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CchIAKa U COAEpIKaHUEe

CchIAKa U copeprKaHue

Bce npumepsl U3 CAAMAOB MOJKHO HAUTHU 3AEChH:
http://acm.math.spbu.ru/~gassa/bachelor-2022/220915_b22

o BBop 1 BBIBOA,
© Konreitnepn
e [Tpumep

e HTtepaTopsl

© Arropurmmr
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http://acm.math.spbu.ru/~gassa/bachelor-2022/220915_b22

BBOA 1 BBIBOA

BBoA 1 BBIBOA

CTaHAApPTHBIM ITOTOK BBOAA: Ccin

CTaHAAPTHBIM TTOTOK BRIBOAA: cout

int n; double x; string s; cin >> n >> x >> s;
IToka ecTh uncaa: int x; while (cin >> x) {...}
cout << n << endl;

@ cout << x << endl;

B 3apauax yacTo MpoOCAT, HanpuMep, 9 TOYHBIX 3HAKOB MOCAE
TOYKHU, AU OTHOCHUTEABHYIO MOrPelTHoCTh He Goaee 1077,
ITonpobyemMm:

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

@ OTtseT: 1.23457e+008 — uTo!?

o dopMaTHpoOBaHUE Tepep BHIBOAOM:

cout << setprecision (10) << fixed;
@ OteeT: 123456789.0000000000
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KoHnTeliHephbl
Kaxk OpPraHM30BATL XpAaHEHUe ,A,aHHLIX? 3aBUCUT OT TOr'0, KaKue
onepanuy Mbl XOTUM C HUMU 3(PPEKTUBHO BBIIIOAHSATh.

@ [loay4aTh 3A€MEHT II0 MHAEKCY: vector

(] AO66.BAHTB OAEMEHTHI, YAAAATE UX U IIPOBEPATH HaAUYdHe! set

@ MeHAThb Cpa3y BCe 3AeMEHThbI B 3dAdHHOM AMAIIa30HE
MHAEKCOB: ...AepeBO OTpeSKOB?

ITocMOTpHUM Ha OCHOBHBIE TUIILI KOHTEUHEPOB B CTAHAAPTHOU
oubanoreke C+-+ M npuMepsl X UCIIOAB30BAHUS.
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CTpyKkTypa pair

ITapa u3 AByX 3Ha4eHUU AKOOBIX TUIIOB:

#include <utility> (uAm #include <algorithm>)
@ using namespace std; (uam std::pair)
@ pair <int, double> p;
@ p.first = 123;

@ p.second = 456.789;

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

e if (p < q) {...}

@ IIpuMep — TOYKAa Ha IAOCKOCTHU: pair <int, int> point;
Boaee cAoKHBIE THIIBL:

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

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

@ uAu: struct Data {int u, v; string id; ...}
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KonTelniHep vector

PaciimpsieMblti MacCUB U3 3HAYEHUMN OAMHAKOBOT'O THUIIA:
@ #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[1l]) {...}

PacmiupsieTcs 3a AMHEMHOEe BpeMs:

@ for (int i = 0; i < n; i++) {v.push back (i);}

@ 1+2+3+...4+n=0(n?

@ 3aBopuM B 2 (uAu 1.5) pa3a OoAbIlle ITaMsaTH, KOTAa KOHUYMAACH
@ 1+2+4+4+8+16+...(p0 mepsoro > n) = O(n)
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Crtpoka string

CTpoka:

@ #include <string>

@ string str = "";

@ str += 'a'; — pobaBAeHUME CUMBOAA B KOHEI]

@ string add (3, 'v');

@ str = str + add; — KOHKaTeHalua

@ str += add; —nodeMy Tak OwbICTpee?

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

@ if (str < add) {...} — Aekcukorpacguueckoe cpaBHEHUE
°

str = str.substr (start, length); —mnoacTpoka

Vean Kasmenko et al. (CITorY) BBepenne: 6udbanoreka C++ 15.09.2022 7/18



KoHTelHep set

MHOKeCcTBO O0'bEKTOB:
@ #include <set>
set <int> s;
s.insert (1);
s.insert (2); s.insert (2); — IOAYYMTCS OAHA ABOUKA

NAn: multiset <int> ms;

°
°
°
°
@ [louck: if (s.find (x) != s.end ())
@ Ilouck, kopoue: if (s.count (x))

@ ITouck, poabmie: if (ms.count (x))

@ s.erase (1);

@ YAAQAUTH OAHY ABOMKY: ms.erase (ms.find (2));

BryTpu — cOaraHCHPOBAHHOE ABOMYHOE AepeBo Ioncka (red-black
tree), Bce omepanuy IPOUCXOAAT 3a AorapudM OT pasMepa.
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KoHnTeliHep map

OTobOpa>keHre (KAIOY — 3HAYeHHE):

@ #include <map>

@ map <string, int> m;

@ m["one"] = 1;

e m["two"] = 2;

@ Ilonck —kKak B set: if (m.find ("five") != m.end ())
@ multimap <string, int> mm;

BHyTpu — set u3 KAIOUEeM C AOIIOAHUTEABHBIM IIOAEM AAS
3HaYeHMs.
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[ Iprumep

WooJo Uk WN -

#include <iostream>
#include <utility>
#include <vector>

int main () {
int n;
std::cin >> n;
std: :vector <std::pair <int, int> > points (n);
for (auto & : points)

std:

for

}

std

std::cin >> p.first >> p.second;

:pair <double, double> center = {0, 0};
(auto & : points) {

center.first += p.first;

center.second += p.second;

::cout << center.first / n << " " <<
center.second / n << std::endl;

return 0;
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[ Iprumep

1

2

3 #include <iostream>

4 #include <utility>

5 #include <vector>

6 using namespace std;

b

8 int main () {

9

10

11 int n;

12 cin >> n;

13 vector <pair <int, int> > points (n);
14 for (auto & : points)

15 cin >> p.first >> p.second;

16 pair <double, double> center = {0, 0};
17 for (auto & : 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 1}
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[ Iprumep

1

2  #include <iomanip>

3 #include <iostream>

4 #include <utility>

5 #include <vector>

6 using namespace std;

b

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 1}
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[ Iprumep

1 #include <fstream>

2 #include <iomanip>

3 #include <iostream>

4 #include <utility>

5 #include <vector>

6 using namespace std;

b

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 1}
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[ Iprumep

1 #include <fstream>

2 #include <iomanip>

3 #include <iostream>

4 #include <utility>

5 #include <vector>

6 using namespace std;

b

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 1}
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HTepaTopsl

HTepaTopsl

ITpobaema:

Ecth C cTaHAapPTHBIX KOHTEHMHEPOB: OOLIUYHBIN MacCCHUB,
vector, set, ..

EcTh A CcTaHAAPTHBIX aATOPUTMOB: COPTHUPOBKA, Pa3sBOPOT,
IIONCK, KOIIMPOBAaHME 13 OAHOT'O KOHTeWHepa B APYroy, ...
Ka>XabIi aATOPUTM MOKHO HPUMEHUTH K HECKOABKUM
KOHTeMHepaM

Kak ycTpouThs OMOAMOTEKY, UTOOBI He IIPULIAOCH IIUCATh KOA
C- A paz?

M 4TOOBI HOBBIM @ATOPUTM U HOBBIM KOHTEWHEP MOXXHO OBIAO
TO’Ke HaIlMCaTh OAUH pa3
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HTepaTopsl

PasBoporT

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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HTepaTopsl

PasBoporT

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,
16 my_reverse (arr.begin (), arr.end ());
17 return O;
18 }
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HTepaTopsl

PasBoporT

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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TepaTopbl AAS BBOAQ U BBIBOAA

I/ITepaTOpBI MOJXHO 0606UJ;I/ITI:> He TOABKO HA yYKa3aTeAu:

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}

Boa: 1 2 3, BoiBOA: 3 2 1 .
BBecTu B KOHCOAM «KOHell dparira»: oObrdHO Ctrl+Z mam Ctrl+D.
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TepaTopbl AAS BBOAQ U BBIBOAA

I/ITepaTOpBI MOJXHO 0606UJ;I/ITI:> He TOABKO HA yYKa3aTeAu:

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 }

Beoa: 3 1 2 3, BuiBOA: 3 2 1 .
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LIuKA ¢ uTepaTopoM

Kak 1rmoceTuTnb Bce 3AeMeHThI KOHTeﬁHepaI

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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LIuKA ¢ uTepaTopoM

Kak 1rmoceTuTnb Bce 3AeMeHThI KOHTeﬁHepaI

1 #include <iostream>
2 #include <vector>
3 using namespace std;
4
5 int main () {
6 vector <int> v = {1, 2, 3, 4,
7 for (auto it = v.begin ();
8 it !'= v.end (); ++it) {
9 cout << *it << endl;
10 }
11 return 0;
12 }
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LIuKA ¢ uTepaTopoM

Kak 1rmoceTuTnb Bce 3AeMeHThI KOHTeﬁHepaI

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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LIuKA ¢ uTepaTopoM

Kak 1rmoceTuTnb Bce 3AeMeHThI KOHTeﬁHepaI

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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AATOPUTMBI
ITpruMepbl aATOPUTMOB, PEAAN30BAHHBIX B CTaHAAPTHOU
OuOAUOTEKE:
vector <int> v;
@ sort (v.begin (), v.end ()); — COPTHUPOBKA
@ reverse (v.begin (), v.end ()); — pa3Bopor
int x;
@ find (v.begin (), v.end (), X); — IIOUCK

@ binary search (v.begin (), v.end (), x); —
ABOUYHBIN TTOMCK

@ lower_bound (v.begin (), v.end (), x); — TOXe
ABOMYHBIN TTOMCK, HO BO3BpalllaeT UTepaTop

set <int> s;
@ find (s.begin (), s.end (), x); — 3a Kakoe BpeMs?
@ s.find (x); —6onree 3pPeKTUBHO
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DyHKIUU BBICIIErO MOPSIAKA

OyHKIMSA BBICIIETO IIOPSIAKA — 3TO (DYHKIUSA, KOTOpas IPUHUMaeT
B KaQueCcTBe apryMeHTa APYTYIO PYHKIIHIO.

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 O;
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DyHKIUU BBICIIErO MOPSIAKA

OyHKIMSA BBICIIETO IIOPSIAKA — 3TO (DYHKIUSA, KOTOpas IPUHUMaeT
B KaQueCcTBe apryMeHTa APYTYIO PYHKIIHIO.

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 1}
9
10 int main () {
11 vector <pair <int, int> > p;
12 sort (p.begin (), p.end (), less_p):;
13
14
15 return 0;
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DyHKIUU BBICIIErO MOPSIAKA

OyHKIMSA BBICIIETO IIOPSIAKA — 3TO (DYHKIUSA, KOTOpas IPUHUMaeT
B KaQueCcTBe apryMeHTa APYTYIO PYHKIIHIO.

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;
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OyHKIUU BBICIIETO MOpPsiAKa

OyHKIMSA BBICIIETO IIOPSIAKA — 3TO (DYHKIUSA, KOTOpas IPUHUMaeT
B KaQueCcTBe apryMeHTa APYTYIO PYHKIIHIO.

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;
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DyHKIUU BBICIIErO MOPSIAKA

OyHKIMSA BBICIIETO IIOPSIAKA — 3TO (DYHKIUSA, KOTOpas IPUHUMaeT
B KaQueCcTBe apryMeHTa APYTYIO PYHKIIHIO.

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;
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[ Iprumepsl

CAQAYIOH_[I/IQ IIpOorpaMMhbl HAIIMCAHBI KdK IMEIIOYKU HpeO6p630BaHHﬁ
BXOAHBIX AAHHBIX.

@ Uuchro — mMOCAEAOBATEABHOCTh
generate, generate_n, iota, ..

@ ITocaepOBaTEABHOCTH — ITOCAEAOBATEABHOCTD:
copy, copy_n, copy_if, remove if, sort, reverse,
transform, for_each, ...

@ [TocAepOBATEABHOCTL — YHMCAO:
accumulate, min_element, max_element, £ind, find_if,

Boaee IIOAHBIV CIIUCOK B AOKYMEHTAIUU:
@ en.cppreference.com/w/cpp/algorithm

@ cplusplus.com/reference/algorithm
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[ Iprumepsl

CAQAYIOHII/IQ IIporpaMMhbl HAIIMCAHBI KaK IMEIIOYKU HpeO6paBOBaHHﬁ

BXOAHBIX AAHHBIX.

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 ¢ = a; a = b; b += c; return c;});
15 copy (v.begin (), v.end (),

16 ostream_iterator <int> (cout, " "));
17 return 0;

18 }

Beoa: 10, BeBoA: 0 1 1 2 3 5 8 13 21 34
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[ Iprumepsl

CAQAYIOH_[I/IQ IIporpaMMhbl HAIIMCAHBI KaK IMEIIOYKU HpeO6paBOBaHHﬁ

BXOAHBIX AAHHBIX.

1 // print first n Fibonacci numbers

2 #include <algorithm>

3  #include <iostream>

4 #include <iterator>

5 using namespace std;

[3

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 ¢ = a; a = b; b += ¢c; return c;});
13 return 0;

14 }

Beoa: 10, BeiBOA: 0 1 1 2 3 5 8 13 21 34
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AATOPHUTMBI

[ Iprumepsl

CAQAYIOIHI/IQ IIporpaMMhbl HAIIMCAHBI KaK IMEIIOYKU Hpeo6pa30BaHHﬁ
BXOAHBIX AAHHBIX.

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); // 1234567

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, OLL);

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

20 return 0;
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[ Iprumepsl

CAEAYHHHHE IIporpaMMhbl HAIIMCAHBI KaK IMEIIOYKU Hpeo6pa30BaHHﬁ
BXOAHBIX AAHHBIX.

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 (), OLL);

15 cout << s << endl;

16 return 0;

17 }
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3aBepIiieHne

Bormpocsr?

Bormipocsr?
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