Lecture 20 - April 1

Binary Search Trees, Balanced BSTs

BST: Searching, Insertion
Hight Balance Property
Priority Queue: Introduction



Announcements/Reminders

e Assignment 4 (on linked Trees) released

e Makeup Lecture (for ProgTest2) to be posted

e Bonus opportunity: Final Course Evaluation

e Office hours 3pm Tue/Wed/Thu this week

e Lecture notes template, Office Hours, TA Contact
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Tracing: Searching_through a BST

@Test

public void test _binary_ search trees_search() {
BSTNode<String> n28 = new BSTNode<> (28, "alan");
BSTNode<String> n2l1 new BSTNode<> (21, "mark");
BSTNode<String> n35 new BSTNode<> (35, "tom");
BSTNode<String> = new BSTNode<> () ;
BSTNode<String> = new BSTNode<> () ;
BSTNode<String> new BSTNode<> () ;
BSTNode<String> new BSTNode<> ()
n28.setLeft(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 existing keys */

assertTrue (n28 == u.search(n 28));

assertTrue (n2l1 == u.search(n2§, 2;));

assertTrue (n35 == u.search(n28, 35));

/* search non-existing keys =*/ I.O 't. .
assertTrue (extNl == u.search(n28, 17)) *17+ < 21 :
assertTrue (extN.

u.search( ) 21 < #23% < 28 x*/
assertTrue (extN3 == u.search(n2§ [33); 28 < #33% < 35 x/ %h Zl E‘Xfﬂlz 2 WB f(
assertTrue (extN4 == u.search(n28, )); 35 < *38% */ ‘L
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Running Time: Search on a BST
ext. or 7at.

BSTNode<E> result = null;

if(p.isExternal()) { )'°°'t \'.?(lj ;Z\;‘*\
result = /# unsuccessful search */ ¢
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else if (p.getKey() == k) { CAZ) 0( ) —>/""’3’A~J
result =(p;) /* successful search k/ 0 /\/ wors VX~

} = ot ~ @ 0( ) 2 vpR L,

else if (k(<)p.getKey()) { ) - i ‘/
result = [Bedréh)p.getleft (), k); Height Time per level

} [ o(1)
else if (k{ >)p.getKey()) |

result ='§earch(p.getRight() , K);
}

return result;

Total time: O(h)
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Visualizing BST Operation:| Insertion Roeg 5 T, @ ..
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Worst-Case RT: BST with Linear Height o T

SHOCKED

Example 1: Inserted Entries with

<100, 75, 68, 60, 50, 1>

Example 2: Inserted Entries with

<1, 50, 60, 68, 75, 100>

Example 3: Inserted Entries with

<1, 100, 50, 75, 60, 68>
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Balanced BST: Definition

0 - internal node  Given a node p, the height of the subtree rooted at p is:
|- height
< fh==1 - height balance

if pis external

0
height(p) =
eight(p) {1 +MAX ({ height(c) | parent (¢) =p}) if pis internal

,.\A" Y M‘P‘{
. Is the above tree a balanced BST? L{f“ il RT d ’:,(}lmavﬁ./
Still a balanced BST after inserting 557?
Still a balanced BST after inserting 632

AN
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