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AR T RESEXTRES:

def _fix_insertion(self, node):
while node != self.root and node.parent.color == 'RED':
if node.parent == node.parent.parent.left: # XTREEF
uncle = node.parent.parent.right
if uncle.color == 'RED': # Case 3.1
node.parent.color = 'BLACK"
uncle.color = 'BLACK"’
node.parent.parent.color = 'RED’
node = node.parent.parent
else: # Case 3.2
if node == node.parent.right: # LR &
node = node.parent
self._rotate_left(node)
node.parent.color = 'BLACK"
node.parent.parent.color = 'RED’
self._rotate_right(node.parent.parent)

self.root.color = 'BLACK' # HRIETSANE

KA _rotate_left Ml _rotate_right SEIARAE_XIMAINERZIR(E, RNERRFI8f, LR Bizaii@El

EhEfeiN LL BBAE, XM REREEEEEIZ ORI,
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1. Case 1: S LB, BRTARL. S REEREXTR, BAREIHS,;

2. Case2: SHEAHFTALEN, SEIHBNELBERXTS;

3. Case 3: S NERBEEFNLA. TEFAEN, e S HIME B A Case 4;

4. Case 4: S REHEFHAMN, RRRTRS S, REFREEREXTRERES,

def _fix_deletion(self, node):
while node != self.root and node.color == "BLACK':
if node == node.parent.left:
sib = node.parent.right
if sib.color == 'RED': # Case 1
sib.color = 'BLACK'
node.parent.color = 'RED’

self._rotate_left(node.parent)
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sib = node.parent.right
if sib.left.color == 'BLACK' and sib.right.color == 'BLACK': # Case 2
sib.color = 'RED’
node = node.parent
else:
if sib.right.color == 'BLACK': # Case 3
sib.left.color = 'BLACK'
sib.color = 'RED’
self._rotate_right(sib)
sib = node.parent.right
sib.color = node.parent.color # Case 4
node.parent.color = 'BLACK"
sib.right.color = "BLACK'
self._rotate_left(node.parent)
node = self.root

node.color = 'BLACK'

BirEERI R BTN RANABHF T RRERERIEFT, Case 3 | Case 4 RYHMRAEI T RS NAIIE
ZiE,

5 FHEFEMAEM

TREMFESMEIFICHMRIETT, €8 NIL HETRE—QREBARFMA:

class RedBlackTree:
class Node:
__slots__ = 'val', '"left', 'right', 'parent’', 'color’
def __init__(self, val, color='RED'):
self.val = val
self.left = None
self.right = None

self.parent = None
self.color = color # HFTREINNLE

def __init__(self):
self.NIL = self.Node(None, 'BLACK') # Z— NIL PHE
self.root = self.NIL

def insert(self, val):
new_node = self.Node(val)
new_node.left = self.NIL # #J¥KFTHEAN NIL
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new_node.right = self.NIL
# ... TnAE BST HENIB4E
self._fix_insertion(new_node) # fi&{EE

def _rotate_left(self, x):

y = x.right

x.right = y.left

if y.left = self.NIL:
y.left.parent = x

y.parent = x.parent

if x.parent == self.NIL:
self.root =y

elif x == x.parent.left:
x.parent.left = y

else:
x.parent.right = y

y.left = x

X.parent =y
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