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unordered_set, unordered_map

template<class Key,
class Hash = std::hash<Key>,
class KeyEqual = std::equal_to<Key>,
class Allocator = std::allocator<Key>>
class unordered_set;

» Tunosas p€annzaynsa: KapmMmaHbl N CNNCKN

» [lns CBOEro Knacca Hy>KHO Peann30BaTh CPABHEHUNE HA PABEHCTBO I
X3 PyHKLMIO

» find is O(1) but O(n) worst case (Bce anemeHTbl OKa3annCb B OFZHOM
KapmaHe)

> insert is O(1) but O(n) worst case (MOXeT BbI3BaTb PEX3LUNPOBAHME
— "yBeNnMyeHme 4nNCcna KapmaHos')
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unordered_set, unordered_map

class Point {

private:
int x, y;
public:
bool operator == (const Point& rhs) const{
return x == rhs.x && y == rhs.y;

}
3
namespace std {

template <>

struct hash<Point> {

size_t operator () (Point const & p) comnst {
return (std::hash<int>() (p.getX()) * 51
+ std::hash<int>() (p.getY()));

3
}
std::unordered_set <Point> points;
//MoxHo peanusoBaTh QpyHKTOph PointComparator, PointHasher
std::unordered_set <Point, PointComparator, PointHasher> ps;
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unique_ptr, shared_ptr

struct Foo {

void bar() { std::cout << "Foo::bar\n"; }
3
void f(const Foo &) { std::cout << "f(const Foo&)\n"; }
int main() {

std::unique_ptr<Foo> pl(new Foo); // pl owns Foo

if (p1) pl->bar();

// now p2 owns Foo

std::unique_ptr<Foo> p2(std::move(pl));

f(*xp2);

pl = std::move(p2); // ownership returns to pil
if (pl) pl->bar();

// pl = p2; // error, assign operator is =delete

(@bl 4 /19



other

> koHTelHep (T.e. ecTb ntepatopnl) template<class T, std::size _t N>
struct array;

std::array<int, 3> a2 = {1, 2, 3};

> std::tuple — “kak pair’, HO TONBKO C MPOM3BOJILHBIM YMCIOM MOJIEN
(peann3osan Ha variadic templates)

auto t = std::make_tuple("String", 5.2, 1);
std::cout << std::get<0>(t) << 7

<< std::get<1>(t) << ?

<< std::get<2>(t) << ’\n’;

> regex, regex search, regex match

regex reg("[a-zA-Z_]1[a-zA-Z_0-9]1*\\.[a-2zA-Z0-9]+");
regex_search("Print readme.txt", reg);
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std unction

std::function — “wabnonHasa obepTka" ans BCEro, 4TO MOXHO BbI3BaTb
(callable): dpyHkums, dyHkTOp, Nsmbaa.

void execute(const vector<function<void ()>>& fs){
for (auto& f : fs) f(Q);
}
void plain_old_func () {
cout << "old plain function" << endl;
}
struct functor {
void operator () () constq
cout << "functor" << endl;
}
};
int main() {
vector<function<void ()>> x;
x.push_back(plain_old_func);
functor functor_instance;
x.push_back (functor_instance);
x.push_back ([J () { cout << "lambda" << endl; });
execute (x);




std::bind — nossonsier cozgaTe “0bepTky”’ Hap yHKLWMEN, yMEHbLINB

yuncno ee napameTpoB (‘ypaneHHbIM' MapameTpaM 3aJatOTCsl KOHKPETHble
3HaYeHust).

void show_text (const string& t) {

cout << "TEXT: " << t << endl;
}

int main() {
vector<function<void ()>> x;
// void £() { show_text("Hello"); }
function <void ()> f = bind(show_text,
x.push_back (f);
execute (x);

"Hello");

C++
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std::bind, pl

using namespace std::placeholders;
int multiply(int a, int b) { return
int main() {
//_1 -- placeholder;
// 1wt mapamerp byHkumum f mozcTaBIseTCs
// Ha BTOpOoe MecTo B multiply
// int f(int _1) { return multiply(5,
auto f = bind(multiply, 5, _1);
cout << out: << f(6); // out: 30

a * b;

_D; )

}

C++
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HedpopManbpHEE BOCIOMUHAHHSA IPO IOTOKH 1

» [Mpoueccol (nporpammei)
o "“HeCKOJIbKO MPOrpaMm 3anyLeHbl O4HOBPEMEHHO
@ HE3aBUCNMbIE aapeCHble MPOCTPAHCTEA

» [Motoku (dyHkuMn B nporpamme)

o "HecKoJsIbkO (bYHKLMIA BHYTPY OAHOW MPOrpamMMbl 3anyLyeHbl
OLHOBPEMEHHO B pa3HbiX MOTOKax'

o obwee agpecHoe NpocTpaHcTBO (MOryT MMETb JOCTYN K 0Bwum
nepeMeHHbIM )
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std

hread

void f1(int n){

std::cout << "fl: " << n << std::endl;

void f2(int& n){

n++;

int main (){

int m = 45b;

std::thread t1(f1, m);

// std::ref HykeH, 4TOOH y OYHKIUK, BHIIONHIEMON
// morokxoM 6mna Tum void f(int &x)
std::thread t2(f2, std::ref(m));
tl.join();

t2.join ()

cout << mj;

C++
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Mpumep ¢ nsambgoi.

std::vector<std::thread> threads;

for(int 1 = 0; i < 5; ++i){
threads.push_back(std::thread ([](){
std::cout << std::this_thread::get_id ()
<< std::endl;
)

for (auto& thread : threads){
thread. join () ;
}

A MOXHO nepefiaTb (DYHTOP 1 COXPaHWUTbL B HEM PE3YNbTAT UCMOJHEHUS.

C++
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llpumep. IlapanmenpHOE CIOXEHHE BEKTODPOB

Y10 ¢ NpoM3BOANTENBHOCTBIO HA OfHOM npoueccope (¢ ogHumM sapom)?

typedef vector<int> ivec;
void sum_vec(const ivec& vl, size_t start, size_t end,
const ivec& v2, ivec& res){
for(int i = start; i < end; i++) { res[i] = vi[i] 4 v2[
}
}
void parallel_sum_vec(const ivec& vl, const ivec& v2,
ivec& res) {
thread ti1(sum_vec, (size_t)0, vl.size() / 2,
cref(vl), cref(v2), ref(res));

thread t2(sum_vec, vli.size() / 2, vi.size(),
cref(vl), cref(v2), ref(res));
tl.join(); t2.join();
}

parallel_sum_vec(vl, v2, res);

» std::cref — const reference
» g++ —std=c++11 vec_sum.cpp -o vs -Ipthread
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HedpopManbpHEEe BOCIOMUHAHHUS NIPO IOTOKH 2

> [lepekntoyeHnem Mexgy npoueccamm/noTokamMm 3aHUMaeTcst
nnanuposymk OC
» [lpun nepekntoyeHnmn ¢ notoka 1 Ha NOTOK 2 Heobxoanmo Bce
perncTpbl, NCNOJIb3yeMbl€ NOTOKOM 1 COXPaHNTb B NaMATb, a BCE
perncrTpbl, NCNOJIb3yeMbI€ NOTOKOM 2 BOCCTAHOBUTb N3 NaMATHA
(nepekntoyenmne koHtekcta). Ho:
o BbiBaet nporpamma He ucnonb3yet npoueccop (BBOA-BbIBOA,
oXnpaHme).
o A ewwe BbIBAaET HECKOJIBKO MPOLIECCOPOB. =)
» NB (cnea. cnaiig): C Toukm 3penus npouecca/notoka
Nepek/ItoYeHNe NPONCXOANT B NPON3BOJIbHbIE MOMEHT BpemeHu!
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BeBOnm m3 1o B.

void hello (){
std::cout << "Hello from thread " <<
std::this_thread::get_id() << std::endl;

int main (){
std::vector<std::thread> threads;

for(int 1 = 0; i < 5; ++i){
threads.push_back(std::thread(hello));

for (auto& thread : threads){
thread. join () ;

return 0;
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T'ouku (Race conditions).

MoxeT Tak:

Hello from thread 140276650997504
Hello from thread 140276667782912
Hello from thread 140276659390208
Hello from thread 140276642604800
Hello from thread 140276676175616

A MOXeT n Tak:

Hello from thread Hello from thread Hello from
thread 139810974787328Hello

from thread 139810983180032Hello from thread
139810966394624

139810991572736

139810958001920
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TFomku (Race conditions). Eme npumeps.

> [pumuTusHbie Tunsl (int, ...) HeaTOMapHbl (aTOMapHbIA —
onepaums He MOXeT bbITb npepsaHa)

> CBA3HbIV CMNCOK: NOTOK 1 BCTAB/SIET 3JIEMEHTHI B CEPEAVHY, NOTOK
2 BbIBOAUT 3NeMeHTbl Ha 3KpaH. KonTekcT nepekntounncs’ ¢ 1 Ha
2, KOrga He BCe yka3aTenu next Obiny NpoCTaBAeHbI.

» Ewe knaccnyecknii npumep

int x = 0;
// Thread 1:
while (!stop) {
X++;
}
// Thread 2:
while (!stop) {
if (x%2 == 0) cout<< x;

O 00 N O d WN -

}

Ha skpaHe moxet bbiTh HeweTHoe Yuchno. lMoyemy?
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Touku (Race conditions). IIpobuema.

struct Counter {
int value;
Counter () : value (0){}
void increment (){
++value;

};

Counter counter;
vector<thread> threads;
for(int i = 0; i < 5; ++i){
threads.push_back (thread ([&counter] (){
for(int i = 0; i < 100; ++i){
counter.increment () ;
}
)
}
for (auto& thread : threads){ thread.join();}
cout << counter.value << endl;
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T'ouku (Race conditions). BuBoOZ.

442
500
477
400
422
487

Mpuyunna (oaHa us):

Thread 1 : read the value, get 0, add 1, so value =1
Thread 2 : read the value, get 0, add 1, so value =1
Thread 1 : write 1 to the field value and return 1
Thread 2 : write 1 to the field value and return 1
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IIMIIIE!H!!IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

struct Counter {
mutex mutex;
int value;

Counter () : value(0) {}

void increment (){
mutex.lock ();
++value;
mutex.unlock ();

» BHyTtpu 6noka std::mutex.lock(); ... std::mutex.unlock(); moxer
HaXO[MTbCS TOJILKO OfMH MOTOK, OCTasbHble DyayT 0Xugathb.

> NB: o151 CMHXpOHW3aLMK OAHOV NepeMeHHO NPUMUTIBHOIO TNA
xBaTuno Obi std::atomic, a BOT Ana NnMHeRHOro cnucka mutex Obl
nogoLuen.

» std::lock guard — RAIl obepTka gns mutex (tuna scoped ptr)
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