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Ññûëêà è ñîäåðæàíèå

Ññûëêà è ñîäåðæàíèå

Âñå ïðèìåðû èç ñëàéäîâ ìîæíî íàéòè çäåñü:
https://tsweb.ru/spbsu/bachelor-2025/240917_b25

1 Ââîä è âûâîä

2 Êîíòåéíåðû

3 Ïðèìåð

4 Èòåðàòîðû

5 Àëãîðèòìû
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Ââîä è âûâîä

Ââîä è âûâîä

Ñòàíäàðòíûé ïîòîê ââîäà: cin

Ñòàíäàðòíûé ïîòîê âûâîäà: cout

int n; double x; string s; cin >> n >> x >> s;

Ïîêà åñòü ÷èñëà: int x; while (cin >> x) {...}

cout << n << endl;

cout << x << endl;

Â çàäà÷àõ ÷àñòî ïðîñÿò, íàïðèìåð, 9 òî÷íûõ çíàêîâ ïîñëå

òî÷êè, èëè îòíîñèòåëüíóþ ïîãðåøíîñòü íå áîëåå 10−9.
Ïîïðîáóåì:

double y = 123456789; cout << y << endl;

Îòâåò: 1.23457e+008�÷òî!?

Ôîðìàòèðîâàíèå ïåðåä âûâîäîì:

cout << setprecision (10) << fixed;

Îòâåò: 123456789.0000000000
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Ââîä è âûâîä

Óñêîðåíèå ââîäà

×òî çàìåäëÿåò ââîä:

Ñèíõðîíèçàöèÿ C-ââîäà (scanf) è C++-ââîäà (cin)

Î÷èñòêà áóôåðà ìåæäó âûâîäîì (cout) è ââîäîì (cin)

Ìíîãî ðàçíûõ ôîðìàòîâ çàïèñè

Êàê óñêîðèòü:

ios::sync_with_stdio (false);

òåïåðü íåëüçÿ ââîäèòü ïîïåðåìåííî ÷åðåç scanf è cin, à

òàêæå âûâîäèòü ïîïåðåìåííî ÷åðåç printf è cout

cin.tie (nullptr);

à â èíòåðàêòèâíûõ çàäà÷àõ ñèíõðîíèçàöèÿ, íàîáîðîò,

óäîáíà

Åñëè íóæíî åù¼ áûñòðåå� ðó÷íîé ââîä

÷àñòî ìû çíàåì êîíêðåòíûé ôîðìàò ââîäà, è ìîæåì íå

ðàçáèðàòü ñëó÷àè
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Êîíòåéíåðû

Êîíòåéíåðû

Êàê îðãàíèçîâàòü õðàíåíèå äàííûõ? Çàâèñèò îò òîãî, êàêèå

îïåðàöèè ìû õîòèì ñ íèìè ýôôåêòèâíî âûïîëíÿòü.

Ïîëó÷àòü ýëåìåíò ïî èíäåêñó: vector

Äîáàâëÿòü ýëåìåíòû, óäàëÿòü èõ è ïðîâåðÿòü íàëè÷èå: set

Ìåíÿòü ñðàçó âñå ýëåìåíòû â çàäàííîì äèàïàçîíå

èíäåêñîâ: ...äåðåâî îòðåçêîâ?

Ïîñìîòðèì íà îñíîâíûå òèïû êîíòåéíåðîâ â ñòàíäàðòíîé

áèáëèîòåêå C++ è ïðèìåðû èõ èñïîëüçîâàíèÿ.
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Êîíòåéíåðû

Ñòðóêòóðà pair

Ïàðà èç äâóõ çíà÷åíèé ëþáûõ òèïîâ:

#include <utility> (èëè #include <algorithm>)

using namespace std; (èëè std::pair)

pair <int, double> p;

p.first = 123;

p.second = 456.789;

pair <int, double> q = {1, 2.5};

if (p < q) {...}

ïðèìåð� òî÷êà íà ïëîñêîñòè: pair <int, int> point;

Áîëåå ñëîæíûå òèïû:

pair <pair <int, int>, string> data;

if (p.first.first > p.first.second) {...}

èëè: struct Data {int u, v; string id; ...};
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Êîíòåéíåðû

Êîíòåéíåð vector

Ðàñøèðÿåìûé ìàññèâ èç çíà÷åíèé îäèíàêîâîãî òèïà:

#include <vector>

vector <int> v;

v.push_back (1);

vector <int> u (10, 0);

vector <int> w = {1, 2, 3};

if (u < w) {...}

if (v[0] > w[1]) {...}

Ðàñøèðÿåòñÿ çà ëèíåéíîå âðåìÿ:

for (int i = 0; i < n; i++) {v.push_back (i);}

1+ 2+ 3+ . . .+ n = O(n2)

Çàâîäèì â 2 (èëè 1.5) ðàçà áîëüøå ïàìÿòè, êîãäà êîí÷èëàñü

1+ 2+ 4+ 8+ 16+ . . . (äî ïåðâîãî ⩾ n) = O(n)
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Êîíòåéíåðû

Ñòðîêà string

Ñòðîêà:

#include <string>

string str = "";

str += 'a';�äîáàâëåíèå ñèìâîëà â êîíåö

string add (3, 'v');
str = str + add;�êîíêàòåíàöèÿ

str += add;�ïî÷åìó òàê áûñòðåå?

if (str == "abc") {...}

if (str < add) {...}�ëåêñèêîãðàôè÷åñêîå ñðàâíåíèå

str = str.substr (start, length);�ïîäñòðîêà
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Êîíòåéíåðû

Êîíòåéíåð set

Ìíîæåñòâî îáúåêòîâ:

#include <set>

set <int> s;

s.insert (1);

s.insert (2); s.insert (2);�ïîëó÷èòñÿ îäíà äâîéêà

Èëè: multiset <int> ms;

Ïîèñê: if (s.find (x) != s.end ())

Ïîèñê, êîðî÷å: if (s.count (x))

Ïîèñê, äîëüøå: if (ms.count (x))

s.erase (1);

Óäàëèòü îäíó äâîéêó: ms.erase (ms.find (2));

Âíóòðè� ñáàëàíñèðîâàííîå äâîè÷íîå äåðåâî ïîèñêà (red-black

tree), âñå îïåðàöèè ïðîèñõîäÿò çà ëîãàðèôì îò ðàçìåðà.

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ââåäåíèå: áèáëèîòåêà C++ 17.09.2025 9 / 19



Êîíòåéíåðû

Êîíòåéíåð map

Îòîáðàæåíèå (êëþ÷ → çíà÷åíèå):

#include <map>

map <string, int> m;

m["one"] = 1;

m["two"] = 2;

Ïîèñê� êàê â set: if (m.find ("five") != m.end ())

multimap <string, int> mm;

Âíóòðè� set èç êëþ÷åé ñ äîïîëíèòåëüíûì ïîëåì äëÿ

çíà÷åíèÿ.
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Ïðèìåð

Ïðèìåð
1
2
3 #include <iostream>
4 #include <utility>
5 #include <vector>
6
7
8 int main () {
9

10
11 int n;
12 std::cin >> n;
13 std::vector <std::pair <int, int> > points (n);
14 for (auto & p : points)
15 std::cin >> p.first >> p.second;
16 std::pair <double, double> center = {0, 0};
17 for (auto & p : points) {
18 center.first += p.first;
19 center.second += p.second;
20 }
21
22 std::cout << center.first / n << " " <<
23 center.second / n << std::endl;
24 return 0;
25 }
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Ïðèìåð

Ïðèìåð
1
2
3 #include <iostream>
4 #include <utility>
5 #include <vector>
6 using namespace std;
7
8 int main () {
9

10
11 int n;
12 cin >> n;
13 vector <pair <int, int> > points (n);
14 for (auto & p : points)
15 cin >> p.first >> p.second;
16 pair <double, double> center = {0, 0};
17 for (auto & p : points) {
18 center.first += p.first;
19 center.second += p.second;
20 }
21
22 cout << center.first / n << " " <<
23 center.second / n << endl;
24 return 0;
25 }
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Ïðèìåð

Ïðèìåð
1
2 #include <iomanip>
3 #include <iostream>
4 #include <utility>
5 #include <vector>
6 using namespace std;
7
8 int main () {
9

10
11 int n;
12 cin >> n;
13 vector <pair <int, int> > points (n);
14 for (auto & p : points)
15 cin >> p.first >> p.second;
16 pair <double, double> center = {0, 0};
17 for (auto & p : points) {
18 center.first += p.first;
19 center.second += p.second;
20 }
21 cout << setprecision (10) << fixed;
22 cout << center.first / n << " " <<
23 center.second / n << endl;
24 return 0;
25 }
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Ïðèìåð

Ïðèìåð
1
2 #include <iomanip>
3 #include <iostream>
4 #include <utility>
5 #include <vector>
6 using namespace std;
7
8 int main () {
9 ios::sync_with_stdio (false);

10 cin.tie (nullptr);
11 int n;
12 cin >> n;
13 vector <pair <int, int> > points (n);
14 for (auto & p : points)
15 cin >> p.first >> p.second;
16 pair <double, double> center = {0, 0};
17 for (auto & p : points) {
18 center.first += p.first;
19 center.second += p.second;
20 }
21 cout << setprecision (10) << fixed;
22 cout << center.first / n << " " <<
23 center.second / n << endl;
24 return 0;
25 }
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Ïðèìåð

Ïðèìåð
1 #include <fstream>
2 #include <iomanip>
3 #include <iostream>
4 #include <utility>
5 #include <vector>
6 using namespace std;
7
8 int main () {
9 auto fin = ifstream ("input.txt");

10 auto fout = ofstream ("output.txt");
11 int n;
12 fin >> n;
13 vector <pair <int, int> > points (n);
14 for (auto & p : points)
15 fin >> p.first >> p.second;
16 pair <double, double> center = {0, 0};
17 for (auto & p : points) {
18 center.first += p.first;
19 center.second += p.second;
20 }
21 fout << setprecision (10) << fixed;
22 fout << center.first / n << " " <<
23 center.second / n << endl;
24 return 0;
25 }
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Ïðèìåð

Ïðèìåð
1 #include <fstream>
2 #include <iomanip>
3 #include <iostream>
4 #include <utility>
5 #include <vector>
6 using namespace std;
7
8 int main () {
9 auto fin = ifstream ("input.txt");

10 auto fout = ofstream ("output.txt");
11 int n;
12 fin >> n;
13 vector <pair <int, int> > points (n);
14 for (auto &[x, y] : points) // C++17
15 fin >> x >> y;
16 pair <double, double> center = {0, 0};
17 for (auto &[x, y] : points) { // C++17
18 center.first += x;
19 center.second += y;
20 }
21 fout << setprecision (10) << fixed;
22 fout << center.first / n << " " <<
23 center.second / n << endl;
24 return 0;
25 }
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Èòåðàòîðû

Èòåðàòîðû

Ïðîáëåìà:

Åñòü C ñòàíäàðòíûõ êîíòåéíåðîâ: îáû÷íûé ìàññèâ,

vector, set, ...

Åñòü A ñòàíäàðòíûõ àëãîðèòìîâ: ñîðòèðîâêà, ðàçâîðîò,

ïîèñê, êîïèðîâàíèå èç îäíîãî êîíòåéíåðà â äðóãîé, ...

Êàæäûé àëãîðèòì ìîæíî ïðèìåíèòü ê íåñêîëüêèì

êîíòåéíåðàì

Êàê óñòðîèòü áèáëèîòåêó, ÷òîáû íå ïðèøëîñü ïèñàòü êîä

C · A ðàç?

È ÷òîáû íîâûé àëãîðèòì è íîâûé êîíòåéíåð ìîæíî áûëî

òîæå íàïèñàòü îäèí ðàç
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Èòåðàòîðû

Ðàçâîðîò

1 #include <algorithm>

2

3 using namespace std;

4

5

6 void my_reverse (int * start, int * finish) {

7 while (start < finish) {

8 --finish;

9 swap (*start, *finish);

10 ++start;

11 }

12 }

13

14 int main () {

15 int arr [7] = {0, 1, 2, 3, 4, 5, 6};

16 my_reverse (arr, arr + 7);

17 return 0;

18 }
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Èòåðàòîðû

Ðàçâîðîò

1 #include <algorithm>

2 #include <vector>

3 using namespace std;

4

5 template <typename It>

6 void my_reverse (It start, It finish) {

7 while (start < finish) {

8 --finish;

9 swap (*start, *finish);

10 ++start;

11 }

12 }

13

14 int main () {

15 vector <int> arr = {0, 1, 2, 3, 4, 5, 6};

16 my_reverse (arr.begin (), arr.end ());

17 return 0;

18 }
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Èòåðàòîðû

Ðàçâîðîò

1 #include <algorithm>

2

3 using namespace std;

4

5 template <typename It>

6 void my_reverse (It start, It finish) {

7 while (start < finish) {

8 --finish;

9 swap (*start, *finish);

10 ++start;

11 }

12 }

13

14 int main () {

15 int arr [7] = {0, 1, 2, 3, 4, 5, 6};

16 my_reverse (arr, arr + 7);

17 return 0;

18 }
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Èòåðàòîðû

Èòåðàòîðû äëÿ ââîäà è âûâîäà

Èòåðàòîðû ìîæíî îáîáùèòü íå òîëüêî íà óêàçàòåëè:
1 #include <algorithm>

2 #include <iostream>

3 #include <iterator>

4 #include <vector>

5 using namespace std;

6

7 int main () {

8 vector <int> v;

9 copy (istream_iterator <int> (cin),

10 istream_iterator <int> (),

11 back_inserter (v));

12 reverse (v.begin (), v.end ());

13 copy (v.begin (),

14 v.end (),

15 ostream_iterator <int> (cout, " "));

16 return 0;

17 }

Ââîä: 1 2 3, âûâîä: 3 2 1 .

Ââåñòè â êîíñîëè ¾êîíåö ôàéëà¿: îáû÷íî Ctrl+Z èëè Ctrl+D.
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Èòåðàòîðû

Èòåðàòîðû äëÿ ââîäà è âûâîäà

Èòåðàòîðû ìîæíî îáîáùèòü íå òîëüêî íà óêàçàòåëè:
1 #include <algorithm>

2 #include <iostream>

3 #include <iterator>

4 #include <vector>

5 using namespace std;

6

7 int main () {

8 int n;

9 cin >> n;

10 vector <int> v (n);

11 copy_n (istream_iterator <int> (cin), n, v.begin ());

12 reverse (v.begin (), v.end ());

13 copy_n (v.begin (), n, ostream_iterator <int> (cout, " "));

14 return 0;

15 }

Ââîä: 3 1 2 3, âûâîä: 3 2 1 .
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Èòåðàòîðû

Öèêë ñ èòåðàòîðîì

Êàê ïîñåòèòü âñå ýëåìåíòû êîíòåéíåðà:

1 #include <iostream>

2 #include <vector>

3 using namespace std;

4

5 int main () {

6 vector <int> v = {1, 2, 3, 4, 5, 6, 7};

7 for (vector <int>::iterator it = v.begin ();

8 it != v.end (); ++it) {

9 cout << *it << endl;

10 }

11 return 0;

12 }
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Èòåðàòîðû

Öèêë ñ èòåðàòîðîì

Êàê ïîñåòèòü âñå ýëåìåíòû êîíòåéíåðà:

1 #include <iostream>

2 #include <vector>

3 using namespace std;

4

5 int main () {

6 vector <int> v = {1, 2, 3, 4, 5, 6, 7};

7 for (auto it = v.begin ();

8 it != v.end (); ++it) {

9 cout << *it << endl;

10 }

11 return 0;

12 }
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Èòåðàòîðû

Öèêë ñ èòåðàòîðîì

Êàê ïîñåòèòü âñå ýëåìåíòû êîíòåéíåðà:

1 #include <iostream>

2 #include <vector>

3 using namespace std;

4

5 int main () {

6 vector <int> v = {1, 2, 3, 4, 5, 6, 7};

7 for (auto elem : v) {

8

9 cout << elem << endl;

10 }

11 return 0;

12 }
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Èòåðàòîðû

Öèêë ñ èòåðàòîðîì

Êàê ïîñåòèòü âñå ýëåìåíòû êîíòåéíåðà:

1 #include <iostream>

2 #include <set>

3 using namespace std;

4

5 int main () {

6 set <int> v = {1, 2, 3, 4, 5, 6, 7};

7 for (auto elem : v) {

8

9 cout << elem << endl;

10 }

11 return 0;

12 }
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Àëãîðèòìû

Àëãîðèòìû

Ïðèìåðû àëãîðèòìîâ, ðåàëèçîâàííûõ â ñòàíäàðòíîé

áèáëèîòåêå:

vector <int> v;

sort (v.begin (), v.end ());� ñîðòèðîâêà

reverse (v.begin (), v.end ());�ðàçâîðîò

int x;

find (v.begin (), v.end (), x);�ïîèñê

binary_search (v.begin (), v.end (), x);�

äâîè÷íûé ïîèñê

lower_bound (v.begin (), v.end (), x);�òîæå

äâîè÷íûé ïîèñê, íî âîçâðàùàåò èòåðàòîð

set <int> s;

find (s.begin (), s.end (), x);� çà êàêîå âðåìÿ?

s.find (x);�áîëåå ýôôåêòèâíî
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Àëãîðèòìû

Ôóíêöèè âûñøåãî ïîðÿäêà

Ôóíêöèÿ âûñøåãî ïîðÿäêà� ýòî ôóíêöèÿ, êîòîðàÿ ïðèíèìàåò

â êà÷åñòâå àðãóìåíòà äðóãóþ ôóíêöèþ.

1 #include <algorithm>

2 #include <utility>

3 #include <vector>

4 using namespace std;

5

6

7

8

9

10 int main () {

11 vector <pair <int, int> > p;

12 sort (p.begin (), p.end ());

13

14

15 return 0;

16 }
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Àëãîðèòìû

Ôóíêöèè âûñøåãî ïîðÿäêà

Ôóíêöèÿ âûñøåãî ïîðÿäêà� ýòî ôóíêöèÿ, êîòîðàÿ ïðèíèìàåò

â êà÷åñòâå àðãóìåíòà äðóãóþ ôóíêöèþ.

1 #include <algorithm>

2 #include <utility>

3 #include <vector>

4 using namespace std;

5

6 bool less_p (pair <int, int> a, pair <int, int> b) {

7 return a.second > b.second;

8 }

9

10 int main () {

11 vector <pair <int, int> > p;

12 sort (p.begin (), p.end (), less_p);

13

14

15 return 0;

16 }
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Àëãîðèòìû

Ôóíêöèè âûñøåãî ïîðÿäêà

Ôóíêöèÿ âûñøåãî ïîðÿäêà� ýòî ôóíêöèÿ, êîòîðàÿ ïðèíèìàåò

â êà÷åñòâå àðãóìåíòà äðóãóþ ôóíêöèþ.

1 #include <algorithm>

2 #include <utility>

3 #include <vector>

4 using namespace std;

5

6

7

8

9

10 int main () {

11 vector <pair <int, int> > p;

12 sort (p.begin (), p.end (),

13 [&] (pair <int, int> a, pair <int, int> b)

14 {return a.second > b.second;});

15 return 0;

16 }
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Àëãîðèòìû

Ôóíêöèè âûñøåãî ïîðÿäêà

Ôóíêöèÿ âûñøåãî ïîðÿäêà� ýòî ôóíêöèÿ, êîòîðàÿ ïðèíèìàåò

â êà÷åñòâå àðãóìåíòà äðóãóþ ôóíêöèþ.

1 #include <algorithm>

2 #include <utility>

3 #include <vector>

4 using namespace std;

5

6

7

8

9

10 int main () {

11 vector <pair <int, int> > p;

12 sort (begin (p), end (p),

13 [&] (auto a, auto b)

14 {return a.second > b.second;}); // C++14

15 return 0;

16 }
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Àëãîðèòìû

Ôóíêöèè âûñøåãî ïîðÿäêà

Ôóíêöèÿ âûñøåãî ïîðÿäêà� ýòî ôóíêöèÿ, êîòîðàÿ ïðèíèìàåò

â êà÷åñòâå àðãóìåíòà äðóãóþ ôóíêöèþ.

1 #include <algorithm>

2 #include <utility>

3 #include <vector>

4 using namespace std;

5

6

7

8

9

10 int main () {

11 vector <pair <int, int> > p;

12 auto it = find_if (p.begin (), p.end (),

13 [&] (pair <int, int> a)

14 {return a.first == a.second;});

15 return 0;

16 }
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Àëãîðèòìû

Ïðèìåðû

Ñëåäóþùèå ïðîãðàììû íàïèñàíû êàê öåïî÷êè ïðåîáðàçîâàíèé

âõîäíûõ äàííûõ.

×èñëî → ïîñëåäîâàòåëüíîñòü:

generate, generate_n, iota, . . .

Ïîñëåäîâàòåëüíîñòü → ïîñëåäîâàòåëüíîñòü:

copy, copy_n, copy_if, remove_if, sort, reverse,

transform, for_each, . . .

Ïîñëåäîâàòåëüíîñòü → ÷èñëî:

accumulate, min_element, max_element, find, find_if,

. . .

Áîëåå ïîëíûé ñïèñîê â äîêóìåíòàöèè:

en.cppreference.com/w/cpp/algorithm

cplusplus.com/reference/algorithm
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Àëãîðèòìû

Ïðèìåðû

Ñëåäóþùèå ïðîãðàììû íàïèñàíû êàê öåïî÷êè ïðåîáðàçîâàíèé
âõîäíûõ äàííûõ.
1 // print first n Fibonacci numbers

2 #include <algorithm>

3 #include <iostream>

4 #include <iterator>

5 #include <vector>

6 using namespace std;

7

8 int main () {

9 int n;

10 cin >> n;

11 vector <int> v (n);

12 int a = 0, b = 1;

13 generate (v.begin (), v.end (),

14 [&] () {int c = a; a = b; b += c; return c;});

15 copy (v.begin (), v.end (),

16 ostream_iterator <int> (cout, " "));

17 return 0;

18 }

Ââîä: 10, âûâîä: 0 1 1 2 3 5 8 13 21 34 .
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Àëãîðèòìû

Ïðèìåðû

Ñëåäóþùèå ïðîãðàììû íàïèñàíû êàê öåïî÷êè ïðåîáðàçîâàíèé
âõîäíûõ äàííûõ.
1 // print first n Fibonacci numbers

2 #include <algorithm>

3 #include <iostream>

4 #include <iterator>

5 using namespace std;

6

7 int main () {

8 int n;

9 cin >> n;

10 int a = 0, b = 1;

11 generate_n (ostream_iterator <int> (cout, " "), n,

12 [&] () {int c = a; a = b; b += c; return c;});

13 return 0;

14 }

Ââîä: 10, âûâîä: 0 1 1 2 3 5 8 13 21 34 .
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Àëãîðèòìû

Ïðèìåðû

Ñëåäóþùèå ïðîãðàììû íàïèñàíû êàê öåïî÷êè ïðåîáðàçîâàíèé
âõîäíûõ äàííûõ.
1 // sum for k=1..n of {k*(k+1) if it does not divide by 4}

2 #include <algorithm>

3 #include <iostream>

4 #include <iterator>

5 #include <numeric>

6 #include <vector>

7 using namespace std;

8

9 int main () {

10 int n;

11 cin >> n; // 7

12 vector <int> v (n);

13 iota (v.begin (), v.end (), 1); // 1 2 3 4 5 6 7

14 transform (v.begin (), v.end (), v.begin (),

15 [&] (int x) {return x * (x + 1);}); // 2 6 12 20 30 42 56

16 auto new_end = remove_if (v.begin (), v.end (),

17 [&] (int x) {return x % 4 == 0;}); // 2 6 30 42|30 42 56

18 auto s = accumulate (v.begin (), new_end, 0LL);

19 cout << s << endl; // 80

20 return 0;

21 }
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Àëãîðèòìû

Ïðèìåðû

Ñëåäóþùèå ïðîãðàììû íàïèñàíû êàê öåïî÷êè ïðåîáðàçîâàíèé
âõîäíûõ äàííûõ.
1 // sum for k=1..n of {k*(k+1) if it does not divide by 4}

2 #include <iostream>

3 #include <numeric>

4 #include <ranges>

5 using namespace std;

6

7 int main () {

8 int n;

9 cin >> n;

10 auto ans = ranges::iota_view (1) | views::take (n) |

11 views::transform ([] (int x) {return x * (x + 1);}) |

12 views::filter ([] (int x) {return x % 4 != 0;}) |

13 views::common;

14 auto s = accumulate (ans.begin (), ans.end (), 0LL);

15 cout << s << endl;

16 return 0;

17 }
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Çàâåðøåíèå

Âîïðîñû?

Âîïðîñû?
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