rees
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Tree Terminology

A tree consists of a collection of elements or nodes, with
each node linked to its successors

The node at the top of a tree is called its root

The links from a node to its successors are called
branches

The successors of a node are called its children
The predecessor of a node is called its parent

Chapter 4: Trees 2



Tree Terminology (continued)

Each node Iin a tree has exactly one parent except for
the root node, which has no parent

Nodes that have the same parent are siblings
A node that has no children is called a leaf node

A generalization of the parent-child relationship is the
ancestor-descendent relationship

""""" S —— The root node, parent of cat and
FIGURE 8.2 _':.'L- k..,J.-- 1 Car and
c wolf, ancestor of canine
A Tres of Words

A leaf node, child of dog

Child of dog, parent of canine,
and sibling of car

and sibling of wolf

A leaf node, child of cat,
descendent of dog
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Tree Terminology (continued)

A subtree of a node Is a tree whose root is a child of that
node

e The level of a node Is a measure of its distance from the
root
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Binary Trees

* In a binary tree, each node has at most two subtrees

« Asetof nodes T is a binary tree if either of the following
IS true

o Tis empty
e |ts root node has two subtrees, TL and TR, such that
TL and TR are binary trees

FIGURE 8.3
A Tree of Words with
Mull Substrees Indicated
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Some Types of Binary Trees

 EXpression tree
 Each node contains an operator or an operand
e Huffman tree

My book it's page 389, We will cover that stuff later,
this is just an introduction.

e Binary search trees

« All elements in the left subtree precede those in the
right subtree

Chapter 4: Trees
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FIGURE 8.5
Huffrman Code Tree

Huffman Tree
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Fullness and Completeness

* Trees grow from the top down
e Each new value is inserted in a new leaf node

A binary tree is full if every node has two children except
for the leaves

FIGURE 8.6 (3) (3)

Full Binary Tres (Left) and
Complets Binary Tree

{Right] of Height 3 o o o 9
) @ O ®& @ @ @
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Tree Traversals

e Often we want to determine the nodes of a tree and their
relationship

e Can do this by walking through the tree in a
prescribed order and visiting the nodes as they are
encountered

* This process is called tree traversal

 Three kinds of tree traversal
e |norder
e Preorder
e Postorder
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Tree Traversals (continued)

 Preorder: Visit root node, traverse TL, traverse TR
e |norder: Traverse TL, visit root node, traverse TR
 Postorder: Traverse TL, Traverse TR, visit root node

Algorithm for
Preorder Traversal

1

4

F

if the tree is empry

else

Beturn

Vit the root
Prearder traverse the
lefr subires

Prearder traverse the
right subtres

Algorithm for
Inorder Traversal

1

3

4
5

if the tres is empty
Return
el se

Inorder traverse the
left subtres

Visit the root
Inorder traverse the

right subtree

Chapter 4: Trees

Algorithm for
Postorder Traversal

1

3

4

if the tree is empty

16T

Feturn

Pastorder traverse the
left subtres

Pastorder traverse the
right subtres
Vizit the root



Traversals of Binary Search Trees and
Expression Trees

 An inorder traversal of a binary search tree results in the

nodes being visited in sequence by increasing data
value

« An Inorder traversal of an expression tree Inserts
parenthesis where they belong (infix form)

A postorder traversal of an expression tree results In
postfix form

(]
x+¥)* ((a+b) /) ﬂ ﬂ'
OO OO
2y (b
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The BinaryTree<E> Class

FIGURE 8.11
Linked Represertation BinaryTres Hode
of Exprassion Tree f _,.-#"‘"_'_'_'_'_')
* i’
(Gevyd = @/ reat - = i =—
right = ——]
data = e
Hode Hada
..--""'_'-._._'_‘_‘-H‘"
left = E—:) laft = E_D
right = —| Fight = ——
data = '4' ) data = "'/ )

Hode ‘][ Hadke Hods J[ Hods
Taft = null laft = null left = null laft = null
right = null right = null right = null right = null
data = "x' data = "y’ data = 'a' data = 'b’
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Overview of a Binary Search Tree

e Binary search tree definition

 Asetof nodes T is a binary search tree if either of the
following Is true
* Tis empty
* |Its root has two subtrees such that each is a binary search

tree and the value in the root is greater than all values of the
left subtree but less than all values in the right subtree
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Overview of a Binary Search Tree
(continued)

FIGURE 8.13
Bimary Search Tree Containing All of the Words from “The House That Jack Built”
law
huuﬁt/\ -
/\ ;{ milked that
and c-::-. ke cnm‘tp]cd fc;lin in  kept kissed maiden man morn shav tn;rttrt-y'L\La /w&i
H/\Htt cat corn cmwn:l tarmer horn marrl sowing  the torn waked worried
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Searching a Binary Tree

FIGURE 8.14 lay

house rat

m{/\

jack milked that
SN /N 7N\
buile dog 5 killed malt priest  shorn tossed
ANV AN AN EVANVAN
and cnclc -.ru.r.nplv.'d torlorn in kept kissed maiden man mom shaven tartered this with
/\ N AVARA
a/\an- cat corn -.mwcu:l fammerhom married sowing  the torn wakedworried
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Insertion into a Binary Search Tree

Recursive Algorithm for Insertion in a Binary Search Tree
1. if the root is null

2. Replace empty tree with a new tree with the item at the root and
return true,
3. else if the item is equal to root.data
4. The item is already in the tree; return false.
5. else if the item is less than root.data
. Recursively insert the item in the left subtree.
7. else
& Recursively insert the item in the right subtree.
FiGURE 816 ay
Ins=rtimg Jill /\

house rat

cw/\

/\ }Ek\ }di s
buile dog is Lilled malt priest shorn rossed

N NN N

d.l?ld CDCLZ L'J.'IJ.ITLPI.CCI. £GEI.I3ELTI in kfp‘t k]s&td. J'.L'l&.]dtl'l man mom S\]'l&\'fl'.l rartrrcd I.'J'I.ls WJFJ'I.

AN \

all ate catcom crowed famerhom il married sowing  the torn wakedworried
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Removing from a Binary Search Tree

Recursive Algorithm for Removal from a Binary Search Tree
1. if the root is null

1. The item is not in tree — return aull.
3. Compare the item to the data at the local root.
4. if the item is less than the data at the local root
5. Beturn the result of deleting from the left subtree.
&. alse if the item is greater than the local root
7. Beturn the result of deleting from the right subtree.
8. else // The item is in the local voot
9. Store the data in the local root in deletedReturn.
10, if the local root has no children
11. Set the parent of the local root to reference null.
12. else if the local root has one child
13. Set the parent of the local root to reference that child
14. else // Find the inorder predecessor
15. if the lefr child has no right child it is the inorder predecessor
1&. Set the parent of the local root to reference the left child.
17. else
18. Find the rightmost node in the right subtree of the lefr
child.
19. Copy its data into the local root’s data and remowve it by

serting its parent to reference its left child
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Removing from a Binary Search Tree
(continued)

FIGURE 8.19 lay
H.E'l'l_l'ﬂ:'-"l""-IE AT /\
COW ;‘ck\ milkt::l that
built is L:Llltd morn shorn t::-as:

and cock  crumpled torlorn jn/ kept kissed maiden madmm tattered EJ'I.I.E with

all ate catcorn crowed farmer horn marn sowing  the tornwakedworried
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