Unit 4:  Data Structure and Algorithm			Tree and Graph

1. TREES
· A tree represents a hierarchy data structure.
· Organization structure of a corporation table of contents of a book
· Tree is a finite, non-empty set of nodes.
· The r is denoted as root of the tree (T).
· It contains root and node.
· Example, Tree of T={r {t1, t2, t3, …}}
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		Tree

Terminology
• A is the root node.
• A is the parent of B and D.
• C is the sibling of B
• B and D are the children of A
• C, E, F, G are external nodes, or leaves.
• A, B, D are internal nodes.
• The depth (level) of E is 2
• The height of the tree is 2.
• The degree of node B is 2.





2. BINARY TREES
• Ordered tree: the children of each node are ordered.
• Binary tree: ordered tree with all internal nodes of degree 2.
• Recursive definition of binary tree:
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			Binary tree
• A binary tree is either- an external node (leaf), or - an internal node (the root) and two binary trees
1. left sub tree and 
2. right sub tree
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	Left sub tree  		right sub tree









Examples of Binary Trees
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3. SEARCHING BINARY TREES 
· Binary tree involves moving a points to the left or right until desined value is found
· Searching algorithm return a pointer to the node containing a given value
· It used to temporary pointer (P) to search the tree
· Pointer (P) is set to Root
· Comparing the INFO field of the nodes in the tree
· Searching nodes, INFO field is equal to value

P <- root
While INFO (P)<> VAL
If         INFO(P) VAL  then
            P <- Left (p)
      Else
            P <- Right (P)
End if
end


i. Insert operation
· In is used to insert the nodes into tree
· New node always inserted into its appropriate position in the tree
· When add node, it has perform same task
· Creat  a node for the new value
· Search for insertion place
· Fix the pointer to insert new node




Insert 9		insert 7		insert 15
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Insert 11			Insert 25























ii. Deletion operation
· Deletion occurs at leaf of root of tree
· Deletion  supports
a. Deletion a leaf (no children)
b. Deletion a node with only one child 
Deleting a node with two children
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Delete 11			Delete 9











4. TREE TRAVERSAL
· The process of systematically visiting all the nodes in a tree and performing some computation at each node in the tree is called a tree traversal.
· There are two methods in which to traverse a tree:
i.  Breadth-First Traversal.
ii. Depth-First Traversal:
· Traversal supports,
1. Preorder traversal
2. In order traversal (for binary trees only)
3. Post order traversal

1. Preorder traversal
· First depth first traversal method is preorder.
· Preorder traversal is defined recursively as follows,
1. Visit the root first
2. Do post order traversal each sub tree of root one by one
a) Visit root first
b) Traverse left sub tree 
c) Traverse right sub tree.
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Preorder: PFBHSRY



· Algorithm
Algorithm preOrder(v)
“visit” node v
for each child w of v do
recursively perform preOrder(w)

2. Post order traversal
· Second depth first traversal method is preorder.
· Post order traversal is defined recursively as follows,
1. Do post order traversal each sub tree of root one by one
2. Visit the root first
a) Traverse left sub tree 
b) Traverse right sub tree.
c) Visit root first
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Post order: BHFRYSP






Algorithm
 Algorithm postOrder(v)
for each child w of v do
recursively perform postOrder(w)
“visit” node v

3. In order traversal 
· Third depth first traversal method is preorder.
· In order traversal is defined recursively as follows,
1. Traverse left sub tree 
2. Visit root first
3. Traverse right sub tree.
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Post order: BHFRYSP
Algorithm

Algorithm inOrder(v)
recursively perform inOrder(leftChild(v))
“visit” node v
recursively perform inOrder(rightChild(v))


GRAPH
1. If nodes points to more than two nodes, then we call it as a Graph.
1. It contains set of nodes or vertices.
1. The vertice are denoted as V.
1. It contains set of edges.
1. Edges are denoted as E.
1. Graph G={V,E}
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1. It has five vertices that are A,B,C,D & E.
	V (G) = {A,B,C,D,E}
	E (G) = {(A,B),(A,C),(C,D),(C,E)}.
 TYPES OF GRAPH TRAVERSAL:
Directed Graph:
1. Every edge is directed to one node to another is called directed edge. In a graph, every edges is directed is called directed graph or digraph.
1. It is an ordered pair G=(V,E).
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Terminology:
1. Consider the graph G1=(V1,E1).
1. V1 is a vertices of graph G.
1. E1 is a edge of graph G.
1. a,b,c and d are the vertices.
1. V(G)={a,b,c,d}
1. E(G)={(a,b),(a,c),(b,c),(c,a),(c,d)}
1. Edge E(V,W) can be represented V→w.
1. Here V is a visited node and w is a unvisited node of graph.
Undirected Graph:
1. Every edge is undirected to one node to another is called undirected edge. In a graph, every edges is undirected is called undirected grap.
1. It is an ordered pair G=(V,E).
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Terminology:
1. Consider the graph G1=(V1,E1).
1. V1 is a vertices of graph G.
1. E1 is a edge of graph G.
1. a,b,c and d are the vertices.
1. V(G)={a,b,c,d}
1. E(G)={(a,b),(a,c),(b,c),(c,a),(c,d)}
1. Edge E(V,W) can be represented V→w.
Here V is a visited node and w is a unvisited node of graph



Mixed graph
if some are directed and some are undirected then the graph is called mixed graph.
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Multigraph 
Graph which contains parallel edges are called multigraph.
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Simple graph
 (
1
2
4
3
)      A graph which does not contains parallel edges are called simple graph.
   


Labeled graph 
      A graph which has been annotated in some way is called a labeled graph.
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 Graph with Labeled vertices	
Null graph
	A graph which has no vertices is called null graph.
G = { }.




GRAPH TRAVERSAL:
1) Graph alogorithms have in common the characteristics that they systematically visit all the vertices in the graph.
2) The algorithm walk through the graph data structure and performs some computation at each vertex in the graph.
3) This process of walking through the graph is called a graph traversal.
4) Many ways to systematically visit all the vertices of a graph such as,
                             1. Depth first traversal
                             2. Breadth first traversal
DEPTH FIRST TRAVERSAL:
· A depth first traversal of a graph always starts at the root of the graph.
· Since a graph has no root, we must specify the vertex at which to start.
· DFT of tree visit a node and then recursively visit the sub tree of the node.
· Graph visit a vertex and then recursively visit all the vertices adjacent to the node.
· Graph may contain cycles but not tree.
· But the traversal must visit the every vertex at most once.
· To solve the problem, it is to keep track of the node that have been visited.
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Terminology:
· Consider the graph G.
G(V,E)

· Graph contains vertices and edges.
                    V(G)={a,b,c,d}
                    E(G)={(a,b)(b,c)(c,a)(c,d)}
· The starting vertices is C
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	DFS Traversal:  v1,v2,v4,v8,v5,v6,v3,v7
Algorithm of DFS
Dfs Algorithm:
Procedure dfs(d:integer)
{
Graph G contains vertices, and edges of G=(V,E)
N is a number of vertices and an array
V is a visited vertices.
W is a unvisited vertices
}
Var w:interger
Begin
Visit[V]_true
For each vertex W to N do
If not visited[W] then
DFS[w]
End if
End

BREATH FIRST TRAVERSAL
· Breath first traversal first visit all the nodes at the   depth zero that is root.
· Then at visit all the nodes at depth one and soon.
· In this traversal we must specified the vertex at which to start.
· First visit the starting vertex, then all the vertices adjacent to the starting vertex, and all the vertices adjacent to those, and so on.
· The algorithm is very similar to non-recursive breath-first-traversal algorithm. For N-ary tree.
· It used queue to keep back the vertices that read. To be visited.
· Following steps are repeated until queue is empty
1) Remove the vertex.
2)  Visit vertex.
3) Find the adjacent vertex.   
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Terminology
· Consider the graph G.
· It contain G (V,E).
· The vertices (a, b, c,d) are stored into queue.
· The visited vertex is removed from queue.
· Graph which contains parallel edges are called multigraph.
Example
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Algorithm of BFS
Procedure(V:integer)
{	Graph G contains vertices and edges:G(V,E)
V is a vertices and E is edges
V is a visited vertices and W is a unvisited vertices
Q  is a queue and array
}Begin
Visited[v]=true
Add queue(q,v)
While queue != empty do
Begin
Delete queue(Q,V)
For all vertices W adjacent to v do.
If not visited[W] then
Begin
Add queue(Q,W)
Visited W=true
End

