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Important: Iltems rotate, colors don't
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Wode rotatelLeft(Mode h)

Mode x = h.right;
.right = x.left;
left = h;
.celor = h.color;
.color = RED;
N = h.N;
N =1+ sizeCh.left)
+ size(h.right};
return x;
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Left rotate (right link of h)

- h
e
grearer
less between thar S

than E Sand E

Node rotateRight(MNode h)
i
Node x = h.left;
h.left = x.right;
X.right = h;
x.colar = h.color;
h.color = RED;
x.N = h.N;
h.H =1+ size(h.left)
+ size(h.right);
return x;
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Right rotate (left link of h)

Algorithms, Fourth Edition. Robert Sedgewick, Kevin Wayne. Chapter 3 (Searching)

h - could be left
T or right link

less between®, /between’, [/ preater
than A A i E E and 5 than 5

void fliplolers(Node h)
{

h.color = RED;

h.left.celor = BLACK;

h.right.color = BLACK;
}

red link atfaches
- middle node
to parent

®
black links split
tor 2-nodes

less between™, /between, |/ preater
than A A E E and 5 than 5

Flipping colors to split a 4-node
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Insert(k)

Insert the key as usual in BSTs.

New nodes are always red (it
doesn't upset the black height).

Use transformations to
rebalance the black height of
the RBT.



Insert b, 4, 3,2, 1in a Red-Black Tree:

Root Color Flip
Insert 5: ‘ Height =0
' Black height =1

\
Insert 4: ; }
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Insert SX

Height =1
Black height =1

rightrotation(5)
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Height =1
Black height =1
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Insert 2:

colorflii(4)

rootcolorflip()

Y

Height =2
Black height =2
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Insert 1:

rightrotation(3)

Y

Height =2
Black height =2
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Data Structure Visualizations

Caurrently, we have visualizations for the following data structures and algorithms

About
Algorithms  Basics
AL o Stack: Array Implementation
Known Bugs / @ Stack: Linked List Implementation
Feature Re t @ Queues: Array Implementation
. Jav;IV‘el::im. anests o Queues: Linked List Implementation

o Lists: Array Implementation (available in java version)
o Lists: Linked List Implementation (available in java version)
« Recursion

Flash Version
Create Your Own /

Source Code o Factorial
Contact o Reversing a String
@ N-Queens Problem
* Indexing
o Binary and Linear Search (of sorted list)
David Galles o Binary Search Trees
Computer Science @ AVL Trees (Balanced binary search trees)
University of San 5 Red-Black Trees
Francisco o Splay Trees

o Open Hash Tables (Closed Addressing)
o Closed Hash Tables (Open Addressing)

o Closed Hash Tables, using buckets

o Trie (Prefix Tree, 26-ary Tree)

o Radix Tree (Compact Trie)

o Temary Search Tree (Trie with BST of children)

© B Trees
o B+ Trees
« Sorting

o Comparison Sorting
= Bubble Sort
= Selection Sort
= Insertion Sort
= Shell Sort

o Bucket Sort
o Counting Sort
< Radix Sort
© Heap Sort
o Heap-like Data Structures
5 Heaps
< Binomial Queues
© Fibonacci Heaps .
o Leftist Heaps

o Skew Heaps
* Graph Algorithms
© Breadth-First Search
o Depth-First Search
o Connected Components
< Dijkstra’s Shortest Path
© Prim's Minimum Cost Spanning Tree
. o Topological Sort (Using Indegree array)
5 Topological Sort (Using DES'

Visit https://www.cs.usfca.edu/~galles/visualization/Algorithms.html to
practice insertions in Red-Black Trees.



https://www.cs.usfca.edu/~galles/visualization/Algorithms.html

Done!

Do you have any questions?

CREDITS: This presentation template was created by Slidesgo, including
icons by Flaticon, infographics & images by Freepik and illustrations by
Stories
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https://slidesgo.com/
https://www.flaticon.com/
https://www.freepik.com/
https://stories.freepik.com/
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