Lecture 5b

Part B

Binary Search Trees -
Implementing a Generic BST in Java

Tree Construction and Traversal



Generic, Binary Tree Nodes

public class BSTNode<E> ({ /

private int key; /x key */ {
private E value; /+ value */ g
private BSTNode<E> parent; /+ unique parent node %/ S

private BSTNode<E> left; /+ left child node */
private BSTNode<E> right; /+ right child node x/

\
public BSTNode() { ... } \.-mh{'
public BSTNode (int key, E value) { ... N d._
public boolean isExternal() {
return this.getLeft () == null && this.getRight() == null;
} et

public boolean isInternal() { /’ $

return !this.isExternal();

} vio braghz

public int getKey() { ... } /
public void setKey(int key) { ... -_—; ’m
public E getValue() { ... } ,Lew'f

public void setValue(E value) { ... }

public BSTNode<E> getParent() { ... } .
public void setParent (BSTNode<E> parent) { ... Compare°
public BSTNode<E> getLeft() { ... }

public void setLeft (BSTNode<E> left) { ... + prev ref.
public BSTNode<E> getRight() { ... }

public void setRight (BSTNode<E> right) { ... + ne)(‘i' ref,

in a DLN.




Generic, Binary Tree Nodes - Traversal

import java.util.ArrayList;
public class BSTUtilities<E> {
j BSTNode<E>> inOrderTraversal (BSTNode<E> root) {
A rayLlst<BSTNode<E>> result = null

A £ (root.isInternal()) I{ 9 ¢$E l
result = new ArrayLlst<>() IAM m M“lﬂ

if (root.getLeft () .isInternal) {
result addAll (1nOrderTraversal (root etLeft () )) g

AMMJE“Q He ve{w/l Vo4l {:

result.add(root) ;

if (root.getRight () .isInternal) {
result.addAll(inOrderTraversal (root.getRight()));
}
}
return result;
}
}
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Tracing: Constructing and Traversing a BST

@Test Parenf b
public void test binary search trees_construction() { \-)Iieyg’ value =+ %My
BSTNode<String> n28 = new BSTNode<>(28, "alan"); ,M ﬂ)' left right M
BSTNode<String> n2l = new BSTNode<> (21, "mark"); [ J” o R
BSTNode<String> n35 = new BSTNode<>(35, "topg"): N RUIVAL v
BSTNode<String> extNl = new BSTNode<>(); parent arent
BSTNode<String> extN2 = new BSTNode<> (); key 2] |value =N key3{ |value —
BSTNode<String> extN3 = new BSTNode<> () ; righty I;‘,,k left , |right
BSTNode<String> extN4 = new BSTNode<>(); U ) 4
n28.setLeft (n2l1);.n2l.setParent (n28) ; ( ]
n28.setRight(2§§)p n35.setParent (n28) ; éa‘
n2l.setLeft (extNl); extNl.setParent (n2l);
n2l.setRight (extN2); extN2.setParent (n2l);
nSSRseEeREHIEXENS) ; ‘SxENSNseFRaEenEnSO)N; BMI‘
n35.setRight (extN4); extN4.setParent (n35);
BSTUtilities<String> u = new BSTUtilities<> (
ArrayList<BSTNode<String>> inOrderList = u. 1nOrderTra ersal (n28);
assertTrue (ipQrderList.size() == 3);
assertEquals|(21,] inOrderList.get (0) .getKey());

assertEquals|("malrk", inOrderList.get(0). getvalue()),
assertEquals|(28,] inOrderList.get (1) .getKey());
assertEquals|("allhn", inOrderList.get(l). getvalue()),yn* et
assertEquals|(35, inOrderList get(2) getKey());

assertEquals
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Searching



BST Operation: Searching a Key e e




Tracing: Searching_through a BST

@Test

public void test_binary_search trees_search() {
BSTNode<String> n28 = new BSTNode<>(28, "alan");
BSTNode<String> 22; = new BSTNode<> (21, "mark");
BSTNode<String> 2££_= new BSTNode<> (35, "tom");
BSTNode<String> extNl = new BSTNode<>();
BSTNode<String> extNZ = new BSTNode<>();
BSTNode<String> extN3 = new BSTNode<> () ;
BSTNode<String> extN4 = new BSTNode<> ()
n28.setLeft(n2l1); n2l.setParent(n28);
n28.setRight (n35); n35.setParent (n28);
n2l.setLeft (extNl); extNl.setParent (n2l);
n2l.setRight (extN2); extN2.setParent(n2l);
n35.setLeft (extN3); extN3.setParent (n35);
n35.setRight (extN4); extN4.setParent (n35);

[

BSTUtilities<String> u = new BSTUtilities<>();

/* search qee==yi Vs *

assertTrue|[n28|== u.search(n28, 28));
assertTrue|n2]l |== u.search(n28, 21));
assertTrue|n35|== u.search(n28, 35));

/* search non—existing keys =*/
assertTrye (extNl = u.search(n28, ; *17+ < 21

assertTrt = u.search(n28, ; 21 < #23%

(
assertTrye (extN3 .search(n28 28 < *33«%
(

assertTrte = 35 < x38#




public BSTNode<E> search (BSTNode<E>
BSTNode<E> result = null Ml

if 'p 1sExternal( Ib JJP
result = p successful search */

} MI
else if|p.getKey() == k| { Wﬁde

result =(p; * successful seg */
}
else if(k < p.getKey()) {
result = search(p.getLeft(), k);
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plse if(k > p.getKey()) {
result = search(p.getRight (), k);
}

return result;

Total time: O(h)



Binary Search: Non-Linear vs. Linear Structures
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Vlsuallzmq BST Operahon Insertion

Insert Entry @ ‘@ 4 M‘,‘%) OO’}\?W?K \

Insert Entry ' yuna”)
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Visualizing BST Operation: Deletion




Visualizing BST Operation: Deletion In -Ovo@ffmwl®
Case 4.1: Delete Entry with Key 1:7- )M;'
If o 1. uﬂ

Case 4.2: Delete Entry wn’rh Key 88
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Merge Sort: Ideas
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Merge Sort in Java

public List<Integer> sort (List<Integer> list)
List<Integer> sortedList;

{

Lo Co®S

o
6\3‘

A
//\T

if(list.size() == 0) { sortedList

else if(list.size() == 1) {
sortedList new ArrayList<>();
sortedList.add(list.get (0));

}

new ArrayList<>(); }

else {
int middle
List<Integer>
List<Integer>
List<Integer>
List<Integer>
sortedList

}

return sortedList;

/ 2;
list.subList (0,
list.subList (middle,
sort (left) ;

sort (right) ;

list.size()
left
right
sortedLeft
sortedRight
merge (sortedLeft,

23 velo
26 | 45| 63| 85
Ieff 2 s
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right 7L 31 | 50 | 9

middle) ;
list.size());

sortedRight) ;

list ﬁﬁt
| Ls | R |
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Jmaaewfam(wlm
I sortel] |
/* Assumption: L and R are both already sorted. x*/

private List<Integer> merge(List<Integer>‘& IJst<Integer>JQ {
List<Integer> merge new ArrayList<>();
if(L.isEmpty() | |R.isEmpty()) { merge.addAll(L); merge.addAll(R); }

else {
int i = 0;
int j = 0;

while (i < L.size() && j < R.size()) {

if (L.get (i) <= R.get (j)) { merge.add(L.get(i)); i ++; }
else { merge.add(R.get(j)); j ++; }
}
/* If 1 >= L.size(), then this for loop is skipped. */
for(int k = i; k < L.size(); k ++) { merge.add(L.get(k)); }
/* If j >= R.size(), then this for loop is skipped. */
for(int k = j; k < R.size(); k ++) { merge.add(R.get(k)); }

}

return merge;

}
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Merge Sort: Tracing > merge
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