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. Bad tree
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. Good tree




h < |[1.45log,(n + 2)




> AVL tree — only 4 operations:

- Smallleft rotation

> Small right rotation
. Big left rotation

- Big right rotation







typedef struct Node
{

int32 t key;
uint32 t height;

Node* left;
Node* right;
}Node;




Node* rotate right(Node* p) /,

{

Node* q = p->left;

p->left = g->right;
g->right = p;

recount_height of tree(p);
recount_height of tree(q);

q;

Node* rotate left(Node* q) /.

{
Node* p = g->right;

g->right = p->left;
p->left = q;

recount_height of tree(q);
recount height of tree(p);

Ps




Node* rebalance tree(Node* p) .
{
recount _height of tree(p);
(balance of the tree(p) == 2)
{
(balance _of the tree(p->right) < 8)
p->right = rotate right(p->right);
rotate left(p);
}

(balance of the tree(p) == -2)
{

if(balance of the tree(p->left) > 9)
p->left = rotate_left(p->left);
rotate right(p);

p;



Node* insert node(Node* p, i1nt32 t k)
{
('p) {
p = malloc( “(Node) ) ;
create node(p, k);

}

1t (k < p->key)
p->left = insert_node(p->left, k);

p->right = insert node(p->right, k);
rebalance tree(p);




Red-black tree
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. Each node is either red or black.

> The root is black. This rule is sometimes omitted. Since the
root can always be changed from red to black, but not
necessarily vice versa, this rule has little effect on analysis.

> All leaves (NULL) are black.
> If a node iIs red, then both its children are black.

. Every path from a given node to any of its descendant NULL
nodes goes through the same number of black nodes.




> Insert
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void insert casel(struct Node *n)

{
(n->parent == NULL)
n->color = BLACK;

insert case2(n);




» Case 2

void insert case2(struct Node *n)

{

(n->parent->color == BLACK)

.
3

insert case3(n);




void insert case3(struct Node *n)

{

struct node *u = uncle(n), *g;

((u !'= NULL) && (u->color == RED)) {
n->parent->color = BLACK;

u->color = BLACK;

g = grandparent(n);

g->color = RED;

insert casel(g);

insert case4(n);




voild insert cased4(struct Node *n)

{

struct Node *g = grandparent(n);

((n == n->parent->right) & (n->parent ==

rotate left(n->parent);
= n->left;

((n == n->parent->left) && (n->parent
rotate right(n->parent);

= n->right;
}
}

insert_case5(n);

g->left)) {

== g->right)) {




void insert caseS5(struct Node *n)

{

struct Node *g = grandparent(n);

n->parent->color = BLACK;
g->color = RED;

((n == n->parent->left) && (n->parent == g->left))
rotate right(g);

rotate_left(g);




Heavy-light decomposition




W(V) /2 <= W(c)
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