template<typename T>
void reclaim_later(T* data) // 4

{

add_to_reclaim_list(new data_to_reclaim(data)); // 5

void delete_nodes_with_no_hazards()
{
data_to_reclaim* current=nodes_to_reclaim.exchange(nullptr);
// 6
while(current)
{
data_to_reclaim* const next=current->next;
if('outstanding_hazard_pointers_for(current->data)) // 7

{
delete current; // 8

}

else



add_to_reclaim_list(current); // 9

}

current=next,;

\
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template<typename T>
class lock_free_stack
{
private:
struct node
{
std::shared_ptr<T> data;
std::shared_ptr<node> next;
node(T const& data_):
data(std::make_shared<T>(data_))
{}
iy

std::shared_ptr<node> head;
public:

void push(T const& data)

{

std: :shared_ptr<node> const new_node=std: :make_shared<node>
(data);

new_node->next=head.load();
while(!std::atomic_compare_exchange_weak(&head,
&new_node->next, new_node));

¥

std::shared_ptr<T> pop()

{
std::shared_ptr<node> old_head=std::atomic_load(&head);
while(old_head && !std::atomic_compare_exchange_weak(&head,

&old_head, old_head->next));

return old_head ? old_head->data : std::shared_ptr<T>();

}
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template<typename T>
class lock_free_stack
{
private:

struct node;

struct counted_node_ptr // 1
{

int external_count;

node* ptr;

i

struct node

{
std::shared_ptr<T> data;
std::atomic<int> internal_count; // 2
counted_node_ptr next; // 3

node(T const& data_):
data(std::make_shared<T>(data_)),
internal_count(0)
{x
i

std::atomic<counted_node_ptr> head; // 4

public:
~lock_free_stack()

{
while(pop());



void push(T const& data) // 5
{
counted_node_ptr new_node;
new_node.ptr=new node(data);
new_node.external_count=1;
new_node.ptr->next=head.load();
while(!'head.compare_exchange_weak(new_node.ptr-
>next, new_node));
}
3
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template<typename T>
class lock_free_stack
{
private:
void increase_head_count(counted_node_ptr& old_counter)

{

counted_node_ptr new_counter;



do

{
new_counter=o0ld_counter;
++new_counter.external_count;

while(!'head.compare_exchange_strong(old_counter, new_counter));
// 1

old_counter.external_count=new_counter.external_count;
}
public:
std::shared_ptr<T> pop()
{
counted_node_ptr old_head=head.load();
for(;7)
{
increase_head_count(old_head);
node* const ptr=old_head.ptr; // 2

if(!ptr)
{
return std::shared_ptr<T>();
}
if(head.compare_exchange_strong(old_head,ptr->next)) // 3
{

std::shared_ptr<T> res;
res.swap(ptr->data); // 4

int const count_increase=o0ld_head.external_count-2; //

if(ptr->internal_count.fetch_add(count_increase)== // 6

-count_increase)

delete ptr;

return res; // 7

}

else if(ptr->internal_count.fetch_sub(1)==1)



delete ptr; // 8

}
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void push(T const& data)
{
counted_node_ptr new_node;
new_node.ptr=new node(data);
new_node.external_count=1;
new_node.ptr->next=head.load(std: :memory_order_relaxed)
while(!'head.compare_exchange_weak(new_node.ptr->next, new_node,
std: :memory_order_release,std: :memory_order_relaxed));
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void increase_head_count(counted_node_ptr& old_counter)

{

counted_node_ptr new_counter;

do
{
new_counter=o0ld_counter;
++new_counter.external_count;
}
while(!'head.compare_exchange_strong(old_counter, new_counter,
std::memory_order_acquire,std: :memory_order_relaxed));

old_counter.external_count=new_counter.external_count;
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template<typename T>
class lock_free_stack
{
private:
struct node;
struct counted_node_ptr
{
int external_count;
node* ptr;

};

struct node

{
std::shared_ptr<T> data;
std::atomic<int> internal_count;
counted_node_ptr next;

node(T const& data_):
data(std::make_shared<T>(data_)),
internal_count(0)

{}
};

std::atomic<counted_node_ptr> head;

void increase_head_count(counted_node_ptr& old_counter)

{



counted_node_ptr new_counter;

do

{
new_counter=o0ld_counter;
++new_counter.external_count;

}

while(!'head.compare_exchange_strong(old_counter,new_counter,

std: :memory_order_acquire,

std::memory_order_relaxed));
old_counter.external_count=new_counter.external_count;
}
public:
~lock_free_stack()

{
while(pop());

void push(T const& data)

{
counted_node_ptr new_node;
new_node.ptr=new node(data);
new_node.external_count=1;
new_node.ptr->next=head.load(std: :memory_order_relaxed)
while(!'head.compare_exchange_weak(new_node.ptr-

>next, new_node,
std: :memory_order_release,

std: :memory_order_relaxed));
¥
std: :shared_ptr<T> pop()
{
counted_node_ptr old_head=
head.load(std: :memory_order_relaxed);
for(;;)
{
increase_head_count(old_head);
node* const ptr=old_head.ptr;



if(!'ptr)
{

return std::shared_ptr<T>();

}

if(head.compare_exchange_strong(old_head, ptr->next,

std: :memory_order_relaxed))
{
std::shared_ptr<T> res;
res.swap(ptr->data);

int const count_increase=o0ld_head.external_count-2;

if(ptr->internal_count.fetch_add(count_increase,
std::memory_order_release)==-count_increase)

delete ptr;

return res;
}
else if(ptr->internal_count.fetch_add(-1,
std::memory_order_relaxed)==1)

ptr->internal_count.load(std::memory_order_acquire);
delete ptr;
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template<typename T>
class lock_free_queue
{
private:
struct node
{
std: :shared_ptr<T> data;
node* next;

node():
next(nullptr)

{3
};

std::atomic<node*> head;
std::atomic<node*> tail;

node* pop_head()

{
node* const old_head=head.load();
if(old_head==tail.load()) // 1
{

return nullptr;
¥
head.store(old_head->next);
return old_head;
}
public:
lock_free_queue():
head(new node), tail(head.load())



{3

lock_free_queue(const lock_free_queue& other)=delete;
lock_free_queue& operator=(const lock_free_qgueue&
other)=delete;

~lock_free_queue()

{
while(node* const old_head=head.load())

{
head.store(old_head->next);
delete old_head;

}
std: :shared_ptr<T> pop()

{
node* old_head=pop_head();
if('old_head)
{

return std::shared_ptr<T>();

std::shared_ptr<T> const res(old_head->data); // 2
delete old_head;
return res;

void push(T new_value)

{
std::shared_ptr<T> new_data(std: :make_shared<T>(new_value));
node* p=new node; // 3
node* const old_tail=tail.load(); // 4
old_tail->data.swap(new_data); // 5
old_tail->next=p; // 6
tail.store(p); // 7

}i
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void push(T new_value)
{
std::unique_ptr<T> new_data(new T(new_value));
counted_node_ptr new_next;
new_next.ptr=new node;
new_next.external_coun