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Searching problems

Red Black Tree (insertion and deletion)
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Outline

What is Red-Black?
赤黒木とは？

From (2,4) trees to red-black trees 
2-4木から赤黒木へ

Red-black tree 赤黒木
 Insertion 挿入

 restructuring 再構築
 recoloring 再色付け

 Deletion 削除
 restructuring 再構築
 recoloring 再色付け
 adjustment 調整
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Red-Black Trees

video lecture 
http://videolectures.net/mit6046jf05_demaine_lec10/

Watch about 25 minutes 
to feel how a top university in the world gives lectures of CS

MIT - Massachusetts Institute of Technology

http://videolectures.net/mit6046jf05_demaine_lec10/
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What is this tree?

This  is red-black tree?
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Height of a (2,4) Tree
(２,４)木の高さ

Theorem: A (2,4) tree storing n items has height O(log2 n)

Proof:
 Let h be the height of a (2,4) tree with n items

 Since there are at least 2i items at depth i = 0, … , h - 1 and no 
items at depth h, we have

n  1 + 2 + 4 + … + 2h-1 = 2h - 1

 Thus, h  log2 (n + 1)

Searching in a (2,4) tree with n items takes O(log2n) time
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- Answer

 h’  log2 (n + 1)





Do not forget to keep the properties
After do any operations   ---------------





----
violation

(always insert a red node) 
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https://www.cs.usfca.edu/~galles/visualization/Algorithms.html

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


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

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




If its parent’s node is black, no problem.
Otherwise, do the following (3 cases)
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Insertion program source code in Python
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RESTART: C:/rhuang-2016-10-28/Algorithms/algorithm-
2015/2017/lecture-notes/rb-tree-L7/red-black-insert.py 
>>> a= BST()
>>> a.addNode(5)
>>> a.addNode(7)
>>> a.addNode(4)
>>> a.inOrder(a.root)
4 red
5 black
7 red
>>> a.addNode(6)
>>> a.addNode(11)
>>> a.inOrder(a.root)
4 black
5 black
6 red
7 black
11 red
>>> a.addNode(17)
>>> a.inOrder(a.root)
4 black
5 black
6 black
7 red
9 red
11 black
17 red
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上図に 88 を挿入すると、

An example
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Work in class

Analysis of Algorithms 41

Please add the following nodes to red-black tree
in order 

20, 5, 40, 10, 25, 2, 35, 15, 13, 30, 33 
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Demo

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

https://www.cs.usfca.edu/~galles/visualization/Algorithms.html
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Exercise 7-1 

Please try to transfer the following 2-3-4 tree 
to a red-black tree 
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Exercise 7-2 
Consider the following sequence of keys: (18, 30, 25, 12, 14). Insert the 
items with this set of keys in the order given into the red-black tree 
below. Draw the tree after each insertion.

キー配列について考える: (18, 30, 25, 12, 14)。

このキーのセットを図の赤黒木に挿入しなさい。

それぞれの挿入後の赤黒木を描きなさい。



This is another web site for your reference
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http://fujimura2.fiw-web.net/java/mutter/tree/red-
black-tree.html

Please read through
Its implementation is in Java

http://fujimura2.fiw-web.net/java/mutter/tree/red-black-tree.html

