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Bonpocbl gnsa noBropeHus

Yo Takoe wabnon (template)? 3advem oH HyxeH?

Yt0 Takoe ntepatop? Kakue onepauun ¢ HUM MOXHO fenaTb?

Yem oTnnyaetcs std: :set or std: :unordered_set?
® KakoBa C/IoKHOCTb onepauuii B xaw-tabnuue? MNoyemy?



std::pair — Mapa

Mapa — cocTaBHOI TnN U3 ABYX 3Ha4eHNA (BO3MOXHO, PasHbIX TUMOB).

#include <tuple>
std::pair<int, std::string> p;

Mons napei:

® p.first — nepsblii a1eMeHT
® p.second — BTOpOli 31eMeHT



Tpu cnocoba co3patb napy

// Cmoco6 1: KOHCTPYKTOpP
std::pair<int, std::string> p1(1, "one");

// Cmoco6 2: std::make_pair (aBTOBHBOZ THIOB)
std::pair<int, std::string> p2 = std::make_pair(2, "two");

// Cmocob 3: cmucox wmuEunuamusamuu (C++11)
std::pair<int, std::string> p3{3, "three"};



Pab6ora c napoii

std::pair<int, std::string> p = {10, "apple"};

// UYrenue
std::cout << p.first; // 10
std::cout << p.second; // "apple"

// WU3MeHeHUe
p.-first = 20;
p.second = "banana";



Mapbl cpaBHMBatOTCA Nekcmkorpacduyeckn:

1. CHavana cpasHuBatotcs first

2. Ecnn paBHbl — cpaBHuBatoTcst second
std::pair<int, int> a = {1, 5};
std::pair<int, int> b = {1, 3};
std::pair<int, int> c = {2, 1};

std::cout << (a < b); // 0 (false), T.x. 5> 3
std::cout << (a < c¢c); // 1 (true), T.x. 1 < 2
std::cout << (a == b); // 0 (false)



YHacTo napbl NCNOMb3YIOTCA B BEKTOPaX

std::vector<std::pair<int, int>> points;

points.push_back ({10, 201});
points.push_back(std: :make_pair (30, 40));

points.emplace_back(50, 60); // cospmaér mapy "Ha MecTe"

for (const std::pair<int, int>& p : points) {
std::cout << "(" << p.first << ", " << p.second << ")\n";

Bbigoa:

(10, 20)
(30, 40)
(50, 60)



std::tuple — KopTrex

KOpTe)K — O606LLI,eHVIe napbl Ha NPON3BOJIbHOE HYNC/O SJIEMEHTOB.

#include <tuple>
std::tuple<int, std::string, double> t = {1, "hello", 3.14};

HocTyn K anemeHTam — 4yepes std: :get<index>:

std::cout << std::get<0>(t); // 1
std::cout << std::get<1>(t); // "hello"
std::cout << std::get<2>(t); // 3.14

std::get<0>(t) = 42; // usMeHeHue



CpaBHeHue KopTexei

KOpTe)KI/I TOXXE CPaBHMBAKOTCA J'IeKCI/IKOFpad)VIHECKVII

std::tuple<int, std::string> t1 = {2, "world"};

std::cout << (t1 < std::make_tuple(5, "abc")); // 1 (true)
std::cout << (t1 < std::make_tuple(l, "zzz")); // 0 (false)
std::cout << (t1 < std::make_tuple(2, "zebra")); // 1 (true)



CpaBHeHue KopTexei

KopTexun Toxxe cpaBHUBAOTCA NEKCUKOrpadyecKu:

std::tuple<int, std::string> t1 = {2, "world"};

std::cout << (t1 < std::make_tuple(5, "abc")); // 1 (true)
std::cout << (t1 < std::make_tuple(l, "zzz")); // 0 (false)

std::cout << (t1 < std::make_tuple(2, "zebra")); // 1 (true)

I'Ipanmo: CpaBHVIBaeM no NopsAAKy: CHa4ana I'IGpBbII7I SJIEMEHT, 3aTEM BTOpOﬁ, nT.A4.



3auem Hy>xXHbI napbl U KopTexu?
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3auem HyXHbl napbl U KopTexn?

Bo3sBpaT Heckonbkux 3HaveHunii u3 dpyHkumumn

XpaHeHue CBSA3aHHbIX AaHHbIX (KOOPAMHATBI, KIKO4-3HAYEHNE)

CopTnpoBka Mo HeCKOJIbKNM KpUTepusiM (Jiekckorpadryeckoe cpaBHeHe)
® DjleMeHTbI acCOLMAaTNBHbIX KOHTeliHepoB (std: :map, std: :unordered_map)
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std::unordered _map — Cnosapsb

AccouunaTtuBHbIii KOHTeHep: xpaHuT napbl Kntou — 3HaveHue

#include <unordered_map>

std::unordered_map<std::string, int> ages;

® Kntoun yHUKanbHbl
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std::unordered _map — Cnosapsb

AccoumnaTuBHbIn KoHTelHep: xpaHuT napsl Knou — 3Hauenue.

#include <unordered_map>
std: :unordered_map<std::string, int> ages;
® Kntoun yHUKanbHbl

® Nloctyn no katody 3a O(1) (xaw-Tabnuua)
® [opsifOK 31EMEHTOB He OMpesenéH
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Oob6asnexne anemeHTOB

std::unordered_map<std::string, int> ages;

// Cmoco6 1: omeparop []
ages["Alice"] = 25;
ages["Bob"] = 30;

// Cmoco6 2: insert c mapo#

ages.insert ({"Charlie", 35});
ages.insert(std: :make_pair("Diana", 28));
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Oob6asnexne anemeHTOB

std::unordered_map<std::string, int> ages;
// Cmoco6 1: omeparop []

ages["Alice"] = 25;

ages["Bob"] = 30;

// Cmoco6 2: insert c mapo#

ages.insert ({"Charlie", 35});

ages.insert(std: :make_pair("Diana", 28));

BaxHo: ages["Eve"] cosgact anemeHT co 3Havenuem 0, ecnu kntoya “Eve” e bbiol
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Yr1eHune n nameHeHune

std: :unordered_map<std::string, int> ages = {
{"Alice", 25}, {"Bob", 30}
Irg

// Utenue
std::cout << ages["Alice"]; // 25

// V3MeHenue

ages["Alice"] = 26;
ages["Bob"] += 1; // Bob Temeps 31
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Mouck anemenra: find()

MeTtog find(key) Bo3BpalyaeT utepatop:
® Ha HaliileHHbIA SNEMEHT, €CNN KKOY CYLLECTBYET
® Ha end(), ecnn kntoya Het

std::unordered_map<std::string, int> ages = {{"Alice", 25}};

auto it = ages.find("Alice");
if (it != ages.end()) {

std::cout << "Haisimem: " << it->first << " = " << it->second;
} else {

std::cout << "He mHalimer";
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Onepatop ctpenka (->)

NTepatop ykasbiBaeT Ha napy {ximou, 3zHaueHumel.

ﬂ‘Ba 3KBUBANEHTHbIX cnocoba gocrtyna:

auto it = ages.find("Alice");

// Cmocob6 1: pasbMeHOBaHHE + TOYKA
std::cout << (¥it).first << " " << (*it).second;

// Cmoco6 2: crtpenka (ymobzee!)
std::cout << it->first << " " << it->second;
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Onepatop ctpenka (->)

NTepatop ykasbiBaeT Ha napy {ximou, 3zHaueHumel.

,ﬂBa 3KBUBANEHTHbIX cnocoba gocrtyna:

auto it = ages.find("Alice");

// Cmocob6 1: pasbMeHOBaHHE + TOYKA
std::cout << (*it).first << " " << (*it).second;

// Cmoco6 2: crtpenka (ymobzee!)
std::cout << it->first << " " << it->second;

Mpasuno: ptr->field sksnBanenTHo (*xptr).field
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YpaneHue anemeHTa

std: :unordered_map<std::string, int> ages = {
{"Alice", 25}, {"Bob", 30}, {"Charlie", 35}
+;

// VDmaneHwe IO KINOUYy
ages.erase("Bob") ;

// YmamneHuwe mo mTepaTopy

auto it = ages.find("Charlie");

if (it != ages.end()) {
ages.erase(it);
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Ntepauusa no map

std: :unordered_map<std::string, int> ages = {
{"Alice", 25}, {"Bob", 30}
+;

// Range-based for (kaxnpii 37IeMeHT - mapa)
for (const std::pair<const std::string, int>& p : ages) {
std::cout << p.first << ": " << p.second << "\n";

// Wmm c auto
for (const auto& [name, age] : ages) { // C++17
std::cout << name << ": " << age << "\n";
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Be3sonacHbiii goctyn: at()

MeTtog at (key) BbibOpacbiBaeT UCKIIOYEHNE, ECAN KIHOHA HET:

std: :unordered_map<std::string, int> ages = {{"Alice", 25}};

std::cout << ages.at("Alice"); // OK: 25
std::cout << ages.at("Bob"); // Omwmbra! std::out_of_range
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Be3sonacHbiii goctyn: at()

MeTtog at (key) BbibOpacbiBaeT UCKIIOYEHNE, ECAN KIHOHA HET:

std: :unordered_map<std::string, int> ages = {{"Alice", 25}};

std::cout << ages.at("Alice"); // OK: 25
std::cout << ages.at("Bob"); // Omwmbra! std::out_of_range

Wcnone3yiite at () ¢ KOHCTaHTHBIMU Map:

void print(const std::unordered_map<std::string, int>& m) {
// m["Alice"] - ommbra xkommunamuu ([] He const)
std::cout << m.at("Alice"); // OK
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[] vs find() vs at()

MeTog, Ecnaun kntoua Het MoxHo ¢ const?

map [key] Co3paér anement (0)  Her
map.find(key) Bosspawaer end () Oa
map.at (key) Wckntoyenne Oa
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[] vs find() vs at()

MeTog, Ecnaun kntoua Het MoxHo ¢ const?
map [key] Co3paér anement (0)  Her
map.find(key) Bosspawaer end () Oa
map.at (key) Wckntoyenne Oa

PekomeHngauus:

® 1ns nposepku cyuwectsoaHus — find ()
® [lns rapaHTupoBaHHoro gocrtyna — at ()
® [ins scraku/n3menenns — []
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Mpumep: nopcyér cnos

#include <iostream>
#include <unordered_map>
#include <string>

int main() {
std::unordered_map<std::string, int> word_counts;
std::string word;
while (std::cin >> word) {

word_counts [word]++; // cosmaér 0 u yBenuumBaeT

for (const auto& [w, count] : word_counts) {
std::cout << w << ": " << count << "\n";
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Mpumep: nopcuér cnos (Tpaccuposka)

Beog: apple banana apple cherry apple

LWar  word word _counts

1 apple {apple: 1}

2 banana {apple: 1, banana: 1}

3 apple {apple: 2, banana: 1}

4 cherry  {apple: 2, banana: 1, cherry: 1}
5 apple {apple: 3, banana: 1, cherry: 1}
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std::map — Ynopspgo4eHHblii cnoBapb

AHanor unordered_map, HO KJIO4N OTCOPTUPOBAHbI.

#include <map>

std: :map<std::string, int> ages;
ages["Charlie"] = 35;
ages["Alice"] = 25;

ages["Bob"] = 30;

for (const auto& [name, age] : ages) {
std::cout << name << ": " << age << "\n";

}

// BeBOn B anpaBHUTHOM IOPSOKE :

// Alice: 25

// Bob: 30

// Charlie: 35
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Cpasxenune map un unordered map

XapakTepnctuka std: :unordered_map std::map

Mopsipok kntoueii [MpounssonbHbIii OTcopTrpoBaHHblii
Peannzayus Xsw-Tabanua [Oepeso (Red-Black)
Bcraeka/Monck o(1) O(logn)

TpebosaHus k kntody  hash(), == < (cpaBHeHne)
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Korpa 4to ncnonb3oBatb?

® std: :unordered_map: KOrga Ba>XHa CKOPOCTb, NOPAAOK HE HY>XEH
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Korpa 4to ncnonb3oBatb?

std: :unordered_map: korga BaKHa CKOPOCTb, MOPAAOK HE HY>XKeH
std: :map: Korga Hy>XeH nopsfoK KatoYel uam onepauumn ¢ AnanasoHamm
KaK MOCTYNUTb, ECAN HYXXHA COPTUPOBKA Map No 3Ha4YeHuto?

std::vector<std::pair>: Hy)KHa COPTUPOBKa MO 3HAYEHUIO
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std::pair — pgBa 3Ha4eHus, goctyn yepe3 .first, .second

std: :tuple — HeckonbKO 3HaueHwnii, focTyn 4epes std: :get<i>()
lMapbl 1 KOPTEXMN CPABHMBAIOTCS NIEKCUMKOrpaddnyecKnt

std: :unordered_map — cnoBapb (katod — 3nadenue), O(1)

std: :map — ynopsgodentbiii cnosaps, O(logn)

Wtepatop Ha mapy: it->first, it->second
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