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# Python programto insert elenment in binary tree
cl assBinewNode():
defl__init_ (self, data):
sel f. key =[Fldat a
sel f.left =[EINonell
sel f.right =EINonell
# A function to do inorder tree traversal
def Blpri nt I norder (root):

i fBroot:
# First recur on left child
printlnorder(root.|eft)
# then print the data of node
print(root.val),
# now recur on right child
printlnorder(root.right)

# A function to do postorder tree traversal
def Blpri nt Post order (root):

i fBroot:
# First recur on left child
print Post order(root.left)
# the recur on right child
pri nt Post order (root.right)
# now print the data of node
print(root.val),

# A function to do preorder tree traversal
def Blpri nt Preorder(root):

i f&root:
# First print the data of node
print(root.val),

# Then recur on left child



i
printPreorder(root.left) &
IR
# Finally recur on right child B
printPreorder(root.right) &

BIR

IR
"""function to insert elenent in binary tree """[
def Bli nsert (tenp, key): [

=[]
.append(temp) B

# Do | evel order traversal until we find [
# an empty place. [
whilell(len(qg)): @
temp =Elg[ 0] [
g. pop(0)
IR

ifR(notlRltemp.left): [
tenp. |l eft =BnewNode(key) [
br eakl?

el se: [

g. append(temp. left) [
HIE]

i fB(notBtemp.right): B
temp. ri ght =BlnewNode(key) [
br eakl

el se: [

g. append(tenp.right) [

# function to delete the given deepest node (d _node) in binary tree [
def Bldel et eDeepest (root, d_node): [
q =B[]
g. append(root) [
while(len(q)): B
tenp =Blg. pop(0) &
i fBltenp iskd node: [
tenp =EINonel
return@
i Bt enp. right:

i fBltenp.right isBld node: [
tenp.right =ENonell
ret urnil

el se: [

g. append(tenp.right) &
i fBtenp.left:

i fRtenp.left isBld node: [
tenp. |l eft =EINonel
return

el se: [

g. append(tenp. left) Bl
IRl
# function to delete elenment in binary tree [
def Bldel eti on(root, key): [
i fBroot ==FINonel: [
r et ur nBNonel
i fBroot.|eft ==FINonellandBr oot . ri ght ==FINone: [
i fBroot.key ==Fkey : [
r et ur nBNonel
el sell: [
returnlroot [
key_node =BEINonell
q =0B[]



g. append(root) [
while(len(q)): B
temp =Rq. pop(0) &
i fBlt enp. data ==kkey: [l
key_node =Rt enp B
ifRtenp.left: B

g. append(tenp.left) B

ifPtenp.right: B

g. append(tenp.right) B

i fBkey_node : [
x =Bt enp. dat a

del et eDeepest (root, tenp) &

key node. data =Blx [
returnBroot [l

IRl
# Driver code
ifBl_name_ ==F' main__': [
root =FlnewNode(10) [
root. | eft =RnewNode(11)
root.left.
root.right =EnewNode(9)

eft =ElnewNode(7)

Bl
Bl

root.right.left =RnewNode(15)
root.right.right =RnewNode(8)

BE [

printB"Preorder traversa

print Preorder(root) B
B

printB"\ nl norder traversal

printlnorder(root) B
B

printB"\ nPost order traversa

print Postorder(root) B

B

key =RI12[

i nsert(root, key) @
B

printP"Preorder traversa

print Preorder(root) [
B

printB"\ nlnorder traversa

printlnorder(root) [
IR

printBl"\ nPost order traversa

print Post order(root) B
B
key =BI11[I

Bl

Bl
Bl

of binary tree is"[

of binary tree is"[Bl

of binary tree is"[

root =Fldel eti on(root, key)

printBl"Preorder traversa

printPreorder(root) [
B

printB"\ nl norder traversa

printlnorder(root) [
B

printB"\ nPost order traversa

print Post order (root)
Bl
Bl
# Recursive Python program for

]

of binary tree is"[

of binary tree is"[

| evel

order
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traver sal
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of Binary Tree



# A node structure
cl ass Node:

# A utility function to create a new node
def _init__ (self, key):

sel f.data =key

self.left =None

sel f.right =None

# Function to print level order traversal of tree
def printlLevel Order(root):
h =hei ght(root)
fori inrange(l, h+l):
printG venLevel (root, i)

# Print nodes at a given |evel
def printG venLevel (root , level):
i f root is None:
return
iflevel ==
print "9d" %root.data),
eliflevel > 1:
printG venLevel (root.left , level-1)
printG venLevel (root.right , |evel-1)

Conpute the height of a tree--the nunber of nodes
al ong the | ongest path fromthe root node down to
the farthest |eaf node

def hei ght (node):

i f node i s None:

returnoO
el se:
# Conpute the height of each subtree
| hei ght = hei ght (node. | eft)
rhei ght =hei ght (node. ri ght)

#Use the | arger one
i f I height > rheight
returnl hei ght +1
el se:
returnrhei ght +1

# Driver programto test above function
root = Node(1)

root.left = Node(2)

root.right =Node(3)

root.left.left =Node(4)
root.left.right =Node(5)

print "Level order traversal of binary tree is -
printLevel O der(root)

#This code is contributed by Ni khil Kumar Singh(nickzuck_007)

Output:




Time Complexity: O(n"2) in worst case. For a skewed tree, printGivenLevel() takes O(n) time where n is the number
of nodes in the skewed tree. So time complexity of printLevelOrder() is O(n) + O(n-1) + O(n-2) + .. + O(1) which is
0o(n"2).
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1] Change Color of p and u as Black g
2] Change Color of g as Red
3] Recur for o
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¥: Current Node, p: Parent:, u: Uncle, g: Grandparent
T1, T2, T3, T4 and TS are subtrees

QY , FER:CEIE R 60 2R R 212 R IR ) R 2 e o 2 o) 2 R A 2 e e P o e o e P 2 R P G P e 2 21 I o AR AR R P )
(EFPIRPIER] VA E/EPIIER]

Qo (eI 22 P P ) e e P P T e P PP P P (eI

(OO e 12 2] el e 3 3 e a3 e i 4 e

Q Q) CF [PRER ERERERRRD [FEe A AR R R

QQmm, 7 CIERRIRIERIFRD R R AR

R i e e Y e e e e e st e R e e R 2]

EIFRIRIRRRRRRR R FRETR 62 FIRE

CElE E PElE R ERE E B el R

Uncle Black and Left Left Case

;; Elght Rotlate gf |
wap colors of g and p
Q 0 0 0
T3 T4 TS5 T2 T3

¥: Current Hode, p: Parent:, u: Uncle, g: Grandparent

T1,T2, T3, T4 and T5 are subtrees
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g Left R
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(P (u) ———>(x (u) —>(P)
T1 o T4 T5 TS5 T
12 T3 T T2 T4 TS

¥x: Current Node, p: Parent:, u: Uncle, g: Gi

T1, T2, T3, T4 and TS are subtrees
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Uncle Black and Right Right Case
(Mirror of Left Left Case)

1) Left Rotate g
2} Swap colors of g and p 9 9
Y T o T3 T4 T5

¥: Current Node, p: Parent:, u: Uncle, g: Grandparent

T1, T2, T3, T4 and TS are subtrees
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Uncle Black and Right Left Case
(Mirror of Left Right Case)

Apply Right
Right Case o

T T2 %) 15 T1 o T3 T4 T5
T3 T4 T4 T5 T T2

¥: Current Hode, p: Parent:, u: Uncle, g: Grandparent

T1, T2, T3, T4 and TS are subtrees
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Case 3 Right Right
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Mote: NULL is considered as
Black
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(x is root)
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Delete 20
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When 20 is deleted, it is replaced by a NULL, so the NULL becomes double black.

Note that deletion is not done yet, this double black must become single black
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sibling s is right child of its
parent and the red child r of

e sibling is left child of it (RL Case)
Second Rotation
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Sibling is black with at
least one red child.
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r Sibling s is right child of its
parent and right child of s is
red (RR Case)

Case 3.2.a (iv)

Sibling is black with at
least one red child.
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Case 3.2b
Sibling s is Black
and both of its

children are also
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This node represents
sum of array values
from index 0 to 2

Segment Tree for input array {1, 3, 5, 7 9,11}
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Below is memory representation of segment tree for input array {1, 3, 5, 7, 9, 11}
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This node represents
minimum of values from
index 0 to 2

Segment Tree forinputarray {2.5.1.4.9.3}
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