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UseEs OF TREES

ONOMIES

vertebrate

fish ‘ ‘ mammal ‘ ‘ reptile ‘ ‘ insect ‘
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UseEs OF TREES

HIERARCHIES

Board Of Directors

Administrative Staff... ‘ ‘ Division Executives ‘ ‘ Managers... ‘
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UseEs OF TREES

EFFICIENT CONTAINERS OF SEQUENTIAL DATA

Each node represents a single data item of a collection organized,
for efficient access, into a tree:

o Binary Search Trees

o Heaps

Priority Queues
B-Trees, Quad Trees, etc.
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DEFINITIONS

DEFINITIONS I

@ A tree consists of nodes connected by edges.

@ A node can have zero or more child nodes. A child is
connected to its parent node by a single edge.

(]

Children with the same parent are called siblings.

(]

A tree with no nodes or edges is an empty tree.

(]

A nonempty tree will have one special node with no parent
called the root node.

@ A node with no children is called a leaf.
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DEFINITIONS

DEFINITIONS II

@ All nodes are connected to the root by a path of edges.

@ The depth of a node is the length of its path to the root. The
root has depth zero.

@ A level of a tree is a set of nodes which have the same depth.

@ The descendants of a node are nodes whose paths include
that node.

@ The ancestors of a node are nodes on its path to the root.
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BINARY TREES

BINARY TREES

@ A tree whose nodes have at most two children is a binary tree.
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BINARY TREES

FuLL Bina REES

o A full binary tree is one whose levels have every position filled.

-
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BINARY TREES

COMPLETE BINARY TREES

@ A complete binary tree has every level filled except the
bottom, which is filled from left to right.
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BINARY TREE TRAVERSAL

BINARY TREES ARE RECURSIVE DATA STRUCTURES
A binary tree can be defined as either

@ An empty binary tree (base case!), or

@ a node having two binary trees as attributes, a left subtree
and a right subtree (recursive case).

@ Using this recursive definition, recursive algorithms can be
used to process the nodes of a binary tree.

-
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BINARY TREE TRAVERSAL

PREORDER

def traverse(tree):
if tree is not empty:
process data at tree’s root
traverse(tree’s left subtree)
traverse(tree’s right subtree)
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BINARY TREE TRAVERSAL

INORDER

def traverse(tree):
if tree is not empty:
traverse(tree’s left subtree)
process data at tree’s root
traverse(tree’s right subtree)
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BINARY TREE TRAVERSAL

POSTORDER

def traverse(tree):
if tree is not empty:
traverse(tree’s left subtree)
traverse(tree’s right subtree)
process data at tree’s root
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BINARY TREE REPRESENTATION OF AN EXPRESSION
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BINARY TREE REPRESENTATION OF AN EXPRESSION

DIFFERENT TRAVERSALS GIVE THE DIFFERENT NOTATIONS

@ Printing in preorder gives Prefix Notation.
@ Printing inorder gives Infix Notation.

@ Printing in Postorder gives Postfix Notation.

-
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BINARY TREE REPRESENTATION OF AN EXPRESSION

EVALUATION

def evaluateTree(tree):
if tree’s root is an operand:
return root data
else: # root contains an operator
leftValue = evaluateTree(tree’s left subtree)
rightValue = evaluateTree(tree’s right subtree)
result = operator(leftValue, rightValue) i
return result
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LINKED REPRESENTATION OF A BINARY TREE IN
C++

USE A TREENODE CLASS

@ A binary tree has a single instance variable, _root, a pointer
to a TreeNode.

@ A nonempty binary tree is represented with _root as a pointer
to an actual TreeNode object.

@ An empty binary tree has no root. We represent this by using
a value of NULL for the instance variable _root. as a pointer
to a TreeNode.

@ The TreeNode class is defined recursively.
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LINKED REPRESENTATION OF A BINARY TREE IN

C++

THE TREENODE CLASS IS DEFINED RECURSIVELY.

o The _left and _right instance variables are pointers to
TreeNode objects, if there are left or right subtrees, or NULL if
those subtrees are empty.

@ The _item instance variable is the data item stored in the
TreeNode.
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LINKED REPRESENTATION OF A BINARY TREE IN
C++

(SiMPLIFIED) DEFINITION OF A TREENODE CLASS IN C++

class TreeNode {
public:
TreeNode(int item, TreeNodex left = NULL,
TreeNode* right = NULL);
“TreeNode(); // destructor
int _item; // value
TreeNode* _left; // link to left subtree
TreeNode*x _right; // link to right subtree
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LINKED REPRESENTATION OF A BINARY TREE IN

C++

C+-+ EXAMPLES USING THE TREENODE CLASS

left item right

/. None Q\
/ N

TreeNode

-
Wiliii

CSI33 Data Structures



Tree Terminology
C++ Supplement.1: Trees Example: Expression Trees
Binary Tree Representations

LINKED REPRESENTATION OF A BINARY TREE IN

C++

EXAMPLE 1: ABSTRACT VIEW
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LINKED REPRESENTATION OF A BINARY TREE IN

C++

EXAMPLE 1: C++4+ IMPLEMENTATION

TreeNode *_left = new TreeNode(l);
TreeNode *_right = new TreeNode(3);
TreeNode *_root = new TreeNode(2, _left, _right);
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LINKED REPRESENTATION OF A BINARY TREE IN

C++

ExAMPLE 1: C++4+ MEMORY MODEL

left item right

2 ]2] o

left item Tight left\item right

None| 1 [None None| 3 [None
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LINKED REPRESENTATION OF A BINARY TREE IN
C++

EXAMPLE 2: ABSTRACT VIEW
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LINKED REPRESENTATION OF A BINARY TREE IN

C++

EXAMPLE 2: C++4+ IMPLEMENTATION

_root = new TreeNode(2,
new TreeNode(7,
NULL,
new TreeNode(5, new TreeNode(3))),
new TreeNode(6, new TreeNode(8), new
TreeNode(4))) ;
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LINKED REPRESENTATION OF A BINARY TREE IN
C++

one| 7 .\ r 6 Q

left tem right left itegh right left ttgem right

‘ f ‘ 5 ﬁ\!one }None 8 Flone ﬁ\!one 4 }None
left itepi right o
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ARRAY REPRESENTATION OF BINARY TREES

ABSTRACT VIEW
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ARRAY REPRESENTATION OF BINARY TREES

IMPLEMENTATION

2 7 6 NULL 5 8 4 NULL} NULL 3

1 2 3 4 5 6 7 8 9 10

def left_child(i):
return 2 * i

def right child(i):
return 2 * i + 1

def parent(i):
return i // 2
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