Chapter 13 The General Binary Tree

In Chapter 6 we examined the heap, a partially redleomplete binary

tree. We implemented the heap ADT as an array ocwrtdecause the
special properties of a complete binary tree malssible an elegant array
implementation. In general, though, binary treesiaplemented as linked
containers. In this chapter we will discuss theabjriree ADT and imple-

ment it as a linked container.

13.1 Our Current Model

Our current UML class diagram is shown below inufgg13.1. It includes
classTreeContainer  and clasBinaryTree , which has two nested
types, classBinaryTreeNode and interfaceNodeProcessor . To
simplify the diagram, nested class8siNode and DLNode have been
omitted.
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13.2 The Binary Tree ADT

The binary tree ADT appears below. An explanatibhe traversal op-
erations follows the ADT specification.

binary tree: See Chapter 6.

operations:
clear() — Make the collection empty.
height() — What is the height o f the tree?
inorderTraverse(processor) — Perform an inorder t raversal of the
tree, applying some operation to
each node.
isEmpty() — Is the collection em pty?
postorderTraverse(processor) - Perform a postorder traversal of
the tree, applying s ome operation
to each node.
preorderTraverse(processor) - Perform a preorder t raversal of the
tree, applying some operation to
each node.
size() — How many elements ar einthe
collection?

To traversea binary tree is to visit each of the tree's notteis not al-
ways necessary to visit the nodes in any particuider, but various appli-
cations of the binary tree ADT require one or mafréhree standard orders
of traversal. We will examine these three standi@¢kersals by way of ex-
ample, using the tree in Figure 13.2.

Fig. 13.2.An example tree for traversal
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A preorder traversal visits a given node before visiting either of the
node's children (and their subtrees). A preorderersal of the tree from
Figure 13.2 visits the nodes in the following ordeR 453 6 7 8.

An inorder traversalvisits a given node's left child (and the leftidlsi
subtree), then the node itself, then the nodelst ihild (and the right
child's subtree). An inorder traversal of the exlntpee visits the nodes in
the following order: 4251638 7.

A postorder traversabisits a given node's two subtrees before visiting
the node itself. A postorder traversal of the tre€&igure 13.2 visits the
nodes in the following order: 4526 87 3 1.

13.3 Binary Tree Implementation

ClassTreeContainer , which classBinaryTree  will specialize, is
shown below.

public abstract class TreeContainer extends LinkedC ontainer
protected Node root; // Any linked tree has ar oot node.
public void clear()

root = null;
super.clear();

}

ClassBinaryTree extends clas$reeContainer  and also contains
static member clasBinaryTreeNode , which subclasseblode, and
member interfaceNodeProcessor . Any class that realizes interface
NodeProcessor must offer a public method callgatocessNode
which accepts an argument of tyBaaryTreeNode . This gives our
traversals great versatility; we can process al nbdes of &inary-
Tree in any way we choose simply by coding a class filléitls the con-
tract set forth by the interface.
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public abstract class BinaryTree extends TreeContai

public static abstract class BinaryTreeNode ext

public BinaryTreeNode leftChild,
rightChild,
parent;

public BinaryTreeNode(Object dat)

super(dat);

public BinaryTreeNode(Object dat,
BinaryTreeNode Ic,
BinaryTreeNode rc,
BinaryTreeNode par)

super(dat);
leftChild = Ic;
rightChild = rc;
parent = par;

}

public boolean isLeaf()
return leftChild == null && rightChild
}
}
public interface NodeProcessor

void processNode(BinaryTreeNode node);

/*

All of the operations are ultimately carried ou
Our pattern of development is to write a recurs
method and wrap a call(s) to that method in the
that corresponds to the target operation of the

precondition: N/A
postcondition: The tree's height has been retur
*/

protected int heightHelper(BinaryTreeNode curre

if (current == null)
return ht;
return Math.max(heightHelper(current.leftCh
heightHelper(current.rightC
}

/*

Method height() corresponds to the binary tree
same name. height() simply calls heightHelper()
passes the root node and the height of an empty
*/

public int height()
{

return heightHelper((BinaryTreeNode)root, -

ner

ends Node

==null;

t recursively.
ive helper
public method
ADT.

ned.

nt, int ht)

ild, ht + 1),
hild, ht + 1));

operation of
, to which it
tree.

1);
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protected void inorder(BinaryTreeNode node,
NodeProcessor processor)

if (node != null)
inorder(node.leftChild, processor);
processor.processNode(node);
if (node != null)
inorder(node.rightChild, processor);
public void inorderTraverse(NodeProcessor proce Ssor)
inorder((BinaryTreeNode)root, processor);
protected void postorder(BinaryTreeNode node,
NodeProcessor processo r)
if (node != null)

postorder(node.leftChild, processor);
postorder(node.rightChild, processor);

processor.processNode(node);

public void postorderTraverse(NodeProcessor pro cessor)
postorder((BinaryTreeNode)root, processor);
protected void preorder(BinaryTreeNode node,
NodeProcessor processor )

processor.processNode(node);
if (node != null)

preorder(node.leftChild, processor);
preorder(node.rightChild, processor);

}

public void preorderTraverse(NodeProcessor proc essor)

preorder((BinaryTreeNode)root, processor);
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13.4 Binary Tree Applications

Several important kinds of binary tree are lthéfman coding treéwhich
is used in data compression), tression treethedecision tregwhich
is used in expert systems), and tieary search treéBST) (which is the
subject of the next chapter). Here we will disckggfman coding trees
and expression trees.

13.4.1 Huffman Coding

The familiar ASCIl and UNICODE character-encodingpeames uséxed-
length codego represent characters; each character of thdIA8Cis rep-
resented by an eight-bit pattern, and each UNIC@D&racter is repre-
sented by a 16-bit pattern. The idea behind Huffraging is to reduce
the space requirement for data by exploiting tot flaat some characters
are likely to appear more frequently than otharsEmglish-language text,
for example, the letter 'e’ typically occurs farrmoften than does 'x' or 'z".
Huffman coding responds to these different freqgiesnof occurrence by
assigningvariable-length codeto the various characters; more frequently
occurring characters are assigned shorter codddetiars that occur less
frequently are assigned longer codes.

Let us see how Huffman codes are assigned by tissngxample letter-
frequency table shown below. The particular fregiesihave been arbi-
trarily chosen and do not matter; what mattershes frequency of any
given letterrelative tothe frequency of any other letter.

Table 13.1.A sample table of letter frequencies to be useassigning Huffman
codes

Letter Frequency

100
53
133
60
44
8

NCZmO >

The first step in building a Huffman coding treetéssort the letters in
ascending order by frequency. Each letter will beadin the final tree.
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8 44 53 60 100 133
z U C M A E

Next, the first two letters, those with the lowéstquencies, are re-
moved from the list and become the children of @ mgernal node. The
internal node has no letter, but its frequencyhesgum of the frequencies
of its children. This new internal node is thencgld on the list so as to
maintain the list's sorted ordering.

2, oaot
A e

This process continues until the list has only eleenent, the root of the
final Huffman coding tree. The remaining steps ofiding our example
tree are shown in the following diagrams.

(2 (O
(2 &
A (0
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Fig. 13.3. The Huffman coding tree corresponding to the teitequencies from
Table 13.1

Notice that in the final diagram each edge to & dafld has been la-
beled with a 0, and each edge to a right childbdeen labeled with a 1.
This labeling of edges is used to determine thefrhlarfi codes; the code
for a given letter is the sequence of Os and 1ewettered on the path from
the root to that letter. The table below showsHiuéman codes obtained
from the tree of Figure 13.3. This encoding cleaegresents a significant
savings compared to an ASCII or UNICODE encoding.

Table 13.2.The Huffman codes obtained from the Huffman codieg of Figure
13.3

Letter Frequency Code Length
A 100 01 2
C 53 101 3
E 133 11 2
M 60 00 2
U 44 1001 4
Y 8 1000 4

Huffman coding is often useful for compressing bjndata as well as
text. The popular MP3 format, for example, usesfidah coding.
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13.4.2 Expression Trees

The binary tree offers an alternative to the staaked transformation and
evaluation of arithmetic expressions described apgfer 7. Expression
trees for the expressions (3 +6) % 7)*5-13and6 % 7" 5-1 are
shown below in Figure 13.4.

Fig. 13.4.Two example expression trees; an expression teseies are operands,
its internal nodes operators

An expression tree need not store parentheses dmta@ correct order
of operations inheres in the tree's structure. fdegpinorder, and postor-
der traversals of an expression tree yield préfifcx, and postfix expres-
sions, respectively.
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Huffman coding trees and expression trees are erangbfull binary
trees Any node of a full binary tree has either zerdwo children. Some
books reverse the definitions of full and completeary trees presented
here.

Exercises

1. Add attributes and operations to the class diaggshown at the begin-
ning of the chapter.

2. We implementedNodeProcessor as a member interface. Suggest an
equivalent alternative.

3. Design and code a class calldddePrinter  that realizes interface
NodeProcessor . ClassNodePrinter 's processNode method
should output thedata field of its target node to a chosen
java.io.PrintStream . In the next chapter we will implement a
concrete subclass @inaryTree  that will allow you to test your
NodePrinter  class.

4. Design a node class for a tree whose nodes havelefinite number of
children.

5. Design an algorithm for building an expression theen an infix ex-
pression.

6. How might an expression tree be evaluated?



