Lecture 5c
Part A

Balanced Binary Search Tree -
Motivation and Property



Worst-Case RT: BST with Linear Height

Example 1: Inser’red En’rrles with Decreasing Keys

400,75, 68, 60, 50, 1>
K

Example 2: Inser’red En’rrles with Increasing Keys

v, 80, €0, 68, 75, 100> M”ﬁ </
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Example 3: Inserted Entries with In-Between Keys
<1, 100, 50, 75, 60, 68>
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Balanced BST: Definition

- internal node  Given a node p, the height of the subtree rooted at p is:

height(p) = 0 if pis external
TP 11+ max ({ height(c) | parent (c) =p }) if pis internal

_ e ==L | - height
- height balance
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Q. Is ’rhe above| tree a bilanced BST?‘(g
Q. Still a balanced BST after inserting 557 ,\]O
Q. Still a balanced BST after mser’nnq@ (<Y




Restoring Balance via Rotations
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Q. Is the above tree balanced?

Mer Rotption

Tn-Onder

@ same tontatt? Vo 0T, b, T, 4%

Q. After a right-rotation on node b, is the resulting tree still a BST?



Lecture 5c
Part B

Balanced Binary Search Tree -
Trinode Restructuring after Insertion



Trinode Restructuring after Insertion: Left Rotation

- Insert the following sequence of keys into an empty BST:
AR AR AR

y G4 17 78, 32, 50, 88, 955
- Insert 100 into the BST.

@ ¥ [b%e‘”"‘w
/ \ /N
2l W 2 wsd

JANAVIE AN/
137 41862 § 130
o® AVAWAY EAY
o8 8174 %1 o8 §

i WLt s R

U, b, L sleat b
Bolonl 7 T”O';;z,wmwm



Trinode Restructuring after Insertion: Right Rotation

- Insert the following sequence of keys into an empty BST:
<44, 17, 78, 32, 50, 88, 48>

‘& - Insert 46)into the BST. o ¢ B
oA’ Yﬁh

(& e (2!97
/N By /N




Trinode Restructuring after Insertion: R-L Rotations

| - Insert the following sequence of keys into an empty BST:
<44, 17, 78, 32, 50, 88, 82, 95>




Trinode Restructuring after Insertion: L-R Rotations

- Insert the following sequence of keys into an empty BST:

@{Y\g«m@ <44, 17, 78, 32, 50, 88, 48, 62>
- Insert 54 into the BST. Exercise



Trinode Restructuring after Insertion: L-R Rotations

Solution
o4 v, - Insert the following sequence of keys into an empty BST:

<44, 17, 78, 32, 50, 88, 48, 62>
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Lecture 5c
Part C

Balanced Binary Search Tree -
Trinode Restructuring after Deletion



Trinode Restructuring after Deletion: Single Rotation

- Insert the following sequence of keys into an empty BST:
<44, 17, 62, 32, 50, 78, 48, 54, 88>
- Delete 32 from the BST. Exercise




Trinode Restructuring after Deletion: Single Rotation

- Insert the following sequence of keys into an empty BST:
<44, 17, 62, 32, 50, 78, 48, 54, 88>
- Delete 32 from the BST.
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Trinode Restructuring after Deletion: Multiple Rotations

- Insert the following sequence of keys info an empty BST: _
<50, 25, 10, 30, 5, 15, 27, 1, 75, 60, 80, 55> 2
- Delete 80) from the BST.
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Lecture 4
Part C

Examples on Recursion
Merge Sort
(continued)



Merge Sort in Java

public List<Integer> sort(List<Integer> list) {
List<Integer> sortedList;
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if(list.size() == 0) { sortedList =
else if(list.size() == 1) {
sortedList = new ArrayList<>();

sortedList.add(list.get (0));

1

new ArrayList<>(); }
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else {
int middle =
List<Integer>
List<Integer>
List<Integer>
List<Integer>
sortedList =

}

return sortedList;

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

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

else {
int i = 0; (A)#
0 1 2 3 0o int j = 0; HM Mfﬂ!égﬂ 22 Z
while (i < L.size() && 7 < R.size())
IeFf 124 45. 63 85 Z if (L.get (i) <= R.get(j)) { merge. add(L.get(l)), i ++;
Z M "wd else { merge.add(R.get(7)); J ++; }
0 1 2 3 }
x If i >= L.size(), then this for loo
r|ghf 17 31 50 96 for(int k = i; k < L.size(); k ++) {
/* If j >= R.size(), then this for Ilqop is %1(3}@51
for(int k = j; k < R.size(); k ++) {|lmerge.add(R.get(k

sortedRight) ;
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/* Assumption: L and R are both already sorted */

private List<Integer> merge (List<Integer> L, List<Integer> R)
List<Integer> merge = new ArrayList<>();

if(L.isEmpty() | |R.isEmpty())

{ merge.addAll(L); merge.addAll(R); }

{
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Merge Sort: Tracing — > merge




public List<Integer> sort(List<Integer> list)
I, ist<Integer> sortedList;
if(list.size() == 0) |{ sortedList = new ArrayList
else 1f([/ist.size() == 1)] {

sortedList = new ArrayList<>(); 4a‘t

P sortedList.add(list.get(0)); {%}
}
else { / / 40‘

int middle = list.size() / 2;J a
List<Integer> left = list.subList(ff, middle); 174 I)
List<Integer> right = list.subListj(middle, list.size())
List<Integer> sortedLeft = sort(left)

Llst<Integer> sortedRight = sort(ri ht a/'
sortedList = merge (sortedLeft, sortedRJ.ght) )

{

}

return sortedList;

Merge Sort: Running Time g«ys%

Height Time per level

O(n)

Running Time as a
Recurrence Relation




Running Time: Unfolding Recurrence Relation

T(0) = 1
T(1) =1

T(n) =2 - T(n/2) + n
T = 2.[T(2) + 1

l__yl_: V] N=&
=T 2‘%8‘=8

- 22T+ 0 [8T6yr @]
= 2 (2-@THH+L +n [8T<@3+3M]

: pak] _zl

!

Aa»'l/l v/l+M3/l ﬁ

O(V‘ 4,(7 ) WORK OUT




