Thuat toan cay do den (Red-
black tree)

Cay do den (Red-black tree) la mot cau trdc dir liéu dang cay nhi phan tuong tu nhu cay nhi phan
tim ki€ém (BST). Tuy nhién, cay dé den dugc thiét ké dé€ gidm thi€u chi phi ciia cdc phép cap nhat,
bao gébm ca chén va x6a. Cac nat trong cdy doé den dugc danh dau bang mau dé hoac mau den, va
phai tuan tha mot sé quy tac nhat dinh dé dam bao rang cay luén cén bang va c6é d6 cao O(log n).

Quy tac
Céc quy tac sau day phai dugc tudn thi d€ ddm bao rang cdy doé den ludn can bang:

Mb6i nut la mau do hoac den.

NGt goc lubn luén phai la mau den.

Néu mét ndt Ia mau da, thi hai nit con cla né phai la mau den.

Tat ca cac duong di tir nit goc dén 1a phai cé sé lugng nat den bang nhau.
Néu mot ndt la 13, thi né phai la mau den.

e whH

Cac thao tac trén cay do den

Céac thao tac trén cay dé den bao gom:

e Chen (insert)
e X0Oa (delete)
e Tim kiém (search)

Céc thao tac nay dugc trién khai bang cac ham phu hop. Duéi day la doan mé& Python mau cho céac
thao tac trén cay doé den:

class Node:
def init (self, val, color='RED'):
self.val = val
self. color = color
self. left = None
self.right = None

self. parent = None

class RedBlackTree



def init (self):

self.root = None

def insert(self, val):
new node = Node(val, 'RED')

self. insert(new node)

def insert(self, node):
if self.root is None
self.root = node

node. color = 'BLACK

return

current = self.root

parent = None

while current is not None:
parent = current
if node.val < current. val:
current = current. left
else:

current = current.right

node. parent = parent

if parent is None
self.root = node
node. color = 'BLACK

return

if parent. color == 'BLACK

return

grandparent = parent. parent
if parent == grandparent. left
uncle = grandparent.right
if uncle is not None and uncle. color == 'RED'
parent. color = 'BLACK
uncle. color = 'BLACK'

grandparent. color = 'RED'



self. insert(grandparent)
else:
if node == parent.right
self. rotate left(parent)
node, parent = parent, node
self. rotate right(grandparent)
parent. color = 'BLACK
grandparent. color = 'RED'

else:
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