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Binary-Search-Tree Property



Properly Drawn Tree



“扫描”BST的代价是线性的

其实是数学归纳法





BST中结点的“后继”

后继是右子树中最小元，或者…
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什么情况下，y是NIL?





插入的位置一定是叶子
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从BST中删除
假设待删除元素所在结点左右子树皆非空：

关键是：待删除元素的
后继是否为其右子结点
（即右子树的根）。



看得更仔细一点

删除z后，x,y,r 这
三个结点“父子”
关系被改变了！



平衡程度是关键！





Red-Black Property



6个结点的红黑树
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Black-Depth Convention
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红黑树高度的上限
 Let T be a red-black tree with n internal nodes，the height of 

T in the usual sense is at most 2lg(n+1).

– 引理：以x为根的子树至少包含2bh(x)-1个内部结点。（这个引理很
容易用数学归纳法证明）







Improving the Balancing by Rotation
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关键是颜色的处理。



Influences of Insertion into an RB Tree
 Properties 1, 3, 5:

– No violation if inserting a red node.
 Properties 2, 4:
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nodes excluded), which 
originated by color violation, 
with 3 or 4 nodes

顺便问一下: 性质2为什么会被破坏?



Repairing 4-node Critical Cluster
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Repairing 4-node Critical Cluster
2 more insertions
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Patterns of 3-Node Critical Cluster
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Repairing 3-Node Critical Cluster

L

RLLL

M

RRLR

R
Root of the critical 
cluster is changed to 
M, and the 
parentship is 
adjusted accordingly

90

40

20 30

60

7050

80

85

The incurred critical 
cluster is of pattern A

All into one 
pattern



Deletion: Logical and Structral
z: to be deleted logically

y: tree successor of u, to be 
deleted structurally, with 
information moved into u
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After deletion



Deletion in a Red-Black Tree
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Imbalance of Black Height
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“双重”颜
色的修复。





课外作业
TC pp.289-: ex.12.1-2, 12.1-5
TC pp.293-: ex.12.2-5, 12.2-8, 12.2-9
TC pp.299-: ex.12.3-5
TC pp.303-: prob.12-1
TC pp.311-: ex.13.1-5, 13.1-6, 13.1-7
TC pp.313-: ex.13.2-2
TC pp.322-: ex.13.3-1, 13.3-5
TC pp.330-: ex. 13.4-1, 13.4-2, 13.4-7


