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Llenn xypca

JlaTh HaYanbHBIC HaBBIKK Pa3paboTKu Ha s3bikax C++ u Python

[To3HAaKOMUTH ¢ 0Oa30BBIMH KOHIIEMIIUSMH IMPOrpaMMHUPOBAHUS
CTpyKTyphl JaHHBIX U AJITOPUTMBI
[TapagurmMsl TpOrpaMMHUPOBAHUS

ITokasarh cpencTBa JJI aHaAIM3a TaHHBIX ¢ OuOImoTekamu SciPy

[T03HAaKOMUTH C UHCTPYMEHTAMM JIJI1 COBMECTHOM pa3pabOTKH MporpaMm

3a ooun cemecmp HEBO3MONCHO CIMAMb NPOPECCUOHATILHBIM
npoepammucmom (0a u ne naoo!). Ilocne npoxoxcoenus Kypca eam
Oyoem npouje 0ceausamsv A3blKU NPOPAMMUPOBAHUSL
CAMOCMOAMENbHO.
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IIporpamma Kypca

Y4ebOHas Harpys3ka

8 JIEKIIUH

16 npakTrueckux 3aHATHM 110 1.5 mapel

3auer

Ha tpoiiky: HaOpaTh o 5 6ajioB U3 JEBITH
OJIOKOB 3aJaHUI

Ha ueTBepky: BBIIIOJHUTH YCIIOBUE HA TPOUKY U
HaOpatb 60 unu 6ojee OaIOB

Ha misiTepky: BBIIOTHUTH YCIOBUE HA TPONKY U
HaOparhs 80 wiau Oojiee OaIoB

3aoanus coaromest uepes cepsuc github.com.
IIpoyedypa onucana na canime Kypca.

C++

IToToxu BBOIA-BBIBOAA, CTPOKHU
Konretinepsr STL
Anroputrmer STL

Knaccel

[1TaGnoHbI

Python

Beeaenue B Python

CrangaptHas 6ubimoreka Python
Beruncienus ¢ numpy

[TocTpoenue mquarpamm ¢ matplotlib
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Pecypcel

Caiit Kkypca cpp-python-nsu.inp.nsk.su
VYyebnuk: cpp-nvthon-nsu.inp.nsk.su/textbook

3aganud: cpp-pyvthon-nsu.inp.nsk.su/assignments

Pernozuropuu ¢ JIeKIUSIMU:
github.com/NSU-Programming/lectures2020

o1ithub.com/NSU-Programming/lectures2021

Telegram-rpymmna
(t.me/joinchat/dpx594KRwstiNDhi, QR-xon)
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3a4eM U3y4aTh

1 1 ]
] 1 1 ]
Y ; ' caa | C+#17 'C++20 :
C++ OBICTPHIN U OH Pa3BUBAETCH C++98 C++11. 5 Ec 2 3
1 )
o o 1998 : 2011 : 2014 : 2017 : 2020 > ’E
BbICTpPBIi: ’TO OCHOBHOM SI3bIK Pa3pabOTKH B . | . | =
1 1 1 1 =)
. . 2 =
KOMMEPYECKUX U HAyYHBIX IIPOEKTax, B LI 0D Ui 1D G 1 o ) o Coniines c
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Windows, Firefox, Chromium, Adobe T H L E
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. V. Regular expressions ! 1 1 Ay
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. std::array +
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Pa3BuBaercs: Ha coBpeMeHHOM C++ MOXKHO Brimyckauky @O none3Ho UMETh NMPEACTABICHUE O =
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n3ydarb C++

Stop TeaChlng C KATE GREGORY

¥ @gregcons

KATE GREGORY
KATE@GREGCONS.COM

Kak BBICOKOYPOBHEBBIN SI3bIK TPOTPAMMUPOBAHUS | o
1 Stop Teaching C

A He Kak pa3Butue s3bika Cu

» >l ) 018/1:0010

[TpoaBHHYTHIC BO3MOXKHOCTH SI3bIKa (KJIACCHI U
11a0JI0HBI, TMHAMHUYECKOE BBIACICHUE ITAMSITH)
OyzemM 00Cy>KJ1aTh B HECKOJIBKO ATAroB

CHavasia HayuYuMCcs MCTIOIb30BaTh CTAHIAPTHYIO
OuOIMOTEKY
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C++ Russia 2018: Unbs LLnwkoB., Kak HayunTb A3biKy C++: onbIT co3aaHusA Kypcos Ha Coursera

flunekc

Kak Hay4nTb 93bIky C++:
OMbIT CO3aHMA KYPCOB Ha
Coursera

[ToTom Haydynmcs UCITOIB30BATh MTPOJIBUHYTHIE
BO3MOKHOCTH S3bIKa MPU HAMKMCAHUU COOCTBEHHBIX
IporpamMm

Wnba LLnwkos, ctapumnin paspaboTumk

IMporpammuposanue Ha C++ u Python. C++

1.09.2021

IIpeamonaraemM, 4To Bbl 3HAKOMEI C A3bIKOM CH
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Pecypcel mo C++

en.cppreference.com — IOKyMEHTAIUs

1socpp.ore — Standard C++ Foundation

[[Touckosuk] + stackoverflow.com

Coursera
HckyccTBO pa3zpadoTku Ha coBpeMeHHoM C++

OBICTPBINA CTAPT.

~

KHuru R\
Bjarne Stroustrup «The C++ programming language» jarne
Scott Mevers «Effective C++» Stroustrup

boost.org — pacmmpeHHbIl HA00p OMOIHOTEK
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Hello, student!

[MToaxmroyaem OMOIHOTEKH

[ToroBopuM 00 3TOM TO3KE

BrIBOA TEKCTA B CTaHIAPTHBIN
IIOTOK BBIBOJIA

CrpoxoBas repeMeHHast

BBox n3 ctangapTHOro moroka
BBOJIA

##tinclude <iostream>
#include <string>

using namespace std;

int main() {
cout << "What is your name?
string name;
cin >> name;
cout << "Hello,
return 9;

<< name <<

<<

endl;
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IloTOoKkM BBOIA-BBIBOIA

++ :
Bsox u BeiBon B C peaHH30§aH C IOMOIIBIO 1OMOKO8 <iostreams
Crangapraeie motoku: stdin, stdout, stderr

. : <fstream>
daitnosrie motoku: fstream, [1/o]fstream
: : : <sstream>
CrpoxoBble IOTOKH: stringstream, [1/o]stringstream . .
<iomanip>

CrangapTHbIe OOBEKTHI:
cout — BBIBOJ B stdout
cin — BBOI U3 stdin

cerr — BbIBOJ B MOTOK OMO0K stderr

Oneparopsl BBO/Ia-BBIBOAA
operator<< — omneparop BbIBOAA
operator>> — oneparop BBoAa

Her HeO6XO,Z[I/IMOCTI/I YKa3bIBATh THUII JaAHHbIX
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#tinclude <iostream>
#include <fstream>

using namespace std;

int main() {
const string fname("numbers.txt");
ifstream ifile(fname, ios::in);
if (lifile.good()) A
cout << "Can't load file "
<< fname << endl;
return 9;

}

int value, sum = 0;
while (ifile >> value) sum += value;

cout << "Sum equals << sum << endl;

return 0;

I Ipumep:
yTeHue (pania

B ¢haiin 3anucanel yenvie wucia,
pazoenentvle npobenrom. Bvisecmu
CYMMY Yucen 8 CmaHOApmHbill NOMOK
8b1600d.

numbers.txt

11235813 21 34 55
89 144 233 377 610 987
1597 2584 4181 6765

L —————— R —

> Sum equals 24475
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UteHnue u3 aiina

YreHne no CUMBOITY

char c;
while (ifile.get(c)) {
cout << c;

YreHue no CTpoke

string line;
while (getline(ifile, line)) {
cout << line << '\n';

YrteHue OMHAPHBIX JAHHBIX

ifstream ifile(fname, ios::binary);
char c;
while (ifile.get(c)) {

cout << static _cast<int>(c) << ' ';

Meron fstream: :eof () mo3Bosiser y3HaTh
JOCTUTHYT JIX KOHell (aiina
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#include <iostream>
##include <sstream>
#include <utility> // std::pair

pair<double, double>
parse(const string& data) {
istringstream ss(data);
double lat, lon;
ss.ignore(1); // skip '(°’
ss >> lat;
ss.ignore(2); // skip ", "
ss >> lon;
return {lat, lon};

int main() {
auto [latl, lonl]
auto [lat2, lon2]
cout << dist(latl, lonl, lat2, lon2)
<< " km" << endl;

[ Ipumep:
CTPOKOBBIH ITOTOK

B26-cepsep eepnyn ceoepaghuueckue
KOOPOUHAmbl 08YX MOYEK 8 BUOE
cmpoxk. Haiimu paccmosnue medxncoy
mouxkamu

Input

"(54.847830, 83.094392)"
"(54.835815, 83.101360)"

—

parse("(54.847830, 83.094392)");
parse("(54.835815, 83.101360)");

> 1.40854 km
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Orcrymienue: pair u tuple
<utility>

OOBeKT pair MOXET XpaHUTh Mapy 0ObEKTOB JIHOOBIX TUIIOB <tuple>

auto point = make pair(lat, lon);

cout << point.first << ", << point.second;

OO0bekT tuple MoxeT XpaHUTh (UKCUPOBAHHOE KOJIUYECTBO
IreTEPOreHHBIX 0OBEKTOB

const string name = "Vitaly"; /
int age = 32
float score = 1.05;

auto record = tie(name, age, score);

cout << get<@>(record) << ",

<< get<l>(record) << ",
<< get<2>(record) << endl;
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Orcrymienue: pair u tuple

<utility>

using Record = tuple<string, int, float>; <tuple>

Record get record() {
const string name = "Vitaly";
int age = 32;
float score = 1.05;
return {name, age, score};

pair u tuple ynoOHO ucnoOIB30BaAThH AJIS
BO3BpaIlleHUs U3 QyHKIIMU HECKOJIBKO
00BEKTOB

Hcnonb30BaHue nce800HUMOE TIO3BOJISCT
int main() { cAenarb KOJI IPOoIIe g YTCHUS
auto [name, age, score] = get record();
cout << name << ", " << age << ", "
<< score << endl;

return 0;
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IIepegaua aprymeHToB 1

#include <string> ’
#include <iostream>

using namespace std;

void add_exclamation(string& str) {
str.push back('!");

int main() {
string line("Hello, world");
add _exclamation(line);
cout << line << endl;
return 0;

B ¢dyHKIMIO O yMOJTYaHUIO
nepeIaroTCs KOMMU TTapaMeTPOB

A naBaiiTe BepHEM HOBYIO CTPOKY!

Jlns noGaBaeHHUST OJJHOTO CHMBOJIA MbI
CKOIIMPOBAJIA CTPOKY J[Ba pasa...

ITepenada CTpOKHU no ccwviike — TO YTO
HY>KHO B 3TOU CUTYyalluu

> Hello, world!
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ITepenaua aprymenToB 1l

Ilepenaua apryMeHTa 1o CChUIKE MO3BOJAET PELUINTh JIBE 3a1a4H:
[Tepenath 00beKT B (PyHKIHIO (a HE €ro KOIHIO)

N36exarh auiHero (MHOTIA 0YeHb JOpOroro!) KOMUpoBaHHUS

Koncmanmmuas ccvinka odbecneunBaet 3QpQEKTUBHYIO Nepelady apryMeHTa U rapaHTUPYeET,
4TO OOBEKT HE OyAeT U3MEHEH

Her cMbiciia nepenasath 6a3oBeie THIbl (int, float, double) mo koHCTaHTHOM CCBUIKE

void greetings(const string& name) {
cout << "Good morning, " << name << "I\n";
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<string>

std: :string

#include <string> Kiacc string pabotaer c 8-

#include <iostream> OUTOBBIMU CUMBOJIbHBIMHU

using namespace std; CTPOKaMH &

int main() { [TonnepkxMBaeT MHOKECTBO «Ei
string a("Hello"); ornepanuii (cMoTpuTe E
string b("world"); JIOKYMEHTAIIHIO) £+S
stringc=a+ ", " +b+ "!"; // Hello, world! TTo/UIepIKUBAIOT OTIEPATOPHI g
cout << c.size() << endl; // 13 CpaBHEHMs! oz‘
string d = c.substr(7, 5); // world (mexcuKorpadbuIecKuii Ci)
size t world index = c.find("world"); // 7 MOPS/I0K) U OEPaTopbl BBOMIA- g
c.replace(world index, 5, "Mike"); // Hello, Mike! BBIBOJIA %
int n = stoi("456"); g
double x = stod("5.654"); HNmeeT HHCTPYMEHTHI 1JIs1 %g
string pistr = "pi equals " + to string(3.1415); IIONCKa BHYTPHU CTPOKU é%
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#include <iostream>
#include <vector>
using namespace std;

int main() {

vector<int> vec = {1, 3, 5, 7, 9};
for (int item : vec) cout << item << ' ';
cout << '\n';
cout << vec[3] << endl; // 7
cout << vec.size() << endl; // 5
vec[4] = 10; // {1, 3, 5, 7, 10}
vec.push back(12); // {1, 3, 5, 7, 1o, 12}
cout << vec.front() << "

<< vec.back() << endl; // 1 12
vec.pop back(); // {1, 3, 5, 7, 10}

vector<int> vec2(10); // size = 10
vec2.resize(20); // size = 20

vector<int> vec3(2, 5); // {2, 2, 2, 2, 2}
vector<vector<int>> vec2d;

vec2d.push back(vec3);

return 0;

std: :vector

<vector>

Knacc vector peanusyer Tun JaHHBIX
OUHAMUYECKULU MACCUB.

[To3BoMsIET XPAaHUTh 2OMO2eHHbIE 0ObEKMbI
JIF000r0 THIAa

[ToanepxuBaet 3pHEKTUBHOE umepuposanue

[ToanepxuBaet 3p(HEKTUBHYIO BCTABKY U
yIaJIEHUE 68 KOHey

[Mogmep:KuBaeT MHOKECTBO APYTHUX METOIOB
(cMOTpHTE TOKyMEHTAIUIO!)
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HrepupoBanue

int main() {
vector<int> vec = {1, 2, 3, 4, 5};
for (int item : vec) cout << item << ' ';
cout << endl;

for (int& item : vec) ++item;
>1 2345
for (size t i = 0; 1 < vec.size(); ++1i) >23456 b i ‘
cout << vec[i] << ' '; >Novosi 1rs

cout << endl;

string s = "Novosibirsk";
for (char ch : s) cout << ch << ' ';
cout << endl;
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3aKJIIOYUTEIbHBIA IIPUMED

JlaHO: TEKCTOBBIN (Paiiia cO CIUCKOM
rOpOJIOB, UX TeorpapuuecKum
pacnoiokeHreM (IIMPOTa U I0JIroTa) U
HaceJICHUEM

Harvitu: mapy ropoJioB ¢ HaCEJICHUEM B
KaXXJIOM U3 KOTOPBIX HE MEHBIIIE
HEKOTOPOTr'0 MOPOra U PacCTOTHUE MEXKITY
KOTOPBIMYU MUHUMAJIBHO.

OnpenenuM ya00HbIE TICEBIOHUMBI:

Ru.txt

"Moscow" (55.7558, 37.6178) 17125000

"Saint Petersburg" (59.9500, 30.3167) 5351935
"Novosibirsk" (55.0333, 82.9167) 1602915
"Yekaterinburg" (56.8356, 60.6128) 1468833

—

// City record: [City name, latitude, longitude, population]
using Record = tuple<string, double, double, int>;

using RecordVec = vector<Record>;
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CYuTBIBAEM JAHHBIE

Record parse record(const string& line) {

double lat, 1lon;

int population;

istringstream ss(line);

ss.ignore(1);

string name;

while (ss.peek() != "“")
name.push back(ss.get());

ss.ignore(3);

ss >> lat;

ss.ignore(2);

ss >> lon;

ss.ignore(2);

ss >> population;

return {name, lat, lon, population};

RecordVec read_records(
const string& fname, int min_pop) {
ifstream ifile(fname, ios::in);
if (lifile.good()) {}

RecordVec records;
string line;
while (getline(ifile, line)) {
auto record = parse_record(line);
if (get<3>(record) > min_pop)
records.push_back(record);

}

return records;
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Ileperpyska omneparoposB

bbuio Obl yTOOHO CpaBHUBATH 3alIMCH ONIEPATOPOM | = U BBIBOAUTH B UX MOTOK C
MOMOIIIBIO Oreparopa <<. 9TO BO3MOKHO, HO JIJIsi 3TOI0 HEOOXOAUMO nepezpy3ums
onepamopbwi:

bool operator!=(const Record& lhs, const Record& rhs) {
const auto& [cityl, latl, lonl, popl] = lhs;
const auto& [city2, lat2, lon2, pop2] = rhs;
return cityl != city2 || latl != 1lat2 || lonl != lon2 || popl != pop2;

ostream& operator<<(ostream& os, const Record& record) {
const auto& [city, lat, lon, pop] = record;
return os << city << " (" << lat << ", " << lon << ") " << pop;
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OCHOBHas JJOTHUKA IPOrPaMMBEL

pair<Record, Record> find closest(const RecordVec& cities) {
double min_dist = 1.e9;
Record rl, r2;
for (const auto& ri : cities) {
for (const auto& rj : cities) if (ri !'= rj) {
double cur_dist = dist(ri, rj);
if (cur_dist < min_dist) {
rl = ri;
r2 = rj;
min_dist = cur_dist;

}

return {rl, r2};
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mailn

int main(int argc, char* argv[]) {
if (argc < 3) {
cout << "Format: ./a.exe [ifname] [minpop]" << endl;
return 0;
}
const string ifname = argv[1];
const int min_pop = stoi(argv[2]);

auto cities = read records(ifname, min_pop);

auto [recordl, record2] = find closest(cities);

cout << "Minimal distance " << dist(recordl, record2)
<< " km is between:\n"
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<< " - " << recordl << " and\n" N
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<< " - " << record2 << endl; o
return 0; -
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3aKJII0OYECHHUE

BBoa 1 BBIBOJI OCYHIECTBIISETCS YEPE3 MOTOKHU
cout, cin, fstream, stringstream

Tunel pair u tuple no3BONSAIOT rPYNNIUPOBATH OOBEKTHI

IlepenaBath apryMeHTHI B (PyHKIIUIO MOXKHO
[To 3HavyeHHo (WK O KOHCTAHTHOMY 3HAYCHUIO)
ITo ccpuike

ITo KOHCTAaHTHOW CCBIIKE
Ctpoku npeacTaBiieHbl TUIIOM String

I[I/IH&MI/IIICCKI/IG MAaCCHUBBI ITPCACTABIICHBI TUIIOM vector
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