
COMP2100 Lecture 20 2009

ANU Author: Richard Walker 2005, Chris Johnson 2008,2009� Warm-up: trees

– preorder, inorder, postorder traversals
– implementation using an explicit stack
– breadth-first search using queues� Huffman coding and Huffman trees

Jeffrey H. Kingston, Algorithms and Data Structures: Design,
Correctness, Analysis, second edition, Addison-Wesley, 1997.
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Basic traversals using recursion
(material from COMP1110 lectures 19–21)
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public class Tree<T> {
public T item;
public Tree<T> left;
public Tree<T> right;

public Tree(T item,Tree<T> left,Tree<T> right) {
this.item = item;
this.left = left;
this.right = right;

}
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public void preorderDisplay() {
preorder(this);
System.out.println();

}

public void preorder(Tree<T> p) {
if (p != null) {

System.out.print(p.item + " ");
preorder(p.left);
preorder(p.right);

}
}
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/� Sidebar 1:

� compare this style of testing for null

� at the start of the routine,

� compared to testing before making each call.

� Which one is more easily converted to an object�oriented style?

�/
public void preorder(Tree<T> p) {

System.out.print(p.item + " ");
if (p.left != null) preorder(p.left);
if (p.right != null) preorder(p.right);

}
}
/� end of sidebar 1 comment �/
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/� Sidebar 2: also compare with the polymorphic version ������ �/
public abstract class Tree<T> {abstract public void preorder()}
public class nullTree<T> extends Tree<T>{

public nullTree() {}
public void preorder() { /� do nothing �/}

}
public class biTree<T> extends Tree<T>{

public T item; public Tree<T> left; public Tree<T> right;
public Tree(T item,Tree<T> left,Tree<T> right) {/�same�/... }
public void preorder() {

System.out.print(item + " ");
preorder(p.left);
preorder(p.right);

} } /� ���� end of sidebar 2 comment ���� �/
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// back to the pointer�oriented version
public void inorderDisplay() {

inorder(this);
System.out.println();

}

public void inorder(Tree<T> p) {
if (p != null) {

inorder(p.left);
System.out.print(p.item + " ");
inorder(p.right);

}
}
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public void postorderDisplay() {
postorder(this);
System.out.println();

}

public void postorder(Tree<T> p) {
if (p != null) {

postorder(p.left);
postorder(p.right);
System.out.print(p.item + " ");

}
}

}
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Preorder using an explicit stack
We now show how to ignore the normal programming language stack
frames of information that implement recursion, and we program our
stack explicitly.

Why do we want to do this separation?

� to separate changes in the environment during the traversal, from the
recursive nature of the flow of control

� to carry arguments into methods where a generalised patternof calls
(such as Visitor) does not allow arguments.
Examples:

1. changing fonts and restoring them during a traversal in Oops
2. changing the output Panel during traversal for differentinstances

of strings, output from footnotes or main text paragraphs
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� Forward note: using astack may not always be the right method -
sometimes we want to use aqueue- see later.
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public void
preorderStackDisplay() {

preorderStack(this);
System.out.println();

}

public void
preorderStack(Tree<T> p) {

Tree<T> n;
Stack<Tree<T>> s;
n = p;
s = new Stack<Tree<T>>();

while (n != null) {
System.out.print(n.item + " ");
if (n.right != null)

s.push(n.right);
n = n.left;
if (n == null && !s.empty()) {

n = s.top();
s.pop();

}
}

}
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Sidebar comments 3

� this method now hasno recursion

� this example extends the earlier idea of transforming “tailrecursion”
over a list into a loop over the list; now it is a tree

� the tail recursion loop does not need any stack (because there is no
need to pop back a previous environment: the “next” element is the
only one to continue with)but

� to transform a branching recursion to a loop we need a stack to
remember and restore the environment i.e. to know where to goback
to next

� the stack is intimately related to recursion.
We do not usually program in this convoluted way in a languagethat
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supports recursion:but we do this here to introduce the next example
where we break away from the simple stack.
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Exercise for the reader: how
about inorder and postorder?
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Queues
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public class Queue<T> {
public Queue() { }
public boolean empty() { }
public T head() { }
public void enqueue(T end) { }
public void dequeue() { }

}
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Exercise for the reader:
implement theQUEUE class
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Breadth-first search
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Applications: searching games trees such as Chess, Draughts, Go.
Nodes are games positions; children are new positions one move
beyond their parent; siblings are arise from the possible different moves
from a position.
Breadth-first search explores different possible futures one move at a
time;
depth-first search would explore one move and its consequences to the
bitter end.
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Implementation of breadth-first
search using a queue
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public void
breadthFirstSearchDisplay() {

breadthFirstSearch(this);
System.out.println();

}

public void
breadthFirstSearch(Tree<T> p)
{

Tree<T> n;
Queue<Tree<T>> q;
q = new Queue<Tree<T>>();

if (p != null)
q.enqueue(p);

while (!q.empty()) {
n = q.head();
q.dequeue();
System.out.print(n.item + " ");
if (n.left != null)

q.enqueue(n.left);
if (n.right != null)

q.enqueue(n.right);
}

}
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Huffman codes and
Huffman trees
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a = 1100001

b = 1100010

c = 1100011

d = 1100100

e = 1100101

f = 1100110

g = 1100111

The sequence of charactersadd is encoded110000111001001100100
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The ASCII coding scheme uses a fixed equal space for each character.
Other coding schemes can represent information in much lessspace.
Consider allocating a different length encoding to various characters.
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add = 0100000

To decode: start at the top of the tree, follow the branches until you
reach a leaf, then return to the root and repeat.

It works because it’s aprefix encoding: no code is a prefix (initial
subsequence) of any other code.
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d= 00; a= 010; b= 011; c= 1

cdabcddccc

d occurs 3 times and has code length 2,
a occurs 1 time and has code length 3, . . .

Total length= 3�2+1�3+1�3+5�1= 17

This is like traversing the encoding tree and counting the total number
of edges followed.

The optimal prefix encoding problem: given a fixed sequence of
characters (the string to be encoded) find an encoding tree that
minimizes the length of the encoding of the sequence.
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Reformulate as a problem withweights:

Weights are integers stored in leaf nodes (here corresponding to the
number of occurrences of the character). Find a tree with theminimum
weighted leaf path length.
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Huffman trees (D. A. Huffman, 1952)

Example: given weightsf1;1;3;5g, these are two trees with minimum
weighted leaf path length:
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In both cases, the weighted leaf path length= 17.
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Priority queues
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Priority queues� Each queue entry now has an associated priority
(lower number = higher priority).� The head of the queue is always an element with
highest priority.� Used in many applications, especially simulations.
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public class PriorityQueueHeapEntry<K extends Comparable, V> {

public PriorityQueueHeapEntry(K k, V v) { }

public K key() { }

public V value() { }
}
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public class PriorityQueueHeap<K extends Comparable, V> {

public PriorityQueueHeap() { }

public static <K extends Comparable, V>
PriorityQueueHeapEntry<K, V> newEntry(K k, V v) { }

public boolean empty() { }

public PriorityQueueHeapEntry<K, V> head() { }

public void enqueue(PriorityQueueHeapEntry<K, V> end) { }

public void dequeue() { }
}
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Huffman implementation using a
priority queue
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public static Tree<Integer> huffman(List<Integer> weights) {
List<Integer> e;
PriorityQueueHeap<Integer,Tree<Integer>> q;
PriorityQueueHeapEntry<Integer,Tree<Integer>> e1, e2;
Tree<Integer> t;
q = new PriorityQueueHeap<Integer,Tree<Integer>>();
e = weights.first();
while (e != null) {

t = new Tree<Integer>(e.value(),null,null);
q.enqueue(newEntry(e.value(),t));
e = e.next();

}
e1 = q.head();
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q.dequeue();
while (!q.empty()) {

e2 = q.head();
q.dequeue();
t = new Tree<Integer>(e1.key()+e2.key(),e1.value(),e2.value());
q.enqueue(newEntry(e1.key()+e2.key(),t));
e1 = q.head();
q.dequeue();

}
return e1.value();

}
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