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CS 106X, Lecture 20
Advanced Trees

reading:

Programming Abstractions in C++, Chapters 16.1-16.4
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Plan For Today
• Binary Search Trees

– Adding
– Removing

• Announcements
• Balanced Trees
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Binary Search Trees
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Searching a BST
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Searching a BST
• Each time we go left or right in a balanced tree, we discard half of 

the nodes left.
• Question: how many times can I divide by 2 until I get 1 node?

!(log& ')
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Exercise: add
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Exercise: add
void add(TreeNode*& node, int value) {

if (node == nullptr) {
node = new TreeNode(value);

} else if (node->data > value) {
add(node->left, value);

} else if (node->data < value) {
add(node->right, value);

}
}

55

29 87

-3 42 60 91

45

Must pass the current node by reference for changes to be seen.  Why?
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Exercise: add
void add(TreeNode* node, int value) {

if (node == nullptr) {
// Add value at this place in tree

} else if (node->data > value) {
add(node->left, value);

} else if (node->data < value) {
add(node->right, value);

}
}

55
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-3 42 60 91

45

Must pass the current node by reference for changes to be seen.  Why?
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Exercise: add
void add(TreeNode*& node, int value) {

if (node == nullptr) {
node = new TreeNode(value);

} else if (node->data > value) {
add(node->left, value);

} else if (node->data < value) {
add(node->right, value);

}
}

55

29 87
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45

Must pass the current node by reference for changes to be seen.  Why?
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Creating a List

main
root: nullptr

heap

stack

int main() {
TreeNode *root = nullptr;
add(root, 2);
cout << root->data << endl;
return 0;

}

void add(TreeNode* node, int value) {
if (node == nullptr) {

node = new TreeNode(value);
}

}
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int main() {
TreeNode *root = nullptr;
add(root, 2);
cout << root->data << endl;
return 0;

}

void add(TreeNode* node, int value) {
if (node == nullptr) {

node = new TreeNode(value);
}

}

add
node:                               value: nullptr 2
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Creating a List

main
root: nullptr

heap

stack

int main() {
TreeNode *root = nullptr;
add(root, 2);
cout << root->data << endl;
return 0;

}

void add(TreeNode* node, int value) {
if (node == nullptr) {

node = new TreeNode(value);
}

}

add
node:                               value: nullptr 2
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Creating a List

main
root: nullptr

0x10

heap

stack

int main() {
TreeNode *root = nullptr;
add(root, 2);
cout << root->data << endl;
return 0;

}

void add(TreeNode* node, int value) {
if (node == nullptr) {

node = new TreeNode(value);
}

}

add
node:                               value: 0x10

left data right
nullptr 2 nullptr

2
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int main() {
TreeNode *root = nullptr;
add(root, 2);
cout << root->data << endl;
return 0;

}
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}
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Creating a List

main
root: nullptr

heap

stack

int main() {
TreeNode *root = nullptr;
add(root, 2);
cout << root->data << endl;
return 0;

}

void add(TreeNode*& node, int value) {
if (node == nullptr) {

node = new TreeNode(value);
}

}
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}
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}
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Creating a List

main
root: 0x10

0x10

heap

stack

int main() {
TreeNode *root = nullptr;
add(root, 2);
cout << root->data << endl;  // 2
return 0;

}

void add(TreeNode*& node, int value) {
if (node == nullptr) {

node = new TreeNode(value);
}

}

left data right
nullptr 2 nullptr
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Exercise: add
void add(TreeNode*& node, int value) {

if (node == nullptr) {
node = new TreeNode(value);

} else if (node->data > value) {
add(node->left, value);

} else if (node->data < value) {
add(node->right, value);

}
}

55

29 87

-3 42 60 91

45

Must pass the current node by reference for changes to be seen.  Why?
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Creating a List

main
root: 0x10

heap

stack

int main() {
TreeNode *root = ...
add(root, 1);
...

}
void add(TreeNode*& node, int value) {

if (node == nullptr) {
node = new TreeNode(value);

} else if (node->data > value) {
add(node->left, value);

} else if (node->data < value) {
add(node->right, value);

}
}

0x10 left data right
nullptr 2 nullptr
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Creating a List

main
root: 0x10
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int main() {
TreeNode *root = ...
add(root, 1);
...

}
void add(TreeNode*& node, int value) {

if (node == nullptr) {
node = new TreeNode(value);

} else if (node->data > value) {
add(node->left, value);

} else if (node->data < value) {
add(node->right, value);

}
}

0x10 left data right
nullptr 2 nullptr

add
node:                               value: 1
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Creating a List

main
root: 0x10

heap

stack

int main() {
TreeNode *root = ...
add(root, 1);
...

}
void add(TreeNode*& node, int value) {

if (node == nullptr) {
node = new TreeNode(value);

} else if (node->data > value) {
add(node->left, value);

} else if (node->data < value) {
add(node->right, value);

}
}
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node:                               value: 1
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}
void add(TreeNode*& node, int value) {
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} else if (node->data < value) {
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}
}
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}
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}
}
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Creating a List

main
root: 0x10
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stack

int main() {
TreeNode *root = ...
add(root, 1);
...

}
void add(TreeNode*& node, int value) {

if (node == nullptr) {
node = new TreeNode(value);

} else if (node->data > value) {
add(node->left, value);
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}
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Creating a List
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}
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Creating a List

main
root: 0x10

heap

stack

int main() {
TreeNode *root = ...
add(root, 1);
...

}
void add(TreeNode*& node, int value) {

if (node == nullptr) {
node = new TreeNode(value);

} else if (node->data > value) {
add(node->left, value);

} else if (node->data < value) {
add(node->right, value);

}
}

0x10

0x20

left data right
0x20 2 nullptr

left data right
nullptr 1 nullptr
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Removing from a BST
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Removing from a BST
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Removing from a BST
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Exercise: remove
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Plan For Today
• Binary Search Trees

– Adding
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• Announcements
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Announcements
• HW6 (MiniBrowser 2) will be out later today – it is all about trees!

– More efficient LineManager
– Autocomplete
– Compression
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Plan For Today
• Binary Search Trees
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• Announcements
• Balanced Trees
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Balanced Trees

19

7

146

9

84

root
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Balanced Trees

19

2

146

9

28

4

root
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Trees and balance
• balanced tree: One where for every node R, the height of R's 

subtrees differ by at most 1, and R's subtrees are also balanced.
– Balanced tree's height is roughly log2 N.  Unbalanced is closer to N.

19

7

146

9

84

root

height = 4
(balanced)

14

19

4

11

root

9

7

6
height = 7
(unbalanced)
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BST balance question
• Adding the following nodes to an empty BST in the following order

produces the tree at right:  22, 9, 34, 18, 3.

• Q: What is an order in which we
could have added the nodes to
produce an unbalanced tree?

A. 18, 9, 34, 3, 22
B. 9, 18, 3, 34, 22
C. 9, 22, 3, 18, 34
D. none of the above

22

9 34

183



51

AVL Trees
• AVL tree: A binary search tree that uses modified add and remove 

operations to stay balanced as its elements change.
– basic idea: When nodes are added/removed,

repair tree shape until balance is restored.
• rebalancing is O(1); overall tree maintains an O(log N) height

8

25

3

rotate

8

253

11 11
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AVL Trees

By Bruno Schalch - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=64250599
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Red-Black Trees
• red-black tree: Gives each node a "color" of red or black.  (video)

– Root is black.  Root's direct children are red.  All leaves are black.
– If a node is red, its children must all be black.
– Every path downward from a node to the bottom must contain the 

same number of "black" nodes.

http://www.youtube.com/watch?v=vDHFF4wjWYU
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Splay Trees
• splay tree: Rotates each element you access to the top/root

– very efficient when that element is accessed again (happens a lot)
– easy to implement and does not need height field in each node



55

Balanced Trees
• AVL Trees
• Red-Black Trees
• Splay Trees

Take CS161 and CS166 for more!
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Recap
• Binary Search Trees

– Adding
– Removing

• Announcements
• Balanced Trees

Next time: Tries and Graphs


