class Node:
def __init__ (self, key):
self.val = val

def insert(self, key):
if key < self.val:

|Iiﬁi'
return self.val
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root.1insert(.
root.insert(10)
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root.insert(9)
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BRI-IWEEFEE:: TERMS<. ARKELW

class Node:
def __init_ (self, key):
self.key = key

self.left = None EDFADEE
self.right = None # GDFADSH
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13 (Search) : EOXK/ Nz L. KZ T3
Target: k =12

def search(k, p):
if p 1s None:
return None
elif k == p.key:

'15 12<15
IV 12> 10

return p ‘
elif k < p.key:
return search(k, p.left) B 12 4 ( .
== p.key (Matc
£l

else:
return search(k, p.right)
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A (Insert) : BlRzAWTHULWE(Leaf)Z1IELWMUBICES

def addNode(k, p):
1f p 1s None:
;return Node(k)

- return p
61lfl|; |~I< <ppk2y ______ (p.left ICfEA)
p. left = addNode(k, p.left)
else:
p.right = addNode(k, p.right)

return p pis None Node(k) ?..EJZ
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HIFR (Delete) DAXAND=_XL : F/—RDRUCIHUT=3DD T —R

FHEWNES FH1DODIFE Fh2DoDIFE
(Case 1) (Case 2) (Case 3)

EADREZRDI0H.
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HIFRDEIE (Case1&2) . /—RONAINNREFHE

if p.left is None and p.right is None:
p = None # &/ —RLES5FDFXHIR

elif p.left is None: p=p.leftick D,
p = p.right # GOFZAFRIES MOBRNERLF

elif p.right 1is None:

p = p.left # EOFZFKBIE3

J = BEARNS

& NotebooklLM



HIFR Case 30 %f® . ARl RDHEKXE] ZMmMid 3

def extractMaxNode(p):
1f p.right 1is None:
return p.left, p
else:
p.right, r = extractMaxNode(p.right)

return p, r

OmMbhE L&A/ —F

extractMaxNode
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HIFRD=Z (Case 3)

else:
# EEBDRDFDRK/ — R ZiEL
p.left, r = extractMaxNode(p.left)

r.left = p. left
. rIght ='p.'right
P

IR VI DBERICESD/—RDTITEZ

Step 1 Step 4
re 15 Pp=r
(extractMaxNode(p.left)) (p) r

b "

el

Step 2 12 | Step3
r.left = p.left ) ) rright = p.right
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BIE I al—>3> (2/3) : R/ — K (5)DHIFR

Before After
removeNode(5, root)
= B
B3
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BEMEVSaLb—23> (3/3) : AER/ — R (7)DHIR & Ri&H
Before After

5541 DEAR[EE, &Y IR(Root) /— FIE T4y &85
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FRS)IEK[E] (In-order Travers

def inorder_traversal(node):

1T node 1s not None:
inorder_traversal(node. left)
print(node.key) f
inorder_traversal(node.right) # &%

)
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5THE (Time Complexity) : KD G331 DNT A= XAZRDB

Worst Case (E7—RX)

BoT-kK (B : V= FrBEHT—RZIBICIEALTIES)

stH=: O(n)

(/ — FEUCEEHI)

Y
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Ideal Case (¥248/4 —X)
mE
L o
O 0O 0O C
EONE OET 0E A BN D G
T229AK (BFREEZBICL/2ICHD 5N HKE)

5tH=: O(log n)
(RDF I ICHKTE)
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