L
PRIMEDIC"

~ Saves Life. Everywhere.




Overview

S et
Oramianburg ) €O CDE
fses
Borgsdor| @
irkemwerder (1 €1 1 Py

Hohen Nevendert Begiede T Schiadied  Mihenbeck Meachmibled
dorl

s T—

fronse’

e

SN e nreadc
St S

XurtSchamachar ot

 Tegel T
*ommmm Afrkanfche e s T ae

< -+ Shared Variables
* Thread local data

Dhehberge

A O e iy A T\

clouer Aee T Mehvower Aleem

N

Landsberger Alee

€460 Gstawbers Nerd-

o3
feimcken
Gt St

Bhumtoldthain:

-

VS
SENy

ENcrdba ot

o Spandau
DD 5 a Mersdorfpls  wTmste
@n Quucn)  woueie
EMauptbahahet) ___burger lor

]

Gretershaen Nerd]
eve Gromkaver su@ go

o o edichs- ¥ ausdortNod @ @Neusshagen, ] " n
B Olympiastadion’ (Sarkigs Sk felde Ost w Tl —
s forrm ey
- T T~
b} = Wokdoer. 7 Lichtenberg e
2 ; B e e
[CWETTRN U /4\* e e LT
% DD
L Schonteinstes
=il Mehningdamm B .
Y Gressenaustt Sodstem B J Rathaus
okt s mandind
> i A
. e e
- TTTR PO T T T
- oe— e 5ot o
. S
T Priesterweg Westphatweg B Sateauutaiof chisens
o e i

Ol o Hitte 05 Rathous Steghz | Bsudente

o = . Marienfeide
oV b o p——
nAngiencs Echvoide
e Pp——— e w0 W
Elasee 7 — [o—— S LR O o
€D DT 1 Wannsen, / ZeNiendori X Sundgaver St 1 > S e s = = B
» G mosdorer s D oo Konigs Wntachawsenc2n IDC
Sabagberg 00
g 3 e D Uchterfeide Sad e
DO Armttassna e—
S y =
s, Fughaten Berin Schnteld 5 2
e ——r - @@rw L850 wua Maiew e YDDCID T schomatod 515 =)
Sowmwd@ g & Blankenfeide (k1. Teltow-Flaming)’ gt i
PO Sy 3 ot rroy i Waaoarsd o
e L oo il @ foend " Fiopioton Serin Brandoaburg Abpart e
R Y ~ - (serets 00 00 "

Rainer Grimm: Multithreading done right?
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Threads

 Needs a work package
and run immediately

* The creator has to care
of this child by
 waiting for his child
 detach from his child

* Accepts the data by copy
or by reference
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Problems?

#include <iostream>
#include <thread>

int main () {
thread t( []{cout << this thread::get 1d();} )
}
__ bin: bash - Konsole
Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe
- rainer@icho:~>threadForgetJoin
terminate called without an active exception

Aborted
rainer@icho:~>

|H

4‘ bin : bash

A PRIMEDIC"
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Solution: join or detach

#include <iostream>
#include <thread>

int main () {
thread t( []{cout << this thread::get id();} );
t.join () ;
// t.detach();

: bin : bash - Konsole

Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe
- rainer@@icho:~>threadloin
140727045601024
rainer@icho:~>j

41 bin : bash

|!t
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Problems?

#include <iostream>
#include <thread>

int main () {
thread t( []{cout << this thread::get 1d();} )
thread t2([] {cout << this thread::get 1d();}):;

t= std::move (t2);

bin : bash - Konsole <2

t.join(); _ _ .
L2 4o . File Edit View Bookmarks Settings Help
-Join () ; rainer@linu=: ~=threadMove
} ‘ terminate called without an active exception
Aborted

rainer@linux: ~=|

il bin : bash

A PRIMEDIC"
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Solution: join or detach

#include <iostream>
#include <thread>

int main () {
thread t( []{cout << this thread::get 1id();} )
thread t2([]{std::cout << this thread::get 1id();});

t.join () ;
t= std::move (t2);
t.join () ;

cout << "tZ.joinable(): " << t2.joinable();

bin : bash - Konsole <2

| File Edit View Bookmarks

rainer@linux: ~>threadMove
1298298091147520
1329829882754816

Settings Help

—

t2.joinable(): false
rainer@linux: ~>J

| bin : bash | =

A B

Rainer Grimm: Multithreading done right?




Solution: A. Williams "C++ Concurrency in Action"

class scoped thread{
std::thread t;

public:
explicit scoped thread(std::thread t ):t(std::move(t )) {
1if ( !t.joinable() ) throw std::logic error ("No thread");

}
~scoped thread () {

t.join () ;

}
scoped thread(scoped threadé&)= delete;

scoped threadé& operator=(scoped thread const &)= delete;
} i

int main () {

scoped thread t(std::thread(
[]{std::cout << std::this thread::get 1id();}

)
)0
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Problems?

struct Sleeper{
Sleeper (inté& 1 ) :1{1 }{};
void operator () (int k) {
for (unsigned int = 0; j <= 5; ++3){
this thread::sleep for(chrono::milliseconds (100));
i += k;

}
private:
inté& 1i;
i
int main () {
int valSleeper= 1000;
cout << "valSleeper = " << valSleeper << endl;
thread t(Sleeper(valSleeper),d);
t.detach();
cout << "valSleeper = " << valSleeper << endl;

abs PRIMEDIC"
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Effect and Solution

. bin: bash - Konsole
Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe
rainer@icho:~>variableQut0fScope

1000
1000

valSleeper
valSleeper

rainer@icho:~>

[ -,’_ bin : bash | e

thread t(Sleeper (valSleeper),5);

' t.join(); // instead of t.detach()
: bin : bash - Konsole

Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe
rainer@icho:~>variableNotOut0fScope

valSleeper = 1000
valSleeper = 1030

rainer@icho:~=}

(| bin : bash
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Shared Variables

e Has to be protected
from shared access by
e Atomic variables
* Mutexe

http://www.robinage.com/
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Problems?

struct Worker({
Worker (string n) :name (n) {};
void operator () () {
for (int i= 1; i <= 3; ++1i){
this thread::sleep for(chrono::milliseconds (200));
cout << name << ": " << "Work " << i << " done !!!" << endl;

}

private:
string name;

¥

cout << "Boss: Let's start working.\n\n";
thread herb= thread (Worker ("Herb")):;

thread andrei= thread (Worker (" Andrei")):;
thread scott= thread (Worker (" Scott"));
thread bjarne= thread (Worker (" Bjarne")) ;
thread andrew= thread (Worker (" Andrew")) ;
thread david= thread (Worker (" David")) ;

// join all Worker
cout << "\n" << "Boss: Let's go home." << endl;

A PRIMEDIC"
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: bin . bash - Konsole

rainer@icho:~>bossAndWorker

Boss: Let's start working.

Herb: Work 1 done !!!
Andrew: Work 1 done !!!
1 done 11!
done !!!
Scott: Work 1 done !!!
Andrei: Work 2 done !!!
Herb: Work 2 done !!!
Bjarne: Work 2 done !!!

: Work 2 done !!!
David: Work 2 done !'!!
Andrei: Work 3 done !!!
Andrew: Work 3 done !!!
Bjarne: Work 3 done !!!
Scott: Work 3 done !!!
David: Work 3 done !!!
Herb: Work 3 done !!!

Boss: Let's go home.

rainer@icho:~>j}

() bin : bash

Datei Bearbeiten Ansicht Lesezeichen Einstellungen

Bjarne: Work 1 Andrei done !!!: Work

Andrew Scott: Work 2 done 11!

Davidl: Work

Rainer Grimm: Multithreading done right?
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Solution: Mutex

mutex coutMutex;

struct Worker({
Worker (string n) :name (n) {};
void operator () () {
for (int i= 1; i <= 3; ++1i){
sleep for (milliseconds (200));
coutMutex.lock () ;

cout << name << ": " << "Work "
i << " done !!!" << endl;
coutMutex.unlock () ;
}
}
private:

string name;

I g

std::cout is thread-safe.

Rainer Grimm: Multithreading done right?

-—

<<

: bin : bash - Konsole
Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe
rainer@icho:~=bossWorkerMutex

Boss: Let's start working.

Herb: Work 1 done !'!!
Bjarne: Work 1 done !!!
Scott: Work 1 done !'!!
Andrei: Work 1 done !!!
Andrew: Work 1 done !!!
David: Work 1 done !!!
Herb: Work 2 done !!!
Scott: Work 2 done !!!
Bjarne: Work 2 done !!!
David: Work 2 done !!!
Andrew: Work 2 done !'!!
Andrei: Work 2 done !!!
Bjarne: Work 3 done !!!
Herb: Work 3 done !'!!
Scott: Work 3 done !'!!
Andrew: Work 3 done !!!
David: Work 3 done !!!
Andrei: Work 3 done !!!

Boss: Let's go home,
rainer@icho:~>}}

)=

bin : bash

|3t
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Still a problem?

void operator () () {
for (int i= 1; 1 <= 3; ++1) {
sleep for (milliseconds (200));
coutMutex.lock () ;
cout << name << ": " << "Work "
<< 1 << " done !!!" << endl;
coutMutex.unlock () ;

Rainer Grimm: Multithreading done right?

Mutex™ mmp | ock

void operator () () {
for (int i= 1; i <= 3; ++1i)
sleep for(milliseconds (200));
lock guard<mutex>coutGuard (coutMutex) ;
cout << name << ": " << "Work " << i <<
" done !!!" << endl;

A PRIMEDIC"
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Problems? and Effect!

struct CriticalData(
mutex mut;

¥

void lock(CriticalData& a, CriticalDataé& b) {

lock guard<mutex>guardl (a.mut) ;

cout << "get the first mutex" << endl;
this thread::sleep for (chrono::milliseconds(1l));

lock guard<mutex>guard2 (b.mut) ;

cout << "get the second mutex" << endl;

// do something with a and b

int main () { ‘
CriticalData cl;

CriticalData c2;

thread tl([&]{lock(cl,c2);});
thread t2([&] {lock(c2,cl);});
tl.join();

t2.join () ;

Rainer Grimm: Multithreading done right?

: bin : bash - Konsole

rainer@icho:~>deadlock

~C
rainer@icho:~=}j

]| bin : bash

Datei Bearbeiten Ansicht Lesezeichen

get the first mutexget the first mutex

Einstellungen Hilfe

|H

aks
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Solution: unique_lock

vold deadLock (CriticalData& a, CriticalDataé& b) {

unique lock<mutex>guardl (a.mut,defer lock);
cout << "Thread: " << get id() <<" first mutex"<< endl;

this thread::sleep for(chrono::milliseconds(1l));

unique lock<mutex>guardZ (b.mut,defer lock);
cout <<" Thread: " << get 1id() <<" second mutex"<< endl;

cout <<" Thread: " << get id() <<" get both mutex" << endl;

: bin : bash - Konsole =2=>

lock (guardl, guard?2) ;

Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe

rainer@icho:~>deadlockResolved

Thread: 139991456761600 first mutex
Thread: 139991448368896 first mutex
Thread: 139991456761600 second mutex
Thread: 139991456761600 get both mutex
Thread: 139991448368896 second mutex

Thread: 139991448368896 get both mutex

rainer@icho:~>{]

(] | bin : bash
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Solution, but ...

mutex myMutex;

class MySingleton{
public:
static MySingleton& getlInstance () {
lock guard<mutex> myLock (myMutex) ;
if( !instance ) instance= new MySingleton() ;
return *instance;
}
private:
MySingleton () ;
~MySingleton () ;
MySingleton (const MySingletoné&)= delete;
MySingleton& operator=(const MySingletoné&)= delete;
static MySingleton* instance;
b
MySingleton: :MySingleton ()= default;
MySingleton: :~MySingleton ()= default;
MySingleton* MySingleton::instance= nullptr;

MySingleton::getInstance() ;

Rainer Grimm: Multithreading done right? * PRIMEDIC
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Problems? Double-Checked Locking Pattern

class MySingleton{
static mutex myMutex;
public:
static MySingleton& getlInstance () {
if ( !instance ) {
lock guard<mutex> myLock (myMutex) ;
if( !instance ) instance= new MySingleton|() ;
return *instance;

}

‘ instance= new MySingleton (); IS notatomic

1. Allocate memory for MySingleton
2. Create MySingleton object in the memory
3. Refer instance to MySingleton object

Possible execution order 1, 3 and 2

PRIMEDIC"
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Solution: call _once, Meyers Singleton or Atomics

call_once and once_flag

class MySingleton{
public:
static MySingletoné& getInstance () {
call once(initInstanceFlag,

&MySingleton::initSingleton);

return *instance;

}

private:

static once flag initInstanceFlag;
static void initSingleton () {
instance= new MySingleton;
}
I

once flag MySingleton::initInstanceFlag;

Rainer Grimm: Multithreading done right?

Meyers Singleton

class MySingleton/{
public:
static MySingleton& getlInstance () {
static MySingleton instance;
return instance;

}

private:

Atomic variables

A PRIMEDIC"
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Thread Local Data

. Are exclusively owned by a thread

« Each thread has his own copy of the data
« Behave like static data

* will be created at the first usage
e are bound to the lifetime of their thread

Rainer Grimm: Multithreading done right? * ER IMEDIC

aves Life. Everywhere.



Problems?

mutex coutMutex;
thread local string s("hello from ");

void addThreadLocal (string consté& s2) {

S+:SZ; : bin : bash - Konsole <2=
lOCk_guard<muteX> guard (coutMutex) ; Datei Bearbeiten Ansicht Lesezeichen Einstellungen »
cout << s << endl; rainer@icho:~>threadlLocal
cout << "g&s: " << &s << endl;
cout << endl; hello from t4
} - &s: 0x7f50d3cfl6f8
_ _ hello from t1
LA mEan ) &s: 0x7f50d54f46f8
thread tl (addThreadLocal,"tl");
thread t2 (addThreadLocal,"t2"); hello from t3
thread t3(addThreadLocal,"t3"); &s: 0x7f50d44f26f8
thread t4 (addThreadLocal,"t4d"); hello from t2
&s: 0x7f50d4cf36f8
tl.join(), t2.join(), t3.join(),td4.join();
} rainer@icho:~>}
) bin : bash |

abs PRIMEDIC"
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Condition Variables

 Empowers threads to
synchronize via
notifications

* One threads produces a
result, a other thread is
still waiting for

« The producer notifies one
Or more consumers

A PRIMEDIC"
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Problems?

mutex mutex ;
condition variable condVar;

‘ Spurious Wakeup

bool dataReady= false;
void waitingForWork () {

unique lock<mutex> lck (mutex ); void wailtingForWork () {
condVar.wait (1lck); unique lock<mutex> lck (mutex );
} condVar.wait (lck, []{return dataReady;}) -

void setDataReady () {

condVar.notify one(); void setDataReady () {
} {

lock guard<mutex> lck (mutex );

int main () { dataReady=true;
thread tl(waitingForWork) ; }
thread t2(setDataReady); condVar.notify one();
tl.join (), }
t2.join () ;

Rainer Grimm: Multithreading done right? * PRIMEDIC
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Problems?

mutex mutex ;
condition variable condVar;

‘ Lost Wakeup

* The condition variableclassis a

) synchronization primitive that can be used
to block a thread, or multiple threads at the

same time, ...

void waitingForWork () {
unique lock<mutex> lck (mutex );
condVar.wait (lck, []{return dataReady;})

void setDataReady () {
{

lock guard<mutex> lck (mutex ) ; http://en.cppreference.com/w/cpp/thread/condition_variable

dataReady=true;
}

condVar.notify one();

}

thread tl (setDataReady) :;
// short time delay
thread t2 (waitingForWork) ;

tl.join(), t2.join();

A PRIMEDIC"
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Problem: A lot to do.

* hin: bash - Konsole <2=>
Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe

rainer@icho:~=bossWorker
B0OSS: PREPARE YOUR WORK.

Bjarne: Work prepared after 804 milliseconds.
Andrei: Work prepared after 899 milliseconds.
Scott: Work prepared after 1138 milliseconds.

Herb: Work prepared after 1971 milliseconds.
BOSS: START YOUR WORK.
Andrew: Work done after 286 milliseconds.
Scott: Work done after 297 milliseconds.
Bjarne: Work done after 330 milliseconds.
Andrei: Work done after 346 milliseconds.

Herb: Work done after 346 milliseconds.
David: Work done after 380 milliseconds.

B0SS5: GO HOME.

rainer@icho:~=}

David: Work prepared after 587 milliseconds.

Andrew: Work prepared after 1717 milliseconds.

_-r, bin : bash

Rainer Grimm: Multithreading done right?

aks
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Solution: Boss

Worker herb (" Herb"), thread herbWork (herb) ;

Wééker david (" David"), thread davidWork (david) ;
cout << "BOSS: PREPARE YOUR WORK.\n " << endl;
preparedCount.store (0) ;

unique lock<mutex> preparedUniquelock( preparedMutex );

worker2BossCondVariable.wait (preparedUniquelLock, []{ return preparedCount == 6; });

startWork= true; cout << "\nBOSS: START YOUR WORK. \n" << endl;
bossZ2WorkerCondVariable.notify all();

doneCount.store (0) ;
unique lock<mutex> doneUniquelLock( doneMutex );

worker2BossCondVariable.wait (doneUniqueLock, []{ return doneCount == 6; });

goHome= true; cout << "\nBOSS: GO HOME. \n" << endl;
bossZ2WorkerCondVariable.notify all();

// join all Worker

abs PRIMEDIC"
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Solution: Worker

struct Worker{
Worker (string n) :name(n) {};
void operator () () {
int prepareTime= getRandomTime (500,2000) ;
this thread::sleep for (milliseconds (prepareTime)) ;
preparedCount++;
cout << name << ": " << "Work prepared after " << prepareTime << " milliseconds." << endl;
worker2BossCondVariable.notify one();
{ // wait for the boss
unique lock<mutex> startWorkLock( startWorkMutex );
boss2WorkerCondVariable.wait ( startWorkLock, []{ return startWork;});
}
int workTime= getRandomTime (200,400) ;
this tread::sleep for(milliseconds (workTime));
doneCount++;
cout << name << ": " << "Work done after " << workTime << " milliseconds." << endl;
worker2BossCondVariable.notify one();
{ // wait for the boss
unique lock<mutex> goHomeLock ( goHomeMutex );
boss2WorkerCondVariable.wait ( goHomeLock, []{ return goHome;}) :;

Q Use Tasks.

ahs PRIMEDIC"
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 Are channels between a
Sender and a Recelver

 The Producer puts a
value In the channel, the
Consumer Is waiting for

« The Sender is called
Promise, the Receliver
Future

Rainer Grimm: Multithreading done right? * PRIMEDIC

Saves Life. Everywhere.



Tasks: A little bit of background.

int a= 2000;
int b= 11;

« Implicit with std: :async

future<int> sumFuture= async ([=]{ return atb; });
sumFuture.get () ; // 2011

« explicit with std: : future and std: :promise

vold sum(promise<int>&& intProm, int x, int y) {
intProm.set value (x+ty);

}

promise<int> sumPromise;

future<int> futRes= sumPromise.get future();

thread sumThread (&sum, move (sumPromise),a,b);

futRes.get () ; // 2011

Rainer Grimm: Multithreading done right? * PRIMEDIC
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Problem: A lot to do.

* hin: bash - Konsole <2=>
Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe

rainer@icho:~=bossWorker
B0OSS: PREPARE YOUR WORK.

Bjarne: Work prepared after 804 milliseconds.
Andrei: Work prepared after 899 milliseconds.
Scott: Work prepared after 1138 milliseconds.

Herb: Work prepared after 1971 milliseconds.
BOSS: START YOUR WORK.
Andrew: Work done after 286 milliseconds.
Scott: Work done after 297 milliseconds.
Bjarne: Work done after 330 milliseconds.
Andrei: Work done after 346 milliseconds.

Herb: Work done after 346 milliseconds.
David: Work done after 380 milliseconds.

B0SS5: GO HOME.

rainer@icho:~=}

David: Work prepared after 587 milliseconds.

Andrew: Work prepared after 1717 milliseconds.

_-r, bin : bash

Rainer Grimm: Multithreading done right?

aks

PRIMEDIC"

Saves Life. Everywhere.




Solution: Boss

promise<void> startWorkProm;
promise<void> goHomeProm;

shared future<void> startWorkFut= startWorkProm.get future();
shared future<void> goHomeFut= goHomeProm.get future();

promise<void> herbPrepared;

future<void> waitForHerbPrepared= herbPrepared.get future();

promise<void> herbDone;

future<void> waitForHerbDone= herbDone.get future();

Worker herb (" Herb");

thread herbWork (herb,move (herbPrepared), startWorkFut, move (herbDone) , goHomeFut) ;

cout << "BOSS: PREPARE YOUR WORK.\n " << endl;
waitForHerbPrepared.wait (), waitForScottPrepared.wait (), waitFor
cout << "\nBOSS: START YOUR WORK. \n" << endl;

startWorkProm.set value();

waltForHerbDone.wait (), waitForScottDone.wait (), waitFor

cout << "\nBOSS: GO HOME. \n" << endl;

goHomeProm.set value () ;

// join all Worker

Rainer Grimm: Multithreading done right? * PRIMEDIC
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Solution: Worker

struct Worker({
Worker (string n) :name(n) {};
void operator () (promise<void>&& preparedWork, shared future<void> bossZ2WorkerStartWork,
promise<void>&& doneWork, shared future<void>boss2WorkerGoHome ) {

int prepareTime= getRandomTime (500, 2000) ;
this thread::sleep for (milliseconds (prepareTime)) ;
preparedWork.set value();
cout << name << ": " << "Work prepared after " << prepareTime << " milliseconds." << endl;

boss2WorkerStartWork.wait () ;

int workTime= getRandomTime (200,400) ;

this thread::sleep for(milliseconds (workTime));

doneWork.set value () ;

cout << name << ": " << "Work done after " << workTime << " milliseconds." << endl;

boss2WorkerGoHome.wait () ;
}
private:
string name;

}s

A PRIMEDIC"
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Memory Model

The Memory Model

deals with

e atomic operations

* partial ordering of
operations

* visible effect of
operations

Rainer Grimm: Multithreading done right?
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Problems?

int x= 0;

int y= 0;
vold writing () { 0 0 -
x= 2000;
y= 11; 11 0 r
} 0 2000
void reading () { 11 2000 L
cout << "y: " <K y << " "y
cout << "x: " << x << endl;

int main () {
thread threadl (writing);
thread thread?2 (reading) ;
threadl.join () ;
thread2.join () ;

b2

Rainer Grimm: Multithreading done right? * PRIMEDIC
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Solution: Mutex

int x= 0;

mutex mut; - Yy Yes

0 0 -
void writing () {
lock guard<mutex> guard (mut) ; 11 0 :
S 0 2000
y= 11;
} 11 2000

void reading () {
lock guard<mutex> guard (mut)
cout << "y: " KKy <" "y
cout << "x: " << x << endl;

thread threadl (writing);
thread thread?2 (reading) ;

Rainer Grimm: Multithreading done right? * PRIMEDIC
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Solution: Atomic

atomic<int> x= 0;
atomic<int> y= 0;

void writing () {
x.store (2000) ; 11 0 [
y.store(11l); 0 2000 -
}
11 2000

void reading () {
cout << y.load() << " ";
cout << x.load() << endl;

thread threadl (writing);
thread thread2 (reading) ;

ahs PRIMEDIC"
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Solution: Atomic with acquire release semantic

0 0 N

atomic<int> y= 0;

void writing () { 11 0 N
x.store (2000, memory order relaxed); =
y.store(ll), memory order release); 0 2000

} 11 2000

void reading () {
cout << y.load(memory order acquire) << " ";
cout << x.load(memory order relaxed) << endl;

}

thread threadl (writing);
thread thread2 (reading);

PRIMEDIC"
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Solution: Atomic with sychronization of non atomics

int x= 0;
atomic<int> y= 0; My  [x |Yes
0 0 N

void writing () {

x= 2000; 11 0 N
y.store(ll), memory order release); 0 2000 -

}
11 2000 ©

volid reading () {
cout << y.load(memory order acquire) << " ";

cout << x << endl;
}

thread threadl (writing);
thread thread2 (reading) ;

ahs PRIMEDIC"

Rainer Grimm: Multithreading done right? )
Saves Life. Everywhere.




Solution: Atomic with relaxed semantik

atomic<int> x= 0;
atomic<int> y= 0;

void writing () {

x.store (2000, memory order relaxed); 11 0 [
y.store(1ll), memory order relaxed); 0 2000 =

}
11 2000 ©

volid reading () {
cout << y.load(memory order relaxed) << " ";

cout << x.load(memory order relaxed) << endl;

}

thread threadl (writing);
thread thread2 (reading) ;
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Solution: Singleton with Atomics

Sequentially Consistent Acquire-Release

class MySingleton{
static mutex myMutex;
static atomic<MySingleton*> instance;
public:
static MySingleton* getlInstance () {
MySingleton* sin= instance.load(); # instance.load (memory order acquire);

1f ( !sin ){
lock guard<mutex> myLock (myMutex) ;
if( !sin ) {
sin= new MySingleton() ;
instance.store (sin); ‘ instance.store (sin,memory order release);

}

return sin;
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THE SOLUTION : CppMem

CppMem: Interactive C/C++ memory model Execution candidate no. 1 of 8 -
Model previous consistent | (_previous candidate || _next candidate || next consistent | |1 goto
ode N
) Model Predicates
‘_'standard ‘& preferred Urelease_acquire ‘“tot Urelaxed_only  consistent_race_free_execution = false
program ~ consistent_execution = true
examples/MP_message_passing v (MP+na_rel+acg na.c v & assumptions - true
&/C U Execution ~ well_formed_threads = true CDD M el I l
/7 WP+na_rel+acq_na 7
// Wessage Passing, of data held in non-atomic x, bl well formed_rf = true
/4 with release/acquire synchronisation on y. ¥ Tock 1 tent lock -t
/4 Question: is the read of x reguired to see the new data value 1 - ocks_only_consistent_locks = true
/74 rather than the initial state value 87 v locks_only_consistent_lo = true
int main() { —only_ —
int x=0; atomic_int y=0; Cd consistent_mo = true
{0 { x=2000;
y.store(11,memory_order_release); } ~ sc_accesses_consistent_sc = true
111 { ri=y.load(memory_order_acquire); >
ra=x; 1 131 o sc_fenced _sc_fences_heeded = true
} return @; ~ consistent_hb = true
U4 consistent_rf = true
~ det_read = true
0 consistent_non_atomic_rf = true
run ) reset help 8 executions; 2 consistent, only 1 race free ¥ consistent_atomic_rf = true
) coherent_memory_use = true
~ rmv_atomicity = true
) sc_accesses_sc_reads_restricted = true
unsequenced_races are absent
data_races are present

indeterminate_reads are absent
locks_only_bad_mutexes are absent

. a:Wna x=0
Computed executions

sb

Display Relations
~Isb |_Jasw |_/dd |_lcd
~Irf ¥Imo ¥sc ¥lo
_Jhb _Jvse _lithb ¥sw |_Irs __hrs ¥/dob |_cad
~lunsequenced_races ¥ data_races
Display Layout

/dot ‘_neato_par '® neato_par_init ‘= neato_downwards

b:Wna y=0

c:Wna x=2000 e:Racq y=0

sb| sb
d-Wrel y=11 Rna x=0

X Files: out.exc, out.dot, out.dsp, out.tex
tex

edit display options
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http://svr-pes20-cppmem.cl.cam.ac.uk/cppmem/
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