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Hazsanwue
ObnacT NpUMeHeHNs NOTOKOB
Pabora ¢ moToxamMI Ha KoM YPOBHE

le/l MEHEHNE MHOITOMNOTOYHOCTMN

OcHoBHble obnacTu nprMeHeHns

o [lapannenbHble anropuTmbl.
o CeTeBble NPUJIOKEHUS, aCUHXPOHHbI BBOA,/BbIBOA,.

@ [Nonb3oBatenbckuii nHTepdeiic.
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Haseanune
O6nacTi NpMMeHeHUs1 NOTOKOB
PaboTa c noTokamu Ha HU3KOM ypoBHe

Cospanne notoka (Windows API)

v (okcnsahive)

#include <windows.h> HANDLE hThread = CreateThread(
NULL, // aTpubyTsi
DWORD WINAPI MyThreadProc( 9, // cTek
LPVOID pvData) MyThreadProc, // aapec
{ NULL, // napameTp
J/ ... 0, // @narm
return 0; NULL); // & Homepa
b Y cos
WaitForSingleObject(
int main() hThread, INFINITE);
{ CloseHandle(hThread);
3 // main()
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TexHoNnorMM MHOronoTo4YHOCTU
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokoeas besonacHocTs B Qt

MNopaepxka notokos B Qt

Vpoeenb  Cpeacrtea

HwxHuii  QThread, QThreadPool

CpegHuii  QtConcurrent: :run()

Bepxtuii  Qt Concurrent (Map, Filter, Reduce)

Tabnnua 1: ypoBHU NOALEPXKKU MHOTOMTOYHOCTU
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TexHONOrMM MHOroNOTOYHOCTN
Mopaepxka B Qt Knacc noroka

TexHonorum notokosoii besonacHocTn

MoTokoeas besonacHocTs B Qt

TexHonornm mMHOronoTo4YHOCTN

BosmoxkHocTb QThread CpegHuii  BepxHuii
3agaHune npruopuTeTa NOTOKA v

3anyck uukna obpaboTkm coobuue- v

HU

MonyyeHne oBHOBNEHMI C NOMOLLbIO 4

CUrHasOoB

VnpaBieHne MOTOKOM C MOMOLLbLIO v v
CUrHasoB

CnexeHune 3a COCTOSHUEM C MOMO- 4acTM4YHO v
wbto QFuture

Bcrpoentble  cpeactBa  naysbl/ 4

BO30OHOBJIEHNS1 /OTMEH b

Tabnvua 2: cpaBHEHUE TEXHONOMMIA MHOronoTo4HocTy B Qt
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TexHoNornm MHOronoTOYHOCTN
Mopnepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokoeas besonacHocTs B Qt

Knacc QThread

MeTogab! (OTKpbITbIE CNOTHI)

@ void start(QThread: :Priority nPriority = QThread::InheritPriority);

@ void terminate();

@ void quit(); (~ exit(0);)
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TexHoNornm MHOronoTOYHOCTN
Mopnepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokoeas besonacHocTs B Qt

Knacc QThread

MeTogab! (OTKpbITbIE CNOTHI)

@ void start(QThread: :Priority nPriority = QThread::InheritPriority);

@ void terminate();

@ void quit(); (~ exit(0);)

MeTogb! (0cHOBHbIE onepawumn)

@ bool wait(unsigned long ulTime = ULONG_MAX);

@ void requestInterruption();

@ void exit(int nReturnCode = 0);
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TexHoNornm MHOronoTOYHOCTN
Mopnepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokoeas 6esonacHocTs B Qt

Knacc QThread (npogosnxerue)

MeTogp! (3awwmwéHHble onepaumn)
@ int exec();

@ virtual void run();
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TexHoNornm MHOronoTOYHOCTN
Mopnepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokoeas 6esonacHocTs B

Knacc QThread (npogosnxerue)

MeTogp! (3awwmwéHHble onepaumn)
@ int exec();

@ virtual void run();

Metogb! (aTpnbyTbi)

@ bool isRunning() const;

@ bool isFinished() const;

@ bool isInterruptionRequested() const;
°

QThread: :Priority priority() const;/
void setPriority(QThread: :Priority nPriority);

@ uint stackSize() const;/void setStackSize(uint uStackSize);
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TexHoNornm MHOronoTOYHOCTN
Mopnepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokoeas 6esonacHocTs B Qt

Knacc QThread (okoH4aHue)

MeTtogp! (curHanbi)
@ void started();

@ void finished();
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TexHoNornm MHOronoTOYHOCTN
Mopnepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokoeas 6esonacHocTs B

Knacc QThread (okoH4aHue)

MeTtogp! (curHanbi)
@ void started();

@ void finished();

MeTtogp! (cTaTuyeckue yHKumnN)
@ QThread *currentThread();
int idealThreadCount();

°
@ void sleep(unsigned long ulSecs); (msleep(),usleep())
°

void yieldCurrentThread();
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TexHoNornm MHOronoTOYHOCTN
Mopnepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokoeas besonacHocTs B Qt

Mpumep (example-14.cpp) Mpumep (npogonxeHue)

#include <QThread> protected:
//
#include <iostream> virtual void run();
//
class Thread : public QThread private:
{ //
public: char m_chData;
// 3 // class Thread
explicit Thread(char chData);
//
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TexHoNornm MHOronoTOYHOCTN
Mopnepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokoeas besonacHocTs B Qt

Mpumep (npogosnxerue)

Mpumep (npogomkeHne) Mpumep (npogosnxeHue)

Thread: :Thread(char chData) void Thread::run()
: QThread(9), {
// QThread(QObject *pParent) forever
m_chData(chData) {
{ std::cerr << m_chData;
// if (isInterruptionRequested())
3 break;
3
3
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TexHoNornm MHOronoTOYHOCTN
Mopnepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokoeas 6esonacHocTs B

Mpumep (okoHuaHne)

Mpumep (npogomkeHune) Mpumep (okoH4aHue)

int main() threadA.requestInterruption();
{ threadB.requestInterruption();
Thread threadA(’-’); //
Thread threadB(’*’); threadA.wait();
// threadB.wait();
threadA.start(); 3 // main()
threadB.start(); )
//
QThread: :sleep(5);
//
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum norokosoii 6esonacHocTn

MoTokoeas besonacHocTs B Qt

[MoTokoBas be3onacHoOCTb

OnpepenetHne

MoTokosasi besonacHocts: ( Thread Safety) — cBoiicTBO Kopa, NpegnonaratoLyee

€ro KOppPeKTHoe (PyHKLMOHUPOBAHME NMPU OGHOBPEMEHHOM
NCMNOJIHEHNN HECKOJIbKUMIU NOTOKaMWU.

OcHoBHble METOAbl

| \

@ ATomapHbie onepauuu.
@ BszanmHoe nckntoverne.
@ PeeHTpabenbHocTb.

o JlokanbHoe XpaHnaunwe noToka.
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum norokosoii besonacHocTu

MoTokoeas besonacHocTs B Qt

PeenTpabensHocTb

Onpegenetue

PeenTpabensHocTs: (Reentrancy) — cBOWCTBO (PyHKLMM UM NPOrpamMMmbl,
npeanonaratollee eé KOPPEKTHbIN NOBTOPHbLIA BbI30E BO BPeMs
ncnonHeHns (Hanpumep, PeKypCUBHbINA).

v

BezonacHocTb BbI3OBa U3 Pa3HbIX NOTOKOB B Qt

@ PeenTpabenbHble pyHKUMN — NS pasHbIX AAHHbIX;

@ [NoTokobesonacHble PyHKLNN — BOSMOXHO A 0DLLMX AaHHbIX.
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum norokosoii 6esonacHocTn

MoTokoeas 6esonacHocTs B

TpeboBaHusi K peeHTpabenbHON PyHKLUY

eHTpabesnbHas yHKuMs

o He OOJ1>XKHa pa60TaTb co CTaTI/I‘-leCKVIMI/I/Fﬂ06aJ'IbeIMI/I HEKOHCTAHTHbIMU
AaHHbIMW.

@ He gonxHa BO3BpallaTh agpec CTaTMHECKMX/rnobanbHbIX HEKOHCTAHTHBIX
JOaHHbIX.

@ [lomkHa paboTaTb TOMLKO C JaHHLIMU, NMEPESAHHBIMU BbI3bIBAOLLEl
CTOPOHOIA.

@ He gonxHa onupaTbcs Ha 6N1OKMPOBKYN FNobasibHBIX PECYPCOB.

@ He pomxHa moanduumpoBaTb CBOEro Koaa.

@ He ponxHa BbI3bIBaTb HepeeHTpabesbHbIX NPOrpamMm Wan NPoLEesyp.
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum norokosoii 6esonacHocTn

MoTokoeas besonacHocTs B Qt

JlokanbHoe XpaHunauniie noToKa

Onpepenetne

JlokanbHoe xpanunuie notoka: ( Thread-local storage, TLS) — Habop
CTaTVIHeCKI/IX/rﬂO6aﬂbeIX NEPEMEHHDbIX, JTOKAJIbHbIX MO OTHOLUEHWUIO
K MCNOAb3YIOLLEMY UX NOTOKY.
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

OrpaHunderns Ha knaccol Qt

BesonacHocTb knaccos

@ ®PyHkuum QObject: :connect(), QCoreApplication: :postEvent() U T. 4.,
KNacChl, OTHOCSILMECS K noTokam (QMutex n T. 4.) sBASOTCS
noTokobesonacHbIMu.

@ Knacc Qobject u BONBLUNHCTBO KJ1AaCCOB, HE OTHOCSILLIMXCS
K MONIb30BATENLCKOMY MHTepcbeVlcy, ABNAOTCS peeHTpabenbHbIMU.

o Ob6bekThbl, ynpasssiemble cobbiTusimu, (Taiimep, mogyb Network n T. 4.)
MOFYT MCMOJIb30BATLCS TOJILKO U3 OAHOrO MOTOKa (UM HYXXHO
YNOpPsSiAOHMBATL JOCTYN MBIOTEKCOM 1 T. M.)

@ Knaccol nonb3sosaTensckoro nntepdeiica (QWidget u . 4.), dyHkumn
QCoreApplication::exec() v T. 4. He peeHTpabesbHbI, MOryT
NCNOJIb30BATbCA TOJIbKO U3 OCHOBHOIO MOTOKA.
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

OrpaHuyenus Ha knaccsl Qt (okoH4aHme)

OrpaHuyeHus Q0bject

@ ObbekThl QObject 1 NPON3BOAHbIX KJ1aCCOB AOJIXKHbI CO34aBaTbCs Mocae
QApplication.

o [louyepHue ana QObject 0bBbEKTbI AOMKHBI CO34aBaTLCA B NOTOKE, B KOTOPOM
Bbi1 co3aaH ero pogutens (= pogUTENbCKUM OBBLEKTOM He MOXET BbITb 1Ux
noTok — QThread).

o Heobxogumo YAaNuTb BCe 0b6bekThbl Q0bject a0 YAANeHNs1 NOTOKA (QThread),
B KOTOPOM OHM Oblin cosgaHbl (Hanpmmep, JIOKaJibHble 0OBEKTHI
QThread: :run()).

@ ObbeKTbl JOMKHbI YAaNsATLCA B CO3AaBLUEM nX noToke. VlHave MoxHO
ncnonb3oBaThb Q0bject: :deleteLater().
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Mopnepxka B Qt

OTnpaBka curHanos

TexHONOrMN MHOrOMOTOYHOCTHM

Knacc noToka
TexHonorum norokoeoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

KoHncTaHnTa

DirectConnection

QueuedConnection

BlockingQueuedConnection

AutoConnection

MoTok MowmeHT BbI3O-  Bnoknpoeka
Ba
curHana Cpazy nocne 4
curHana
npuHumarowero [lpu  gocTuxe-
obbekTa HAW LMKna ob-
paboTku
npuHumatowero [lpu  gocTuxe- v
obbekTa HUN UMKna ob-
paboTkun
(Mo YMOIHaHMIO) BbibMpaeTcs aBTo-
MaTU4eCKUN Qt: :DirectConnection nnn

Qt: :QueuedConnection.

Tabnvua 3: BUAbI COEAUHEHWNI CUTHANOB CO CIoTaMu

TNekuyun 8 18 / 01



TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (worker.h) Mpumep (okoH4aHme)

class Worker : public QObject void resultReady(char chResult);
{ void finish();
Q_OBJECT //
// public slots:
public: //
// void onDoWork();
Worker( //
char chData, private:
volatile bool &rvbFinish); //
// volatile bool &m_rvbFinish;
signals: char m_chData;
// »
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (npogosnxerue)

Mpumep (worker.cpp)

#include "worker.h"

#include <QThread>

Worker: :Worker(
char chData, volatile bool &rvbFinish)
: m_chData(chData),
m_rvbFinish(rvbFinish)

/7
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (npogosnxerue)

Mpumep (worker.cpp, OKOHYaHME)

void Worker: :onDoWork()
{
for (int i = 0; i < 1000; ++ i)
{
QThread: :msleep(50);
emit resultReady(m_chData);
if (m_rvbFinish)
break;
3
//

emit finish();
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (main-window.h) Mpumep (npogomxeHue)
#include "ui_main-window.h" public:
//
#include <QMainWindow> MainWindow(QWidget *pParent = 0);
#include <QThread> ~MainWindow();
//
class MainWindow : private slots:
public QMainWindow, //
public Ui::MainWindow void on_m_pActionStart_triggered();
{ void onHandleResultReady(
Q_OBJECT char chResult);
// void onHandleFinish();
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, OKOHYaHwME)

//
private:
//
volatile bool m_vbFinish;
QThread m_aWorkThreads[2];
¥ // class MainWindow
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (npogosnxerue)

Mpumep (main-window.cpp)

#include "main-window.h"
#include "worker.h'"

MainWindow: :MainWindow(QWidget *pParent)
: QMainWindow(pParent),

//
m_vbFinish(£false)

setupUi(this);
//
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NpPoAoKEHME)

setCentralWidget(m_pTextEdit);

setAttribute(Qt: :WA_DeleteOnClose);

connect(
m_pActionExit, SIGNAL(triggered()),
this, SLOT(close()));

//

m_pTextEdit->setWordWrapMode(
QTextOption: :WrapAnywhere);

//
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NPoOAoIKeHNE)

char achData[] = {’-’, '*’3};
for (dnt i = 0; i < 2; ++ i)
{

Worker *pWorker = new Worker(

achData[i], m_vbFinish);
pWorker->moveToThread(&m_aWorkThreads[i]);
connect(

&m_aWorkThreads[i], &QThread::finished,

pWorker, &QObject::deletelLater);
connect(

m_pActionStart, &QAction::triggered,

pWorker, &Worker::onDoWork);
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NpPoAoKEHME)

connect(
pWorker, &Worker::resultReady,
this, &MainWindow: :onHandleResultReady);
connect(
pWorker, &Worker::finish,
this, &MainWindow: :onHandleFinish);
m_aWorkThreads[i].start();
3 // for (int i = 0; 1 < 2; ++ 1)
3 // MainWindow: :MainWindow()
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (npogosnxerue)

Mpumep (worker.cpp, NPOZOKEHNE)

MainWindow: : ~MainWindow()
{
m_vbFinish = true;
for (int i = 0; i < 2; ++ 1)

{

m_aWorkThreads[i].quit();
m_aWorkThreads[i].wait();

3
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (npogosnxerue)

Mpumep (worker.cpp, NpogosKEHNE)

void MainWindow: :on_m_pActionStart_triggered()

{

m_pStatusBar->showMessage("Working...");

void MainWindow: :onHandleResultReady(char chResult)
{
m_pTextEdit->setPlainText(
m_pTextEdit->toPlainText() + chResult);
m_pTextEdit->moveCursor(QTextCursor: :End);
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TexHonornm MHOronoToO4YHOCTN
Mopaepxka B Qt Knacc notoka

TexHonorum notokosoii besonacHocTn

MoTokosasi 6ezonacHocTs B Qt

Mpumep (okoHuaHne)

Mpumep (worker.cpp, OKOHYaHMeE)

void MainWindow: :onHandleFinish()

{
m_pStatusBar->showMessage("Finished", 5000);
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MpocTtasi bnokmposka

e e e e
Cuxpormnsans noTokos Cemadsope

YenoeHbie nepemennbie

Mpumep (example-16.cpp) Mpumep (npogonxeHne)

#include <QThread> public:
#include <QMutex> //
#include <QMutexLocker> int getData() const;
void incData();
#include <iostream> void decData();
//
class Thread : public QThread protected:
{ //
public: virtual void run();
// //
Thread();
//
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MpocTtasi bnokmposka

e e e e
Cuxpormnsans noTokos Cemadsope

YenoeHbie nepemennbie

Mpumep (npogosnxerue)

Mpumep (npogoskeHune) Mpumep (npogosnxeHue)

private: int Thread::getData() const

// {

int m_nData; return m_nData;

QMutex m_Mutex; 3
s // class Thread

void Thread: :incData()

Thread: : Thread() {

: m_nData(9) QMutexLocker lock(&m_Mutex);
{ ++ m_nData;

// 3
3
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MpocTtasi bnokmposka

Bnokupoeka Ha YTeHue/3anmch
CuHXpoHMsaums noTokos Cemacbopet
VcnoeHble nepemeHHbIe

Mpumep (npogosnxerue)

Mpumep (npogomkeHne) Mpumep (npogonxeHue)

void Thread: :decData() void Thread: :run()
{ {
QMutexLocker Llock(&m_Mutex); for (int i = 0; i < 1000; ++ 1)
-- m_nData; {
3 incData();
) std::cerr << getData() << ' ’;
3
3
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MpocTtasi bnokmposka

e e e e
Cuxpormnsans noTokos Cemadsope

YenoeHbie nepemennbie

Mpumep (okoHuaHne)

Mpumep (example-16.cpp, OKOHYaHueE)

int main()
{
Thread thread;
thread.start();
//
for (int i = 0; i < 1000; ++ i)
{
thread.decData();
std: :cerr << thread.getData() << ' ’;

s

3

//

thread.wait();
Y // main()
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MpocTan 6nokmposka
Bnoxmpoaxa Ha “ITQHIIIC/SaﬂIﬂCb
CuHXpoHMsaums noTokos Cemacbopet
VcnoeHble nepemeHHbIe

3a,u|aqa O HNTATENAX N NNCATENAX

[TocTaHoBKa 33aaun

@ YteHue OaHHbIX BO3MO>XXHO O4HOBPEMEHHO JIOBBLIM KONMYECTBOM YUTaTENEN.
@ 3anuck AaHHbIX BO3MO>»XHa OAHOBPEMEHHO TOJIbKO OAHUM MUCATENEM.
e Bo BpeEMA 3aMnNCU HWN OAWNH HYUTATENIb HE MMEET A0CTYNa K AAHHbIM.

@ YreHue AaHHbIX HEBO3MOXXHO, €C/IN XOTA 6bl O4ANH NMNCATENb N3bABUN
O HaMepeHnN 3anncun.
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Mpocras 6noknposka
Bnoxmpoaxa Ha qfenue/sanucb
CunxpoHusauus notokos Cemachops!
VcnoeHble nepemeHHbIe

Mpumep (example-17.cpp) Mpumep (npogonxeHue)

#include <QThread> typedef std::set <int> IntSet;
#include <QReadWriteLock>

#include <QReadLocker> IntSet g_Bitcoins;

#include <QWriteLocker> QReadWritelLock g_Lock;

#include <QScopedArrayPointer>
inline bool divides(
#include <iostream> int nl, int n2)
#include <set> {

return (n1 % n2 == 0);
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CuHxpoHmMsauua noTokos

Mpocras 6noknposka
Bnoxmpoaxa Ha qfenue/sanucb
Caraathoprs

VcnoeHble nepemenHsie

Mpumep (npogosnxerue)

Mpumep (npogomkeHne)

class Thread :
{
protected:

//

virtual void run();
s // class Thread

public QThread

TNekuyun 8 37 /o1

Mpumep (npogosnxeHue)

void Thread::run()

{
int n = 2;
forever
{
++ n;
bool bFound = true;
{

QReadLocker lock(&g_Lock);




Mpocras 6noknposka

Bnoxmpoaxa Ha qfenue/sanucb
CuHxpoHWsaLsn noToKoR Canadoee
VcnoeHble nepemeHHbIe

Mpumep (npogosnxerue)

Mpumep (npogoskeHune) Mpumep (npogosnxeHue)

IntSet::const_iterator if (bFound)
i = g_Bitcoins.begin(), {
e = g_Bitcoins.end(); QWriteLocker lock(&g_Lock);
for (; i !=e; ++ 1) IntSet::const_iterator
if (divides(n, *i)) i = g_Bitcoins.begin(),
{ e = g_Bitcoins.end();
bFound = false; while (i != e)
break; if (divides(*i, n))
3} g_Bitcoins.erase(i ++);
3 else
// ++ i
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MpocTan 6nokmposka
Bnoxmpoaxa Ha qfenue/sanucb
CuHxpoHmMsauua noTokos Cemacbope

VcnoeHble nepemenHsie

Mpumep (npogosnxerue)

Mpumep (example-17.cpp, NPOgOIKEHME)

//
g_Bitcoins.insert(n);

> // 1f (bFound)

//

if (isInterruptionRequested())
break;

3 // forever
3 // Thread: :run()
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Mpocras 6noknposka

Bnoxmpoaxa Ha HTCHIIIC/!aﬂIﬂCb
CunxpoHusauus notokos Cemachops!

VcnoeHble nepemeHHbIe

Mpumep (npogosnxerue)

Mpumep (example-17.cpp, NPOJOIKEHNE)

int main()
{
g_Bitcoins.insert(2);
//
int nThreads = QThread::idealThreadCount();
if (nThreads < 1)
nThreads = 2;
//
QScopedArrayPointer <Thread> threads(new Thread[nThreads]);
//
for (int i = 0; i < nThreads; ++ i)
threads[i].start();
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MpocTan 6nokmposka

BHOKHPOBKa Ha qfenue/sanucb
CuHXpoHMsaums noTokos Cemacbopet

VcnoeHble nepemeHHbIe

Mpumep (npogosnxerue)

Mpumep (example-17.cpp, NpogosIKeHMe)

//

QThread: :sleep(10);

//

for (int i = 0; i < nThreads; ++ i)
threads[i].requestInterruption();

//

for (int i = 0; i < nThreads; ++ i)
threads[i].wait();

//
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MpocTan 6nokmposka

Bnoxmpoaxa Ha qfenue/sanucb
CuHXpoHMsaums noTokos Cemacbopet

VcnoeHble nepemeHHbIe

Mpumep (okoHuaHne)

ﬂpMMep(exampLe—17.cpp,OKOHHaHm

IntSet::const_iterator
i = g_Bitcoins.begin(),
e = g_Bitcoins.end();

for (; i !=e; ++ 1)
std::cout << ’ ' << *¥i;
//
std: :cout << std::endl;
3 // main()
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Mpocras 6noknposka
Bnokuposka Ha 4Tenue/3anuce

CUNHXPOHM3aLMS MOTOKOB Cemachopsi
VcnoeHele nepemeHHblie

Konbuesoii bydep

nucartenb

HyutaTtenb

Puc. 1: koHuenuus konbuesoro bydepa

43 / 01
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Mpocras 6noknposka

Broknposka Ha uTenme/sanuce
Cunxponmsauus noTokos Cemadhope:

VcnoeHble nepemeHHbIe

Mpumep (example-18.cpp)

#include <QThread>
#include <QSemaphore>

#include <iostream>
#include <cmath>

const int NUM_BLOCKS 10;

const int BLOCK_SIZE 8;

const int AMPLITUDE = 100;

const int PERIOD = 30;

const int INTERVAL = 3 * PERIOD;
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Mpocras 6noknposka

Broknposka Ha uTenme/sanuce
Cunxponmsauus noTokos Cemadhope:

VcnoeHble nepemeHHbIe

Mpumep (npogosnxerue)

Mpumep (example-18.cpp, NPOJOIKEHUE)

const int BUFFER_SIZE = NUM_BLOCKS * BLOCK_SIZE;
int g_anBuffer[BUFFER_SIZE];

QSemaphore g_FreeSpace(NUM_BLOCKS);

QSemaphore g_UsedSpace(0);

inline bool divides(
int nl, int n2)

return (nl % n2 == 0);
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MpocTan 6nokmposka

Bnokupoeka Ha YTeHue/3anmce
CUNHXPOHM3aLMS MOTOKOB Cemachopsi

VcnoeHele nepemeHHblie

Mpumep (npogosnxerue)

Mpumep (example-18.cpp, NPOJOIKEHME)

class Thread : public QThread
{
protected:
//
virtual void run();
¥ // class Thread
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Mpocras 6noknposka
Bnokuposka Ha 4Tenme/3annce

CUNHXPOHM3aLMS MOTOKOB Cemachopsi

VcnoeHble nepemenHbie

Mpumep (npogosnxerue)

Mpumep (example-18.cpp, NpogoIKeEHME)

void Thread::run()

{
for (int t = 0; t <= INTERVAL; ++ t)

{
int i = t % BUFFER_SIZE;
if (divides(i, BLOCK_SIZE))
g_FreeSpace.acquire();

/7
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MpocTan 6nokmposka

Bnokupoeka Ha uYTeHue/3anmch
CUNHXPOHM3aLMS MOTOKOB Cemachopsi

VcnoeHele nepemeHHblie

Mpumep (npogosnxerue)

Mpumep (example-18.cpp, NpogosIKeHue)

g_anBuffer[i] =
t == INTERVAL ?
AMPLITUDE + 1
AMPLITUDE * std::sin(1.0 * t / PERIOD);

//

if (t == INTERVAL || divides(i + 1, BLOCK_SIZE))
g_UsedSpace.release();

3 // forever
3 // Thread: :run()
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Mpocras 6noknposka

Broknposka Ha uTenme/sanuce
Cunxponmsauus noTokos Cemadhope:

VcnoeHble nepemeHHbIe

Mpumep (npogosnxerue)

Mpumep (example-18.cpp, NPOJOIKEHNE)

int main()
{
Thread thread;
thread.start();
//
int i = @, nData;
do
{
if (divides(i, BLOCK_SIZE))
g_UsedSpace.acquire();

//
nData = g_anBuffer[i];
std::cout << " (" << i << ", " << nData << ")" << std::flush;
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Mpocras 6noknposka

Broknposka Ha uTenme/sanuce
Cunxponmsauus noTokos Cemadhope:

VcnoeHble nepemeHHbIe

Mpumep (npogosnxerue)

Mpumep (example-18.cpp, NpogosIKeHue)

//
i= (i + 1) % BUFFER_SIZE;
//
if (nData > AMPLITUDE || divides(i, BLOCK_SIZE))
{
g_FreeSpace.release();
std::cout << " |" << std::flush;
3
>

while (nData <= AMPLITUDE);
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MpocTan 6nokmposka

Bnokupoeka Ha YTeHue/3anmce
CUNHXPOHM3aLMS MOTOKOB Cemachopsi

VcnoeHele nepemeHHblie

Mpumep (okoHuaHne)

Mpumep (example-18.cpp, OKOHYaHMeE)

//
thread.wait();

//
std: :cout << std::endl;

3 // main()
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Mpocras 6noknposka
Bnokuposka Ha 4Tenue/3anuce

CuHXpoHMsaums noTokos Cemacbopet
VYecnoeHbie nepeMeHHble

JloxHble 1 yKpaaeHHble MPoby»KaeHus

Onpepenerus

JloxHoe npobyxgenne: (Spurious Wakeup) — npoby>xxaeHue, Bbi3aBaHHOe
Cly4aliHbIMyU MPUYNHAMU BMECTO ONEpPaLy CUrHAIU3NPOBaHUSI.

VkpageHHoe npobyxzerue: (Stolen Wakeup) — npobyxaeHue, nocne koToporo
TEKYLUMIA NOTOK BblN BbITECHEH, N cpaboTaBwuii fo ero
NPOJOJIKEHUSI APYroli MOTOK U3MEHWU YCII0BME.
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Mpocras 6noknposka

BnokupoBka Ha uTenne/3anuce
CunxpoHusauus notokos Cemachops!

VYecnoeHbie nepeMeHHble

Mpumep (example-19.cpp)

const int MY_MAX_QUEUE = 50;
const int MY_NUM_PRODUCERS
const int MY_NUM_CONSUMERS

] ]
W O

QQueue <int> g_Queue;
QMutex g_MutexQueue;
QWaitCondition g_CondNotEmpty;
QWaitCondition g_CondNotFull;
volatile bool g_vbRun = true;

/Y ooo
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Mpocras 6noknposka

BnokupoBka Ha uTenne/3anuce
CunxpoHusauus notokos Cemachops!

VYecnoeHbie nepeMeHHble

Mpumep (npogosnxerue)

Mpumep (example-19.cpp, NPOJOIKEHNE)

void Producer: :run()

{

forever
{
QThread: :msleep(std: :rand() % 100);
//
QMutexLocker lock(&g_MutexQueue);
while (g_Queue.size() == MY_MAX_QUEUE && g_vbRun)
g_CondNotFull .wait(&g_MutexQueue);
//
if (!g_vbRun)
break; // lock.unlock()
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Mpocras 6noknposka

BnokupoBka Ha uTenne/3anuce
CunxpoHusauus notokos Cemachops!

VYecnoeHbie nepeMeHHble

Mpumep (npogosnxerue)

Mpumep (example-19.cpp, NpogosIXKeHue)

//
static int s_nItem = 0;
s_nItem = s_nItem % MY_MAX_QUEUE + 1;
g_Queue.enqueue(s_nItem);
std: :cout <<
"(p " << m_nNum << ", " << g_Queue.back() << ") " << std::flush;
//
g_CondNotEmpty.wakeOne();
3 // forever
3 // Producer: :run()
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Mpocras 6noknposka

BnokupoBka Ha uTenne/3anuce
CunxpoHusauus notokos Cemachops!

VYecnoeHbie nepeMeHHble

Mpumep (npogosnxerue)

Mpumep (example-19.cpp, NPOJOIKEHNE)
/..

void Consumer: :run()

{

forever
{
QMutexLocker lock(&g_MutexQueue);
while (g_Queue.empty() && g_vbRun)
g_CondNotEmpty.wait(&g_MutexQueue);
//
if (!g_vbRun && g_Queue.empty())
break;
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Mpocras 6noknposka
Bnokuposka Ha 4Tenme/3annce

CuHXpoHMsaums noTokos Cemacbopet
VYecnoeHbie nepeMeHHble

Mpumep (npogosnxerue)

Mpumep (example-19.cpp, NpogosIKeHue)

//
std: :cout <<
"(c " << m_nNum << ", " << g_Queue.head() << ") " << std::flush;
g_Queue.dequeue();
//
g_CondNotFull .wakeOne();
3 // forever
3 // Consumer: :run()
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Mpocras 6noknposka
BnokupoBka Ha uTenne/3anuce
CunxpoHusauus notokos Cemachops!
VYecnoeHbie nepeMeHHble

Mpumep (npogosnxerue)

Mpumep (example-19.cpp, NpogosIXKeHue)

int main()
{
QObject parent;
QList <QThread *> threads;
for (int i = ©; i < MY_NUM_PRODUCERS; ++ i)
threads.append(new Producer(i + 1, &parent));
//
for (int i = ©; i < MY_NUM_CONSUMERS; ++ i)
threads.append(new Consumer(i + 1, &parent));
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Mpocras 6noknposka

BnokupoBka Ha uTenne/3anuce
CunxpoHusauus notokos Cemachops!

VYecnoeHbie nepeMeHHble

Mpumep (npogosnxerue)

Mpumep (example-19.cpp, NpogosIXKeHue)

std: :for_each(

threads.begin(), threads.end(),

std: :bind2nd(

std: :mem_fun(&Thread: :start), QThread::InheritPriority));

//
QThread: :sleep(3);
//
g_vbRun = false;
g_CondNotEmpty.wakeAlLl();
g_CondNotFull .wakeAll();

TNekuyun 8 59 / 01



Mpocras 6noknposka
Bnokuposka Ha 4Tenue/3anuce

CuHXpoHMsaums noTokos Cemacbopet

VcnoeHele nepeMeHHbIe

Mpumep (okoHuaHne)

Mpumep (example-19.cpp, OKOHYaHMeE)

//
std: :for_each(
threads.begin(), threads.end(),
std: :bind2nd(std: :mem_fun(&QThread: :wait), ULONG_MAX));

3 // main()
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JlokansHoe XpaHunMLLEe NoToka
B e (B0 GEREO G e e A LTS e
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

JlokanbHoe XpaHunauniie noToKa

QThreadStorage <Data> g_Storage;

void setData(int n)
{
if (!g_Storage.haslLocalData())
g_Storage.setLocalData(Data());
//
g_Storage.localData().m_nVal = n;
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

[Mpumep

_2 example-19 (Image Effects) EI@

File  Edit

¥

With Qt,

| cross-platform

! development just
got a whole lot

maore interesting.

m

Find out for
I yourself with a
| free Qt evaluation!

" = 1% (K]

Puc. 2: npunoxerue c pabo4nm notokom
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

[Mpumep

Mpumep (main-window.h)

class MainWindow : public QMainWindow, public Ui::MainWindow
{
Q_OBJECT
//
public:
//
MainWindow();
//
public slots:
//
void updateProgress(int nPercent);
//
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.h, npogosxeHue)

protected:
//
virtual void closeEvent(QCloseEvent *pEvent);
//

private slots:
//
void on_m_pActionOpen_triggered();
void on_m_pActionBlur_triggered();
void on_m_pActionCancel _triggered();
void onThreadStarted();
void onThreadFinished();
void onThreadCanceled();
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JNokansHoe xpaHWAMLe NOTOKA
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom

Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.h, oKoHYaHwe)

//
private:
//
QImage m_Image;
WorkerThread *m_pThreadWork;
bool m_bCanceled;
¥ // class MainWindow
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.cpp)

MainWindow: :MainWindow()

{
setupUi(this);
//
m_pAreaImage->setBackgroundRole(QPalette: :Dark);
m_pArealmage->setWidget(m_pLabelImage);
m_pArealmage->setWidgetResizable(true);
setCentralWidget(m_pAreaImage);
//
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JNokansHoe xpaHWAMLe NOTOKA
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom

Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NpogoKeHME)

m_pArealImage->addAction(m_pActionOpen);
m_pAreaImage->addAction(m_pActionExit);
//

m_pProgressBar->hide();

m_pButtonCancel ->hide();
statusBar()->addWidget(m_pProgressBar);
statusBar()->addWidget(m_pButtonCancel);
//
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NPOAOIKEHNE)

m_pThreadWork = mew WorkerThread(this);
connect(
m_pThreadWork, SIGNAL(started()),
this, SLOT(onThreadStarted()));
connect(
m_pThreadWork, SIGNAL(finished()),
this, SLOT(onThreadFinished()));
connect(
m_pThreadWork, SIGNAL(canceled()),
this, SLOT(onThreadCanceled()));
3 // MainWindow: :MainWindow()

TNekuyun 8 68 / 01



JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NPoAoIKEHUE)

void MainWindow: :updateProgress(int nPercent)

{

m_pProgressBar->setValue(nPercent);

void MainWindow: :closeEvent(QCloseEvent *pEvent)
{

pEvent->accept();

m_pThreadWork->stop();
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NPOAOIKEHNE)

void MainWindow: :on_m_pActionOpen_triggered()
{
QString fileName = QFileDialog: :getOpenFileName(this);
if (!fileName.isEmpty())
m_pThreadWork->startLoadFile(fileName);

3
void MainWindow: :on_m_pActionBlur_triggered()
{
m_pThreadWork->startBlurImage(m_Image);
3
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NPoOgoIKeHNE)

void MainWindow: :on_m_pActionCancel _triggered()

{
m_pThreadWork->stop();
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NPoOAoIKeHNE)

void MainWindow: :onThreadStarted()

{
m_pActionOpen->setEnabled(£false);
m_pActionBlur->setEnabled(£false);
m_pProgressBar->setValue(0);
m_pProgressBar->show();
m_pButtonCancel ->show();
m_pActionCancel->setEnabled(true);
QApplication: :setOverrideCursor(Qt: :WaitCursor);
//

m_bCanceled = false;
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NpPoAoKEHME)

void MainWindow: :onThreadFinished()

{
m_pActionOpen->setEnabled(true);
m_pActionBlur->setEnabled(true);
m_pProgressBar->hide();
m_pButtonCancel ->hide();
m_pActionCancel->setEnabled(false);
QApplication: :restoreOverrideCursor();

/7
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, NPoAoIKEHUE)

const QImage *pcImage = m_pThreadWork->getResultImage();
if (pcImage)
{
m_Image = *pcImage;
m_pLabelImage->setPixmap(QPixmap: : fromImage(m_Image));

3

//
m_pStatusBar->showMessage(
m_bCanceled ? "Canceled" : "Finished");

3 // MainWindow: :onThreadFinished()
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (main-window.cpp, OKOHYaHueE)

void MainWindow: :onThreadCanceled()

{

m_bCanceled = true;
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (worker-thread.h)

class WorkerThread : /* private */ public QThread
{
Q_OBIJECT
//
public:
//
WorkerThread(MainWindow *pWindow);
~WorkerThread();
//
public:
//
const QImage *getResultImage() const;
//
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (worker-thread.h, npogos>keHue)

public:
//
void startLoadFile(const QString &rcFilePath);
void startBlurImage(const QImage &rcImage);
void stop();
//
signals:
//
void canceled();
//
private:

//
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (worker-thread.h, okoH4aHue)

enum Operation
{
LoadFile,
BlurImage
+
//
MainWindow *m_pWindow;
Operation m_nOperation;
QString m_FilePath;
QScopedPointer <QImage> m_ptrInput, m_ptrResult;
//
virtual void run();
s // class WorkerThread
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (worker-thread.cpp)

const QImage *WorkerThread: :getResultImage() const

{

assert(isFinished());

//
return m_ptrResult.data();
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (worker-thread.cpp, NPOAOIKEHNE)

void WorkerThread: :startLoadFile(const QString &rcFilePath)
{

if (isRunning())

return;

//

m_nOperation = LoadFile;

m_FilePath = rcFilePath;

m_ptrInput.reset(new QImage);

QThread: :start();
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JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (worker-thread.cpp, NPOAOIKEHNE)

void WorkerThread: :startBlurImage(const QImage &rcImage)
{

if (isRunning())

return;

//

m_nOperation = BlurImage;

m_ptrInput.reset(new QImage(rcImage));

QThread: :start();
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Mpumep (npogosnxerue)

Mpumep (worker-thread.cpp, NPOAOIKEHME)

void WorkerThread: :stop()
{

requestInterruption();
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Mpumep (npogosnxerue)

Mpumep (worker-thread.cpp, NPOACKEHME)

void WorkerThread: :run()
{
switch (m_nOperation)
{
case LoadFile:
//
if (m_ptrInput->load(m_FilePath))
m_ptrResult.reset(new QImage(*m_ptrInput));

//
break;

//
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JlokansHoe xpaHunuwe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (worker-thread.cpp, NPOACIKEHME)

case BlurImage:
/7
if (m_ptrInput)
{

m_ptrResult.reset(new QImage(*m_ptrInput));
/7

const int cm

m_ptrInput->width();
m_ptrInput->height();
const int cnTotal = cm * cn;

const int cn

const int cnWindow = 5;
int nCurrent = 0, nPercent, nPrev = 0;
for (int 1 = 0; i < cm; ++ i)

for (int j = 0; j < cn; ++ j)
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JNokansHoe xpaHWAMLe NOTOKA
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom

Ob6meH AaHHBIMN MeXAY NOTOKaMMn

Mpumep (npogosnxerue)

Mpumep (worker-thread.cpp, NPOACIKEHME)

std: :vector <int> reds, greens, blues;
for (dnt k = i - cnWindow; k < i + cnWindow; ++ k)
if (k >= 0 && k < cm)
for (int L = j - cnWindow; L < j + cnWindow; ++ 1)
if (1L >= 0 & L < cn)
{
QColor color = m_ptrInput->pixel(k, Ll);
reds.push_back(color.red());
greens.push_back(color.green());
blues.push_back(color.blue());

TNekuyun 8 85 / 01



JlokaneHoe xpaHmAMLLe noToka
B3anmopeiicTBMe NoToKa € NOSb30BaTeNbLCKUM MHTepdchelicom
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Mpumep (npogosnxerue)

Mpumep (worker-thread.cpp, NPOAOIKEHNE)

//
QColor color(
std::accumulate(reds.begin(), reds.end(), 0) /
reds.size(),
std: :accumulate(greens.begin(), greens.end(), @) /
greens.size(),
std: :accumulate(blues.begin(), blues.end(), 0) /
blues.size());
m_ptrResult->setPixel (i, j, color.rgb());
//
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Mpumep (npogosnxerue)

Mpumep (worker-thread.cpp, NPOAOIKEHNE)

if (isInterruptionRequested())
{
m_ptrResult.reset();
emit canceled();
return;
3
//
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Mpumep (npogosnxerue)

Mpumep (worker-thread.cpp, NPOACKEHME)

++ nCurrent;
nPercent = (100 * nCurrent) / cnTotal;
if (nPercent > nPrev)
{
nPrev = nPercent;
QMetaObject: : invokeMethod(
m_pWindow,
"updateProgress", // Q_INVOKABLE void myMethod();
Qt: :QueuedConnection,
// Q_RETURN_ARG(QString, retVal)
Q_ARG(int, nPercent));
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Mpumep (okoHuaHne)

Mpumep (worker-thread.cpp, OKOH4YaHMe)

//
// emit onPercentChanged(nPercent)
3
b // for (int j = @; ...)
3 // 1if (m_ptrInput)
/7
break;

3 // switch (m_nOperation)
3 // WorkerThread: :run()
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[Mpumep

Mpumep

QFuture <void> futurel = QtConcurrent::run(f, argl);
futurel.waitForFinished();

Data data;

QFuture <QString> future2 = QtConcurrent: :run(
&data, &Data::method, argl);

QString result = future2.result();
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[Mpumep

MainWindow: :MainWindow(QWidget *pParent)

{
Y oo
// QFutureWatcher <int> m_Watcher
connect(
&m_Watcher, SIGNAL(finished()), this, SLOT(onFinished()));
connect(

&m_Watcher, SIGNAL(started()), this, SLOT(onStarted()));
// QFuture <int> m_Future;
m_Future = QtConcurrent::run(f, argl, arg2);
m_Watcher. setFuture(m_Future);
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