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1. 3ananue Ha padory

1.1 Pa3pabotare A peleHus NOCTaBICHHON 3aJauu aJITOPUTM; pEaInu30BaTh
MOJTyYEHHBIN aITOPUTM C UCIIOJIb30BAHUEM OOBIUHBIX, KpacHO-4epHbIX U ABJI-
nepeBbeB . OLEHUTH CI0XKHOCTD MOJTyUYEHHBIX aJITOPUTMOB.
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2. 3ajaHue HA BAPUAHT

2.1 Cnouthb 1Ba AepeBa B OJIHO.
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3. UcxoaHblil KO MPOrpaMMbl

// dsaa_04.cpp

// T'opbayesuy AHdpeli
#include <jostream>
#include <chrono>

inline void time_passed(std::chrono::high_resolution_clock::time_point start, double& holder) {
auto stop = std::chrono::high_resolution_clock::now();
auto duration = std::chrono::duration_cast<std::chrono::microseconds>(stop - start);
holder = duration.count();

}

#define BLACK Ou
#define RED 1u

class RBTree {
public:
struct Node {
Node *parent = nullptr;
Node *left = nullptr;
Node *right = nullptr;

unsigned int color : 1 = BLACK;
int val = -1;

I%

private:
Node *root;

static Node* parent(Node *n) {
return n->parent;

}

static Node* sibling(Node *n) {
auto p = RBTree::parent(n);

if (p != nullptr) {

return n == p->left? p->right : p->left;
}
return nullptr;

}

static Node* parent_sibling(Node *n) {
return RBTree::sibling(RBTree::parent(n));
}

static void rotate_left(Node *n) {
auto nm = n->tight;
auto p = RBTree::parent(n);

n->right = nm->left;
nm->left = n;

n->parent = nm;

if (n->right != nullptr) {
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n->right->parent = n;

}

if (p != nullptr) {
if (n == p->left) {
p->left = nm;
}
else if (n == p->right) {
p->right = nm;
}
}

nm->parent = p;

}

static void rotate_right(Node *n) {
auto nm = n->left;
auto p = RBTree::parent(n);

n->left = nm->right;

nm->right = n;

n->parent = nm;

if (n->left != nullptr) {
n->left->parent = n;

}

if (p != nullptr) {
if (n == p->left) {
p->left = nm;
}
else if (n == p->right) {
p->right = nm;
}
}

nm->parent = p;

}

void _insert_rec(Node *sub_root, Node *n) {
if (sub_root != nullptr) {
if (n->val < sub_root->val) {
if (sub_root->left != nullptr) {
this->_insert_rec(sub_root->left, n);
return;
}
else {
sub_root->left = n;
}
}
else {
if (sub_root->right != nullptr) {
this->_insert_rec(sub_root->right, n);
return;
}
else {
sub_root->right = n;
}
}
}
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n->parent = sub_root;
n->left = n->right = nullptr;
n->color = RED;

}

void _fix_tree(Node *n) {

if (n->color != BLACK && RBTree::parent(n) == nullptr) {
// at the top, need to repaint
n->color = BLACK;

}

else if (RBTree::parent(n)->color == BLACK) {
// ok
return;

}

else if (RBTree::parent_sibling(n) != nullptr && RBTree::parent_sibling(n)->color == RED) {
// if parent and it's sibling red, then we can repaint them black and recursively repaint grandparent
RBTree::parent(n)->color = BLACK;
RBTree::parent_sibling(n)->color = BLACK;
RBTree::parent(RBTree::parent(n))->color = RED;

_fix_tree(RBTree::parent(RBTree::parent(n)));
}
else {
// it may happen what parent.color != parent_sibling.color, then we can rotate twice to fix that and retain
// structure
auto p = RBTree::parent(n);
auto gp = RBTree::parent(p);

if (n == p->right && p == gp->left) {
RBTree::rotate_left(p);
n = n->left;

} else if (n == p->left && p == gp->right) {
RBTree::rotate_right(p);
n = n->right;

}

// rotating second time, thus getting everything in order
p = RBTree::parent(n);
gp = RBTree::parent(p);

if (n == p->left) {
RBTree::rotate_right(gp);

}

else {
RBTree::rotate_left(gp);

}
p->color = BLACK;

gp->color = RED;
}
}

void _print_tree(Node *n) {
if (n == nullptr) {
return;

}

printf("  %d\n", n->val);
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if (n->left != nullptr) {
printf("  %d -> %d\n", n->val, n->left->val);
this->_print_tree(n->left);

}

if (n->right != nullptr) {
printf("  %d -> %d\n", n->val, n->right->val);
this->_print_tree(n->right);
}
}

public:
bool contains(int value) {
auto cn = this->root;

while (cn != nullptr) {
if (cn->val == value) {
return true;
}
else if (cn->val > value) {
cn = cn->left;
}
else if (cn->val < value) {
cn = cn->right;
}
}

return false;

}

void insert(Node *n) {
if (this->contains(n->val)) {
delete n;
return;

}
this->_insert_rec(this->root, n);
this->_fix_tree(n);

this->root = n;
while (RBTree::parent(this->root) != nullptr) {
root = RBTree::parent(root);
}
}

void insert(int val) {
auto nn = new Node {
nullptr, nullptr, nullptr, BLACK, val

IR

this->insert(nn);

}

void merge(Node *n) { // [-n-r (in-order) traversal
if (n == nullptr) {
return;
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}

if (n->left != nullptr) {
this->merge(n->left);

}
this->insert(n->val);

if (n->right != nullptr) {
this->merge(n->right);
}
}

void merge(RBTree &tree) {
this->merge(tree.root);

}

void print_tree(const std::string& prefix) {
printf("digraph %s {\n", prefix.c_str());
this->_print_tree(this->root);
printf(" }\n");
}
%

class AVLTree {
public:
struct Node {
Node *left = nullptr;
Node *right = nullptr;

int val = -1;
int height = 1;
b

enum balance_type {
LEFT_SKEWD = -1,
BALANCED =0,
RIGHT _SKEWD =1

|5

private:
Node *root;

static int height(Node *n) {
if (n == nullptr) {
return 0;

}

return n->height;

}

static balance_type balance(Node *n) {
if (n == nullptr) {
return balance_type::BALANCED;
}

int diff = AVLTree::height(n->left) - AVLTree::height(n->right);
return diff == 2? balance_type::LEFT_SKEWD : (diff == -2? balance_type::RIGHT_SKEWD :
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balance_type::BALANCED);
b

static Node* small_left_rotation(Node *n) {
Node *rst = n->right;
Node *Irst = rst->left;

// Perform rotation
rst->left = n;
n->right = Irst;

// Update heights
n->height = std::max(AVLTree::height(n->left), AVLTree::height(n->right)) + 1;
rst->height = std::max(AVLTree::height(rst->left), AVLTree::height(rst->right)) + 1;

// Return new root
return rst;

}

static Node* small_right_rotation(Node *n) {
Node *Ist = n->left;
Node *rlst = Ist->right;

// Perform rotation
Ist->right = n;
n->left = rlst;

// Update heights
n->height = std::max(AVLTree::height(n->left), AVLTree::height(n->right)) + 1;
Ist->height = std::max(AVLTree::height(Ist->left), AVLTree::height(lst->right)) + 1;

// Return new root
return Ist;

}

Node* _internal_insert(Node *sub_root, Node *n) {
if (sub_root == nullptr) {
return n,

}

if (sub_root->val > n->val) {
sub_root->left = this->_internal_insert(sub_root->left, n);
}
else {
sub_root->right = this->_internal_insert(sub_root->right, n);

}

sub_root->height = std::max(AVLTree::height(sub_root->left), AVLTree::height(sub_root->right)) + 1;
balance_type nb = AVLTree::balance(sub_root);

if (nb == balance_type::LEFT_SKEWD) {
if (n->val < sub_root->left->val) { //I-I
return AV LTree::small_right_rotation(sub_root);
}
else if (n->val > sub_root->left->val) { //[-r
sub_root->left = AVLTree::small_left_rotation(sub_root->left);
return AVLTree::small_right_rotation(sub_root);
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}
}
else if (nb == balance_type::RIGHT_SKEWD) {
if (n->val > sub_root->right->val) { //r-r
return AV LTree::small_left_rotation(sub_root);
}
else if (n->val < sub_root->right->val) { //r-I
sub_root->right = AVLTree::small_right_rotation(sub_root->tight);
return AVLTree::small_left_rotation(sub_root);
}
}

return sub_root;

}

void _print_tree(Node *n) {
if (n == nullptr) {
return;

}
printf("  %d\n", n->val);

if (n->left != nullptr) {
printf("  %d -> %d\n", n->val, n->left->val);
this->_print_tree(n->left);

}

if (n->right != nullptr) {
printf("  %d -> %d\n", n->val, n->right->val);
this->_print_tree(n->right);
}
}

public:
bool contains(int value) {
auto cn = this->root;

while (cn != nullptr) {
if (cn->val == value) {
return true;
}
else if (cn->val > value) {
cn = cn->left;
}
else if (cn->val < value) {
cn = cn->right;
}
}

return false;

}

void insert(Node *node) {
if (this->contains(node->val)) {
delete node;
return;

}
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this->root = AVLTree::_internal_insert(this->root, node);

}

void insert(int val) {
auto nn = new Node {
nullptr, nullptr, val, 1
}

this->insert(nn);

}

void merge(Node *n) { // [-n-r (in-order) traversal
if (n == nullptr) {
return;

}

if (n->left != nullptr) {
this->merge(n->left);

}
this->insert(n->val);

if (n->right != nullptr) {
this->merge(n->right);
}
}

void merge(AVLTree &tree) {
this->merge(tree.root);

}

void print_tree(const std::string& prefix) {
printf(""digraph %s {\n", prefix.c_str());
this->_print_tree(this->root);
printf("}\n");
}
|5

#define DATASET 5

int main() {
#if DATASET ==
auto ftv = {5, 32, 8, 4, 21};
auto stv = {14, 48, 88, 13, 33, 37};
#elif DATASET ==
auto ftv = {9123, 4409, 8243, 3504, 5432, 8943};
auto stv = {4686, 232, 8780, 7792, 248, 632, 4122};
#elif DATASET ==
auto ftv = {9,8,7,6};
auto stv = {1,2,3,4,5,6,7};
telse
auto ftv = {1,2,3,4,5,6,7};
auto stv = {8,9,10,11,12,13,14,15};
#endif
RBTree rbt1{};
RBTree rbt2{};
RBTree rbt3{};
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AVLTree avlt1{};
AVLTree avlt2{};
AVLTree avlt3{};

{

}

printf("==========1. INSERTION ===

double etl, et2 = etl = 0;
{
auto start = std::chrono::high_resolution_clock::now();
for (int d : ftv) {
rbt1.insert(d);
}
time_passed(start, etl);
}
{

auto start = std::chrono::high_resolution_clock::now();
for (intd : stv) {
rbt2.insert(d);
}
time_passed(start, et2);

}
printf("%.0f %.0f\n", etl, et2);

printf("==========2. MERGING ==
double et = 0;
{
auto start = std::chrono::high_resolution_clock::now();
rbt3.merge(rbt1);
rbt3.merge(rbt2);
time_passed(start, et);
}
printf("%.0f\n", et);

\n");

printf(" —=== END======

printf("\n\n");

{

\n");

printf('==========AVL TREE SECTION= —===

printf("==========1. INSERTION ===
double etl, et2 = etl = 0;
{
auto start = std::chrono::high_resolution_clock::now();
for (int d : ftv) {
avltl.insert(d);
}
time_passed(start, et1);
}
{

auto start = std::chrono::high_resolution_clock::now();
for (int d : stv) {
avlt2.insert(d);
}
time_passed(start, et2);
}
printf("%.0f %.0f\n", etl, et2);

\n");
\n");

printf('==========2. MERGING ==

double et = 0;
{

auto start = std::chrono::high_resolution_clock::now();

\nn);
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avlt3.merge(avltl);
avlt3.merge(avlt2);
time_passed(start, et);
}
printf("%.0f\n", et);

printf(" ==== END====== \n");
}
printf("==========PRINTING TREES= \n");
// all output done in dot-graph-notation
rbt3.print_tree("rb3");
avlt3.print_tree("avl3");
printf("==========END PRINTING TREES == \n");
return 0;
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4. TeopeTnueckne OLlEHKH BPEMEHHOM CJI0:KHOCTH AJTOPUTMOB

4.1 Beragka: O(log n) (06a nepesa);

4.2 O6wequuenue: O(n log n) (06a aepera)
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5. JkcneprMMeHTAJIbHbIE OLIEHKH BPEMEHHOH M MPOCTPAHCTBEHHOM
CJIO’KHOCTH MPOrpaMMbl

Pazmep Bcraska, OO0ObeauHeHuE, BcraBxka, OObenuHeHuE,
BXOJIHOT'O RBTree, RBTree, AVLTree, AVLTree,
Habopa JaHHBIX | MUKPOCEKYH/IBI | MUKPOCEKYH/IbI | MUKPOCEKYH/IbI | MUKPOCEKYHIbI
5u6b 0 0 0 0
6u’ 0 0 0 0
4nu7 0 0 0 0
40 u 42 0 0 0 0
80 u 80 0 0 0 0
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Ipuiaoxenue A
Pe3yabTarhl padoThl MPOrpaMMbl

\Users\Admin\CLionProjects\instp_02d\cmake-build-debug\instp_02d.exe
RED-BLACK TREE SECTIO

1. INSERTION=
. MERGING==

ND:

PRINTING TREE
:21 {bg:slategray}]l->[rb

{bg
{bg:crimson}]->[rb:4 {bg:slategray}]

:slategray}]->[rb:4
:slategray}]
:slategray}]->[rb:4:
:crimson}]
crimson}]->[rb:13 {
{bg:slategray}]->[rb:8

:_null_1 {bg:gray}]

_null_r {bg:gray}]

bg:slategray}]
{bg:crimson}]

{bg:crimson}]->[rb:8:_null_1 {bg:gray}]

{bg:crimson}]

:8 {bg:crimson}]->[rb:8:_null_r {bg:gray}]

{bg:slategray}]
{bg:slategray}]->[rb
{bg:crimson}]->[rb:1
{bg:crimson}]
{bg:crimson}]->[rb:14
:slategray}]
:slategray}]->[rb:3
:crimson}]->[rb:

:slategray}]->[rb:3Z

:slategray}]

:slategray}]->[rb:3

:crimson}]
[rb: :crimson}]->[rb:4
[rb:4 :slategray}]->[rb:3
[rb:3 :crimson}]->[rb:
[rb:37 :crimson}]
[rb:3 :crimson}]->[rb:
[rb:48 :slategray}]

[rb:4 :slategray}]->[rb:
:_null_1 {bg:gray}]

[rb:88 :crimson}]->[rb:
[rb: :crimson}]

[rb:8 g:crimson}]->[rb:88
[avl:14 {bg:orange}]

[avl:14 {bg:orange}]->[avl:
[avl:8 {bg:orange}]

4 {bg:crimson}]
_null_1 {bg:gray}]

:_null_r {bg:gray}]

{bg:crimson}]
{bg:slategray}]
:_null_1 {bg:gray}]

:_null_r {bg:gray}]

{bg:slategray}]
7 {bg:crimson}]

:_null_1 {bg:gray}]

:_null_r {bg:gray}]

{bg:crimson}]

:_null_r {bg:gray}]

{bg:orange}]

[avl:8 {bg:orange}]->[avl:5 {bg:orange}]

[avl:5 {bg:orange}]

[avl:5 {bg:orange}]->[avl:4 {bg:orange}]

[avl:4 {bg:orange}]

[avl:4 {bg:orange}]->[avl:4
[avl:4 {bg:orange}]->[avl
[avl:5 {bg:orange}]->[avl
[avl:8 {bg:orange}]->[avl:1
[avl:13 {bg:orange}]
[avl:13 {bg:orange}]->[avl:
[avl {bg:orange}]->[avl:
[avl:14 {bg:orange}]->[avl:
[avl:37 {bg:orange}]

[avl:37 {bg:orange}]->[avl:32

[avl:32 {bg:orange}]

null_1 {bg:gray}]
null_r {bg:gray}]
null_r {bg:gray}]
{bg:orange}]

null_1 {bg:gray}]
:_null_r {bg:gray}]
{bg:orange}]

{bg:orange}]

[avl {bg:orange}]->[avl:21 {bg:orange}]

[avl {bg:orange}]

:21 {bg:orange}]->[avl:
{bg:orange}]->[av
{bg:orange}]->[avl:

3 {bg:orange}]
{bg:orange}]->[avl:
{bg:orange}]->[avl:

37 {bg:orange}]->[avl:4

3 {bg:orange}]

3 {bg:orange}]->[avl:4

3 {bg:orange}]->[avl:8

38 {bg:orange}]

8 {bg:orange}]->[avl:

8 {bg:orange}]->[avl:
==END PRINTING TREE

:_null_1 {bg:gray}]
_null_r {bg:gray}]
{bg:orange}]

3:_null_1 {bg:gray}]
3:_null_r {bg:gray}]

{bg:orange}]

:_null_1 {bg:gray}]
{bg:orange}]

3:_null_1l {bg:gray}]

Process finished with exit code 0

Pucynoxk 1: pe3ynbrar paboThl IpOrpaMMbl
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rb:d4:_null_ L rb:

Pucynok 2: RBTree u3 BXOOHBIX JaHHBIX

:M:_null_r I rb:37:_null | ) rb:37:_null r l rb:88:_null [ ) rb:88:_null r
CREATE

D WITH Y UML

b

v
avk48_null |

avl:5_null_r ] ravtls:_null_l avli3_null_r J

A
rmtil:_null_r avk33_null_L }j avl:33,_null_r avl:88;_null_| avl88_null_r

CREATED WITH YUML

avl2l_null_|

Pucynok 3: AVLTree u3 BXOAHBIX TaHHBIX
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