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Ncnonb3oBaHue namatu

® Ha cTeke: appec BO3BpaTa, COXPaHEHHbIE PErUCTPbI, YaCTb apryMEHTOB, JIOKaJIbHbIE NEPEMEHHbIE
® B cratuyeckoli naMsaTu: rnobasbHble N CTaTUHECKNE NepeMEHHbIe

® B anHamunueckoli namstu (Kyde): oBbeKTbl, BbIAENEHHbIE C MOMOLLbIO New

high memory

heap s

v

A

stack ¢

dynamic
}Vle“liables

arameters {l
auto variables

uninitialized data | { global and
initialized data static data

machine {

instructions text 1

low memory :



Ovnamuyeckas namsate (heap)

® Bhigensietcs 1 0cBOBOXAAETCS BO BPEMS BbIMOJIHEHNS!
® B C++: new / delete, new[] / delete[]

® Korga ncnosib3osaThb:

® pa3Mep HeNW3BECTEH HA 3Tane KOMMNUAALMM
® 0b6BEKT AO/KEH XKUTb Ao/blie 061acT BUANMOCTY
® canwkom BonbLIOR ans cTeka

® Knto4yeBble npasuna:

KaXXAoMy new — oauH delete

kaxxgomy new [] — ognv deletel[]

He yAansTb ABaXKAbl, He ncnonb3oBath nocne delete

yTeUYKM MaMsATN — KOFAA yKa3aTesb NOTEPsiH, a MaMsATb He OCBOBOXKAeHa
ANs oTnagkn — cavuTaiisepbl (-fsanitize=address)



Ovnamuyeckas namsate (heap)

int main() {

// co3pjaeM JIOKalbHHE IIEpEeMEeHHHE a M b Ha CTekKe, MMEHHO B TAKOM IIOpAIOKe

int a = 1;
int b = 2;
// ykKazaTemp -- Ha CTeke. int -- Ha Kyde

int* p = new int(a);
// WCHOIb30BaHUE *P

std::cout << p << std::endl; // Ox7ffeedcba098
std::cout << *p << std::endl; // 1

delete p; // ocBoboxmeHue IaMATH
}
// 3heck b um a 6yOyT aBTOMATHYECKM LEaJIOLUPOBAHH IPH BHXOZE X3 main
// wMeHHO B TakoM mopszke u3-3a LIF0



CrpykTypbi

® [lo3BONISAOT OOBLEANHSITL IOTMHECKUN CBSI3AaHHbIE JAHHbIE MO OLHVUM VIMEHEM
® Mo)KHO cO3[jaBaTb HOBbIE TUMbI AAHHbIX
® Kaxablli 0b6BbeKT CTPYKTYypbl COAEPXUT nons (nepemeHHble)



Mpumep cTpykTypbl Person

#include <iostream>
#include <vector>
#include <string>

struct Person {
std: :string name;
int height;
int age;
bool expelled;
Irg

® Kaxxfoe nosie nMeeT cobCTBEHHbIN Tun
® MOXHO VHULMANN3MPOBaTh MO-PasHOMY



Wcnonb3oBaHue cTpykTypbl Person

int main() {
Person personl{"Amerceu", 180, 22, false};
Person person2{"Mapus", 165, 20, truel};
Person person3{"lsau", 175, 23, false};
Person person4{"Ekarepuma", 170, 21, false};
Person personb{"llerp", 185, 24, truel};

std: :vector<Person> people = {personl, person2, person3, person4, person5};

for (const Person& person : people) {

std::cout << "Wma: " << person.name << "\n"
<< "PocT: " << person.height << "\n"
<< "BospacT: " << person.age << "\n"
<< "Orumcnen: " << (person.expelled 7 "Ia" : "Her") << "\n"
<L M \n";



Crpykrtypa Point

® YacTHbliA ciyyaii — xpaHeHue koopgnHaTt Toukm B 3D
® CTpyKTypa ynpoLiaeT nepefaqvy LaHHbIX B (OYHKLMM

struct Point {

double x = 0.0;
double y = 0.0;
double z = 0.0;
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PaboTta c Toukamun: paccrosiHme mexay ABYMsi TOHKAMMU

® KaK HaliTu paccTosHNE MeXAy ABYMsl TOYKaMu B NpocTpaHcTee?



PaboTta c Toukamu: paccrosiHne mexay ABYyMsi TOHKaMU

® KaK HaliTu paccTosHNE MeXAy ABYMsl TOYKaMu B NpocTpaHcTee?

#include <cmath>

double getDistance(const Point& first, const Point& second) {
double sq = std::pow(first.x - second.x, 2)
+ std::pow(first.y - second.y, 2)
+ std::pow(first.z - second.z, 2);
return std::sqrt(sq);



PaboTta c Toukamu: HaiiTu GAMXKaNLIYIO TOYKY

® Kak HaliTu Bavxaiilwyto To4ky U3 Habopa K 3afaHHOI?
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PaboTta c Toukamu: HaiiTu GAMXKaNLIYIO TOYKY

® Kak HaliTi bamxaiiwyo To4ky n3 Habopa K 3afaHHON?

#include <vector>

Point findClosestPoint(const Point& target, const std::vector<Point>& points) {
Point closest = points[0];
double minDist = getDistance(closest, target);
for (const Point& p : points) {
double d = getDistance(p, target);
if (d < minDist) {
minDist = d;
closest = p;

}

return closest;
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Mpumep ncnonblosauusa Point

int main() {
Point p1(1.0, 2.0, 3.0);
Point p2(4.0, 5.0, 6.0);
Point p3(7.0, 8.0, 9.0);
Point p4(2.0, 2.0, 2.0);
std: :vector<Point> points = {pl, p2, p3};

std::cout << "PaccrosHume: " << getDistance(pl, p2) << '\n';
Point closest = findClosestPoint(p4, points);
std::cout << "Bmmxafimas: (" << closest.x << ", "

<< closest.y << ", " << closest.z << ")\n";
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MeTtogbl cTpykTyp

® Yo Takoe meTog CTpyKTypbl (member function):
® byHKLMs, obbsBNEHHAs BHYTPN struct/class u umetowasi fOCTyn K nonsim this
® yobHbIN cnocob cBsi3aTb NOBeAEHNE C AAHHBIMU

® AnbTepHaTuBa — cBObOAHbIE (DYHKLMM, NPUHMMAIOLLME OOBEKT B apryMeHTax
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MeToabl cTpykTyp

#include <iostream>
#include <string>

struct Person {
std::string name;
int age;

}s

// cBobomHas (QyHRUUS, NPUHEMAET OOBEKT
void printPerson(const Person& p) {
std::cout << p.name << " (" << p.age << ")\n";

int main() {
Person a{"Amekceit", 22};
printPerson(a) ;
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MeToabl cTpykTyp

#include <iostream>
#include <string>

struct Person {
std::string name;
int age;

// MeTon CTPYKTYpSH
void print() const {
std::cout << name << " (" << age << ")\n";

int main() {
Person a{"Amekceit", 22};
a.print();
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CBs13HblE CNUCKN

® (CBsi3HbIN CMINCOK — HAbOp Y3N10B, KaXKAblli COAEPXKUT f[aHHbIE N CCbIJKN Ha cocefeli
® C noMmoLLbtO CMICKOB MOXHO peann3oBaTh CTEK 1 OYepesb
® Bugbi:

® OAHOCBA3HBINA (next)

® ngycBssHbIl (next + prev)
® yuknnyecknii (nocnegHuii — nepebiii)

Figure 2: OgHocBsi3HbIA crincok

ke

® Kakyto NHGOPMaLMIO AOMKEH XPaHUTb KaXAblA y3€/ OQHOCBA3HOrO crnucka?

15



CBsA3Hble CNNCKN

OpHocBA3HLINM cnUcok — 6a30BbIN y3en

struct Node {
int value = 0;
Node* next = nullptr;
Node(int v) : value(v) {}

5
® next — ccbifka Ha cregytowuii ysen (uan nullptr)

® KaKyto NHGOPMaLMIO AOMKEH XPaHNTb KaXAbIA y3en [BYCBS3HOMO Cnmcka?
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CBs13HblE CNUCKN

[BycBsi3HbIi cnucok — 6a30BbIl y3en

struct Node {
int value = 0;
Node* next = nullptr;
Node* prev = nullptr;
Node(int v) : value(v) {}
s

Figure 3: [1BycBSA3HbIA Cnncok
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CBs13HblE CNUCKN

Bcraska (insertAfter)

® [lobaeneHve anemenTa thatElement nocne thisElement
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CBs13HblE CNUCKN

Bcraska (insertAfter)

® [lobaeneHve anemenTa thatElement nocne thisElement

void insertAfter (Node* thisElement, Node* thatElement) {
if (!thisElement) return;

thatElement->next = thisElement->next;
thisElement->next = thatElement;

® [Ins BcTaBkM B rosioBy: MeHsTb head (cm. removeHead/insertHead)
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Figure 4: Bcraeka nocne 18




CBsA3Hble CNNCKN

Mouck (search)

° le,éM OT roJioBbl, CPAaBHNBAEM 3HAYEHUA!

Node* search(Node* head, int value) {
Node* node = head;
while (node != nullptr && node->value != value) {
node = node->next;
}

return node; // nullptr ecnu He HalimeH

® Cnoxtoctb: O(n)
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CBs13HblE CNUCKN

Ypanenue ronosbl (removeHead)

void removeHead (Node*& head) {
if (head != nullptr) {
Node* tmp = head;
head = head->next;
delete tmp;

® [pn ypaneHnn obsisatesbHo delete — nHaye yTeyka namsTu

Figure 5: YnaneHve ronossl
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CBs13HblE CNUCKN

Ypanevue nocne anementa (removeAfter)

void removeAfter (Nodex thisElement) {
if (thisElement == nullptr || thisElement->next == nullptr) return;

Node* tmp = thisElement->next;
thisElement->next = tmp->next;
delete tmp;

® He 3abbiBaTb Npo nullptr-nposepku

\

Figure 6: Yaanenve nocne
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CBsA3Hble CNNCKN

[BycBsA3HbIN cNnucok — y3en

struct DNode {

int value;

DNode* prev;

DNode* next;

DNode(int v) : value(v), prev(nullptr), next(nullptr) {}
g

® VpobHee yaansitb 1 BCTaBASTH MPON3BOJNLHO (€CTb prev)

® HyxxHa akkypaTHasi paboTta ¢ KpasiMu cnvcka
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CBs13HblE CNUCKN

Linknunyeckuii cnucok

® B yunknmyeckom cnucke last->next == head
® [lonesHo ansi Kpyroebix Bychepos u nrp (Kpyroeoii npoxos,)
® Hy)KHO BHUMAaTeNIbHO O0bpabaTbiBaTh YCNIOBUS OCTAHOBKU Mpu obxoge

Figure 7: Uuknuyecknii cnucok
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CBs13HblE CNUCKN

Mouck unkna: anroputm Pnoiiga (tortoise & hare)

O6Hapy>keHue unkna

® Ecnu BCTPeTMAMCh — €CTb LMKI; ecin hare AOWEN A0 KOHLA — LKA HeT
® Cnoxtoctb: O(n), namats: O(1)
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CBs13HblE CNUCKN

Mouck Hauana yukna: anroputm Pnoipaa (tortoise & hare)

[Mounck Havana LnKna

® pabotaet 32 O(n), KaK TONBKO Mbl Pa3METUNN TOUKY Ha LyKie
® Toyka BCTpeyn pointMeeting Haiigena anroputmom Pnoiiga
® 3anycTuTb OAMH yKasaTenb U3 head, gpyroii — n3 pointMeeting, gBuratb oba Ha 1 — Touka ux BCTpeyn =

Ha4ano uwmkna
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CBsA3Hble CNNCKN

Pa3BopoT cnucka — vTepaTuBHbLI MeToA,

Node* reverselterative(Node* head) {
Node* prev = nullptr;
Node* curr = head;
while (curr != nullptr) {

Node* next = curr->next;
curr->next = prev;
prev = curr;
curr = next;
}

return prev; // HOBas royoBa

® Bes pekypcun, namste O(1)
® Cnoxnoctb: O(n)
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CBs13HblE CNUCKN

I'IpaKTvmeCKme coBeTbl N OWNBKN

® Bcerga nposepsite nullptr nepes fOCTynoM K ->next
® He 3abbiBaTh BbI3bIBaTH delete A yAan€HHbIX y3/10B — 4TODbI M3bexaTb yTeyek
® BbiTb OCTOPOXHbLIM C ABOMHbIM yaaneHuem (double free)
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CBs13HblE CNUCKN

® Ces3Hble CNUCKN — rubKasi CTPYKTYpa AN ANHAMUHECKOrO XpaHeHUs U MaHUnyAsLui
® OfHOCBA3HbIV MPOLLE, ABYCBS3HbIN yaobHee Ans onepauyuil yaaneHusi/BCTaBkn B CepefnHe
® Anroputmbl: BCTaeka/yganerne/nonck — O(n); passopor — O(n); nonck unkna — O(n)
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