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CSSE 230 Day 7

More BinaryTree methods
Tree Traversals and Iterators

After today, you should be able to...
... traverse trees on paper & in code
... implement a simple iterator for trees
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q:@’o@; SOA Ha(cu NIGHT . » Reminder:

You're invited to a service-oriented architecture (SOA) hack night, led by developers

Register for Hack
| " D Do Night by the end
from Enova International! You'll be building a small app and using IFTT to tie in Twitter,
Reddit and Heroku. When we’re done, you'll be a pro at integrating service APIs! Of t h e d ay !
Please bring your laptop with Ruby installed.

When: Thursday, March 26, 6 — 10 p.m
Where: Olin 0257 and 0259
Food Catered By: Papa John’s
Hosted By: Zach Gallup (Sr. Software Engineer)
and Pete Brousalis (Sr. Ul Engineer)

Best,

The Enova Engineering Team




A dummy NULL_NODE lets you recurse to a simpler
base case while avoiding null pointer exceptions

4 possibilities for children (leaf, 1 possibility for children: Both

Left only, Right only, Both) (which could be NULL_NODE)




A dummy NULL_NODE lets you recurse to a simpler base
case while avoiding null pointer exceptions

public class BinarySearchTree<T> {
private BinaryNode root;

public BinarySearchTree() {
root = null;

¥

public int size() {
if (root == null) {
return @,

}

return root.size();

¥

class BinaryNode {
private T data;
private BinaryNode left;
private BinaryNode right;

public int size() {

if (left == null && right == null) {
return 1;

} else if (left == null) {
return right.size() + 1;

} else if (right == null) {
return left.size() + 1;

} else {
return left.size() + right.size() + 1;

h

public class BinarySearchTree<T> {
private BinaryNode root;

private final BinaryNode NULL NODE = new BinaryNode();

public BinarySearchTree() {
root = NULL_NODE;
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class BinaryNode {
private T data;
private BinaryNode left;
private BinaryNode right;

public BinaryNode(T element) {
this.data = element;
this.left = NULL NODE;
this.right = NULL NODE;

¥
> public int size() {
3 if (this == NULL_NODE) {
7 return ©;
; }
) return left.size() + right.size() + 1;
) }
1






Notice the pattern: contains

_1 public class BinarySearchTree<T> {

) If (nod e iS n u | I) 2 private BinaryNode root;
3

. 4 private final BinaryMode MULL_MODE = new BinaryMode();
o h 5
Return Somet Ing 6= public BinarySearchTree() {
Simp|e 7 root = NULL_MODE;

8 ¥
9
10= public boolean containsNonBST(T item) {
11 return root.containsNonBST(item);

» Recurse to the left 2
13
145 class BinaryNode {

» Recurse to the right i
16 private BinaryMNode left;
17 private BinaryMNode right;

} 18
19= public BinaryNode() {
20 this.data = null;
21 this.left = null;
22 this.right = null;
23 }
24
25= public boolean containsMonBST(T item) {
26 if (this -- NULL_NODE)
27 return false;
28 T
29 return
30 left.containsNonBST(item) ||
31 right.containsMonBST(item);
2 }
33 }

34 3}



Notice the pattern: size

» If (node is null)

- Return something
simple

» Recurse to the left
» Recurse to the right

» Combine results
with this node

W R =

D0 00 = A L ho = @000 A

public class BinarySearchTree<T> {
private BinarylNode root;

private final BinaryNode MNULL _NODE = new BinaryMode();

public BinarySearchTree() {
root = NULL_MNODE;

¥

public int size() {
return root.size();

¥

class BinaryNode {
private T data;
private BinaryhNode left;
private BinaryNode right;

public BinaryMode()} {
this.data = null;
this.left = null;
this.right = null;

if (this == NULL_NODE
return ©;

5
return| left.size() + right.size() |+ 1;




Notice the pattern: height

1 public class BinarySearchTree<T> {
} If (node iS n u I I) 2 private BinaryNode root;
3
. 4 private final BinaryNode NULL_NODE = new BinaryMNade();
5
7 Return Somethlng e public BinarySearchTree() {
1 7 root = NULL_NODE;
simple A
_f;i— public int height() {
1 return root.height();
2 }
» Recurse to the left -
AS class BinaryNode {
. 5 ivate T data;
» Recurse to the right & 5 siihiee e,
7 private BinaryMNode right;
- 8
» Combine results S pubtic Binaryliode() |
. . '.Q 'I:h:i.s.data = null;
with this node : N
'3 }
';‘ public dint hejcht() {
'6 if (this == NULL_MNODE)
7 return -1;
'8 ¥
'9 returr Math.maxleft.height(), Pight.height()lv + 1;
%] T
11 h



What else could you do with this

recursive pattern?

» If (node is null)

> Return something
simple

» Recurse to the left
» Recurse to the right

» Combine results
with this node

» Print the tree
contents

» Sum the values of
the nodes

» Dump the contents
to an array list

» Lots more



Binary tree traversals

» PreOrder (top—-down, depth-first)
> root, left, right

» PostOrder (bottom-up)
- left, right, root

» InOrder (left-to-right, if tree is spread out)
- Left, root, right

» LevelOrder (breadth-first)
- Level-by-level, left-to-right within each level

2-6



A4 Print tree rooted at current node using precrder
public void printPreOrder( f

dvstem. out.println{ element ); S Wode

If the tree 1fi left 1= null

has N left.printPredrder| ); S4 Left
1f{ right != null }

n?]de,s’ h right.printPredrder| ); A4 Right

what's the ;

(worst-

CaSE) A4 Print tree rooted at current node using postordes

T public wvoid printPostOrder( ) |

blg Oh 1ff{ left 1= null 3

run-time left.printPostorder | ) ; S & Learft
1f{ right != null }

Of eaCh right.printPostOrder( j; A Right

traversal? dvstem. out.println{ element ); S Wode

'

A4 Primt tree rooted at current node using inorder f
public void printInOrder | jl{
1ff{ left != null )
left.printInOrder| ) ; A4 Left
Svstem. out.println{ element J; S Wode
1f{ right != null }
right.printInOrdex | ) ; A4 Right



Converting the tree to an ArrayList gives
an elegant solution for toString()

» Brainstorm how to write:
public ArrayList<T> toArraylList()

» Then BST toString() will simply be:
return toArrayList().toString();



Use the recursive pattern when you want
to process the whole tree at once

Otherwise, you’ll need a loop. Examples:

» Lazy iterators (next class):
> use a stack too.

» AVL trees (week 4):

> use pointer to parents to move up tree and
“rebalance”

» Threaded trees (HW5 and 6):

> use pointer to next in-order nodes



What’s an iterator?

» In Java, specified by java.util.Iterator<E>

Boelean |y asHext ||

Eeturns true if the tteration has more elements.

L]

next (]
Eeturns the nesxt element in the tteration.

remove [
Eemowes from the underlying collection the last element returned by the tterator (optional operation).







