Trees

A tree is a two dimensional linked data structure.  These structures lie at the heart of many important algorithms.  Examples of trees also occur in every day life, for example one might use a tree to describe an organisation’s hierarchical structure, a family tree and so on.  In computer science we work with different types of trees, namely:

· Trees

· Rooted trees

· Ordered trees

· M-ary trees and binary trees

A tree is a collection of vertices (nodes) connected by edges.  A path is a list of vertices that connect via edges in the tree.  The defining property of a tree is that there is precisely one path connecting any two nodes.  A separate set of trees is called a forest.

A rooted tree has a node designated as its root.  A ‘free’ tree is a tree that has no root node.  In a rooted tree any node is a root of a subtree of the tree.  The following diagrams illustrate the different types of trees together with other commonly used terminology.
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A ternary tree
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A free tree (Ref:Wiki commons). 

Binary Trees

A binary tree is either an external node or an internal node connected to a pair of binary trees called the left sub-tree and the right sub-tree of that node.

We can use a node structure with two links (left and right) that can point to the next sub-tree.  Null links point to external nodes.  An example C structure is:

Typedef struct tagnode{

int item; 

node *l, r;

}node;

A binary tree is illustrated below.
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A binary tree and its representation using linked nodes.

We might also define standard operations that we wish to perform on our binary tree data structure.  The binary tree data structure, together with its operations, form a binary tree ADT.

Some interesting facts about binary trees: a binary tree with N internal nodes has N+1 external nodes, 2N links (N-1 to internal nodes and N+1 to external nodes).

The height of a binary tree is the maximum of the levels of the tree’s nodes.  The root is considered to be at level 0.

Tree Traversal

Systematically visiting and processing all nodes in a tree is called tree traversal.

For binary trees we have three basic orders:

· Preorder: visit the node, then visit the left and right subtrees.
· Inorder: visit the left subtree, then visit the node, then visit the right subtree.

· Postorder: visit the left and right subtrees, then visit the node.

These traversals can easily be implemented using a recursive algorithm. The following code illustrates this. visit is a function that is called when a node is visited.

traverse (link h, void (*visit)(link))

{

   if (h== NULL) return;

   (*visit)(h);

   traverse(h->l,visit);

   traverse(h->r,visit);

}

The above code results in a preorder traversal.  If we move the call to the visit function so that it is between the two traverse calls then we have an inorder traversal. Finally, placing the visit function after the two traverse calls will give us a postorder traversal.  The powerpoint and class examples illustrate these three types of traversal.

A fourth natural order for visiting a tree is called level-order traversal because all of the nodes on each level appear together, in order.  The example we saw in class illustrates this.
M-ary trees

An M-ary tree describes a tree with M children per node. For example a binary tree (above) has exactly two children per node, also a ternary tree has precisely three children per node (left, middle and right) and so on.

